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Cognitive impairment and symptoms of psychiatric disorders have been reported frequently as features of post-acute sequelae of SARS-
CoV-2 infection. This study aims to investigate subjective memory complaints in COVID-19 survivors and determine if these are more
strongly associated with objective cognitive impairment related to sequelae of SARS-CoV-2 infection or with symptoms of psychiatric
conditions. A total of 608 COVID-19 survivors were evaluated in-person 6–11 months after hospitalization, with 377 patients assigned to a
“no subjective memory complaint (SMC)” group and 231 patients assigned to an SMC group based on their Memory Complaint Scale
scores. Follow-up evaluations included an objective cognitive battery and scale-based assessments of anxiety, depression, and post-
traumatic stress symptoms. We found the perception of memory impairment in COVID-19 survivors to be more strongly associated to
core symptoms of psychiatric conditions rather than to primary objective cognitive impairment. Univariate analysis indicated significant
differences between the “no SMC” and SMC groups, both for the psychiatric symptom evaluations and for the cognitive evaluations
(p < 0.05); however, the psychiatric symptoms all had large partial eta-squared values (ranging from 0.181 to 0.213), whereas the cognitive
variables had small/medium partial eta-squared values (ranging from 0.002 to 0.024). Additionally, multiple regression analysis indicated
that only female sex and depressive and post-traumatic stress symptoms were predictors of subjective memory complaints. These
findings may help guide clinical evaluations for COVID-19 survivors presenting with memory complaints while also serving to expand our
growing understanding of the relationship between COVID-19, subjective memory complaints, and the risk of cognitive decline.
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INTRODUCTION
It is now widely recognized that COVID-19 can have lasting
symptoms persisting months or years after recovery [1–5]. These
symptoms, known as post-acute sequelae of SARS-CoV-2 infection
(PASC), are heterogenous and may appear through direct multi-
organ injury, inflammation/immune dysregulation, gut dysbiosis,
and viral persistence [5]. Regarding central nervous system
manifestations, both symptoms characterizing psychiatric disor-
ders (e.g. depression, anxiety, and post-traumatic stress disorder)
and cognitive impairment have been reported frequently as
features of PASC [2, 4–6]. Cognitive symptoms themselves might
be both transitory and persistent [7], with the latter being further
explained due to a high positivity of Alzheimer’s disease (AD)
biomarkers indicative of brain injury by SARS-CoV-2 [8].
Core symptoms of anxiety and depression may emerge in

elders as prodromal features of AD, and depressive and anxiety
disorders across the life cycle are seen as risk factors for dementia
in late life [9, 10]. Self-reported subjective memory complaints
(SMC), which are common in elderly populations, are clinically

relevant as they may be predictive of the future development of
dementia and specifically AD [11–14]. However, several investiga-
tions have shown that SMC may also be a corollary of psychiatric
disorders, such as anxiety and depression, that do not necessarily
emerge as prodromal manifestations of future dementia [15]. For
instance, a three-year follow-up study on SMC in patients between
35 and 75 years old found that, while the risk of patients with SMC
developing dementia within three years was low, they exhibited
higher rates of psychosocial stress, leading to the proposal that
psychosocial stress and anxiety were factors causing SMC in
cognitively normal individuals [12, 15]. Similarly, a separate two-
year follow-up study showed that individuals with SMC were more
likely to report characteristic symptoms of depression and anxiety
than individuals without any objective memory deficits [16]. A
systematic review and meta-analysis from 2022 demonstrated a
significant relationship between SMC and impaired executive
performance, which is relevant to the notion that SMC may predict
dementia; however, the authors also noted a significant influence
of depression on the level of cognitive complaints and concluded
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that psychiatric conditions could be considered a relevant
comorbidity for patients presenting with subjective memory
complaints [17]. Finally, a longitudinal twin-cohort study found
that, from 56 years of age onwards, SMC correlated more strongly
with depressive symptoms than with objective memory deficits;
moreover, genetic influences for SMC and psychiatric features
were significantly related to each other but not to genetic risk
factors for AD [18].
Beyond AD, studies have investigated the relationships between

