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Abstract.
BACKGROUND: There has been a significant increase in number of patients seeking neuropsychological rehabilitation
months after the acute phase of COVID-19 infection.
OBJECTIVE: Identify the cognitive and psychiatric disorders in patients with long COVID or Post-Acute Sequelae of
COVID (PASC) and explore the association between disease severity during the acute phase and persistent neuropsychological
manifestations.
METHODS: 614 adults were assessed an average of eight months post-infection. Participants were, on average, 47.6 y.o.,
who sought rehabilitation for neuropsychological problems. Patients were evaluated using the Barrow Neurological Institute
Screen for Higher Cerebral Functions (BNIS), Phonemic Verbal Fluency and Clock Drawing tests (NEUPSILIN) for executive
functions, and the Hospital Anxiety and Depression Scale (HADS).
RESULTS: The BNIS score was significantly below reference values in all subscales, especially affect and memory. Verbal
Fluency and Clock Drawing subtest results were also lower. Patients with PASC tested high for anxiety/depression, but there
was no statistically significant relationship between HADS and BNIS scores. Neuropsychological evaluations showed no
differences in cognitive or psychiatric profiles between hospitalized and non-hospitalized patients.
CONCLUSIONS: Neuropsychological results suggest executive function problems and high incidence of anxi-
ety/depression, irrespective of acute-phase severity, underscoring a need for neurorehabilitation programs while providing
data for public policy initiatives.
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1. Introduction

To date, the COVID-19 virus has infected over 456
million people worldwide. The pandemic has resulted
in a global need for neurorehabilitation programs.
Healthcare systems must adjust to this new reality and
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help COVID-19 survivors recover productive, func-
tional lives in the workplace and in society (De Biase
et al., 2020; Wade, 2020). Achieving this requires
reliable data to determine the main, long-term symp-
toms in order to subsequently implement new public
policies that support this growing population (Wilson
et al., 2020).

Early studies on SARS CoV2 described psychi-
atric and neuropsychological symptoms in patients
hospitalized during the acute phase, suggesting that
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COVID-19 was a systemic disease with central ner-
vous system involvement (Almqvist et al., 2020;
Mao et al., 2020; Roy et al., 2021; Vitalaku-
mar et al., 2021). Diffuse neurological symptoms
such as headaches, encephalopathies, encephalitis,
confusion, dizziness and convulsions, acute cere-
brovascular disease, and impaired consciousness
were initially identified in COVID-19 inpatients
(Mao et al., 2020). A systematic review study
reported neurological complications and neuroradi-
ological findings associated with coronavirus during
the initial phase (Almqvist et al., 2020).

Over time, as our understanding of the disease
grew, we began to see troubling, persistent effects:
some survivors continued to present symptoms after
the acute phase ended, a condition that came to be
known as “long-COVID” (Halpin et al., 2020; Elkan
et al., 2021; Kamal et al., 2021; Mendelson et al.,
2020). Case series (Negrini et al., 2021) and quanti-
tative studies with samples of up to 100 COVID-19
survivors (Halpin et al., 2020; Elkan et al., 2021)
showed persistent neuropsychological issues. At the
same time, these findings were being identified by
qualitative studies using focus groups and interviews
(Ladds et al., 2020).

Cognitive and psychiatric disorders were among
the various symptoms of Post-Acute Sequelae of
COVID (PASC) (Huang et al., 2021; Kamal et al.,
2021; Miskowiak et al., 2021; Taquet, Geddes
et al., 2021; Vanderlind et al., 2021). A later
review also described neurological symptoms and
cerebral pathogenic mechanisms (Sarubbo et al.,
2022). Pathophysiological mechanisms disrupted
brain homeostasis and the virus’s possible direct inva-
sion of the brain resulted in persistent mental and
cognitive symptoms (“neurocovid”) (Boldrini et al.,
2021; Crunfli et al., 2020; Lee et al., 2021) associated
with the inflammatory process (Zhou et al., 2020).

