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Introduction: Poor sleep quality have been widely reported in patients with long
COVID. Determining the characteristics, type, severity, and relationship of long
COVID with other neurological symptoms is essential for the prognosis and
management of poor sleep quality.

Methods: This cross-sectional study was conducted at a public university in the
eastern Amazon region of Brazil between November 2020 and October 2022.
The study involved 288 patients with long COVID with self-report neurological
symptoms. One hundred thirty-one patients were evaluated by using standardised
protocols: Pittsburgh sleep quality index (PSQI), Beck Anxiety Inventory,
Chemosensory Clinical Research Center (CCRC), and Montreal Cognitive
Assessment (MoCA). This study aimed to describe the sociodemographic and
clinical characteristics of patients with long COVID with poor sleep quality
and their relationship with other neurological symptoms (anxiety, cognitive
impairment, and olfactory disorder).

Results: Patients with poor sleep quality were mainly women (76.3%), 44.04+12.73
years old, with >12 years of education (93.1%), and had monthly incomes of up
to US $240.00 (54.2%). Anxiety and olfactory disorder were more common in
patients with poor sleep quality.

Discussion: Multivariate analysis shows that the prevalence of poor sleep quality
was higher in patients with anxiety, and olfactory disorder is associated with
poor sleep quality. In this cohort of patients with long COVID, the prevalence of
poor sleep quality was highest in the group tested by PSQIl and were associated
with other neurological symptoms, such as anxiety and olfactory dysfunction.
A previous study indicates a significant association between poor sleep quality
and psychological disorders over time. Recent studies involving neuroimaging
found functional and structural changes in Long COVID patients with persistent
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olfactory disfunction. Poor sleep quality are integral part of complex changes
related to Long COVID and should be part of patient’s clinical management.

long COVID, neurological manifestations, sleep disorders, olfaction disorders, anxiety

Introduction

Long COVID is a multisystem condition characterized by presence
of signs and symptoms during or after COVID-19 that persisted for
more than 4weeks and which cannot be explained by an alternative
diagnosis (Raveendran, 2021; Davis et al, 2023). Most patients
diagnosed with long COVID were female (59.8%), was aged 36 to 50
(34.6%) and had not been hospitalized (75.8) (FAIR, 2022).

Hundreds of biomedical findings have been documented, with
many patients experiencing dozens of symptoms across multiple system
(Davis et al., 2021; Lopez-Leon et al.,, 2021). In the neurological system,
neuropsychiatric disorders such as depression, anxiety, post-traumatic
stress disorders (PTSD), and sleep disturbance being the most prevalent
(Bacaro et al., 2020; Jinglong et al., 2020; Akinci and Basar, 2021). Poor
sleep quality have been widely reported as a result of the restrictions
imposed during the initial phase of the pandemic (Altena et al., 2020;
Blume et al.,, 2020; Alrasheed et al., 2021) and as a symptoms in the
acute phase of the disease (Felician et al., 2022; Smith et al., 2022) and
after recovery (Cénat et al., 2021; Beck et al., 2021). Several ongoing
studies focus on the duration of these disorders (transient/persistent).

Sleep plays a vital role in maintaining mental and physical health;
a single night of sleep deprivation can weaken the immune system and
trigger other disorders (Ibarra-Coronado et al., 2015; Innocenti et al.,
20205 El Sayed et al., 2021). Sleep quality is essential for memory
consolidation, including sensory memory like taste and smell (Velluti,
1997; Barnes and Wilson, 2014). Determining the characteristics,
type, severity, and relationships of long COVID with other symptoms
is essential for the prognosis and management of poor sleep quality.
This study describes the sociodemographic and clinical characteristics
of patients with long COVID with persistent poor sleep quality
following severe acute COVID-19 and their relationship with other
symptoms (anxiety, cognitive impairment, and olfactory disorder).

Materials and methods
Ethical aspects

This study was conducted in accordance with ethical standards
and the Helsinki declaration and its later amendments. The ethics and
research committee of the State University of Para (Belem, Brazil)
approved this study (Opinion No. 4,252,664), and written informed
consent was obtained from all participants included in the study.

Study population and site

The study was conducted in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)

Frontiers in Neuroscience

guidelines for reporting observational studies (Cuschieri, 2019) and was
conducted on patients who were enrolled for a follow-up programme
for long COVID at a public university in the eastern Amazon region,
Brazil. The study participants included men and women >18years old
with long-term neurological complaints who underwent reverse
transcriptase-polymerase chain reaction or serological testing.

