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Abstract
Preliminary methodologically limited studies suggested that taste and smell known as chemosensory impairments and neu-
ropsychiatric symptoms are associated in post-COVID-19. The objective of this study is to evaluate whether chemosensory 
dysfunction and neuropsychiatric impairments in a well-characterized post-COVID-19 sample. This is a cohort study assess-
ing adult patients hospitalized due to moderate or severe forms of COVID-19 between March and August 2020. Baseline 
information includes several clinical and hospitalization data. Further evaluations were made using several different reli-
able instruments designed to assess taste and smell functions, parosmia, and neuropsychiatric disorders (using standardized 
psychiatric and cognitive measures). Out of 1800 eligible individuals, 701 volunteers were assessed on this study. After 
multivariate analysis, patients reporting parosmia had a worse perception of memory performance (p < 0.001). Moderate/
severe hypogeusia was significantly associated with a worse performance on the word list memory task (p = 0.012); Con-
comitant moderate/severe olfactory and gustatory loss during the acute phase of COVID-19 was also significantly associated 
with episodic memory impairment (p = 0.006). We found a positive association between reported chemosensory (taste and 
olfaction) abnormalities and cognition dysfunction in post-COVID-19 patients. These findings may help us identify potential 
mechanisms linking these two neurobiological functions, and also support the speculation on a possible route through which 
SARS-CoV-2 may reach the central nervous system.
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Introduction

SARS-CoV-2 [1], the virus responsible to cause the new 
coronavirus disease 2019 (COVID-19), affects several sys-
tems such as the pulmonary, cardiovascular, hematological, 
neurological, psychiatric, and otorhinolaryngological ones. Members of the HCFMUSP COVID-19 study group are listed in the 
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According to recent data, around 260 million people have 
been infected throughout the world [2] and, of these, many 
individuals suffer from disease sequelae, named as long-
COVID [3] or post-acute COVID-19 syndrome (PASC) [4].

Moreover, the pathophysiology of COVID-19 might be 
involved in the onset or aggravation of chemosensory disor-
ders (taste and smell) [5, 6]. Besides them, parosmia which 
is an abnormal olfactory perception where subjects perceive 
differently the same smell may appear during the chemosen-
sory loss recovery phase [6]. Although these dysfunctions 
are common in the early stages of infection, they are often 
overlooked by patients as perceived as harmlessness and 
common, with rates of approximately 3–20% of those who 
are affected by COVID-19, with a large severity range [7]. 
COVID-19 patients present rates of olfactory and gusta-
tory disfunction of 41.0% and 38.2% [8], respectively, with 
some studies presenting prevalence as high as 83.9% [9]. 
Although complete recovery is common, 5% of the patients 
report no chemosensory recovery [10]. Interestingly, smell 
and taste losses were shown to be presented in 63.4% of 
patients underwent COVID-19 infection even after complete 
vaccination [11]. Parosmia, which is related to smell recov-
ery [12], was find in 40% of COVID-19 patients assessed 
6 months after the disease [13]. These sequelae may have a 
negative impact on the quality of life and functional capac-
ity of survivors.

Moreover, psychiatric disorders and cognitive impair-
ment are common acute- and post-clinical manifestations 
of SARS-CoV-2 infection [5, 14, 15]. Rogers et al. [16], 
reviewing the association between psychiatric and neuropsy-
chiatric presentations and severe coronavirus infections, 
highlighted that depression, anxiety, fatigue, post-traumatic 
stress disorder, and rarer neuropsychiatric syndromes might 
develop in the longer term of the disease. Huang et al. [17] 
in an ambidirectional cohort study found an incidence of 
23% of anxiety or depression in patients 6 months after their 
discharges from a hospital. Taquet et al. [5] also described a 
33·62% incidence of neurological and psychiatric outcomes 
(e.g., dementia, mood disorder, anxiety disorder, and psy-
chotic disorders) 6 months after SARS-CoV-2 infection. 
Moreover, these sequelae were more common in patients 
with previous SARS-CoV-2 infection than in patients who 
had influenza or other respiratory tract infections, stressing 
the impact of SARS-CoV-2 to brain homeostasis [5].