Since this is a new issue, there is no consolidated
body of literature that addresses persistent neurocog-
nitive deficits in non-hospitalized patients, especially
those who had milder manifestations of COVID-
19. A small number of studies began reporting
that survivors of mild COVID-19 were experienc-
ing lingering effects, including motor difficulties, and
sensorial, neurological, cognitive, and mental health
issues, in addition to persistent fatigue (Bliddal et al.,
2021; Graham et al., 2021; Hampshire et al., 2021;
Hellmuth et al., 2021; Johnsen et al., 2021; Woo et al.,
2020). Graham et al. (2021) published a study with 50
COVID-19 survivors who had not been hospitalized
yet developed neurological issues that lasted more

than six weeks, the so-called “long haulers”. The most
common neuropsychological problems they reported
were brain fog, depression/anxiety, and reduced cog-
nitive functioning that affected their quality of life.
Mohamed-Hussein et al. (2021) concluded that non-
hospitalized patients had more cognitive issues than
those who had been hospitalized. In contrast, Johnsen
et al. (2021) reported that three months after infection,
previously hospitalized patients had more cognitive
and clinical problems than non-hospitalized patients.
To date, the vast majority of studies on mild COVID-
19 are based on small samples, case studies, telephone
interviews, and patient chart reviews. Thus, there is
an urgent need for in-person neuropsychological and
neuropsychiatric assessments on larger samples that
can generate information to help guide programs and
public policies for neurorehabilitation.

This study aims to identify cognitive dysfunc-
tion in COVID-19 survivors using a robust sample
of in-person neuropsychological evaluations; explore
the relationship between those disorders and anxiety
and depression; and evaluate the association between
persistent cognitive disorders and hospitalization
or non-hospitalization during the acute phase of
infection.

2. Method

2.1. Participants

Between April 2021 and January 2022, the Brasilia
unit of the SARAH Network of Rehabilitation Hos-
pitals saw 1,266 COVID-19 survivors who sought
treatment for cognitive issues (attention, concen-
tration, and memory difficulties, slow reasoning,
black-outs, etc.) that were impacting their daily
lives. All underwent in-person neuropsychological
evaluations. Based on the information in patient
charts (anamnesis, neurological examination, psychi-
atric history, and neuroimaging), the following cases
were excluded from this study: a) cognitive decline,
stroke, TBI, and any other neurological condition
with compromised cognitive function existent before
the COVID-19 diagnosis, b) severe past depres-
sion, and c) incomplete evaluation protocols. Also
excluded were patients who did not show up for their
interviews. The final number of study participants
was 614 patients with a diagnosis of SARS-Cov-2
infection, confirmed by positive Polymerase Chain
Reaction (PCR) test to detect viral RNA. This is
a cross-sectional study and was approved by the
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SARAH Network Ethics in Research Committee
(CAAE 53956921.2.0000.0022).

2.2. Procedure

The neuropsychological assessments were per-
formed using the following instruments: the Barrow
Neurological Institute Screen for Higher Cerebral
Functions, BNIS (Prigatano et al., 1995; Prigatano
et al., 2018), the NEUPSILIN subtests of Phone-
mic Verbal Fluency Test and Clock Drawing Test
for executive functions (Fonseca et al., 2009), and
the Hospital Anxiety and Depression Scale (HADS)
(Botega et al., 1995; Zigmond & Sanaith, 1983).
The BNIS broadly and reliably assesses disorders of
higher integrative mental functions. It comprises 50
items for evaluation of six functions (or subscales):
speech/language, attention/concentration, orienta-
tion, visuospatial problem solving, memory, and
affect. In the affect subscale, patients are asked to
produce affect in their tone of voice, correctly iden-
tify affect on facial expressions, and, when shown a
funny picture, react with a spontaneous smile.

The Verbal Fluency Test evaluates executive
functions, particularly the capacity for storing and
retrieving words (Delis et al., 2001; Diamond, 2013).
The Clock Drawing Test requires the integration of
multiple cognitive domains, such as understanding
instructions, planning, working memory, executive
functions, and visuoperceptive and visuomotor pro-
cesses (Hazan et al., 2018; Pinto & Peters, 2009).