Three hundred nineteen patients were contacted and evaluated
medically (anamnesis and neurological tests) between November 2020
and October 2022. Of the 319 patients, 31 were excluded due to previous
neurological sequelae. The remaining 288 patients were evaluated using
the following diagnostic instruments: Beck Anxiety Inventory for
diagnosis of anxiety disturbances, Chemosensory Clinical Research
Center (CCRC) for olfactory evaluation, and Montreal Cognitive
Assessment (MoCA) for cognitive evaluation. Furthermore, 131 patients
with complaints of sleep quality following severe acute COVID-19 were
evaluated using the Pittsburgh sleep quality index (PSQI) for sleep
quality evaluation. The PSQI evaluation results and this group’s clinical
data were compared to 157 patients without sleep complaints (Figure 1).

Study design, data collection, and
procedures

This is an observational, cross-sectional study. A standardised
evaluation form was used to collect sociodemographic and clinical data.
The form contains data on education, sex, monthly income, and all
symptoms associated with long-term COVID (such as headache,
ageusia, fatigue, dyspnoea, myalgia, chest pain, back pain) and poor sleep
quality that started after COVID-19 infection that could not be explained
by other factors. Patients with suspected long-term COVID-related
fatigue were evaluated by a multidisciplinary team and a neurologist
regarding the nature of the symptoms, the time of onset and their impact
on functional status. Aspects of premorbid and intercurrent mental
health, mainly in relation to symptoms of depression, anxiety and post-
traumatic stress disorder were also collected during the clinical interview.
A short physical examination was conducted to assess pulmonary and
cardiac functions and neurological findings.

The monthly income assessment was included in our initial
interview as part of the socio-demographic data, the objective was to
collect data that help answer possible iterations between the
socioeconomic level and the development of long COVID. Such data
is especially important in treatment of patients from the public health
system in Brazil. The period for the calculation was the month
referring to the date of the interview, first categorized into ranges
based on the current minimum wage in Brazil and subsequently
converted into US dollars.

The PSQI was used to evaluate sleep quality. The use of the PSQI
followed the original recommendations (Buysse et al., 1998) in the
Brazilian version (Bertolazi et al., 2011) with regard to sleep quality from
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FIGURE 1

PSQI: Pittsburgh Sleep Quality Index.

288
Evaluated with BAI,
CCRC, and MoCA

Flowchart of the study. BAI: Beck Anxiety Inventory. CCRC: Connecticut Chemosensory Research Center. MoCA: Montreal Cognitive Assessment.

Neurological sequelae

157
Non tested with PSQI

the preceding month. Each patient answered 19 questions separated into
seven components that included sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, poor sleep quality, sleeping medication,
and daytime dysfunction. Each component had scores ranging from 0-3,
with a total score of 21 points. Sleep quality staging followed the following
classification: A PSQI score<5 indicate a good sleep quality, and a PSQI
score>5 indicate a poor sleep quality. Patients with a PSQI global score >5
indicates that the individual is having severe difficulties in at least two
areas, or moderate difficulties in more than three areas. The global score
is therefore “transparent;” i.e., it conveys information about the severity of
the individual’s problem, and the number of problems present, through a
single simple measure (Buysse et al., 1998).

Patients were grouped in two groups: individuals non-tested by
PSQI and individuals tested by PSQI that clinical characteristics were
compared. The individuals tested by PSQI was subdivided in PSQI
score<10, and PSQI>10, that were compared. Univariate and
multivariate logistic regression analyses were performed to define the
associated odds ratio between the poor sleep quality, epidemiological
and clinical characteristics of the sample: sex, hospitalization, duration
of long COVID symptoms, anxiety, mild cognitive impairment,
olfactory disorder, ageusia, fatigue, and dyspnoea.

