
Frontiers in Neurology 01 frontiersin.org

Cognitive inhibition deficit in long 
COVID-19: An exploratory study
Jacob Saucier 1,2, Caroline Jose 1,3, Zaynab Beroual 1,2, 
Mohammad Al-Qadi 1,2, Simon Chartrand 1,2, Eméraldine Libert 1,2, 
Marie-Claire Losier 3, Kendra Cooling 3, Gabriel Girouard 1,2,3, 
Jalila Jbilou 1,2,4 and Ludivine Chamard-Witkowski 1,2,3*
1 Faculté de Médecine et des Sciences de la Santé, Université de Sherbrooke, Sherbrooke, QC, Canada, 
2 Center de Formation Médicale du Nouveau-Brunswick, Moncton, NB, Canada, 3 Vitality Health 
Network, Dr. Georges-L.-Dumont University Hospital Centre, Moncton, NB, Canada, 4 School of 
Psychology, Université de Moncton, Moncton, NB, Canada

Background and objectives: An increasing number of research studies point 
toward the importance and prevalence of long-term neurocognitive symptoms 
following infection with COVID-19. Our objectives were to capture the prevalence 
of cognitive impairments from 1 to 16 months post-COVID-19 infection, assess 
the changes in neuropsychological functions over time, and identify factors that 
can predict long-term deficits in cognition.

Methodology: A cross-sectional research design was adopted to compare four 
sub-samples recruited over a 16-month timeframe (1–4, 5–8, 9–12, and 13–
16 months). Phone interviews were conducted at least 6 weeks after being infected 
by COVID-19. Sociodemographic and clinical questionnaires were administered 
followed by standardized neurocognitive and psychological tests and health 
questionnaires screening cognitive symptoms, anxiety, depression, fatigue, and 
autonomy.

Results: Regarding general health questionnaires, 55.2% of the 134 participants 
had symptoms of psychiatric illness, while 21.6% of patients had moderate-to-
severe anxiety or depression. Cognitive efficiency was diminished in 19.4% of 
our population. Executive dysfunction was screened in 56% of patients, and an 
impairment of cognitive flexibility and inhibition was revealed in 38.8%. Depression, 
hospital or intensive care unit (ICU) admission, and the duration of hospital or ICU 
stay were associated with an inhibition deficit. The duration elapsed from the 
initial infection, and the neurocognitive assessment was not associated with a 
decrease in inhibition deficit. The prevalence of cognitive impairments, other than 
inhibition deficit, tended to decrease during the study period.

Discussion: This study supports the extensive literature on the cognitive and 
neuropsychiatric sequelae of COVID-19 and highlights long-lasting inhibition 
deficits, while other cognitive functions seemed to improve over time. The 
severity of infection could interact as a catalyst in the complex interplay between 
depression and executive functions. The absence of a relation between inhibition 
deficits and sociodemographic or medical factors reinforces the need for 
cognitive screening in all COVID-19 patients. Future research should focus on 
inhibition deficits longitudinally to assess the progression of this impairment.
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1. Introduction

Coronavirus epidemics in the past, such as severe acute respiratory 
syndrome (SARS) and Middle East respiratory syndrome (MERS), 
had been responsible for long-lasting cognitive impairment, fatigue, 
mood disturbances, and anxiety. With the arrival of SARS-2 in 2019, 
the research community anticipated this phenomenon and promptly 
began investigating the neuropsychological effects of COVID-19 
infection (1). Since then, several cohort studies have reported a 
prevalence of cognitive impairment sometimes exceeding 50% in 
post-COVID-19 syndrome patients (2–9), defined as the incidence of 
symptoms at least 12 weeks following the initial COVID-19 infection 
(10). Specifically, researchers have observed significant deficits in 
verbal fluency, memory, attention, and executive functions (2, 3, 5–7, 
11–13). A recent study evaluating the cognitive functions of post-
COVID-19 syndrome patients with subjective cognitive complaints 
found that attention deficits were the most prevalent cognitive 
impairment, followed by executive function deficits affecting 61 and 
42% of patients, respectively (6). Studies have also reported a high 
prevalence of neuropsychiatric symptoms including depression, 
anxiety, fatigue, and sleep disorders in patients following COVID-19 
infection (14). Clinical observational studies noted that cognitive 
dysfunction was exacerbated by anxiety and depressive symptoms, 
suggesting a possible role of some psychological variables (12). With 
regard to infection severity, patients requiring intensive care have been 
shown to have more frequent cognitive impairments and lower scores 
on neuropsychological tests following acute COVID-19 recovery 
when compared to patients in a non-ICU setting (15, 16). However, 
impairments in executive functioning have also been reported by 
Hennegan et al. to be the most prevalent cognitive outcome in mild-
to-moderate COVID-19 survivors (17), which should alert the 
medical community on the high prevalence of long-term cognitive 
impact of COVID-19 infection regardless of the severity of the 
infection symptoms. Mild-to-moderate COVID-19 was measured by 
Hennegan et al. (17) using the COVEX questionnaire that defines 
illness severity as mild (“dry cough, headache, nausea/diarrhea, aches 
and pains, low-grade fever, no need to see a doctor or hospitalization”), 
moderate [“coughing, high fever (above 100.0 ° Fahrenheit or 37.8°C), 
chills, feeling that you cannot get out of bed, shortness of breath”], 
severe (“breathlessness, complications leading to pneumonia”), and 
critical (“respiratory failure, septic shock, and/or organ dysfunction 
or failure”) (17).

The orbitofrontal cortex plays a critical role in regulating 
inappropriate actions, thoughts, and emotions, referred to as cognitive 
inhibition (18). Increased rumination, negative emotions (19), and 
anhedonia (20) are also associated with impaired cognitive inhibition. 
Slower reaction times during the Stroop test’s interference suppression 
task have been demonstrated in COVID-19 patients when compared 
to healthy controls (21, 22), correlating with a diminished capacity to 
suppress inappropriate or irrelevant answers (23).

Several hypotheses are proposed to explain the neurocognitive 
symptoms of COVID-19, including direct viral invasion, inflammatory 
alterations, hypoxia, coagulopathy, and vascular endothelial 
dysfunction (24). The SARS-CoV-2 uses angiotensin-converting 
enzyme 2 (ACE2) receptors to invade the host cells, leading to a potent 
inflammatory reaction (25–27). It should be noted that it may invade 
the olfactory bulbs through the olfactory tract’s ACE2 receptors, 
causing endothelial cell damage and leading to inflammation, thrombi, 

and brain damage (28, 29). Similarly, central nervous system (CNS) 
invasion could be possible through ACE-2 expressing endothelial cells 
of the blood–brain barrier (BBB) (30–32) and choroid plexus cells via 
the blood–cerebrospinal fluid barrier (BCSFB) (33, 34). Alternatively, 
neurocognitive symptoms of COVID-19 could occur in the absence 
of direct viral invasion. The well-documented systemic inflammation 
could be  sufficient to alter BBB permeability and lead to the 
translocation of inflammatory cytokines and cells into the CNS (35, 
36), leading to microglial activation and persistent neuroinflammation 
(37, 38). Consequently, systemic inflammation leads to decreased 
monoamines and trophic factors (28), while microglial activation 
results in excitotoxicity and alterations in synaptic plasticity in 
addition to neuronal and oligodendrocyte death (37, 38). COVID-19-
related neuropsychiatric manifestations are thus hypothesized to be a 
secondary phenomenon rather than the result of direct brain infection 
(28). These neuroinflammatory pathways disrupt CNS homeostasis 
and are closely linked to cognitive and neuropsychiatric symptoms 
(26). In accordance, Mazza et al. measured inflammatory markers 
during COVID-19 infection using the systemic immune-inflammation 
index (SII), a method of quantifying systemic inflammation. The SII 
score was found to predict depressive symptoms and neurocognitive 
dysfunction at 3 months follow-up (9). Finally, brain stem involvement 
may explain persistent autonomic abnormalities and anxiety (28).

Despite an increasing number of studies reporting neurological 
deficits in non-hospitalized patients during long-term COVID-19 
follow-ups, their definition of the long term can vary substantially 
from 6 weeks to 6 months (6, 8, 17), with some rare studies with data 
from 1 year and beyond the initial infection (39–42), explaining the 
lack of a clear long-term cognitive profiling of COVID-19 survivors. 
In order to improve our comprehension of the evolution pattern of 
cognitive profile in those patients, we used a cross-sectional design in 
which participants were recruited from 6 weeks to 16 months after 
their COVID-19 infection and assessed for cognitive impairments.

The objectives of the study were to capture the prevalence of 
cognitive impairments in post-COVID-19 infection, evaluate the 
changes in neurocognitive functions over time, and identify factors 
that can predict long-term deficits in cognition.

2. Materials and methods

We conducted a cross-sectional research study. The population 
was sampled randomly over a 16-month period. Data were collected 
only once from each participant. For evaluation of changes in 
neurocognitive profiles through time, the sample was divided into two 
groups with the proxy temporal strata of “1–6 and 7–16 months 
between acute COVID-19 symptoms and neuropsychological  
assessment.”

Participants were recruited via the University Health Center 
(UHC) of the Dr-Georges-L.-Dumont Biobank. Participants gave 
consent at the time of diagnosis of a COVID-19 infection to 
be contacted for participation in future studies. Participants who had 
given consent were contacted by the coordinator of the Biobank to 
assess whether they would like to participate in our study. Only 
participants who met the inclusion criteria and had none of the 
exclusion criteria were contacted. Inclusion criteria were as follows: 
patients (1) being at least 19 years of age, (2) having a positive 
COVID-19 test made by molecular detection (PCR test, SARS-CoV-2; 
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RCP/TAAN) at least 6 weeks before study enrollment, (3) being able 
to communicate verbally in English or in French, and (4) being 
available for a 60-min interview. Exclusion criteria were as follows: 
patients (1) having a current diagnosis of a major cognitive disorder 
or dementia and (2) having untreated hearing loss. If participants 
agreed to participate in the study, they were then contacted by a 
research assistant who explained the study details and obtained verbal 
consent to participate in the study.