HADS consists of one scale with 14 items (seven
for anxiety and seven for depression). A score of
0–7 suggests that there are no signs or symptoms of
anxiety. A score of 8–11 indicates possible anxiety,
and scores above 11 denote probable anxiety. The
same goes for scores on the depression items. Eight
experienced, licensed neuropsychologists adminis-
tered the neuropsychological tests. All examiners
attended training sessions on using the assessment
protocol to ensure standardized procedures and max-
imize the reliability of psychometric measures. Each
neuropsychological evaluation took approximately
one hour. The average time between COVID-19 diag-
nosis and neuropsychological evaluation was eight
months (SD = 4.3 months).

All of the neuropsychological tests were validated
and standardized for the Brazilian population and
were adjusted for subjects’ age and education. The
NEUPSILIN subtests were analyzed according to the
manual’s correction table for age bracket and level of
education (Fonseca et al., 2009). Calculations on the

BNIS overall z-score points and the subscales were
based on a sample of 201 healthy subjects used to val-
idate and standardize the BNIS in Brazil (Prigatano
et al., 2018).

Data on sociodemographics, severity of COVID-
19 symptoms, and prior comorbidities were collected
from patient charts and analyzed by the SARAH
multidisciplinary team. Data on hospitalization and
non-hospitalization during infection, as well as inpa-
tient treatment (intensive care unit - ICU, orotracheal
intubation - OTI) were used as proxies for disease
severity.

2.2. Statistical analysis

A descriptive and exploratory analysis of the
data was conducted using statistics such as mean
and standard deviation (M/SD), confidence intervals,
and percentages. The correlations were evalu-
ated with Spearman’s rank correlation coefficients.
The Kruskal-Wallis test quantified the association
between the neuropsychological results and both
the severity of COVID-19 and the HADS scores.
Epsilon-squared measured the effect size and inter-
preted it as small (<0.08), medium (0.08 to 0.26) or
large (≥0.26). Whenever statistically significant dif-
ferences on the Kruskal-Wallis test were detected, a
post hoc analysis using the Dunn test was utilized
with p-values adjusted by the Benjamini-Hochberg
method. Pearson’s Chi-squared was used to evaluate
the association between HADS scores and hospi-
talization during the acute phase. Effect size was
determined by Cramer’s V and interpreted as small,
medium or large when V was 0.07, 0.21 and 0.35,
respectively. P-values below 0.05 were considered
statistically significant. R version 4.1.2 was used for
all statistical analyses.

3. Results

The sample comprised 614 participants, with mean
age of 47.6 years old. (SD = 11.2). Most were female
(73%). The majority (54%) had a college degree (>16
years of education), were married (55%), and were
professionally active (74%) (Table 1).

The study participants had a low prevalence of
comorbidities prior to contracting COVID-19; the
most common were diabetes mellitus (11.1%) and
cardiovascular diseases (11.2%), such as hyper-
tension and arrhythmia. One-third of the study
patients had been hospitalized for severe COVID-19
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Table 1
Sociodemographic characteristics (N = 614)

Count Percentage

Age Range 18–39 141 23
40–59 383 62
60+ 90 15

Gender F 451 73
M 163 27

Education (years) 5–8 31 5
9–11 34 6
12–15 216 35
16+ 333 54

Marital Status Married 338 55
Divorced/Separated 77 13
Single 181 29
Widow/er 18 3

Employment Status Active 457 74
Retired 72 12
Unemployed 59 10
Sick Leave/Disability 26 4

symptoms, 17.3% had been in intensive care
(M = 18.8 days in the ICU, SD = 13.9), and 10.6%
had been intubated for oxygen support.

3.1. Neuropsychological findings

All of the patients in this study complained
of memory problems after COVID-19. The results

of the neuropsychological evaluation indicated that
patients’ performance was below reference values in
all the BNIS subscales and overall scores (Fig. 1).
In the BNIS, performance of –1.0 standard devi-
ation below the mean indicates a cognitive deficit
(Schoenberg et al., 2006). The average overall score
on the BNIS (z score) in our sample was –1.25
(SD = 1.40), which demonstrates that these patients’
performance was, on average, lower than cutoff val-
ues for cognitive deficit. The worse scores were on the
subtests for affect (M = –1.26, SD = 1.66) and mem-
ory (M = –1.00, SD = 1.44) (Table 2).