Statistical analysis

The collected data were tabulated in a Microsoft Excel™
spreadsheet (Microsoft Inc., Richmond, WA, United States). The
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GraphPad Prism software version 6.0.1™ (GraphPad, San Diego, CA,
United States) was used for statistical analysis. D’Agostino-Pearson test
was used to determine the normality of samples. Continuous variables
data were presented as mean *standard deviation and categorical
variables were presented as absolute and relative frequencies. Student
t-test was used to access parametric data. Non-parametric data were
assessed using the Wilcoxon test. The categorical variables were
assessed by the chi-square test or Fisher’s exact test, as appropriate. A
Binary logistic regression analysis was performed. The association
between the patient’s exposure factors (female sex, hospitalization,
time from symptoms onset, fatigue, dyspnoea, anxiety, olfactory
disorder, ageusia, mild cognitive impairment) and the outcome (poor
sleep quality) was tested, with the calculation of raw odds ratios (OR)
for each exposure factor, and respective confidence intervals (Cls). The
arrangement with a better calculated r* was considered. An alpha level
of 5% (p <0.05) was adopted to reject the null hypothesis.

Results

The patients tested by PSQI were mainly women n=100 (76.3%),
44.04 £ 12.73 years old (mean + standard deviation), with >12 years of
education #n=122 (93.1%), and had monthly incomes of up to US
$240.00 (54.2%). Only 17 (12.9%) patients were admitted to the
hospital during their acute phases of COVID. Their mean duration of
symptoms was 265.66+144.42days, which was not statistically
different from the group with no sleep complaints. Anxiety [non-tested
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TABLE 1 Sociodemographic and clinical characteristics of patients evaluated by groups (n=288).

Variable

General (n =288)

Non-tested by PSQlI

10.3389/fnins.2023.1161904

Tested by PSQlI

(n =157) (n =131)
Sex

Female, 1 (%) 218 (75.7) 118 (75.2) 100 (76.3)

Male, 1 (%) 70 (24.3) 39 (24.8) 31(23.7) o8t
Age 45.53+13.15 46.78 £13.40 44.04+12.73 0.07
Years of study

Up to 9years, n (%) 26 (9) 17 (10.8) 9 (6.8)

12years or more, 1 (%) 262 (91) 140 (89.2) 122 (93.2) 0
Monthly income

Up to US$ 240.00, n (%) 156 (54.2) 85 (54.1) 71 (54.2)

More than US$ 240.00 132 (45.8) 72 (45.9) 60 (45.8) 0
Clinical data

Hospital admittance, 1 (%) 43 (14.9) 26 (16.5) 17 (12.9) 0.39

Time from onset symptoms 300.28+201.30 329.16£235.21 265.66 +144.42 0.45
Self-related symptoms

Headache, n (%) 137 (47.6) 79 (50.3) 58 (44.3) 0.30

Ageusia, 7 (%) 129 (44.8) 66 (42) 63 (48) 0.30

Fatigue, n (%) 137 (47.5) 77 (49) 60 (45.8) 0.58

Dyspnoea, 1 (%) 65 (22.6) 39 (24.8) 26 (19.8) 0.31

Myalgia, n (%) 81(28.1) 47 (29.9) 34 (25.9) 0.45

Chest pain, n (%) 49 (17) 30(19.1) 19 (14.5) 0.30

Back pain, n (%) 63 (21.8) 35(22.3) 28 (21.4) 0.85
Measured symptoms

Anxiety (BAI) n (%) 179 (62.1) 74 (47) 105 (80) 0.000

Olfactory disorder (CCRC), 1 (%) 148 (51.3) 66 (42) 82 (62) 0.0005%

Mild cognitive disorder (MoCA), n (%) 129 (44.7) 65 (41) 64 (48) 0.20

PSQ], Pittsburgh sleep quality index; BAI, Beck Anxiety Inventory; CCRC: Connecticut Chemosensory Research Center; MoCA: Montreal Cognitive Assessment. “Chi-square (p-value <0.05).

by PSQI group 7 (%)/tested by PSQI group 1 (%), p-value 74 (47)/105
(80), 0.000], and olfactory disorder [non-tested by PSQI group # (%)/
tested by PSQI group n (%), p-value 66 (42)/82 (62), p-value 0.0005]
were symptoms that were more frequently found among patients in
the group tested by PSQI (Table 1).