Phone interviews were conducted by four medical students that 
had previously benefited from multiple training sessions on the 
administration of the different questionnaires and the neurocognitive 
tests to assure standardization of data collection. The tests chosen were 
aimed at evaluating cognitive efficiency, orientation, attention, 
immediate and short-term memory, processing speed, and executive 
functions through mental flexibility comprising inhibition, 
psychological distress, levels of autonomy, and fatigue. All the 
neurocognitive scales and the psychological, instrumental, and fatigue 
questionnaires were validated tools, normed to the general population, 
and available in English and French (43–50). As our population is 
bilingual, participants were offered to be  interviewed in their 
preferred language.

The phone interviews were structured as follows:

 • Patients were explained the different steps of the interview. 
Patients were asked to be in a quiet place without any distractions.

 • Patients were then asked general questions about their 
sociodemographic information, past medical history, as well as a 
history of COVID-19 infection.

 • Afterward, the Patient Health Questionnaire (PHQ-9) (43), the 
Generalized Anxiety Disorder 7-item scale (GAD-7) (44), the 
Instrumental Activities of Daily Living (IADL) (45), and the Brief 
Fatigue Inventory (BFI) (46) were administered.

 • Patients were allowed a 10-min break to minimize the impact of 
mental fatigue on subsequent neurocognitive tests.

 • Finally, the administration of the neurocognitive tests: Modified 
Telephone Interview of Cognitive Impairment (TICSm) (47), 
Oral Trail Making Test A and B (O-TMT A and B) (48), and the 
Hayling and Brixton test (49).

The Patient Health Questionnaire-9 (PHQ-9) screens depression 
through nine questions that correspond to the DSM-IV’s (51) criteria 
for a major depressive disorder, ranking each symptom’s frequency 
from never (score of 0) to nearly every day (score of 3). The sum of 
individual symptoms’ scores allows the assessment of the overall 
severity of the patient’s depression as follows: minimal depression (0–4 
points), mild depression (5–9 points), moderate depression (10–14), 
moderately severe depression (15–19), and severe depression 
(20–27) (43).

The Generalized Anxiety Disorder-7 (GAD-7) screens anxiety 
through seven questions that correspond to the DSM-IV’s criteria for 
generalized anxiety disorder, ranking each symptom’s frequency from 
never (score of 0) to nearly every day (score of 3). The sum of 
individual symptoms’ scores allows the assessment of the overall 
patient’s anxiety as follows: minimal anxiety (0–4 points), mild anxiety 
(5–9 points), moderate anxiety (10–14), and severe anxiety 
(15–21) (44).

The Instrumental Activities of Daily Living (IADL) scale evaluates 
participants’ level of autonomy through the ability to fulfill eight 

categories of activities of daily living: using a telephone, shopping, 
food preparation, housekeeping, doing the laundry, mode of 
transportation, being responsible for own medication, and handling 
finances (45). Each category of activities is dichotomized in the scores 
of 1 or 0, depending on the participant’s self-reported ability or 
disability to fulfill them, respectively. A score of 8 represented total 
autonomy, a score from 1 to 7 represented a partial loss of autonomy, 
and 0 represented a total loss of autonomy.

The Brief Fatigue Inventory (BFI) consists of 10 components (46). 
The first question inquires as to whether the individuals have 
experienced fatigue in the last 7 days. In total, three items evaluate 
fatigue magnitude where subjects score their usual level of fatigue, the 
current level of fatigue, and the worse level of fatigue based on a 0–10 
scale of increasing severity, from “no fatigue” to “as bad as you can 
imagine” fatigue. Interference with daily activities and interpersonal 
relations is evaluated by six items, using a scale from 0 (does not 
interfere) to 10 (completely interferes). We calculated the average 
severity of fatigue and fatigue interference by calculating the sum of 
individual item severity divided by the number of evaluated items. A 
score of 0 corresponded to no fatigue, a score from 1 to 3 represented 
mild fatigue, a score of 4–7 represented moderate fatigue, and a score 
of 8–10 represented severe fatigue.

The Telephone Interview for Cognitive Status-Modified (TICSm) 
from the Mayo Clinic is a validated tool for the screening of mild 
cognitive impairment and dementia, evaluating cognitive efficiency 
(47). The TICSm correlates highly with the mini-mental state 
examination (MMSE) (52). This tool also evaluates orientation in time 
and space, concentration, immediate and short-term memory, 
calculation, semantic memory, and repetition. It includes the following 
components: (1) name, date, age, and phone number (maximum score 
of nine points); (2) counting backward (maximum score of two 
points); (3) first, a 10-word list learning exercise and then a delayed 
recall of that word list (maximum score of 10 points each); (4) 
subtraction (maximum score of five points); (5) responsive naming 
(maximum score of four points); (6) repetition (maximum score of 
two points); (7) current president and vice president (maximum score 
of four points); (8) finger tapping (maximum score of two points); and 
(9) word opposites (maximum score of two points) (47). The items 
add up to a total of 50 points. The standardized test classifies the 
severity of cognitive impairment as follows: “normal, equal, or 
superior to 33”; “ambiguous, 26–32”; “mildly impaired, 21–25”; and 
“moderately to severely impaired, inferior, or equal to 20.” We derived 
a dichotomic variable of cognitive ability, with a cutoff value of 33 
points. Therefore, a score equal to or less than 32 points was defined 
as an abnormal cognitive ability, and a score of more than 33 as a 
normal cognitive ability. This dichotomization pools ambiguous 
assessments and mild-to-severe cognitive impairments in the 
“abnormal” class.

The Oral Trail Making Test A (O-TMT-A) assesses attention and 
processing speed, whereas the Oral Trail Making Test B (O-TMT-B) 
is regarded as an executive task and assesses cognitive flexibility, 
described as the ability to “switch” between mental tasks. In the 
O-TMT-A task, the examiner instructs the participant to count from 
1 to 25 as fast as possible. During the O-TMT-B task, the patient is 
instructed to count while alternating between the number and the 
corresponding letter (1-A-2-B, etc.) as fast as possible until the 
examiner instructs to stop when reaching number 13. The examiner 
times the subject with a chronometer during both trials. For both 
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tests, an abnormal score corresponds to the 9th percentile of task 
completion rapidity, which is weighted against the patient’s age 
group (48).

The Hayling and Brixton Test measures cognitive inhibition. It 
consists of 30 sentences with the final word missing. In the first 
section, the test conditions automatisms by having the participant 
rapidly complete the sentence with an associated word. In the second 
section, the participant must inhibit this automatism and complete 
the sentence with a word that has no relation to the sentence’s 
meaning. The administration takes approximately 5 min. We used the 
commonly used English version of the test (49) and a French 
adaptation that has been validated by Bayard et al. (50). The English 
version’s scores are ranked out of 10, and we  classified the four 
poorest scores (impaired, abnormal, poor, and low average) as 
abnormal cognitive inhibition and the six best scores as normal 
cognitive inhibition. The French version is ranked out of 5, and 
we  classified the two poorest scores “pathologic and limit” as 
abnormal and the others as normal. The use of dichotomic variables 
interpretation was implemented to enable comparability between the 
French and English versions.

This study was reviewed and approved by the Vitalité Health 
Network’s Research Ethics Committee on 18 November 2020 
(reference # 10151) and by the Research Ethics Committee of 
Université de Moncton on 21 March 2021 (Reference # 
2021-047).

2.1. Statistical analyses

To describe the characteristics of the sample, continuous 
variables were presented as medians (interquartile range) or 
means (standard deviation). Binary and categorical variables were 
presented as counts and percentages. To know whether the length 
between the start of the infection symptoms and the cognitive 
evaluation was higher in the group of participants scoring in the 
normal range compared to the group scoring in the abnormal 
range of the cognitive tests (TICS-m, O-TMT-A, O-TMT-B, or 
Hayling), we  conducted one-way Mann–Whitney U-tests. To 
further compare the characteristics of the participants according 
to their scoring on the Hayling and Brixton test or TICS-m test 
(normal vs. abnormal), as well as according to the time of 
assessment (early vs. late), χ2 tests were used to identify the 
difference in the proportion across categories, while for normally 
distributed continuous data, Student’s t-tests were used to test 
differences between groups or Mann–Whitney U-tests for 
non-normally distributed data. We  did not conduct multiple 
testing corrections for statistical comparison for two main 
reasons: One is that our multiple tests were done on a single data 
set using different statistical procedures (χ2, Student’s t-test, and 
Mann–Whitney U-tests). The various procedures are based on 
different statistical models, so a Bonferroni correction or similar 
approach may result in conflicting conclusions from the same 
data, and second, as the context of the study is exploratory, 
we wish not to miss a possible effect worthy of further study, and 
therefore, a correction would be inappropriate (53).

All analyses were conducted using the Jamovi (version 1.6) 
statistical platform (54).

3. Results

3.1. Study sample

The COVID-19 database from UHC Dr-Georges-L.-Dumont 
Biobank listed 220 patients who gave consent to be contacted for 
further research studies and those who met our inclusion criteria. 
Between September 2020 and August 2021, 179 of the 220 participants 
answered the phone call offering them to participate in our study. Of 
the 179 participants who could be reached, a total of 137 participants 
consented to participate and were included (response rate, 77%). 
During data analysis, three participants were excluded due to missing 
data in the cognitive assessment. One participant had to end the call 
to care for a familial emergency, and team members stopped the 
cognitive assessment of two participants because of evident fatigue. A 
total of 134 participants’ data were analyzed (see Figure 1 for the 
recruitment flowchart).