The results of the Phonemic Verbal Fluency test
show that post-COVID-19 patients performed below
reference values (Fig. 1). Patients’ scores were also
lower on the Clock Drawing Test for executive func-
tions (M = 3.0, SD = 1.5). Almost half of the sample
(45%) had difficulties with this task, committing at
least two mistakes. A patient’s age did not interfere
with the test’s sensitivity (rs = –0.05, p = 0.222), but
we did observe that the higher the level of educa-
tion, the better the performance on the test (rs = 0.24,
p < 0.001).

We noted a correlation between the BNIS, Pho-
netic Verbal Fluency, and the Clock Drawing tests:
the lower the score on the BNIS, the worse
the performance on the Verbal Fluency (rs = 0.28,

Fig. 1. Neuropsychological test results (z score) – mean and 95% confidence intervals.
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Table 2
Neuropsychological characteristics of patients with COVID-19 infection (N = 614)

Evaluations Raw score z score*

Min Max Mean SD

BNIS
Overall score 25 50 40.5 4.4 –1.25 ± 1.40 (–1.37; –1.14)
Speech/language 6 15 13.9 1.3 –0.71 ± 1.71 (–0.85; –0.58)
Attention/concentration 0 3 1.4 1.0 –0.51 ± 1.07 (–0.59; –0.42)
Visuospatial/visual 1 8 5.9 1.2 –0.36 ± 1.05 (–0.44; –0.28)
Memory 0 7 4.4 1.9 –1.00 ± 1.44 (–1.11; –0.88)
Affect 0 4 2.6 0.9 –1.26 ± 1.66 (–1.39; –1.13)

Neupsilin
Phonetic Verbal Fluency 2 26 12.6 4.5 –0.63 ± 0.99 (–0.70; –0.55)
Clock Drawing Test 0 5 3.0 1.5

*Mean ± SD, and values in parentheses are 95% confidence interval.

p < 0.001) and Clock Drawing (rs = 0.27, p < 0.001)
tests.

3.2. HADS findings

The results of the HAD scale showed that patients
had higher scores for anxiety (abnormal = 46%)
and depression (abnormal = 29%). Conversely, there
was no evident association between signs of
anxiety/depression and performance on neuropsy-
chological tests, even on the BNIS affect subscale.
We noted differences in Phonetic Verbal Fluency
results among depression group scores, in which the
Dunn multiple comparison test showed differences
between the normal (0–7) and abnormal (11–21)
scores. However, the effect size was very small
(epsilon squared = 0.01); that is, despite the lower
depression score correlating with better performance,
this difference was not meaningful (Table 3).

3.3. Severity of COVID-19 symptoms and
neuropsychological performance

We did not observe any relation between the
patients’ performance on neuropsychological tests
and severity of COVID-19 symptoms. Our sample’s
overall score on the BNIS was lower than the ref-
erence values in more than one standard deviation
and did not indicate a statistically significant differ-
ence between the hospitalized and non-hospitalized
patients. The same was true for the Verbal Fluency
and Clock Drawing tests (Table 4).

According to HADS, there was no associ-
ation between hospitalization during COVID-19
and scores for anxiety (X2(2, N = 614) = 1.82,
p > 0.40, Cramer’s V = 0.05) and depression (X2(2,
N = 614) = 3.78, p > 0.15, Cramer’s V = 0.08).

4. Discussion

Our study showed that both previously hospital-
ized and non-hospitalized COVID-19 survivors had
cognitive deficits and emotional issues that persisted
an average of eight months after disease onset. It also
generates original data using broader, sensitive, in-
person neuropsychological testing tools that detail
problems in various higher mental function domains.
In addition, it is the first study to identify difficulties
with affect expression and perception, regardless of
the presence of anxiety/depression.

Our findings consolidate and add to existent liter-
ature on cognitive disorders in long COVID. Sample
participants had low scores on the BNIS, Phonemic
Verbal Fluency and Clock Drawing tests, suggest-
ing persistent problems with executive functions.
Almeria et al. (2020) reported lower performance
in the attention, memory, verbal phonemic fluency
and mental flexibility domains. A systematic review
showed that patients with SARS-CoV-2 infection
presented with low global cognitive outcomes and
difficulties with memory, attention, verbal fluency,
and executive functions (Daroische et al., 2021).