cognitive deficits and psychiatric symptoms in other neurodegen-
erative disorders. In multiple sclerosis (MS), cognitive impairment
and depression are present at a higher rate than in the general
population. A systematic review from 2015 found depression and
anxiety to be the most prevalent comorbidities in MS [19], and
depressive symptoms in MS patients have been associated with
worse objective cognitive outcomes compared to patients who do
not present with any symptoms of depression [20]. Furthermore,
worsening mood has been related to worsened executive control
and vice versa [21]. SMC and objective cognitive deficits can also
both present as features associated with human immunodeficiency
virus (HIV) infection; in the condition known as HIV-associated
neurocognitive disorder (HAND), common deficits are seen in the
domains of concentration, attention, and memory [22]. Studies have
shown that SMC in adults infected with HIV are significantly
correlated with depressive symptoms, and depression and apathy
are the most frequent psychiatric comorbidities of HAND [23, 24].
Since COVID-19 has been suggested to be a potential risk factor

for dementia as a whole and specifically AD [25], it is highly
relevant to evaluate the relationship between SMC, objective
cognitive deficits, and core manifestations of psychiatric disorders
in the same sample of COVID-19 survivors examined prospectively
in the long term after the acute disease. Previous studies on the
topic have utilized small samples of patients with variable levels of
acute COVID-19 severity and have reported conflicting findings. A
study conducted in Spain evaluated 80 intensive care unit (ICU)
COVID-19 survivors one year after hospitalization and found that
30% of them exhibited objective cognitive impairment. However,
there were no significant differences in SMC between patients
with and without objective cognitive deficits, suggesting SMC may
not be strongly related to objective cognitive impairment in PASC
[26]. Another study with 63 patients with SMC in Spain after an
average of 187 days following COVID-19 of varying levels of
severity found frequent cognitive deficits at objective testing;
there was no significant relationship between anxiety and
cognitive impairment and only a weak relationship between
depression and processing speed [27]. Furthermore, few studies of
PASC documented cognitive deficits using objective standardized
tests conducted during in-person assessments of relatively
modest samples; the vast majority of large-scale investigations
used questionnaires and scales evaluating self-reported, subjec-
tive accounts of cognitive inefficiency, often referred to as brain
fog [4, 28, 29]. A recent study by Gonçalves et al. evaluated a large
sample of 1105 individuals and proposed the possibility of self-
limiting and persistent cognitive deficits in PASC; however, the
follow-up assessment was based solely on telephone interviews
with the patient (10-point cognitive screener (10-CS)) or the
caregiver (AD8 dementia screening interview) [7]. Conversely,
there is one notable study conducted by Muschel et al. [30] which
used the Patient Assessment of Own Functioning Inventory
(PAOFI) to assess the presence of cognitive complaints approxi-
mately seven months after acute SARS-CoV-2 infection in a sample
of 74 participants who also underwent in-person psychiatric
symptom assessments and objective cognitive testing. The
authors found that the severity of acute COVID-19 symptoms,
depression symptoms at the follow-up assessment, and objective
deficits in attention and psychomotor processing speed were all
independent predictors of cognitive complaints in logistic
regression; thus, they concluded that cognitive complaints as

sequelae of COVID-19 are likely related both to impaired objective
cognitive functioning and depression severity [30].
Understanding how persistent subjective memory complaints in

COVID-19 patients relate or not to objective cognitive impairment
and core symptoms of psychiatric disorders can assist in guiding
future clinical evaluations of elderly populations in routine care.
Using subjective and objective data obtained from a large sample
of COVID-19 survivors evaluated in-person 6–11 months after
hospitalization, the goals of the present study were (1) to
document the frequency of subjective memory complaints in
the overall sample and investigate whether they were significantly
associated with demographic, comorbidity, and acute COVID-19
related variables; (2) to explore if objective cognitive performance
differed between COVID-19 survivors presenting with and without
subjective memory complaints; and (3) to determine if subjective
memory complaints in COVID-19 survivors were more strongly
associated with PASC-related objective cognitive impairment or
with core symptoms of psychiatric disorders.