There is limited information on the association between 
olfactory/taste dysfunction and psychiatric symptoms in 
association with COVID-19. Speth et al. showed a posi-
tive correlation between severities of smell and taste loss, 
depression, and anxiety in a sample of COVID-19 survivors 
[18]. However, the study is limited to the small sample size, 
using only dimensional scales to depict psychiatric symp-
toms and no information regarding cognitive impairment. 
Thus, the objective of the present study is to analyze the 

association between olfactory and gustatory dysfunctions 
and neuropsychiatric morbidity, in a large cohort of moder-
ate and severe COVID-19 recovered patients, using a large 
body of dimensional and structured questionnaires, as well 
as a systematized cognitive assessment.

Methods

Study design and population

This study was carried out at the Hospital das Clínicas da 
Faculdade de Medicina da Universidade de São Paulo (HCF-
MUSP), a tertiary university hospital that has been a key ele-
ment in the care of moderate to severe cases of coronavirus. 
All patients hospitalized at HCFMUSP for at least 24 h due 
to moderate or severe forms of COVID-19 between March 
30th and August 30th, 2020 were regarded as eligible for this 
study. Moreover, we included 36 patients with highly sus-
pected COVID-19 (based on clinical and chest-CT findings) 
without laboratory confirmation. These individuals had been 
admitted as in-patients within the first 6 weeks after the ini-
tial preparation of IC-HCFMUSP as a COVID-only facility, 
and the decision to include them was because the in-hospital 
RT-PCR testing setup was not yet fully operational at that 
time, thus increasing the risk of false-negative results. To 
a better description of the study design, please see Busatto 
Filho et al. [19].

In this study, we excluded those who did not complete 
neuropsychiatric and otorhinolaryngological batteries, pre-
sented previous diagnoses of end-stage cancer, subjects liv-
ing in long-term facilities, or insufficient physical mobility 
to leave home after 6 months of hospital discharge, sus-
pected reinfection at the time of follow-up and those who 
refused to participate in the study, thus reporting a total of 
701 volunteers who signed informed consent and fulfilled 
the neuropsychiatric assessments between October/2020 
and April/2021. This study has been approved by the Eth-
ics Committee at HCFMUSP (CAPPesqHC), and registered 
at the Brazilian Registry of Clinical Trials (ReBEC) under 
the registration number 4.270.242 (RBR-8z7v5wc), and is 
reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) State-
ment [20].

Assessment protocol and data collection

Hospital charts and databases were used to obtain informa-
tion on duration of hospital stay; requirement/duration of 
ICU care; requirement of orotracheal intubation, mechani-
cal ventilation, or dialysis; and any available information 
about previous diagnoses, comorbidities, and relevant 
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clinical symptoms. All assessment were made in face-to-
face sequential interviews, with a team of psychiatrists, 
psychologists, neuropsychologists, and medical students 
for psychiatric and cognitive battery, and otolaryngolo-
gists, for the olfactory and taste questionnaires includ-
ing visual analogue scale regarding either chemosensory, 
parosmia and recovery rates. To standardize procedures 
and maximize the reliability of the tests made, all examin-
ers were submitted to training sections before starting the 
data collection. We also evaluated the global health status 
(visual analogue scale), physical exercise (using Interna-
tional Physical Activity Questionnaire [21]), and frailty—
current and before COVID-19 (using the Clinical Frailty 
Scale [22]). Further evaluations were made using those 
following instruments (better descripted in Supplemen-
tary Material 1): (A) Olfactory and Taste Assessment: The 
evaluation of integrity of olfactory and gustatory function 
(according to the patients’ subjective impression) was per-
formed with the aid of Visual Analogue Scale developed 
by authors, as reported in the previous studies [23, 24]. 
In brief, the patients were asked to indicate their percep-
tion of change in the previous ability to recognize (a) 
smell or (b) taste in a numeric scale ranging from 0 to 10, 
where higher scores represent better function [0 = unable 
to identify any (a) smell or (b) taste; 10 = no impairment 
in (a) smell or (b) taste sensitivity]. These scales were 
administered upon objective, multidisciplinary reassess-
ment of patients 6–11 months after hospital discharge 
to depict patients’ current perception of impairment in 
smell or taste identification, and also retrospectively to 
estimate the occurrence of any such impairments during 
the acute phase of COVID-19. Cut-off scores were used 
to allocate participants into distinct categories according 
to magnitude of olfactory and/or gustatory impairment, 
i.e., severe impairment (0–4); moderate impairment (8–5); 
mild impairment (9); or no impairment (10) in these che-
mosensory functions. Subjects presenting with moderate/
severe impairment were compared with those reporting 
mild/no impairment to verify the association of these con-
ditions with neuropsychiatric outcomes. Subjects were 
also inquired about the presence parosmia in a binary 
question (yes/no); (B) Structured Psychiatric Interview: 
Clinical Interview Schedule-Revised (CIS-R), and Struc-
tured Clinical Interview for DSM-5 Disorders, Clinical 
Version (SCID-5-CV) for psychotic disorders; (C) Psychi-
atric Assessment Scales: Hospital Anxiety and Depression 
Scale (HAD), Ask Suicide-Screening Questions (ASQ), 
Post-Traumatic Stress Disorder Checklist (PCL-C), and 
Alcohol Use Disorder Identification Test (AUDIT); (D) 
Cognitive Assessment: Memory Complaint Scale (MCS), 
Temporal and Spatial Orientation of Mini-Mental State 
Examination (MMSE), Trail Making Test (TMT), digit 