3.2. Description of the participants

The average duration between the acute COVID infection-related 
symptoms and the neuropsychological assessment was of 7.7 months 
(ranging from 1.3 to 16.6 months). The distribution of participants 
during the study period is depicted in Figure 2.

Of the 134 patients included in our study, the mean age was 
50.0 ± 14.5 years and 55% were women (Table 1). In our cohort, 72.4% 
received post-secondary education. Regarding their past medical 
history, 62.7% had a body mass index of more than 27, 12.7% had 
diabetes, 22.4% had hypercholesterolemia, and 26.9% had 
hypertension. When asked about their past mental health history, 
22.4% of participants self-reported past anxiety, while 21.6% reported 
a previous history of depression. During the acute phase of their 
COVID-19 infection, the most frequent symptoms were fatigue 
(77.7%), followed by headache (65.7%) and cough (61.2%). They had 
an average of two different symptoms during the acute phase of 
COVID-19 infection, and the symptoms lasted for an average of 
44.2 days (95% CI: 32.3–56.1). Hospitalization was reported by 9% of 
patients with an average hospitalization stay of 1 day (95% CI: 0.3–1.7). 
Intensive care unit admission was reported in 4.5% of patients, and 
they stayed in ICU for 0.6 days on average (95% CI: 0.02–1.2).

3.3. Prevalence and severity of cognitive 
impairment in post-acute COVID-19 
population

Standardized psychological, fatigue, and instrumental tests were 
used to evaluate anxiety (GAD-7), depression (PQH-9), autonomy 
(IADL), and fatigue (BFI) post-COVID-19 infection. Overall, 55.2% 
of participants had symptoms of psychiatric illness (Table  2). 
Specifically, the GAD-7 questionnaire screened anxiety of mild 
severity in 20.9% of patients, moderate severity in 7.5% of participants, 
and severe anxiety in 5.2%. Regarding depression, the PHQ-9 
questionnaire revealed mild symptoms of depression in 20.9%, 
moderate depression in 11.9%, moderately severe depression in 3.7%, 
and severe depression in 3.0% of study participants. Mild fatigue was 
observed in 35.8% of patients, moderate fatigue in 32.8%, and severe 
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FIGURE 1

Patient recruitment and inclusion flowchart.

FIGURE 2

Temporal distribution of the participant’s neuropsychological assessments. 20 patients had their assessment 1-4 months, 71 between 5-8 months, 33 
between 9-12 months and 10 patients between 13-16 months following their respective COVID-19 infection onset.
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TABLE 1 Characteristics of the study sample.

Total population 
(n = 134)

Demographic characteristics

  Age, in years, mean (SD) 50.0 (14.5)

  Sex, female n (%) 76 (55)

Education

  College or technical Diploma, n (%) 50 (37)

  Undergraduate Diploma, n (%) 37 (27.6)

  Graduate University diploma, n (%) 10 (7.5)

Past medical history

Cardiovascular disease risk factors

  High blood pressure, n (%) 36 (26.9)

  BMI >27, n (%) 84 (62.7)

  Hypercholesterolemia, n (%) 30 (22.4)

  Diabetes, n (%) 17 (12.7)

Psychiatric illness history

  Previous anxiety (self-reported), n (%) 30 (22.4)

  Previous depression (self-reported), n (%) 29 (21.6)

COVID-19 infection history

COVID symptoms

  Cough, n (%) 82 (61.2)

  Fever, n (%) 64 (47.8)

  Breathing difficulty, n (%) 64 (47.8)

  Feverish symptoms, n (%) 50 (37.3)

  Chills, n (%) 62 (46.3)

  Tired, n (%) 104 (77.6)

  Taste/smell (hyposmia), n (%) 72 (53.7)

  Headache, n (%) 88 (65.7)

  Gastrointestinal issues, n (%) 54 (40.3)

  Pain, n (%) 56 (41.8)

  Severe discomfort, n (%) 38 (28.4)

  Number of symptoms experienced, mean 

(SD) 2 (1.5)

  Symptoms’ duration (days), mean (min-max) 44.0 (0–354)

Hospitalization

  Hospitalized, n (%) 12 (9.0)

  Days hospitalized, mean (95% CI) 0.9 (0.3 to 1.7)

  ICU admission, n (%) 6 (4.5)

  Days in ICU, mean (95% CI) 0.6 (0.02 to 1.2)

fatigue in 2.2% of participants. In total, 70.9% of the study’s population 
reported mild-to-severe fatigue following their COVID-19 infection. 
Less than 5% of patients reported a partial loss of autonomy upon 
completion of the IADL.

The neurocognitive assessment revealed deficits in various 
cognitive functions. With regard to the TICS-m, 19.4% of the 
participants showed a global impairment of cognitive efficiency. A 

deficit in cognitive flexibility and inhibition was revealed in 38.8% of 
patients by an abnormal Hayling and Brixton test result. With regard 
to the Oral Trail Making Test, 9% of the study’s population had an 
abnormal score on the O-TMT-A and 9% on the O-TMT-B, although 
they were not necessarily the same participants having abnormal 
scores on both tests. Overall, 58.2% of participants showed an 
abnormal test result on at least one neurocognitive scale.

The scope of cognitive impairment was assessed by the cumulative 
number of abnormal tests. Mild impairment was defined by only one 
of the tests being abnormal, moderate impairment by two abnormal 

TABLE 2 Post-COVID-19 neuropsychological assessment.

Psychological, fatigue, and 
autonomy

GAD-7 (anxiety)

  Absent, n (%) 89 (66.4)

  Mild, n (%) 28 (20.9)

  Moderate, n (%) 10 (7.5)

  Severe, n (%) 7 (5.2)

PHQ-9 (depression)

  Absent, n (%) 81 (60.4)

  Mild, n (%) 28 (20.9)

  Moderate, n (%) 16 (11.9)

  Moderately severe, n (%) 5 (3.7)

  Severe, n (%) 4 (3.0)

Brief fatigue index

  Absence, n (%) 37 (27.6)

  Mild, n (%) 48 (35.8)

  Moderate, n (%) 44 (32.8)

  Severe, n (%) 3 (2.2)

IADL partially autonomous, n (%) 6 (4.5)

Mild psychiatric sequelae1, n (%) 45 (33.6)

Moderate or severe psychiatric sequelae2, n (%) 29 (21.6)

Psychiatric symptoms3, n (%) 74 (55.2)

Neurocognitive functions

  Abnormal TICS-m, n (%) 26 (19.4)

  Abnormal Hayling and Brixton, n (%) 52 (38.8)

  Abnormal O-TMT-A, n (%) 12 (9.0)

  Abnormal O-TMT-B, n (%) 12 (9.0)

  Abnormal O-TMT A or B, n (%) 18 (13.4)

  Cognitive impairment,4 n (%) 78 (58.2)

  Executive dysfunction,5 n (%) 75 (56.0)

Time between COVID and interview, months, 

mean (min-max) 7.7 (1.3–16.5)

1Represents mild anxiety or mild depression.
2Represents moderate-to-severe anxiety or moderate-to-severe depression.
3Represents mild, moderate and severe psychiatric sequelae.
4Represents an abnormal result on at least one of the following tests: Hayling and Brixton, 
TMT-A, or TMT-B, or an ambiguous or impaired score on the TICS-m.
5Represents an abnormal result on at least one of the following tests: Hayling and Brixton, 
TMT-A, or TMT-B.
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tests, moderately severe by three abnormal tests, and severe by more 
than three abnormal tests. Mild impairment was found in 39.6% of the 
sample, moderate impairment in 17.2%, and moderately severe in 
1.5%. No participant had severe cognitive impairment based on our 
definition in our sample (Table 3).

The distribution of specific cognitive impairments varied in our 
sample. In our population, when a single test was abnormal (mildly 
impaired), it was preferentially the Hayling and Brixton test (60.4%) 
followed by the TICS-m (26.4%). When the two tests were abnormal 
(moderately impaired), the Hayling and Brixton test was the more 
prevalent (82.6%), followed by the TICS-m (47.8%), the O-TMT-A 
(39.1%), and the O-TMT-B (26.1%). Cognitive flexibility and 
inhibition were the predominant cognitive impairments in all severity 
levels, followed by cognitive efficiency.

3.4. Cognitive profile comparison between 
early and late assessment groups in 
post-acute COVID-19 syndrome

To assess the potential differences in the cognitive profile of post-
acute COVID-19 syndrome with time, we broke down the sample into 
four groups representing different increments in lengths between the first 
COVID-19-related symptoms and the neuropsychological assessment 
(four quarters: 1–4, 5–8, 9–12, and 13–16 months). Overall, 20 
participants had their assessment in the first quarter post-acute COVID-
19, 71 in the second quarter, 33 in the third, and 10 in the last quarter.

The prevalence of abnormal scores in the four cognitive tests for 
each of the four sub-samples is presented in Figure 3. The prevalence of 
abnormal scores decreased in three of the four tests and ended at zero 

TABLE 3 The severity of cognitive impairment based on the cumulative number of abnormal tests.

Total Hayling and 
Brixton

TICSm O-TMT-A O-TMT-B

Not impaired, n (%) 57 (41.8) 0 0 0 0

Mild (One abnormal test), n (%) 53 (39.6) 32 (60,4) 14 (26.4) 3 (5.7) 4 (7.4)

Moderate (Two abnormal tests), n (%) 23 (17.2) 19 (82,6) 11 (47.8) 9 (39.1) 6 (26.1)

Moderately severe (Three abnormal tests), n (%) 1 (1.5) 1 (100) 1 (100) 0 1 (100)

Severe (Four or five abnormal tests), n (%) 0 0 0 0 0

FIGURE 3

Cross-sectional evolution of cognitive impairments throughout the study period.
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in the last 4 months of the study period for O-TMT-B, O-TMT-A, and 
TICS-m. However, abnormal Hayling and Brixton scores remained high 
with a prevalence of 50% even up to 16 months post-infection.