The evaluation of sleep quality using PSQI was undertaken in
patients with and without self-related sleep complaints, and the results
show that n=114 (89.06%) was bad sleepers (PSQI score >5) and from
these, n=77 (60,15%) had a PSQI score > 10, that indicates severe
difficulties for sleep. In patients with severe difficulties for sleep, the
period until sleep onset was >60min n=47 (59.5), and their sleep
durations were short (mean +standard deviation no poor sleep
quality/poor sleep quality 6.34+1.31/4.92+1.22, p-value 0.000). The
administration of sleeping pills was reported by n =38 (48%) of the
patients with severe difficulties for sleep, and this group reported more
problems keeping up with enthusiasm for daily activities [# (%) no
poor sleep quality/poor sleep quality 35 (67.3)/75(95), p-value 0.000].
The self-reported reasons for trouble sleeping were due to getting up
to use the bathroom n=69 (87.3), having pain n =60 (75.9), feeling too
hot n="58 (73.4), having bad dreams n=52 (65.8), and not being able
to breathe comfortably n=49 (62) (Table 2).
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Logistic regression analysis showed there was a significant odds
ratio of poor sleep quality among women [OR (CI-95%) 1.93 (1-3.70),
p-value 0.04] in univariate analysis, and [OR (CI-95%) 2.14 (1.01-
4.51), p-value 0.04] in multivariate analysis. The prevalence of poor
sleep quality was higher in patients with anxiety [OR (CI-95%) 8.19
(3.89-17.24), p-value 0.000] in univariate analysis, and [OR (CI-95%)
8.62 (3.89-19.12), p-value 0.000] in multivariate analysis. The
olfactory disorder is associated with poor sleep quality [OR (CI-95%)
2.20 (1.19-4.07), p-value 0.01] in multivariate analysis (Table 3).

Discussion

In this cross-sectional study of 288 patients with long COVID and
self-reported neurological symptoms, 131 (45.5%) patients had sleep
complaints. Of these, 79 (27%) were diagnosed with poor sleep quality,
according to PSQI. The group with poor sleep quality was mainly
composed of women (between 44.04 + 12.73 years), with >12years of
education and no related hospital admissions. Our analysis of the
PSQI components showed that the group with poor sleep quality slept
for fewer hours per night (4.92 +£1.22/6.34+1.31, p=0.000) compared
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TABLE 2 PSQI components of patients with sleep complaints by group (n=131).

General (n =131)

PSQl score<10

PSQl score>10

(n =52) (n =79)

Time to fall asleep, n (%)

<15min, n (%) 15 (11.5) 11(21.2) 4(5) 0.004°
16-30min, n (%) 31(23.6) 24 (46) 7(8.9) 0.000*
31-60min, n (%) 33 (25.2) 12 (23) 21 (26.6) 0.65
>60min, 7 (%) 52 (39.7) 5(9.8) 47 (59.5) 0.000°
Hours of actual sleep (mean + SD) 549+1.43 6.34+1.31 4.92+1.22 0.000%*
Use of sleeping pills, n (%) 42 (32) 4(7.7) 38 (48) 0.000°
Difficulties due to insomnia, 1 (%)

Get to sleep within 30 min 114 (87) 40 (76.9) 74 (93.7) 0.005*
Staying awake during activities 99 (75.6) 38 (73) 61(77.2) 0.58
Keep up enthusiasm 110 (83.9) 35(67.3) 75 (95) 0.000*
Causes of insomnia, 1 (%)

Wake up in the middle of the night 118 (90) 44 (84.6) 74 (93.7) 0.08
Get up to use the bathroom 107 (81.7) 38(73) 69 (87.3) 0.03*
Have pain 88(67.2) 28 (53.8) 60 (75.9) 0.008*
Feel too hot 71 (54.2) 13 (25) 58 (73.4) 0.000*
Have bad dreams 69 (52.7) 17 (32.7) 52 (65.8) 0.000*
Cannot breathe comfortably 70 (53.4) 21 (40.4) 49 (62) 0.015*
Cough or snore 63 (48) 20 (38.5) 43 (54.4) 0.07
Feel too cold 62 (47.3) 20 (38.5) 42 (53) 0.09
Others 76 (58) 24 (46) 52 (65.8) 0.02*

The bold values indicate the p-values with values minor or equal 0.05. PSQI: Pittsburgh sleep quality index. *Mann-Whitnney (p-value <0.05), *Qui-quadrado (p-value <0.05).

TABLE 3 The association between poor sleep quality and clinical features of the study population (n=288).