symbol substitution test (DSST), and Neuropsychological 
Battery CERAD.

Statistical analysis

The sample of patients was described using frequency, mean, 
standard deviation, and confidence interval of demographic 
characteristics and clinical variables. The main variables of 
interest were defined as olfactory and gustatory dysfunc-
tions, namely, parosmia; hyposmia, i.e., moderate and severe 
current olfactory loss (those who pointed out fewer than 8 
in self-report); hypogeusia, i.e., moderate and severe current 
gustatory loss (those who pointed out less than 8 in self-
report); and hyposmia/hypogeusia, i.e., moderate and severe 
current olfactory and gustatory loss (those who pointed out 
less than 8 in both self-reports). Univariate analyses were 
performed to identify covariates and factors associated with 
the variables of interest at a 10% significance level, since this 
is an exploratory study [25]. To evaluate this association in 
discrete factors and covariates, χ2 and Mann–Whitney tests 
were used, respectively. For statistical significance analy-
sis, we adopted p value and Bonferroni adjusted p value. 
Multivariate analyses were performed for combinations of 
covariates that showed significant univariate association 
with the variables of interest. This association was evaluated 
through stepwise Logistic Regression at a significance level 
of 5%. The covariates and factors analyzed include soci-
odemographic parameters (age and gender), baseline hospi-
talization parameters (need of ICU, Intubation or Dialysis, 
length of hospitalization), social issues (financial problems 
following COVID-19 and Death of Close relatives), global 
health status (physical exercise using IPAQ questionnaire, 
Global health Status, and Frailty), and Psychiatric and Cog-
nitive Measures.

Results

A total of 701 patients answered questionnaires. Table 1 
describes main sample’s sociodemographics and clinical 
characteristics. The mean age was 55.3 years (SD: 14.6), 
with 52.4% of males and a mean duration of hospitaliza-
tion of 17.6 days (SD: 17.6). Regarding specific care, 56.4% 
needed ICU care, 37.4% intubation, and 12.7% hemodialy-
sis. Regarding the general health status, 10.1% of the sub-
jects described their health as ‘bad or very bad’, 38.5% as 
‘average’, and 51.4% as ‘good or very good’. Furthermore, 
38.3% declared being sedentary, with only 3.9% of sub-
jects perceiving themselves as ‘very active’. Interestingly, 
we found 12 people with olfactory hallucinations and nine 
individuals with gustatory hallucinations. Of those, 72.7% 
of subjects with olfactory and 87.5% of those with gustatory 
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hallucinations reported that these symptoms were not pre-
sent prior to COVID-19.

Hereinafter, in this paragraph, descriptive statistics of 
the neuropsychiatric variables will be present. First, CIS-R 
diagnoses prevalence of our sample are depression 7.5%; 
panic disorder 0.8%; agoraphobia 1.5%; social phobia 0.8%; 
specific phobia 2.1%; generalized anxiety disorder 15.1%; 
obsessive–compulsive disorder 3.1%; mixed depressive 
and anxiety disorder 13.5%; common mental disorder 30%. 
Besides CIS-R diagnosis, we found the following results on 
psychiatric assessment: PTSD prevalence 13.4%; last-year 
suicidal attempt: 2.4%; last 4 weeks suicidal ideation 10.1%; 
HAD anxiety mean 6.0 (SD: 5.1); HAD depression mean 
4.8 (SD: 4.6); AUDIT score mean 1.56 (SD: 3.5). Regard-
ing cognitive outputs, we found: MCS mean 5.2 (SD: 4.16); 
MMSE orientation score mean 8.27 (SD: 3.25); TMT-A 
mean 65.5 s (SD: 48.0 s); verbal fluency mean 15.57 (SD: 
5.43); DSST mean 32.2 (SD: 19.3); Boston naming test 
mean 13.15 (SD: 2.27); word list mean 15.35 (SD: 4.7); 
constructional praxis mean 8.26 (SD: 2.55); word list recall 
mean 4.86 (SD: 2.25); and word list recognition mean 7.88 
(SD: 2.77).