Because of the low number of participants in some of the quarters 
limiting statistical power for subsequent analyses, we stratified the 
sample into two groups: one having been assessed from 1 to 6 months 
post-acute COVID-19 infection (early assessment) and one assessed 
from 7 to 16 months post-acute COVID-19 infection (late assessment). 
We had 86 participants in the early assessment group and 48 in the late 
assessment group. In terms of sociodemographic characteristics, the 
two groups only differed by the preferred language (p ≤ 0.001) and 
education level (p = 0.010). The late assessment group comprised more 
anglophone participants and more post-secondary education levels, 
and in addition, a greater number of hospitalized patients (p = 0.020). 
Abnormal scores in O-TMT-A and Hayling and Brixton tests, 
respectively, did not differ between groups, but the prevalence of 
cognitive efficiency impairments (TICS-m) and O-TMT-B was 
significantly higher in the early assessment group (p = 0.020 and 
p = 0.036, respectively).

The distribution of cognitive impairment severity levels in the 
early and late assessment groups is shown in Table 4. There was no 
difference in the prevalence of any severity level of impairment 
between the two groups. The only patient having moderately severe 
impairment was in the early assessment group.

3.5. Risk factors of cognitive flexibility and 
inhibition and for cognitive efficiency 
impairments

We tested whether more symptoms of COVID infection or a 
longer duration of COVID symptoms were associated with abnormal 
scores in the four cognitive tests and found no significant association 
with any of the tests.

Given the low prevalence of O-TMT-A and O-TMT-B abnormal 
scores, we focused the analyses of cognitive impairment risk factors on 
the TICS-m and Hayling and Brixton scales. Because the prevalence of 
cognitive efficiency impairments (TICS-m) and cognitive flexibility and 
inhibition (Hayling and Brixton) showed little overlap, we decided to 
further evaluate the factors associated with those two cognitive 
functions separately. We first compared all of the variables between the 
normal and abnormal TICS-m score groups and between the normal 
and abnormal Hayling and Brixton score groups with univariate analyses.

Regarding TICS-m groups (Table 5), more participants in the 
abnormal TICS-m group had symptoms of anxiety at the time of the 
assessment with the GAD-7 scale (p = 0.004) and symptoms of 
depression when assessed with the PQH-9 scale (p = 0.044). 
Participants in the normal TICS-m group had higher education levels 
than participants in the abnormal group (p = 0.028). There was no 
significant difference between the groups in terms of their 
medical history.

Regarding the Hayling and Brixton groups (Table 6), there was 
neither difference in their medical history, and in any COVID-19-
related symptoms, nor there were differences in sociodemographic 
characteristics between the two groups. Looking at the 
neuropsychological tests battery, a significant difference between 
our two groups was found only for depression symptoms as 
screened by PQH-9 (p = 0.046). Significant differences were also 
found for hospital admission, length of hospital stay, intensive care 
unit (ICU) admission, and length of ICU stay (p < 0.05). When 
those significant variables were included in a multivariate 
regression model, only depression remained significant (p = 0.047). 
More specifically, severe depression was associated with abnormal 
scoring on the Hayling and Brixton test (p = 0.021), while moderate 
depression was not significant.

4. Discussion

The prevalence of cognitive sequelae post-COVID-19 infection 
has been quite unanimously reported in 50–67% of patients (2, 5–9, 
16). However, cognitive profiling varies between studies. The 
discrepancies in the cognitive profiles in the literature can be explained 
by differences in study designs, which can dramatically influence the 
results. First, cognitive assessments were done as early as 3 weeks to as 
late as 12 months post-acute infection phase, making comparisons 
difficult between studies (2–9, 11–13, 15–17, 39, 42, 55, 56). Second, 
studies with cognitive assessment beyond the 12-month mark had 
heterogeneous populations, as one study focused exclusively on an 
elderly population (39), while others included only hospitalized 
patients (55, 56). Third, some studies utilized Montreal Cognitive 
Assessment (MoCA) as the only cognitive assessment tool (40, 41, 56), 
contrasting with other teams who did an extensive neuropsychological 
assessment in a population similar to ours, but with a higher rate of 
hospitalization (47%) (42). Although the MoCA has demonstrated its 
utility as a cognitive screener and is widely used in research studies, it 
suffers from several limits. Indeed, some studies have demonstrated a 
lack of sensitivity, a lack of robust correspondence between individual 
tests and their assumed cognitive domains, and low reliability in 
non-clinical populations. The MoCA should not be  viewed as a 
substitute for more in-depth neuropsychological assessment when 
domain-specific information is required (57–59).

TABLE 4 The prevalence of the severity levels of cognitive impairment in 
the early and late assessment groups.

Early 
assessment 

group (n = 86)

Late 
assessment 

group (n = 48)

p value

Not impaired, 

 n (%)

33 (38.4) 24 (50.0) 0.140

Mild (One 

abnormal test), 

n (%)

37 (43.0) 16 (33.3) 0.098

Moderate (Two 

abnormal 

tests), n (%)

15 (17.4) 8 (16.7) 0.166

Moderately 

severe (Three 

abnormal 

tests), n (%)

1 (1.2) 0 (0.0) n/a

Severe (Four or 

five abnormal 

tests), n (%)

0 (0.0) 0 (0.0) n/a

n/a, not applicable.
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TABLE 5 Comparison of normal and pathologic m-TICS test groups.

Normal (n = 108) Abnormal (n = 26) p value

Sociodemographic characteristics

  Female, n (%) 61 (56.5) 15 (57.7) 0.914

  Age, median (IQR) 49.6 (15.0) 51.8 (12.7) 0.719

  English Preferred language, n (%) 61 (56.5) 15 (57.7) 0.911

  Income, mean (SD) 57,525 (34,883) 59,200 (32,554) 0.739

  College or university diploma, n (%) 82 (75.9) 14 (53.8) <0.05**

  Duration between first COVID symptoms and 

assessment in days, mean (SD)

242 (104) 197 (80) <0.10*

Past medical history

  Body mass index >27, n (%) 70 (65.4) 14 (53.8) 0.272

  Anxiety, n (%) 23 (21.3) 7 (26.9) 0.537

  Depression, n (%) 23 (21.3) 6 (23.1) 0.843

  Neurological disorders, n (%) 1 (1.2) 0 (0.0) n/a

  High blood pressure, n (%) 29 (26.9) 7 (26.9) 0.994

  High cholesterol, n (%) 25 (23.1) 5 (19.2) 0.667

  Diabetes, n (%) 14 (13.1) 3 (11.5) 0.832

  Cerebrovascular accident, n (%) 0 (0.0) 2 (7.7) n/a

  Concussion, n (%) 10 (9.3) 4 (15.4) 0.359

  COPD, n (%) 0 (0.0) 0 (0.0) n/a

COVID-19 infection symptoms

  Cough, n (%) 64 (59.3) 16 (61.5) 0.832

  Breathing difficulties, n (%) 51 (47.2) 12 (46.2) 0.922

  Fever-like symptoms, n (%) 69 (63.9) 19 (73.1) 0.376

  Fatigue, n (%) 79 (73.1) 21 (80.8) 0.423

  Musculoskeletal pain, n (%) 61 (56.5) 16 (61.5) 0.640

  Headache, n (%) 64 (59.3) 20 (76.9) <0.10*

  Gastrointestinal symptoms, n (%) 41 (38.0) 11 (42.3) 0.683

  Taste–smell problem, n (%) 55 (50.9) 14 (53.8) 0.789

  Duration of symptoms, days, and mean (SD) 42.4 (70.5) 50.8 (69.6) 0.839

  Number of symptoms, mean (SD) 4.8 (2.8) 5.2 (2.1) 0.584

  Severe discomfort, n (%) 30 (27.8) 6 (23.1) 0.627

  Hospitalization, n (%) 11 (10.2) 1 (3.8) 0.310

  Duration of hospitalization in days, mean (SD) 1.2 (4.6) 0.2 (0.9) 0.307

  Admission in ICU, n (%) 5 (4.6) 1 (3.8) 0.862

  Duration of ICU admission in days, mean (SD) 0.73 (3.9) 0.19 (0.98) 0.844

Post-COVID-19 neuropsychological assessment

  IADL partially autonomous, n (%) 6 (5.6) 0 (0.0) 0.219

  BFI severe, n (%) 3 (2.9) 0 (0.0) <0.01*

  PHQ-9 mild to severe, n (%) 38 (35.2) 15 (57.7) <0.05**

  GAD-7 mild to severe, n (%) 30 (27.8) 15 (57.7) <0.01***

  Abnormal Hayling, n (%) 41 (38.0) 11 (42.3) 0.683

  Abnormal O-TMT-A, n (%) 12 (11.1) 0 (0.0) <0.10*

  Abnormal O-TMT-B, n (%) 10 (9.3) 2 (7.7) 0.802

SD, standard deviation; IQR, interquartile range; COPD, chronic pulmonary obstructive disorder; ICU, intensive care unit; GAD-7, generalized anxiety disorder-7; PHQ-9, patient health questionnaire-9; 
IADL, instrumental activities of daily living; BFI, brief fatigue index; TICS-m, modified telephone interview for cognitive status; O-TMT-A, oral trail making test A; and O-TMT-B, oral trail making test B.
A χ2 test was used to identify differences in proportions across categories. For normally distributed continuous data, a Student t-test was used to test differences between groups or by the 
Mann–Whitney U-test for non-normally distributed data. Bold characters indicate significant differences (p ≤ 0.05). p value < 0.1 (*), p value < 0.05 (**), and p value < 0.01(***).
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TABLE 6 Comparison of normal and pathologic Hayling and Brixton’s test groups.