Our study sample exhibited significant signs of
anxiety and depression, a finding that is in line with
current data: neuropsychiatric issues are persistent
common symptoms of neurocovid (Nakamura et al.,
2021; Rogers et al., 2020; Taquet & Luciano; 2021).
The study by Pistarini et al. (2021) showed that
most post-COVID patients had mild or moderate
depression. The same had previously been found in a
systematic review by Vindegaard and Benros (2020),
which noted a significantly higher level of anxiety
and depression symptoms in post-COVID patients.
Similarly, de Sousa Moreira et al. (2021) also ran
a systematic review and found a high level of psy-
chiatric and neuropsychiatric symptoms in COVID
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survivors. Higher scores in anxiety and depression
were also seen in patients with cognitive complaints
(Almeria et al., 2020). Contrary to expectations, our
findings show that performance on neuropsycholog-
ical tests was not directly impacted by high scores
on anxiety and depression scales. In other words,
some participants with mild cases of depression or
anxiety scored low on the BNIS, while others, with
severe depression or anxiety, scored high on cogni-
tive tests. A recent study asserted that the coronavirus
is systemic, capable of causing damage throughout
the body, including mental health issues and neu-
rocognitive decline (Xie et al., 2022). Research shows
that COVID-19 disrupts brain homeostasis, and can
directly penetrate the brain (Boldrini et al., 2021;
Crunfli et al., 2020; Lee et al., 2021). We can hypoth-
esize that, much the same way that SARS CoV2
invades brain areas associated with executive func-
tions, it can also, independently, impact brain areas
linked to mood regulation and affect.

A noteworthy finding was the fact that non-
hospitalized patients exhibited neuropsychological
problems similar to those who had been hospital-
ized, particularly regarding problems with attention,
memory, and executive functions. A study by Hamp-
shire et al. (2021) used an online self-assessment
test for COVID survivors and found that cognitive
disorders were present in both previously hospital-
ized and non-hospitalized patients. Bliddal et al.
(2021) used online questionnaires and reported sim-
ilar issues with memory and concentration among
non-hospitalized patients with mild COVID. Woo
et al. (2020) conducted telephone interviews with
18 young patients who previously had mild COVID
and reported lingering difficulties with memory,
attention, and concentration not linked to hospi-
talization. Our study is an important addition to
the existent literature on long COVID, primarily
concerning cognitive outcomes in mild cases. Fur-
thermore, because of the study sample’s size and
the reliability of the neuropsychological data, it con-
tributes to current knowledge about non-hospitalized
cases.

Our findings did not show any significant dif-
ferences in anxiety and depression scores among
hospitalized and non-hospitalized patients. A system-
atic review by Vanderling et al. (2021) reported a high
incidence of anxiety and depression in hospitalized
patients but did not investigate the non-hospitalized
population. The literature on this topic is still emerg-
ing and these results should be explored in future
research, but our results show that survivors of



L.W. Braga et al. / Neuropsychological manifestations of long COVID 397

Table 4
Means and 95% confidence intervals of neuropsychological results for hospitalized and non-hospitalized patients (N = 614)

Evaluations Non-hospitalized Hospitalized P Epsilon-
N = 408 Ward N = 100 ICU N = 41 OTI N = 65 squared

BNIS (z score)
Overall score –1.3 (–1.4; –1.2) –1.3 (–1.6; –1.0) –1.2 (–1.7; –0.6) –1.0 (–1.4; –0.6) 0.478 <0.01
Speech/language –0.8 (–0.9; –0.6) –0.7 (–1.1; –0.4) –0.6 (–1.1; –0.1) –0.5 (–0.9; –0.1) 0.564 <0.01
Attention/concentration –0.5 (–0.6; –0.4) –0.5 (–0.7; –0.3) –0.5 (–0.9; –0.2) –0.4 (–0.7; –0.1) 0.865 <0.01
Visuospatial/visual –0.4 (–0.5; –0.3) –0.3 (–0.6; –0.1) –0.3 (–0.7; 0.0) –0.4 (–0.7; –0.1) 0.879 <0.01
Memory –1.0 (–1.1; –0.8) –1.2 (–1.4; –0.9) –1.0 (–1.5; –0.5) –0.9 (–1.2; –0.5) 0.497 <0.01
Affect –1.4 (–1.5; –1.2) –1.1 (–1.3; –0.8) –1.0 (–1.4; –0.6) –1.1 (–1.5; –0.7) 0.216 0.01