Moderate/severe chemosensory impairments with 
reported onset during the acute phase of COVID-19 were 
significantly associated with long-lasting moderate/severe 
olfactory and/or gustatory symptoms, as observed after 
6–11 months of follow-up. Univariate analyses (Table 2) 
indicate several statistically significant associations of 
dependent variables with the distinct subtypes of chemosen-
sory impairment (olfactory, gustatory, or concomitant olfac-
tory/gustatory impairment). Parosmia was significantly asso-
ciated with the magnitude of cognitive complaints (MCS) 

and impairment in naming ability (Boston), as well as with 
the occurrence of psychiatric symptoms (ASQ) and CIS-R 
diagnoses (‘anxiety disorder’ and ‘common mental disor-
der’). Moderate/severe hyposmia was associated with older 
age and with worse cognitive performance, as shown by the 
TMT-A (longer time of execution), DDST (more incorrect 
answers) and CERAD’s word list memory task (small num-
ber of recalled words). Moderate/severe hypogeusia was also 
related to a worse performance on the memory task. Finally, 
patients presenting with moderate or severe impairments in 
both chemosensory functions (i.e., concomitant olfactory 
and gustatory dysfunction) were older, and had more psychi-
atric symptoms and a worse overall cognitive performance. 
In this sub-sample of post-COVID survivors, we found sta-
tistically significant associations with diagnoses of ‘mixed 
anxiety and depressive disorder’ and ‘common mental disor-
der’, and with the occurrence of memory complaints accord-
ing to the MCS. These patients also had lower scores in the 
TMT-A, DSST, VFT, and CERAD’s word list recall.

Table 3 presents a multivariate analysis between vari-
ables showing statistically significant associations with the 
four a priori chosen dependent variables (i.e., parosmia; 
moderate/severe hyposmia; moderate/severe hypogeusia; 
concomitant moderate/severe hyposmia and hypogeusia). 
Therefore, variables identified as significant in univariate 
analysis (Table 2) were included in the stepwise Logistic 
Regression analysis. Moderate/severe chemosensory losses 
during the acute phase of COVID-19 remained significantly 
(p < 0.001) associated with current moderate/severe chem-
osensory losses. Patients reporting parosmia had a worse 
perception of memory performance (as shown by higher 
scores in the MCS; p < 0.001). Moderate/severe hypogeusia 

Table 1  Sociodemographic and 
clinical characteristics (n = 701)

SD standard deviation, ICU intensive care unit, OTI orotracheal intubation, 95%CI.lo 95% confidence inter-
val—lower bound, 95%CI.hi 95% confidence interval—upper bound

Variable Mean (SD) Percent 95%CI.lo 95%CI.hi

Age (years) 55.3 (14.6) 54.3 56.3
Male sex 52.4 49.0 55.8
 Length of hospitalization (days) 17.6 (17.6) 16.5 18.9

ICU 56.4 53.0 59.8
 Length of ICU (days) 13.7 (13.5) 12.6 15.1

OTI 37.5 34.2 40.9
 Length of OTI (days) 10.6 (8.7) 9.6 11.8

Dialysis 12.1 10.0 14.5
 Length of dialysis (days) 13.0 (11.1) 11.1 15.5

General health status
 Very bad 2.3 1.4 3.6
 Bad 7.8 6.2 9.9
 Average 38.5 35.2 41.9
 Good 41.1 37.8 44.6
 Very good 10.3 8.3 12.6
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was significantly associated with a worse performance on 
the memory test (CERAD’s word list recall, p = 0.012); 
Concomitant moderate/severe olfactory and gustatory loss 
during the acute phase of COVID-19 was also significantly 
associated with memory impairment according to CERAD’s 
word list memory task (p = 0.006).