Univariate analysis

Clinical feature

Multivariate analysis

OR (95% ClI) p-value OR (95% Cl) p-value
Female 1.93 (1-3.70) 0.04 2.14 (1.01-4.51) 0.04
Hospitalization 0.91 (0.44-1.87) 0.80 0.82 (0.35-1.92) 0.64
Symptom onset (>6 months) 0.78 (0.44-1.39) 0.41 0.71 (0.37-1.36) 0.30
Fatigue 1.13 (0.63-2.00) 0.67 1.21 (0.58-2.50) 0.60
Dyspnoea 0.91 (0.49-1.70) 0.78 0.95 (0.44-2.02) 0.89
Anxiety (BAI) 8.19 (3.89-17.24) 0.000 8.62 (3.89-19.12) 0.000
Olfactory disorder (CCRC) 1.53 (0.91-2.55) 0.10 2.20 (1.19-4.07) 0.01
Ageusia 0.85 (0.51-1.43) 0.55 0.66 (0.36-1.29) 0.24
Mild cognitive impairment (MoCA) 1.09 (0.62-1.91) 0.75 1.39 (0.70-2.74) 0.34

The bold values indicate the p-values with values minor or equal 0.05. BAI, Anxiety Index; CCRC, Connecticut Chemosensory Research Center; MoCA, Montreal Cognitive Assessment.

to no poor sleep quality group, had a high frequency of sleep pills
utilization [38 (48%)/4 (7.7), p=0.000] and less enthusiasm to get
things done [75 (95%)/35 (67.3), p=0.000] than individuals with no
poor sleep quality. The group with poor sleep quality had more anxiety
and olfactory dysfunction symptoms than the group without sleep
orders. In a regression analysis, anxiety [8.62 (3.89-19.12), p=0.000],
olfactory dysfunction [2.20 (1.19-4.07), p=0.01] and female sex [2.14
(1.01-4.51), p=0.04] were risks factors associated with poor sleep
quality in this population.

Frontiers in Neuroscience

The 27% prevalence of poor sleep quality in our sample group was
consistent with those found in two reviews and meta-analysis studies
involving post-COVID sequelae (27%) (Groff et al., 2021) and (32.9%)
(Wu et al., 2021). Previous studies established that poor sleep quality
is one of the most prevalent neurological symptoms among COVID-19
survivors, affecting approximately one-third of the population (Moura
et al., 2022; Pinzon et al., 2022), particularly women, young people,
and patients with mood disorders (Ahmed et al.,, 2021; Mendes
Paranhos et al., 2022). A recent study showed that 73.8% of patients
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with long COVID and poor sleep quality were women, and this sex
difference in poor sleep quality may be associated with hormonal
factors (Goweda et al., 2020). Furthermore, women tend to seek health
services more regularly, possibly contributing to greater diagnosis in
this group (Wang et al., 2013; Ferndndez-de-Las-Penas et al., 2022).

In our analysis, the most affected PSQI components in the
group diagnosed with poor sleep quality were difficulty initiating
sleep, less sleep duration, administration of sleeping pills, nycturia,
pain, nightmares, nocturnal breathing problems, feeling too hot,
and less enthusiasm to get things done. It is well known that
almost all of these components are associated with anxiety
symptoms, which affect more than half of the population (Cutler,
2016; Oh et al,, 2019). Long-term COVID-related poor sleep
quality were associated with neuroinflammation and psychological
disorders in a follow-up study with previously hospitalized
patients with COVID-19 (Pellitteri et al., 2022). The patients were
evaluated at 2months (T1) and 10 months (T2) after discharge.
The results showed the increased prevalence of insomnia of 10.6%
in baseline to 27.3% at 10months (T2), and a significant
association between T2 PSQI total score and T2 anxiety levels,
suggesting an association between poor sleep quality and
psychological disorders over time.

Similar results were found in our univariate and multivariate
logistic regression analyses, where poor sleep quality and anxiety
in the sample population were associated with a higher odds ratio
and could be correlated. These two symptoms were associated
with high comorbidity in patients with long COVID. A comorbid
mental health condition, such as anxiety and depressive disorders,
affects 40% of patients with insomnia, and the onset of these
conditions can be predicted by features listed in the diagnostic
and statistical manual of mental disorders (DSM-5) (Roth, 2007;
Huang and Zhao, 2020; Bard et al., 2023). Additionally, insomnia
and anxiety have a hyperarousal pathogenetic mechanism caused
by the dysregulation of neurotransmitter systems, including
cholinergic and gamma-aminobutyric acid (GABA) (Blake et al.,
2018).
corticolimbic circuitry function, impairing affective reactivity and

Hyperarousal and insufficient sleep disrupt the
regulation (Riemann et al., 2010).