METHODS
Study design and participants
This study was conducted at the Hospital das Clínicas da Faculdade de
Medicina da Universidade de São Paulo (HCFMUSP), the largest public
academic medical center in Latin America, and is part of the HCFMUSP
PASC Initiative, which is a prospective, multidisciplinary cohort study of
severe COVID-19 patients after hospital discharge.
During the first COVID-19 wave in São Paulo, Brazil (between March and

August 2020), HCFMUSP’s Central Institute was converted into a
specialized COVID-19 inpatient facility with a total of 900 beds, including
300 beds in intensive care units [31, 32]. During that period, 3753 patients
over the age of 18 were admitted to HCFMUSP with suspected SARS-CoV-2
infection. Of those patients, 3009 were classified as confirmed cases of
COVID-19, defined as either (a) positive reverse-transcriptase polymerase
chain reaction (RT-PCR) for SARS-CoV-2 on swab from nasopharyngeal and/
or oropharyngeal samples (collected at admission with a minimum of
3 days of symptoms and if negative, repeated after 48 h) [33]; or (b)
positive testing by chemiluminescent immunoassays to detect serum
antibodies [34], performed for highly suspect cases with at least two
negative RT-PCR samples after seven days of symptom onset or in subjects
with high clinical suspicion for whom an RT-PCR test was not available up
to day 10 of symptom onset. From these 3009 confirmed COVID-19 cases,
1957 survived hospitalization and were discharged.
All survivors from the above sample were consecutively invited for an in-

person follow-up visit that occurred 6–11 months after their hospital
admission. Patients with a previous diagnosis of dementia, postpartum/
pregnant patients, patients living in nursing homes or long-term
care facilities, and patients with insufficient physical mobility to leave home
were excluded. A total of 749 individuals accepted the invitation and were
included in the post-COVID-19 cohort for the study of PASC. Further details
on the methodology and the post-COVID-19 cohort exclusion criteria can be
found in Busatto et al. [35], and Ferreira et al. [35, 36]. For the present study,
we specifically excluded subjects who were non-native speakers of Brazilian
Portuguese, as well as individuals who presented speech or language
complaints, a missing evaluation of subjective memory complaints, or
missing data on all psychiatric symptom scales or all objective cognitive tests.
This cohort integrates the results of several research projects led by health

specialist teams within HCFMUSP. All projects were approved by the Ethics
Committee at HCFMUSP (CAPPesq-HC) (approval numbers 4.270.242,
4.502.334, 4.524.031, 4.302.745, and 4.391.560) and registered at the Brazilian
Registry of Clinical Trials (ReBEC). Participants in the post-COVID-19 cohort
provided signed informed consent. Taking into account the long-lasting
status of COVID-19 pandemics in São Paulo at the time of data collection for
the study and in order to preserve the safety and social distancing of
subjects and their relatives, subjects were asked to arrive using private
transportation, with expenses covered by the research program [35].

Data collection and tests
An institutional database of hospital inpatient information based on
patient health records provided data from the initial acute COVID-19
hospitalization including duration of admission, days in the ICU, pulmonary
function, comorbidities or other previous diagnoses, and demographics
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(age and sex). Data on comorbidities were used to calculate the Charlson
Comorbidity Index (CCI) [37]. Severity of events during hospitalization (i.e.
use of mechanical ventilation, dialysis) was assessed using the WHO
Clinical Progression Scale [38].
At follow-up, subjective memory complaints were assessed using the