Discussion

To our knowledge, this is the first study to demonstrate 
associations between neuropsychiatric dysfunction with 
chemosensory functions (smell and taste) in a large 

Table 2  Univariate analysis between chemosensory and clinical and neuropsychiatric morbidity, only significant associations

MCS, Memory Complaint Scale; CMD, Common Mental Disorder; TMT-A, Trail Making Test – A

Referred chemosensory symptoms (prevalence) Independent variable p value Bonferroni 
adjusted p 
value

Parosmia (9%) MCS 0.001 0.004
Boston 0.017 0.087
ASQ 0.024 0.120
Anxiety Disorders 0.037 0.185
CMD 0.056 0.280

Moderate and severe current olfactory deficit (18%) COVID-19 olfactory deficit 0.000 0.000
TMT-A 0.008 0.033
Digit-symbol 0.009 0.037
Word List Memory Task 0.041 0.166
Age 0.092 0.367

Moderate and severe current gustatory deficit (20%) COVID-19 gustatory deficit 0.000 0.000
Word List Memory Task 0.010 0.020

Moderate and severe current olfactory and gustatory deficit 
(11%)

COVID-19 olfactory and gustatory deficit 0.000 0.000

Word List Memory Task 0.002 0.020
Digit-symbol 0.006 0.057
TMT-A 0.013 0.126
Verbal Fluency 0.015 0.155
Age 0.020 0.201
Mixed Anxiety/Depressive Disorder 0.040 0.397
Word list recall 0.053 0.532
CMD 0.058 0.577
MCS 0.079 0.794

Table 3  Multivariate analysis between chemosensory and clinical and neuropsychiatric morbidity

MCS Memory Complaint Scale

Referred chemosensory symptoms (prevalence) Independent variables B S.E. Wald df Sig Exp(B)

Parosmia (9%) MCS 0.105 0.032 10.975 1 0.001 1.110
Constant − 2.953 0.251 138.115 1 0.000 0.052

Moderate and severe current olfactory deficit (18%) COVID-19 olfactory deficit − 0.024 0.003 54.016 1 0.000 0.977
Constant − 0.790 0.123 41.192 1 0.000 0.454

Moderate and severe current gustatory deficit (20%) COVID-19 gustatory deficit 0.858 0.238 12.992 1 0.000 2.358
Word List Memory Task − 0.052 0.021 6.275 1 0.012 0.950
Constant − 1.228 0.364 11.393 1 0.001 0.293

Moderate and severe current olfactory and gustatory 
deficit (11%)

COVID-19 olfactory and 
gustatory deficit

3.035 0.597 25.884 1 0.000 20.808

Word List Memory Task − 0.074 0.027 7.545 1 0.006 0.928
Constant − 3.440 0.691 24.784 1 0.000 0.032
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prospective cohort of post-COVID individuals. Upon 
multivariate analysis, certain cognitive variables (such as 
subjective memory complaints and performance on the 
word list recall) remained significantly associated with 
poor post-COVID-19 olfactory and gustatory functions. 
Although preliminary analyses identified in association 
with chemosensory deficits, psychiatric symptoms (or 
diagnoses) did not retain statistical significance after con-
trolling for multiple covariates in logistic regression. We 
found several interesting and promising associations that 
could help clinicians and researchers better understand the 
link between COVID-19, chemosensory (taste and smell 
impairments), and brain functions as well as to extend to 
other connections between olfactory and gustatory func-
tions and neuropsychiatric symptoms.

Neuropsychiatric impairments following COVID-19 are 
multiple, but greater attention have been given to the cogni-
tive function and the higher risk for dementia [5, 26]. In our 
sample, a worse memory perception was positively associ-
ated with parosmia 6–9 months following COVID-19 infec-
tion. Interestingly, both worse current gustatory and olfac-
tory function were associated with a reduced performance 
in the word list memory test. The word list memory test 
evaluates episodic memory [27], a cognitive function heavily 
impaired in Alzheimer’s Disease (AD) and strongly related 
to the hippocampus and connections. It is important to stress 
is that episodic memory is the capacity to learn, reserve, and 
retrieve subjective daily life information [28], being associ-
ated with several brain structures within the hippocampus 
and parahippocampal regions (such as perirhinal, entorhinal, 
and parahippocampal cortices) [29]. Even though, in our 
sample, cognitive dysfunction was not associated with iso-
lated olfactory impairment, it was significantly associated 
with gustatory loss and gustatory plus olfactory losses. The 
subdivision of between taste and smell seems to be more 
theoretical than practical, seen that the major cause of taste 
impairment is olfactory dysfunction [30].