Normal (n = 82) Abnormal (n = 52) p value

Sociodemographic characteristics

  Female, n (%) 45 (54,9) 31 (59.6) 0.590

  Age, median (IQR) 53 (23.8) 56 (22.5) 0.955

  English preferred language, n (%) 46 (56.1) 30 (57.7) 0.856

  Income, mean (SD) 54,367 (28,297) 63,723 (41,526) 0.530

  College or university diploma, n (%) 56 (68.3) 40 (76.9) 0.282

  Duration between first COVID symptoms and 

assessment in days, mean (SD)

226 (10.3) 245 (15.4) 0.536

Past medical history

  Body mass index >27, n (%) 54 (65.9) 30 (57.7) 0.295

  Anxiety, n (%) 20 (24.4) 10 (19.2) 0.485

  Depression, n (%) 20 (24.4) 9 (17.3) 0.332

  Neurological disorders, n (%) 1 (1.2) 0 (0.0) n/a

  High blood pressure, n (%) 23 (28.0) 13 (25) 0.698

  High cholesterol, n (%) 21 (25.6) 9 (17.3) 0.261

  Diabetes, n (%) 7 (8.5) 10 (19.2) 0.074

  Cerebrovascular accident, n (%) 1 (1.2) 1 (1.9) n/a

  Concussion, n (%) 9 (11.0) 5 (9.6) 0.802

  COPD, n (%) 0 (0) 0 (0) n/a

COVID-19 infection Symptoms

  Cough, n (%) 50 (61.0) 30 (57.7) 0.706

  Breathing difficulties, n (%) 37 (45.1) 26 (50.0) 0.581

  Fever-like symptoms, n (%) 49 (59.8) 39 (75.0) <0.10*

  Fatigue, n (%) 61 (74.4) 39 (75.0) 0.931

  Musculoskeletal pain, n (%) 47 (57.3) 30 (57.7) 0.966

  Headache, n (%) 49 (59.8) 35 (67.3) 0.378

  Gastrointestinal symptoms, n (%) 31 (37.8) 21 (40.4) 0.765

  Taste–smell problem, n (%) 41 (50.0) 28 (53.8) 0.664

  Duration of symptoms, days, mean (SD) 36.4 (6.4) 55.6 (12.1) 0.659

  Number of symptoms, mean (SD) 4.7 (2.8) 5.0 (2.5) 0.595

  Severe discomfort, n (%) 22 (26.8) 14 (26.9) 0.990

  Hospitalization, n (%) 4 (4.9) 8 (15.4) <0.05**

  Duration of hospitalization in days, mean (SD) 0.3 (0.2) 2.0 (0.8) <0.05**

  Admission in ICU, n (%) 1 (1.2) 5 (9.6) <0.05**

  Duration of ICU admission in days, mean (SD) 0.1 (0.1) 1.5 (0.8) <0.05**

Post-COVID-19 neuropsychological assessment

  IADL partially autonomous, n (%) 4 (4.9) 2 (3.8) 0.778

  BFI severe, n (%) 0 (0.0) 3 (6.4) n/a

  PHQ-9 mild to severe, n (%) 30 (36.6) 23 (44.2) <0.05**

  GAD-7 mild to severe, n (%) 26 (31.7) 19 (36.5) 0.564

  Abnormal m-TICS, n (%) 15 (18.3) 11 (21.2) 0.896

  Abnormal O-TMT-A, n (%) 6 (7.3) 6 (11.5) 0.404

  Abnormal O-TMT-B, n (%) 8 (9.8) 4 (7.7) 0.668

SD, standard deviation; IQR, interquartile range; COPD, chronic pulmonary obstructive disorder; ICU, intensive care unit; GAD-7, generalized anxiety disorder-7; PHQ-9, patient health 
questionnaire-9; IADL, instrumental activities of daily living; BFI, brief fatigue index; TICS-m, modified telephone interview for cognitive status; O-TMT-A, oral trail making test A; O-TMT-B, 
oral trail making test B. A χ2 test was used to identify differences in proportions across categories. For normally distributed continuous data, a Student t-test was used to test differences between 
groups or by Mann–Whitney U-test for non-normally distributed data. Bold characters indicate significant differences (p≤0.05). p value <0.1 (*), p value < 0.05 (**), and p value< 0.01(***).
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In our study, we  used an extensive set of neuropsychological 
testing, focusing on executive tasks and psychological symptoms, and 
our result may be more applicable to the general population as a low 
percentage of our population had been hospitalized (9%). One recent 
longitudinal study followed older survivors of COVID-19 up to 1-year 
post-infection and reported temporal changes in the cognitive profile 
of patients, with a higher speed of cognitive decline associated with a 
more severe COVID-19 infection (39). Similarly, we  found that 
cognitive inhibition deficits were associated with more severe 
COVID-19 infection as defined by hospital and ICU admissions and 
lengths of stay. Similarly, in our study, the cognitive profile of 
participants assessed before 6 months post-infection was different 
compared to the cognitive profile of participants assessed after 
6 months post-infection. The prevalence of impaired cognitive 
efficiency decreased to reach 0% after 16 months post infection. 
Inversely, the prevalence of cognitive inhibition deficits remained 
unchanged and relatively high from 1 to 16 months post-infection. The 
profile of mild impairment varied between the early and late assessment 
groups, as nearly all patients who exhibited mild impairment after 6 
months displayed an inhibition deficit. Those results suggest that 
patients with moderate impairment after COVID-19 infection might 
have a long-lasting impairment, while patients with mild cognitive 
impairment might see that most of their deficits resolve within the first 
6 months post-infection, except for cognitive inhibition.

Although our small sample size may limit the interpretation of 
those findings, they support the existing literature linking the severity 
of infection to the frequency and severity of cognitive and 
neuropsychiatric impairments (39). Mattioli et al. found that intensive 
care admission predicted an inferior MMSE score (15), while ICU 
admission was associated with poorer executive function test results 
in another study by Almeria et al. (12). Furthermore, the number of 
days spent in the intensive care unit has been linked to inferior Stroop 
test interference suppression scores (60). In our study, in addition to 
the infection severity, no other sociodemographic or medical history 
variables were associated with cognitive inhibition or with cognitive 
efficiency or flexibility, which is consistent with previous studies (13, 
17, 21). However, an abnormal TICS-m score was associated with 
anxiety and depression at the time of assessment, and an abnormal 
Hayling and Brixton score was associated with depression. This 
phenomenon can be explained by the literature on the suboptimal 
control of selective attention and working memory in patients with 
major depressive disorder. Functional MRI studies have demonstrated 
that participants with depression display significantly inferior 
dorsolateral prefrontal cortex activation during tasks involving 
working memory and executive functions than healthy controls (61). 
This area of the brain is highly correlated with working memory and 
attention control (62). Some data point toward the conclusion that 
these deficits in executive functions are in fact due to inhibition 
dysfunction and that, inversely, intact inhibition function is effective 
in decreasing the activation of irrelevant stimuli and their intrusion 
into the working memory, in addition to preventing prolonged 
rumination and poor emotional regulation (19). Thus, the prediction 
of an abnormal inhibitory response test in patients with symptoms of 
depression could be explained by dysfunctional prefrontal circuitry. 
Alternatively, the high prevalence of depression observed in post-
COVID-19 syndrome could accentuate the frequency and severity of 
inhibition deficits through the mechanisms herein discussed. The 
orbitofrontal cortex-mediated deficits could perpetuate a vicious cycle.

A highlight of this study is the absence of an association between 
inhibition deficit and the delay since the initial infection, which may 
signify that beyond the acute phase and up to 16 months, these cognitive 
sequelae do not improve in the absence of treatment. Alternatively, it 
may suggest that inhibition deficits persist longer than other cognitive 
deficits or that inhibition deficit is more sensitive to COVID-19’s effects 
on the brain. While being a validated and normalized cognitive 
assessment to evaluate cognitive flexibility and inhibition (49), no other 
COVID-19 studies, to our knowledge, have evaluated frontal inhibition 
functions with the Hayling and Brixton test. Instead, studies used the 
Stroop Victoria test, which also assesses executive functions, with the 
sub-task of interference suppression specifically evaluating cognitive 
flexibility and inhibition (63). Similar to our findings, slower reaction 
time during interference suppression has been reported with the Stroop 
test in participants who have had COVID-19 when compared to healthy 
controls (21, 22), reflecting a poorer ability to restrain unsuitable or 
irrelevant responses (23). These functions entail having the capacity to 
regulate one’s attention, behavior, thoughts, and/or emotions in order to 
counteract pre-potent or inappropriate reactions (18). As such, deficits 
in inhibition due to lesions of the orbitofrontal cortex classically ensure 
catastrophic changes, marked by impulsivity and lack of judgment, 
leading to inappropriate social behaviors (62). In the case of post-
COVID-19 syndrome, the consequences seem to be more subtle.

The absence of correlations between an abnormal Hayling and 
Brixton test and other neurocognitive tests, such as the TICS-m or 
O-TMT, suggests that inhibition deficits could be  independent of 
other cognitive impairments in post-COVID-19 patients and share 
pathophysiological mechanisms with the SARS-CoV-2 infection. Due 
to the anatomical contiguity of the cribriform plate and the 
orbitofrontal cortex, direct viral invasion through the olfactory tract 
could explain why inhibition deficits are a marker of greater sensitivity 
than other cognitive impairments to evaluate COVID-19’s effects on 
the brain, while local neuronal damage could explain the persistence 
of the loss of function. Imaging studies support this hypothesis as 
orbitofrontal cortex atrophy and tissue damage to areas functionally 
connected to the primary olfactory cortex were observed in post-
COVID-19 patients (64) Moreover, PET scan studies have revealed 
reduced glucose uptake in the orbitofrontal cortex and associated 
regions (65–67). Our findings support the hypothesis that inhibition 
deficit is an executive function that is highly vulnerable to the 
cognitive impact of the COVID-19 infection in comparison with other 
cognitive functions. Consequently, inhibition may be a more sensitive 
executive function for the long-term assessment of post-COVID-19 
cognitive impairment and help reduce between-study variability in 
medium- to long-term cognitive impairment prevalence. While this 
finding should be validated by studies with larger sample sizes and 
further elucidated by robust research designs, this finding highlights 
the importance of not overlooking inhibition function in the clinical 
management of patients’ post-COVID-19 infection.