7-item Memory Complaint Scale (MCS), patient version [12]. This self-report
instrument assesses the perception of patients as to how memory difficulties
affect their daily behaviors and functioning. Each question is rated with a
three-level grade of increasing intensity, with total scores ranging from 0 to
14. Subjects are classified as follows: absence of SMC (0–2), mild SMC (3–6),
moderate SMC (7–10), or severe SMC (11–14) [12]. The original, Brazilian
version of the scale has a Cronbach’s alpha coefficient of 0.850 indicating
good internal consistency, and item-total correlations higher than 0.512 for
its seven items [12]. Similar levels of internal consistency have been obtained
for the scale when used in studies conducted in other countries [39, 40]. The
sample was split into two groups based on their total MCS scores; patients
with total MCS scores between 0–6 were categorized as having no/mild
subjective memory complaints (“no SMC” group), and patients with MCS
scores between 7–14 made up the moderate/severe subjective memory
complaint group (SMC group). In order to allow the identification of any
patients who presented longstanding memory complaints, one question was
added to the MCS (“How is your memory compared to just before the
pandemic?”). This question was scored as 0 (same or better), 1 (somewhat
worse), or 2 (much worse), similarly to all MCS items. Subjects classified as
belonging to the SMC group who answered this question stating that their
memory remained the same or improved after COVID-19 were categorized
as belonging to a SMC subgroup with longstanding memory inefficiency
(“longstanding SMC” subgroup), while SMC subjects with scores of 1 or 2 to
this question were included in the “recent SMC” subgroup.
Follow-up evaluations of symptoms of psychiatric disorders included the

Hospital Anxiety and Depression Scale (HADS) and the Post-Traumatic
Stress Disorder Checklist (PCL-C); scores on these checklists were evaluated
as continuous variables.
The objective cognitive battery at the follow-up visit consisted of the

subtests of Temporal and Spatial Orientation of the Mini-Mental State
Evaluation (MMSE) [41], Trail Making Test A (TMT-A), and the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) Verbal Fluency Test
(VFT) and Word List Memory Task (WL) for delayed memory recall [42–45].
The TMT-A measured visual attention and processing speed, and we used
the completion time in seconds as the outcome measure. The VFT assessed
verbal production, semantic memory, and language [43, 44]. We measured
the number of correct animals listed in a minute, ignoring for our analysis
any mistakes or repetitions. The WL assessed ability to learn and remember
verbal information [43, 44]. The number of correct words over the delayed
recall trial was utilized in our study. A detailed list of these evaluations with
descriptions can be found in Damiano et al. [6].
Additional variables assessed during the follow-up visit included body

mass index (BMI), socio-economic status (SES) using the Brazilian Economic
Classification Criteria [46], level of education, and self-reported race using
the Brazilian Institute of Geography and Statistics criteria [47]. The Post-
COVID-19 Functional Status (PCFS) scale [48, 49] was also used, to assess
the impact of COVID-19 symptoms on the current functional status of
patients and their daily life activities. This simple, ordinal scale measures
the degree of self-reported functional limitations experienced by
individuals after a COVID-19 infection. The scale’s primary question is,
“How much are you currently affected in your everyday life by COVID-19?”
[48, 49]. The self-reported responses are categorized into five increasing
grades. Grade 0 indicates no limitations in everyday life and no symptoms,
pain, depression, or anxiety related to the infection; grade 4 represents
severe limitations, where individuals are unable to take care of themselves
and are dependent on nursing care or assistance from another person due
to symptoms, pain, depression, or anxiety [48, 49].

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics v29.0.1.0.
For descriptive analyses, we calculated the frequency and percentage

for nominal variables, and mean, standard deviation, and minimum and
maximum values for continuous variables.
To compare the demographics of the two groups (SMC and “no SMC”),

chi-square tests were performed for the variables sex, race, socio-
economic class, and education level, and two-tailed independent
samples T-tests were performed on age and BMI. The confidence interval
was set at 95%, and statistical significance was established at an
uncorrected p-value < 0.05.