Neupsilin
Phonetic Verbal Fluency (z score) –0.6 (–0.7; –0.5) –0.6 (–0.8; –0.4) –0.6 (–0.9; –0.3) –0.7 (–1.0; –0.5) 0.725 <0.01
Clock Drawing Test 3.0 (2.9; 3.2) 3.1 (2.8; 3.4) 2.9 (2.4; 3.4) 3.1 (2.7; 3.4) 0.892 <0.01

ICU: Intensive Care Unit; OTI: Orotracheal Intubation; P: P-value from Kruskal-Wallis test; Epsilon squared: effect size index.

mild COVID also have persistent neuropsychiatric
problems.

Historically, the ratio of male to female patients has
been balanced at the SARAH Network of Rehabili-
tation Hospitals, which treats over 1.6 million people
annually. Surprisingly, when COVID-19 survivors
began seeking treatment for lingering neurocognitive
and neuropsychiatric problems that were affecting
their daily lives, especially their return to work, the
ratio shifted. In other words, a larger number of
females (73%) sought assistance for COVID-related
cognitive issues. Despite the literature indicating a
higher rate of COVID-19 infection in males, (Aksoy-
alp et al., 2021; Qian et al., 2020; Toh-Manikowski et
al., 2021), recent studies have begun noting a greater
number of females with persistent post-COVID prob-
lems (Bucciarelli et al., 2022; Kashif et al., 2021). Our
study adds to emergent literature on another aspect of
long COVID; that is, its predeliction for greater neu-
ropsychological impact on females compared with
males.

4.1. Study limitations

This study has limitations: One is the study design,
which hinders the establishment of causality. Nev-
ertheless, despite this being a cross-sectional study,
the patients’ cognitive problems emerged only after
COVID-19. Furthermore, before COVID-19, the
SARAH Network was not seeing a large number of
patients complaining of executive function problems,
such as attention and memory. This change occurred
after the pandemic began and entails a younger
population (47.6 years old). Secondly, the clinical
data on the patients’ acute COVID-19 phase were
directly collected through in-person interviews since
the SARAH Network is primarily a rehabilitation
center. Another limitation is the use of informa-

tion about hospitalization as a proxy for severity of
COVID-19 during the acute phase, despite these crite-
ria being compatible with those set forth by the World
Health Organization (WHO, 2021). Finally, we used
the HAD Scale, a self-assessing tool without psychi-
atric consult that measures anxiety and depression.
However, HADS is sensitive to an individual’s emo-
tional state (Brennan et al., 2010) and was able to
generate important insights into the patient’s post-
COVID condition. Our study found that patients with
the lingering effects of long COVID may experience
difficulties expressing/perceiving affect. We should
be cautious in our analysis of this new finding, as
there are yet no supporting studies in the literature,
underscoring the need for future investigation.

5. Conclusions

The strength of our study is that it presents orig-
inal data and uses a robust sample of in-person
neuropsychological evaluations to demonstrate that
cognitive and psychiatric disorders persisted after the
acute phase of COVID-19 in previously hospitalized
and non-hospitalized patients. It also elucidates the
independence between cognitive disorders and psy-
chiatric problems in this population. In addition, it
bears out the predominance of neuropsychological
issues among the female relative to male population
in long COVID.

Studies have highlighted the need for rehabilitation
programs prepared to support individuals with long
COVID and treat their cognitive and emotional needs,
and associated disorders (Wade, 2020; Wilson et al.,
2020). The results of our investigation, along with
the existent literature on the subject, should assist
in guiding the establishment of public policies at
a time of growing demands for neurorehabilitation
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programs for post-COVID impairments. Ultimately,
restoring function and increasing quality of life fol-
lowing COVID-19 infection should be a global effort.
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