The higher odds ratio in our study, which could indicate the
correlation between the two objectively measured outcomes of
olfactory dysfunction and the occurrence of poor sleep quality in
the patients evaluated, was a significant finding. These sleep and
olfactory disturbances are commonly associated with various
pathologies, including Alzheimer’s disease, Parkinson’s disease,
schizophrenia, and depression (Barresi et al., 2012). In context of
COVID-19 patients, recent studies involved neuroimaging found
functional and structural changes in long COVID patients with
persistent olfactory dysfunction such as presence of
microhemorrhages at olfactory bulb (Aragdo et al., 2020) and
olfactory bulb edema (Laurendon et al., 2020); reduced tissue
perfusion in the orbital and medial frontal regions (Yus et al.,
2022); decreased in grey matter (GM) volume and increased in
mean diffusivity in olfactory related regions (Wingrove et al.,
2023); increased in functional connectivity (FC) between the left
orbitofrontal cortex (OFC), visual association cortex and
cerebellum and reductions between the right (OFC) and dorsal

anterior cingulate cortex (Campabadal et al., 2023). These data
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support the hypothesis that persistent olfactory dysfunction may
reduce attentional processing towards olfactory stimuli and
perhaps the sustained lack of olfactory attention or sensing
underlies, which might explain why some COVID-19 patients
have not recovered their sense of smell, and olfactory impairment
as a potential biomarker of subsequent neurodegeneration
(Campabadal et al., 2023).

A wide variety of information captured in the waking period
depends on sleep to be consolidated, including sensory memory
(Barnes and Wilson, 2014). Previous findings regarding smell
have shown that sleep favours changes in olfactory cortical circuits
contributing to the strength and precision of odour memories and
perception (Miyamoto et al., 2009; Barnes and Wilson, 2014).
During sleep, especially during slow-wave sleep (SWP), the
piriform cortex becomes hypo-responsive to environmental odour
stimulation. It enhances functional connectivity between other
cortical regions and the limbic system, compared to the waking
state (Giinbey et al., 2015). For example, a common behavioural
response in many mammals is post-prandial sleep, which
contributes to the memory of odours and flavours of consumed
food (Yokoyama et al., 2011). Poor sleep quality are integral part
of complex changes related to long COVID and should be part of
the patient’s clinical management.

In our findings cognitive impairment in long COVID patients
(assessed by MoCA) was not associated with sleep problems. A
previous study with a more comprehensive neuropsychological
protocol showed that cognitive performance was correlated with
olfactory dysfunction, PSQI had moderate correlations with
processing speed and letter fluency, anxiety to a lesser extent, but not
depression. The authors argue that cognitive disorder is not secondary
to psychological aspects, consistent with our results (Delgado-Alonso
etal., 2022).

This study has some limitations. First, the single-center cross-
sectional design of the study limits the generalisability of the data, and
all inferences about causality and effect are hypothetical. Moreover,
the absence of formal data regarding previous clinical history and the
acute phase of COVID-19 is a potential confounding factor, which was
minimized by carefully using an anamnesis form and specialized
consultation with neurologists. The self-related symptoms, including
sleep orders and other limitations. These were assessed in the search
form and were part of a qualitative sample characterisation. The use
of quantitative tools is necessary for more precision. Future follow-up
and intervention studies should be conducted to monitor this
population and assess the effectiveness of treatments. From a clinical
point of view, we recommend screening patients with acute and post-
acute COVID-19 for poor sleep quality associated with mood
disorders and olfactory dysfunction to improve appropriate treatment.
The use of polysomnography to monitor and assess any potential
obstructive respiratory events that might affect sleep quality
is recommended.

Conclusion

A high prevalence of individuals with long-term poor sleep
quality was observed in this cohort of patients with long COVID and
associated neurological symptoms, such as anxiety and olfactory

frontiersin.org


https://doi.org/10.3389/fnins.2023.1161904
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Paranhos et al.

dysfunction. Our results highlight the need to continue monitoring
the rate of associated neurological symptoms in long COVID over
time. Furthermore, clinical trials and longitudinal studies are
recommended to verify the effectiveness of potential treatments and
the postulated risk for an increase in neurodegenerative disorders in
this population.
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