Comparisons of psychiatric symptoms and objective cognitive variables
between the two groups were conducted using an ANCOVA model with
Bonferroni correction (at a p-value of 0.05), including age, sex and
education as covariates. Psychiatric symptoms evaluated included HAD
total score for Anxiety, HAD total score for Depression, and PCL-C PTSD
total scores. The cognitive variables included scores for the MMSE total
score for Temporal Orientation, MMSE total score for Spatial Orientation,
TMT-A completion time, and number of correct answers on both the VFT
and WL.
A multiple logistic regression analysis was performed to assess for

potential predictors of MCS scores for the overall sample combining the
two groups. Using the backward stepwise selection method, we included
as possible predictors two measures of severity of the acute disease—the
WHO Clinical Progression Scale and length of inpatient stay—as well as
any psychiatric symptom variables and objective cognitive performance
variables that showed significant between-group differences on the
ANCOVAs described in the paragraph above. Age, sex, and education
level were added as forced variables in the model.
We also computed the number of patients in the “no SMC” and SMC

groups presenting TMT-A and VFT scores outside of the normal range,
based on whether their ratings were lower than the mean values for the
Brazilian population across distinct age ranges. Descriptive statistics
(frequencies and percentages) and chi-square tests were calculated to
test for any significant difference in the frequency of subjects with
deficient performance between the “no SMC” group and the SMC group.
The cutoff test values used for classifying individual performances as
deficient were defined based on the mean values extracted from
normative data presented by Zimmermann et al. [50] for the TMT-A in a
study with 313 healthy individuals aged from 19 to 75 years [50] and by
Brucki et al. [51] for VFT in a study conducted with 336 healthy individuals
aged from 15 to 91 years [51]. We did not have access to normative WL
data for the Brazilian population; however, due to the critical relevance of
this memory task for the current study, we conducted analyses to compare
the frequency of patients in the “no SMC” and SMC groups presenting
scores outside of the normal range using the mean values from the
normative data from two other South American countries (see supple-
mentary material).
Finally, to allow an investigation of the patients who reported long-

standing memory complaints in greater detail, patients in the “longstanding
SMC” subgroup were individually matched with patients in the remaining
SMC group (“recent SMC” subgroup) and patients in the “no SMC” group.
The matching was based on sex, education level, and age, with priority
decreasing in that order. All of the individuals were matched exactly for sex.
For mismatched education levels, the patient with the closest education
level was selected. For age range differences greater than ±2 years, two
individuals, one older and one younger, were matched to the “longstanding
SMC” patient. This was done to maintain a similar mean age between
samples. To check for normality in the data, a Shapiro-Wilk test was used. In
case the data distribution was not normative, a Kruskal-Wallis test for
multiple comparisons was conducted to check for significant differences in
age between the “longstanding SMC,” “recent SMC,” and “no SMC”
subgroups. The same psychiatric symptom measures and cognitive test
variables listed above for the ANCOVA were used in the Kruskal-Wallis. A
post-hoc analysis for pairwise comparisons was conducted for any significant
differences found. For education level, Fisher’s exact test was used to check
for significant differences among the three groups.

RESULTS
Demographic and clinical characteristics of the sample
From the 749 subjects included in the total post-COVID-19 cohort,
608 patients fit additional eligibility criteria specified for the
present study. In this final sample of 608 subjects, 377 patients
were assigned to the “no SMC” group, and 231 patients were
assigned to the SMC group based on their scores on the MCS.
Table 1 summarizes the demographics and clinical character-

istics of the two groups. There were no significant between-group
differences regarding the interval between hospital discharge and
the follow-up assessment. No significant between-group differ-
ences were found for age, BMI, race, or education level. Overall,
the sample had a significantly higher number of men than
women, but there was a significantly higher frequency of women
reporting subjective memory complaints (Table 1). For SES,
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Table 1. Demographics and descriptive data comparisons for the “no SMC” and SMC groups.