5. Limitations

Due to our cross-sectional study design and our small sample size, 
one should interpret the results with caution. Indeed, the authors 
acknowledge some limitations that are worth mentioning.

First, the length between acute COVID-19 infection and 
neuropsychological assessment was not evenly distributed during the 

https://doi.org/10.3389/fneur.2023.1125574
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Saucier et al. 10.3389/fneur.2023.1125574

Frontiers in Neurology 12 frontiersin.org

study period, which might have increased both type I and type II 
errors in our comparative analyses between early and late assessment 
groups. Moreover, even if the population was randomly sampled, 
some significant differences were found between groups, regarding 
education level and preferred language, which could be confounders.

As our province is bilingual, we recruited both French- and 
English-speaking participants, portraying a more accurate sample 
of our regional population. However, although the Hayling and 
Brixton test is normed and validated for each language population, 
the scoring method differs in both versions and uses eight 
categories to describe the level of inhibition functioning in the 
English version and only five categories in the French version, 
which prevented us from stratifying our analyses by severity levels 
of inhibition. We, therefore, had to dichotomize the sample in 
normal versus abnormal inhibition to enable comparisons 
between language groups.

Furthermore, we must take into consideration the length of the 
interview which could have led to mental fatigue during 
neuropsychological testing, the global bilingualism of our population 
that could limit lexical access in a single language, and the pandemic’s 
social context as these variables may affect the interpretation of our 
data and may worsen the Hayling and Brixton test results. In addition, 
the high prevalence of fatigue and depression in our sample might have 
led to an overestimation of inhibition deficits as both may lead to 
sub-optimal response inhibition performance.

Our study population was infected between September 2020 and 
August 2021, signifying that the causal virus strain was primarily the 
Delta variant and that participants were not vaccinated. Thus, different 
outcomes could be expected with a different virus strain in the case of 
reinfection or in a vaccinated population.

The response rate of this survey (137/179 = 77%) might not reflect 
the general population.

Finally, the absence of a control group of individuals with no 
COVID-19 infection and the absence of cognitive profile 
information before COVID-19 infection, which means that this 
study might include patients who already have potential cognitive 
dysfunction, may limit the interpretation of our findings on the 
prevalence of cognitive impairment but is arguable as the goal of 
the study was to assess the dynamic cognitive profile changes in 
the infected population.

6. Conclusion

This study revealed an inhibition deficit in 38.8% of post-acute 
COVID-19 patients. A higher frequency and severity of impairment 
were correlated with the severity of depression, hospital admission, 
length of hospital stay, ICU admission, and length of ICU stay. While 
cognitive efficiency and mental flexibility improved with time, 
inhibition deficit was shown to be long-lasting in this investigation, 
and the length of time since the initial infection had no bearing on the 
severity of the impairment. Furthermore, the considerable prevalence 
of inhibition deficit in our patients reinforces the theory of direct CNS 
invasion of COVID-19 from the olfactory tract, due to the anatomical 
contiguity of the cribriform plate and the orbitofrontal cortex. Other 
neuropsychological scales and general health questionnaires support 
and validate previous evidence of cognitive impairment, 
neuropsychiatric illness, and fatigue following COVID-19.

In light of this study’s results and the existing literature, it is 
apparent that there is a need for increasing the availability of 
programs dedicated to physical and cognitive rehabilitation in 
post-COVID-19 syndrome patients. The variability in cognitive 
assessment between studies reflects different assessment tools, 
research designs, populations with different cognitive impairment 
risk factors, or simply different cognitive functions targeted by the 
studies. Based on our findings, we  recommend that, upon 
replication and validation of our results, inhibition should 
be  systematically assessed along global cognitive functions in 
future research to monitor the long-term course of such 
deficiencies, in addition to the evaluation of rehabilitation’s effect 
on cognitive and neuropsychological impairments.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and 
approved by Vitalité Health Network’s Research Ethics Committee and 
Research Ethics Committee of Université de Moncton. The patients/
participants provided their written informed consent to participate in 
this study.

Author contributions

JS: data collection, interpretation of results, and redaction of the 
original manuscript. ZB: data collection and contribution to original 
manuscript redaction. CJ: statistical analysis, interpretation of results, 
and manuscript redaction. KC: database management and manuscript 
review. SC, MA-Q, and EL: data collection and manuscript review. 
M-CL: neuropsychological testing design. GG: infectiologist scientific 
study design contribution. JJ: study design, redaction of protocol, 
interpretation of results, and manuscript review. LC-W: study design, 
redaction of protocol, interpretation of results, and manuscript 
redaction. All authors contributed to the article and approved the 
submitted version.

Funding

The authors disclose receipt of the following financial support for 
the research of this article from the Center de Formation Médicale du 
Nouveau-Brunswick (CFMNB), COVID-19 Strategic Grant, 2nd 
competition-2020.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fneur.2023.1125574
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Saucier et al. 10.3389/fneur.2023.1125574

Frontiers in Neurology 13 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Rogers JP, Chesney E, Oliver D, Pollak TA, McGuire P, Fusar-Poli P, et al. Psychiatric 

and neuropsychiatric presentations associated with severe coronavirus infections: a 
systematic review and meta-analysis with comparison to the COVID-19 pandemic. 
Lancet Psychiatry. (2020) 7:611–27. doi: 10.1016/S2215-0366(20)30203-0

 2. Méndez R, Balanzá-Martínez V, Luperdi SC, Estrada I, Latorre A, González-
Jiménez P, et al. Short-term neuropsychiatric outcomes and quality of life in COVID-19 
survivors. J Intern Med. (2021) 290:621–31. doi: 10.1111/joim.13262

 3. Hosp JA, Dressing A, Blazhenets G, Bormann T, Rau A, Schwabenland M, et al. 
Cognitive impairment and altered cerebral glucose metabolism in the subacute stage of 
COVID-19. Brain J Neurol. (2021) 144:1263–76. doi: 10.1093/brain/awab009

 4. Ermis U, Rust MI, Bungenberg J, Costa A, Dreher M, Balfanz P, et al. Neurological 
symptoms in COVID-19: a cross-sectional monocentric study of hospitalized patients. 
Neurol Res Pract. (2021) 3:17. doi: 10.1186/s42466-021-00116-1

 5. Miskowiak KW, Johnsen S, Sattler SM, Nielsen S, Kunalan K, Rungby J, et al. 
Cognitive impairments four months after COVID-19 hospital discharge: pattern, 
severity and association with illness variables. Eur Neuropsychopharmacol J Eur Coll 
Neuropsychopharmacol. (2021) 46:39–48. doi: 10.1016/j.euroneuro.2021.03.019

 6. García-Sánchez C, Calabria M, Grunden N, Pons C, Arroyo JA, Gómez-Anson B, 
et al. Neuropsychological deficits in patients with cognitive complaints after COVID-19. 
Brain Behav. (2022) 12:e2508. doi: 10.1002/brb3.2508

 7. Cecchetti G, Agosta F, Canu E, Basaia S, Barbieri A, Cardamone R, et al. 
Cognitive, EEG, and MRI features of COVID-19 survivors: a 10-month study. J Neurol. 
(2022) 269:3400–12. doi: 10.1007/s00415-022-11047-5

 8. Mattioli F, Stampatori C, Righetti F, Sala E, Tomasi C, De Palma G. Neurological 
and cognitive sequelae of Covid-19: a four month follow-up. J Neurol. (2021) 
268:4422–8. doi: 10.1007/s00415-021-10579-6

 9. Mazza MG, Palladini M, De Lorenzo R, Magnaghi C, Poletti S, Furlan R, et al. 
Persistent psychopathology and neurocognitive impairment in COVID-19 survivors: 
effect of inflammatory biomarkers at three-month follow-up. Brain Behav Immun. 
(2021) 94:138–47. doi: 10.1016/j.bbi.2021.02.021

 10. NICE Overview|COVID-19 rapid guideline: Managing the long-term effects of 
COVID-19|guidance|NICE [internet]. NICE. (2022). Available at: https://www.nice.org.
uk/guidance/ng188 (Accessed July 15, 2022).