Complex interaction of several inter-related brain 
structures might also explain our findings regarding che-
mosensory loss and decrease in memory function in long-
COVID. There is a possibility that anterograde pathogenic 
transmission of SARS-CoV-2 infected with the olfactory 
system may cause symptoms in the brain [31]. Although 
very small but apparently, human olfactory neurons with 
SARS-CoV-2 infection have been reported in autopsy 
[32] and in vitro [33], linking chemosensory dysfunction 
to brain impairment. Since reaching the nervous system, 
SARS-CoV-2 might induce a cascade of several different 
cellular and molecular processes producing neuropatho-
logical impairments with similar features of some neu-
rodegenerative diseases [34]. Anatomically, the olfactory 
network is involved by the pathological process of AD. 
It is well known that olfactory dysfunction is a common 

feature of AD even in its initial phase [35–41], possible 
related to the presence of beta-amyloid deposits and neu-
rofibrillary tangles from the olfactory bulb to the brain 
regions that receive neuronal projections directly or indi-
rectly from the olfactory bulb, including the piriform cor-
tex, amygdala, hippocampal and entorhinal cortex, and 
orbitofrontal cortex [42, 43]. The piriform cortex has a 
spatial and connectivity relationship with the transentorhi-
nal cortex, the region primarily affected in most AD cases, 
and with the hippocampus, the structure most directly 
related to episodic memory [44, 45]. This complex interac-
tion of several inter-related brain structures might explain 
our findings regarding chemosensory loss and decrease in 
memory function in long-COVID.

Noteworthy, regarding the impact of chemosensory defi-
cits on mental health, even though we found associations 
between smell and taste alterations with psychiatric diagno-
ses (mostly anxiety and common mental disorders), the sta-
tistical significance of these associations was not sustained 
upon multivariate analysis. Previous studies suggested a link 
between hyposmia/anosmia and the development of major 
depressive disorder [46–51], but apparently individuals with 
unipolar depression tend to recover their olfactory function 
after symptomatic remission, contrary to individuals with 
bipolar depression [52]. Neuroimaging studies suggested 
that smaller volumes of the olfactory bulb could be associ-
ated with depression [53, 54]. In rodents, depressive states 
induced by olfactory bulbectomy is related to several abnor-
malities in neurochemical processes in the hippocampus 
[55], which points out to a potential causative link.

We must acknowledge the limitations of the present 
study. First, although participants in this cohort were eval-
uated after 6–11 months after the acute phase of COVID-
19, the characterization of neuropsychiatric symptoms and 
chemosensory symptoms at baseline was retrospective 
and, therefore, not provided by a standardized protocol. 
Nonetheless, we had access to a large body of clinical data 
relative to the hospital treatment phase, based on which 
we were able to build a substantial database to ascertain 
the impact of these variable on mental health outcomes. 
Second, given the voluntary participation in the study, one 
must consider that some individuals with higher degrees of 
cognitive and/or psychiatric impairments may have been 
less prone to accept enrolment or to comply with the whole 
assessment, which could generate a selection bias. Third, 
we have no objective data regarding previous participants’ 
mental and/or cognitive health impairments. Finally, we 
did not use psychophysical measures to objectively deter-
mine chemosensory symptoms; rather, we used self-
response questionnaires to estimate the patients’ percep-
tion of the integrity of smell and taste abilities. Although 
this approach may be less accurate and prone to recall 
bias when estimating these functions retrospectively, we 
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understand that the substantial size of the present sample 
may render this approach based on self-reported question-
naires acceptable [23].

In sum, this study is the first to characterize the associa-
tion between olfactory and gustatory symptoms and neu-
ropsychiatric status in a large cohort of post-COVID-19 
individuals. We found a positive association between 
reported chemosensory abnormalities and few neuropsy-
chiatric symptoms, particularly those illustrating cognition 
dysfunction. These findings may help us identify poten-
tial mechanisms linking these two neurobiological func-
tions, and also support the speculation on a possible route 
through which SARS-CoV-2 may reach the central nervous 
system and lead to neurocognitive impairment thereafter. 
Furthermore, we suggest a stronger link between taste and 
cognition that deserver further investigation.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00406- 022- 01427-3.
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