 11. Crivelli L, Calandri I, Corvalán N, Carello MA, Keller G, Martínez C, et al. 
Cognitive consequences of COVID-19: results of a cohort study from South America. 
Arq Neuropsiquiatr. (2022) 80:240–7. doi: 10.1590/0004-282x-anp-2021-0320

 12. Almeria M, Cejudo JC, Sotoca J, Deus J, Krupinski J. Cognitive profile following 
COVID-19 infection: clinical predictors leading to neuropsychological impairment. 
Brain Behav Immun Health. (2020) 9:100163. doi: 10.1016/j.bbih.2020.100163

 13. Becker JH, Lin JJ, Doernberg M, Stone K, Navis A, Festa JR, et al. Assessment of 
cognitive function in patients after COVID-19 infection. JAMA Netw Open. (2021) 
4:e2130645. doi: 10.1001/jamanetworkopen.2021.30645

 14. Badenoch JB, Rengasamy ER, Watson C, Jansen K, Chakraborty S, Sundaram RD, 
et al. Persistent neuropsychiatric symptoms after COVID-19: a systematic review and 
meta-analysis. Brain Commun. (2022) 4:fcab297. doi: 10.1093/braincomms/fcab297

 15. Mattioli F, Piva S, Stampatori C, Righetti F, Mega I, Peli E, et al. Neurologic and 
cognitive sequelae after SARS-CoV2 infection: different impairment for ICU patients. J 
Neurol Sci. (2022) 432:120061. doi: 10.1016/j.jns.2021.120061

 16. Vannorsdall TD, Brigham E, Fawzy A, Raju S, Gorgone A, Pletnikova A, et al. 
Cognitive dysfunction, psychiatric distress, and functional decline after COVID-19. 
J Acad Consult Liaison Psychiatry. (2022) 63:133–43. doi: 10.1016/j.jaclp.2021. 
10.006

 17. Henneghan AM, Lewis KA, Gill E, Kesler SR. Cognitive impairment in non-
critical, mild-to-moderate COVID-19 survivors. Front Psychol. (2022) 13:770459. doi: 
10.3389/fpsyg.2022.770459

 18. Diamond A. Executive functions. Annu Rev Psychol. (2013) 64:135–68. doi: 
10.1146/annurev-psych-113011-143750

 19. Joormann J, Yoon KL, Zetsche U. Cognitive inhibition in depression. Appl Prev 
Psychol. (2007) 12:128–39. doi: 10.1016/j.appsy.2007.09.002

 20. Martin EA, Cicero DC, Kerns JG. Social anhedonia, but not positive schizotypy, 
is associated with poor affective control. Pers Disord. (2012) 3:263–72. doi: 10.1037/
a0024488

 21. Ortelli P, Ferrazzoli D, Sebastianelli L, Engl M, Romanello R, Nardone R, et al. 
Neuropsychological and neurophysiological correlates of fatigue in post-acute patients 

with neurological manifestations of COVID-19: insights into a challenging symptom. J 
Neurol Sci. (2021) 420:117271. doi: 10.1016/j.jns.2020.117271

 22. Ortelli P, Ferrazzoli D, Sebastianelli L, Maestri R, Dezi S, Spampinato D, et al. 
Altered motor cortex physiology and dysexecutive syndrome in patients with fatigue 
and cognitive difficulties after mild COVID-19. Eur J Neurol. (2022) 29:1652–62. doi: 
10.1111/ene.15278

 23. Guo Z, Chen R, Liu X, Zhao G, Zheng Y, Gong M, et al. The impairing effects of 
mental fatigue on response inhibition: an ERP study. PLoS One. (2018) 13:e0198206. doi: 
10.1371/journal.pone.0198206

 24. Solomon T. Neurological infection with SARS-CoV-2—the story so far. Nat Rev 
Neurol. (2021) 17:65–6. doi: 10.1038/s41582-020-00453-w

 25. Mazza MG, Palladini M, Poletti S, Benedetti F. Post-COVID-19 depressive 
symptoms: epidemiology, pathophysiology, and pharmacological treatment. CNS Drugs. 
(2022) 36:681–702. doi: 10.1007/s40263-022-00931-3

 26. da Silva LL, Silva RO, de Sousa LG, de Araújo Costa AC, Barros DF, Silva-Néto RP. 
Is there a common pathophysiological mechanism between COVID-19 and depression? 
Acta Neurol Belg. (2021) 121:1117–22. doi: 10.1007/s13760-021-01748-5

 27. Albornoz EA, Amarilla AA, Modhiran N, Parker S, Li XX, Wijesundara DK, et al. 
SARS-CoV-2 drives NLRP3 inflammasome activation in human microglia through 
spike protein. Mol Psychiatry. (2022) 1–16. doi: 10.1038/s41380-022-01831-0

 28. Boldrini M, Canoll PD, Klein RS. How COVID-19 affects the brain. JAMA 
Psychiat. (2021) 78:682–3. doi: 10.1001/jamapsychiatry.2021.0500

 29. Meinhardt J, Radke J, Dittmayer C, Franz J, Thomas C, Mothes R, et al. Olfactory 
transmucosal SARS-CoV-2 invasion as a port of central nervous system entry in 
individuals with COVID-19. Nat Neurosci. (2021) 24:168–75. doi: 10.1038/
s41593-020-00758-5

 30. Wenzel J, Lampe J, Müller-Fielitz H, Schuster R, Zille M, Müller K, et al. The SARS-
CoV-2 main protease Mpro causes microvascular brain pathology by cleaving NEMO 
in brain endothelial cells. Nat Neurosci. (2021) 24:1522–33. doi: 10.1038/
s41593-021-00926-1

 31. Zhang L, Zhou L, Bao L, Liu J, Zhu H, Lv Q, et al. SARS-CoV-2 crosses the blood-
brain barrier accompanied with basement membrane disruption without tight junctions 
alteration. Signal Transduct Target Ther. (2021) 6:337. doi: 10.1038/s41392-021-00719-9

 32. Nuovo GJ, Magro C, Shaffer T, Awad H, Suster D, Mikhail S, et al. Endothelial cell 
damage is the central part of COVID-19 and a mouse model induced by injection of the 
S1 subunit of the spike protein. Ann Diagn Pathol. (2021) 51:151682. doi: 10.1016/j.
anndiagpath.2020.151682

 33. Pellegrini L, Albecka A, Mallery DL, Kellner MJ, Paul D, Carter AP, et al. 
SARS-CoV-2 infects the brain choroid plexus and disrupts the blood-CSF barrier in 
human brain Organoids. Cell Stem Cell. (2020) 27:951–961.e5. doi: 10.1016/j.
stem.2020.10.001

 34. Jacob F, Pather SR, Huang WK, Zhang F, Wong SZH, Zhou H, et al. Human 
pluripotent stem cell-derived neural cells and brain Organoids reveal SARS-CoV-2 
Neurotropism predominates in choroid plexus epithelium. Cell Stem Cell. (2020) 
27:937–950.e9. doi: 10.1016/j.stem.2020.09.016

 35. Balcioglu YH, Yesilkaya UH, Gokcay H, Kirlioglu SS. May the central nervous 
system be fogged by the cytokine storm in COVID-19?: an appraisal. J Neuroimmune 
Pharmacol Off J Soc NeuroImmune Pharmacol. (2020) 15:343–4. doi: 10.1007/
s11481-020-09932-9

 36. Thye AYK, Law JWF, Tan LTH, Pusparajah P, Ser HL, Thurairajasingam S, 
et al. Psychological symptoms in COVID-19 patients: insights into pathophysiology 
and risk factors of long COVID-19. Biology. (2022) 11:61. doi: 10.3390/
biology11010061

 37. Fernández-Castañeda A, Lu P, Geraghty AC, Song E, Lee MH, Wood J, et al. Mild 
respiratory COVID can cause multi-lineage neural cell and myelin dysregulation. Cells. 
(2022) 185:2452–2468.e16. doi: 10.1016/j.cell.2022.06.008

 38. Klein R, Soung A, Sissoko C, Nordvig A, Canoll P, Mariani M, et al. COVID-19 
induces neuroinflammation and loss of hippocampal neurogenesis. Research Square 
[Preprint]. (2021) doi: 10.21203/rs.3.rs-1031824/v1

 39. Liu YH, Chen Y, Wang QH, Wang LR, Jiang L, Yang Y, et al. One-year trajectory 
of cognitive changes in older survivors of COVID-19 in Wuhan, China: a longitudinal 
cohort study. JAMA Neurol. (2022) 79:509–17. doi: 10.1001/jamaneurol.2022.0461

 40. Rass V, Beer R, Schiefecker AJ, Lindner A, Kofler M, Ianosi BA, et al. Neurological 
outcomes 1 year after COVID-19 diagnosis: a prospective longitudinal cohort study. Eur 
J Neurol. (2022) 29:1685–96. doi: 10.1111/ene.15307

https://doi.org/10.3389/fneur.2023.1125574
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/S2215-0366(20)30203-0
https://doi.org/10.1111/joim.13262
https://doi.org/10.1093/brain/awab009
https://doi.org/10.1186/s42466-021-00116-1
https://doi.org/10.1016/j.euroneuro.2021.03.019
https://doi.org/10.1002/brb3.2508
https://doi.org/10.1007/s00415-022-11047-5
https://doi.org/10.1007/s00415-021-10579-6
https://doi.org/10.1016/j.bbi.2021.02.021
https://www.nice.org.uk/guidance/ng188
https://www.nice.org.uk/guidance/ng188
https://doi.org/10.1590/0004-282x-anp-2021-0320
https://doi.org/10.1016/j.bbih.2020.100163
https://doi.org/10.1001/jamanetworkopen.2021.30645
https://doi.org/10.1093/braincomms/fcab297
https://doi.org/10.1016/j.jns.2021.120061
https://doi.org/10.1016/j.jaclp.2021.10.006
https://doi.org/10.1016/j.jaclp.2021.10.006
https://doi.org/10.3389/fpsyg.2022.770459
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1016/j.appsy.2007.09.002
https://doi.org/10.1037/a0024488
https://doi.org/10.1037/a0024488
https://doi.org/10.1016/j.jns.2020.117271
https://doi.org/10.1111/ene.15278
https://doi.org/10.1371/journal.pone.0198206
https://doi.org/10.1038/s41582-020-00453-w
https://doi.org/10.1007/s40263-022-00931-3
https://doi.org/10.1007/s13760-021-01748-5
https://doi.org/10.1038/s41380-022-01831-0
https://doi.org/10.1001/jamapsychiatry.2021.0500
https://doi.org/10.1038/s41593-020-00758-5
https://doi.org/10.1038/s41593-020-00758-5
https://doi.org/10.1038/s41593-021-00926-1
https://doi.org/10.1038/s41593-021-00926-1
https://doi.org/10.1038/s41392-021-00719-9
https://doi.org/10.1016/j.anndiagpath.2020.151682
https://doi.org/10.1016/j.anndiagpath.2020.151682
https://doi.org/10.1016/j.stem.2020.10.001
https://doi.org/10.1016/j.stem.2020.10.001
https://doi.org/10.1016/j.stem.2020.09.016
https://doi.org/10.1007/s11481-020-09932-9
https://doi.org/10.1007/s11481-020-09932-9
https://doi.org/10.3390/biology11010061
https://doi.org/10.3390/biology11010061
https://doi.org/10.1016/j.cell.2022.06.008
https://doi.org/10.21203/rs.3.rs-1031824/v1
https://doi.org/10.1001/jamaneurol.2022.0461
https://doi.org/10.1111/ene.15307


Saucier et al. 10.3389/fneur.2023.1125574

Frontiers in Neurology 14 frontiersin.org

 41. Del Brutto OH, Rumbea DA, Recalde BY, Mera RM. Cognitive sequelae of long 
COVID may not be permanent: a prospective study. Eur J Neurol. (2022) 29:1218–21. 
doi: 10.1111/ene.15215

 42. Ariza M, Cano N, Segura B, Adan A, Bargalló N, Caldú X, et al. Neuropsychological 
impairment in post-COVID condition individuals with and without cognitive 
complaints. Front Aging Neurosci. (2022) 14:1029842. doi: 10.3389/fnagi.2022.1029842

 43. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9. J Gen Intern Med. (2001) 
16:606–13. doi: 10.1046/j.1525-1497.2001.016009606.x

 44. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing 
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092–7. doi: 
10.1001/archinte.166.10.1092

 45. Lawton MP, Brody EM. Assessment of older people: self-maintaining and 
instrumental activities of daily living. The Gerontologist. (1969) 9:179–86. doi: 10.1093/
geront/9.3_Part_1.179

 46. Mendoza TR, Wang XS, Cleeland CS, Morrissey M, Johnson BA, Wendt JK, et al. 
The rapid assessment of fatigue severity in cancer patients: use of the brief fatigue 
inventory. Cancer. (1999) 85:1186–96. doi: 10.1002/(SICI)1097-0142(19990301)85:5
<1186::AID-CNCR24>3.0.CO;2-N

 47. Knopman DS, Roberts RO, Geda YE, Pankratz VS, Christianson TJH, Petersen 
RC, et al. Validation of the telephone interview for cognitive status-modified in subjects 
with Normal cognition, mild cognitive impairment, or dementia. Neuroepidemiology. 
(2010) 34:34–42. doi: 10.1159/000255464

 48. Bastug G, Ozel-Kizil ET, Sakarya A, Altintas O, Kirici S, Altunoz U. Oral Trail 
making task as a discriminative tool for different levels of cognitive impairment and 
Normal aging. Arch Clin Neuropsychol. (2013) 28:411–7. doi: 10.1093/arclin/act035

 49. Burgess PW, Shallice T. The Hayling and Brixton Tests. Bury St Edmunds: Thames 
Valley Test Company. (1997).

 50. Bayard S, Gély-Nargeot MC, Raffard S, Guerdoux-Ninot E, Kamara E, Gros-
Balthazard F, et al. French version of the Hayling sentence completion test, part I: 
normative data and guidelines for error scoring. Arch Clin Neuropsychol Off J Natl Acad 
Neuropsychol. (2017) 32:585–91. doi: 10.1093/arclin/acx010

 51. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders. 4th ed. Washington, DC: American Psychiatric Association (1994).

 52. Fong TG, Fearing MA, Jones RN, Shi P, Marcantonio ER, Rudolph JL, et al. 
Telephone interview for cognitive status: creating a crosswalk with the mini-mental state 
examination. Alzheimers Dement J Alzheimers Assoc. (2009) 5:492–7. doi: 10.1016/j.
jalz.2009.02.007

 53. Armstrong RA. When to use the Bonferroni correction. Br J Physiol Opt. (2014) 
34:502–8. doi: 10.1111/opo.12131

 54. The jamovi project jamovi (Version 1.6) [Computer Software]. (2021) Available at: 
https://www.jamovi.org

 55. Ferrucci R, Dini M, Rosci C, Capozza A, Groppo E, Reitano MR, et al. One-year 
cognitive follow-up of COVID-19 hospitalized patients. Eur J Neurol. (2022) 29:2006–14. 
doi: 10.1111/ene.15324

 56. Frontera JA, Yang D, Medicherla C, Baskharoun S, Bauman K, Bell L, et al. 
Trajectories of neurologic recovery 12 months after hospitalization for COVID-19: a 
prospective longitudinal study. Neurology. (2022) 99:e33–45. doi: 10.1212/
WNL.0000000000200356

 57. Coen RF, Robertson DA, Kenny RA, King-Kallimanis BL. Strengths and 
limitations of the MoCA for assessing cognitive functioning: findings from a large 
representative sample of Irish older adults. J Geriatr Psychiatry Neurol. (2016) 29:18–24. 
doi: 10.1177/0891988715598236

 58. Ratcliffe LN, McDonald T, Robinson B, Sass JR, Loring DW, Hewitt KC. 
Classification statistics of the Montreal cognitive assessment (MoCA): are 
we  interpreting the MoCA correctly? Clin Neuropsychol. (2023) 37:562–76. doi: 
10.1080/13854046.2022.2086487

 59. Katz MJ, Wang C, Nester CO, Derby CA, Zimmerman ME, Lipton RB, et al. 
T-MoCA: a valid phone screen for cognitive impairment in diverse community samples. 
DADM. (2021) 13:e12144. doi: 10.1002/dad2.12144

 60. Costas-Carrera A, Sánchez-Rodríguez MM, Cañizares S, Ojeda A, Martín-Villalba 
I, Primé-Tous M, et al. Neuropsychological functioning in post-ICU patients after severe 
COVID-19 infection: the role of cognitive reserve. Brain Behav Immun Health. (2022) 
21:100425. doi: 10.1016/j.bbih.2022.100425

 61. Siegle GJ, Thompson W, Carter CS, Steinhauer SR, Thase ME. Increased amygdala and 
decreased dorsolateral prefrontal BOLD responses in unipolar depression: related and 
independent features. Biol Psychiatry. (2007) 61:198–209. doi: 10.1016/j.biopsych.2006.05.048

 62. Pirau L, Lui F. Frontal Lobe Syndrome [internet]. Treasure Island (FL): StatPearls 
Publishing (2022).

 63. Stroop JR. Studies of interference in serial verbal reactions. J Exp Psychol. (1935) 
18:643–62. doi: 10.1037/h0054651

 64. Douaud G, Lee S, Alfaro-Almagro F, Arthofer C, Wang C, McCarthy P, et al. SARS-
CoV-2 is associated with changes in brain structure in UK biobank. Nature. (2022) 
604:697–707. doi: 10.1038/s41586-022-04569-5

 65. Karimi-Galougahi M, Yousefi-Koma A, Bakhshayeshkaram M, Raad N, Haseli S. 
18FDG PET/CT scan reveals hypoactive orbitofrontal cortex in anosmia of COVID-19. 
Acad Radiol. (2020) 27:1042–3. doi: 10.1016/j.acra.2020.04.030

 66. Cocciolillo F, Di Giuda D, Morello R, De Rose C, Valentini P, Buonsenso D. 
Orbito-frontal cortex Hypometabolism in children with post-COVID condition (long 
COVID): a preliminary experience. Pediatr Infect Dis J. (2022) 41:663–5. doi: 10.1097/
INF.0000000000003578

 67. Guedj E, Campion JY, Dudouet P, Kaphan E, Bregeon F, Tissot-Dupont H, et al. 
18F-FDG brain PET hypometabolism in patients with long COVID. Eur J Nucl Med Mol 
Imaging. (2021) 48:2823–33. doi: 10.1007/s00259-021-05215-4

https://doi.org/10.3389/fneur.2023.1125574
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/ene.15215
https://doi.org/10.3389/fnagi.2022.1029842
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1002/(SICI)1097-0142(19990301)85:5<1186::AID-CNCR24>3.0.CO;2-N
https://doi.org/10.1002/(SICI)1097-0142(19990301)85:5<1186::AID-CNCR24>3.0.CO;2-N
https://doi.org/10.1159/000255464
https://doi.org/10.1093/arclin/act035
https://doi.org/10.1093/arclin/acx010
https://doi.org/10.1016/j.jalz.2009.02.007
https://doi.org/10.1016/j.jalz.2009.02.007
https://doi.org/10.1111/opo.12131
https://www.jamovi.org
https://doi.org/10.1111/ene.15324
https://doi.org/10.1212/WNL.0000000000200356
https://doi.org/10.1212/WNL.0000000000200356
https://doi.org/10.1177/0891988715598236
https://doi.org/10.1080/13854046.2022.2086487
https://doi.org/10.1002/dad2.12144
https://doi.org/10.1016/j.bbih.2022.100425
https://doi.org/10.1016/j.biopsych.2006.05.048
https://doi.org/10.1037/h0054651
https://doi.org/10.1038/s41586-022-04569-5
https://doi.org/10.1016/j.acra.2020.04.030
https://doi.org/10.1097/INF.0000000000003578
https://doi.org/10.1097/INF.0000000000003578
https://doi.org/10.1007/s00259-021-05215-4

	Cognitive inhibition deficit in long COVID-19: An exploratory study
	1. Introduction
	2. Materials and methods
	2.1. Statistical analyses

	3. Results
	3.1. Study sample
	3.2. Description of the participants
	3.3. Prevalence and severity of cognitive impairment in post-acute COVID-19 population
	3.4. Cognitive profile comparison between early and late assessment groups in post-acute COVID-19 syndrome
	3.5. Risk factors of cognitive flexibility and inhibition and for cognitive efficiency impairments

	4. Discussion
	5. Limitations
	6. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