No SMC group SMC group

Age (years) N (total) 377 231

Mean ± SD 55.2 ± 14.4 54.9 ± 13.3

Min; max 18.7; 86.9 18.4; 87.4

p= 0.793a

Sex - n (%) N (total) 377 231

Females 141 (37.4%) 146 (63.2%)

Males 236 (62.6%) 85 (36.8%)

χ2= 38.266, p < 0.001*b

Self-reported race/ethnicity - n (%) N (total) 376 230

Black 47 (12.5%) 41 (17.8%)

Mixed 144 (38.3%) 74 (32.2%)

White 170 (45.1%) 108 (47%)

Asian 5 (1.3%) 3 (1.3%)

Indigenous 4 (1.1%) 1 (0.4%)

Does not know/prefers not to answer 6 (1.6%) 3 (1.3%)

χ2= 5.137, p= 0.399b

Educational level - n (%)c N (total) 376 230

No formal education 17 (4.5%) 11 (4.8%)

Incomplete primary/elementary education 111 (29.5%) 71 (30.9%)

Complete primary/elementary education 38 (10.1%) 30 (13%)

Incomplete secondary education 26 (6.9%) 16 (7%)

Complete secondary education 110 (29.3%) 59 (25.7%)

Incomplete higher/university education 18 (4.8%) 16 (7%)

Complete higher/university education 36 (9.6%) 21 (9.1%)

Postgraduate education 20 (5.3%) 6 (2.6%)

χ2= 5.54, p= 0.594b

Socioeconomic status - n (%)d N (total) 373 226

Class A 15 (4%) 2 (0.9%)

Class B1 23 (6.2%) 14 (6.2%)

Class B2 72 (19.3%) 37 (16.4%)

Class C1 128 (34.3%) 66 (29.2%)

Class C2 108 (29%) 75 (33.2%)

Class D-E 27 (7.2%) 32 (14.2%)

χ2= 14.347, p= 0.014*b

Body mass index N (total) 377 231

Mean ± SD 32.4 ± 7.3 32.7 ± 7.5

Min; max 17.9; 71.7 17.7; 61.6

p= 0.458a

Charlson Comorbidity Index N (total) 367 219

Mean ± SD 3.1 ± 1.9 3.1 ± 1.8

Min; max 1; 9 1; 11

p= 0.905a

WHO Clinical Progression Scale - n (%)e N (total) 377 231

Group 1 42 (11.1%) 31 (13.4)

Group 2 163 (43.2%) 109 (47.2%)

Group 3 18 (4.8%) 7 (3%)

Group 4 154 (40.8) 84 (36.4%)

χ2= 2.915, p= 0.405b

Length of inpatient stay (days) N (total) 377 231

Mean ± SD 18.9 ± 20.6 16.1 ± 14.4

Min; max 1; 163 1; 99
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differences between the two groups were seen primarily in the
extremes; the “no SMC” group skewed towards higher SES, while
the SMC group was skewed towards lower SES. Between-group
differences in scores on the CCI and the WHO Clinical Progression
Scale were non-significant. For the length of inpatient stay during
acute COVID-19, the “no SMC” group had a significantly higher
mean number of days and a wider range with a higher maximum
(Table 1). Finally, regarding functional status at the time of the
follow-up evaluation, there were significant between-group
differences in PCFS scores, with responses of the “no SMC” group
skewed towards lower functional impact compared to the SMC
group’s responses (Table 1).

Comparison of psychiatric symptom ratings and objective
cognitive scores between subjects with and without
subjective memory complaints
Table 2 shows the results of the between-group comparisons for
the eight psychiatric symptoms and objective cognitive variables.
With these eight variables, statistical significance for the ANCOVAs
with Bonferroni correction was calculated at p < 0.00625. Sig-
nificant differences between the “no SMC” and SMC groups were
found for the psychiatric symptom evaluations HAD Anxiety, HAD
Depression, PCL-C, as well as for the cognitive evaluations MMSE
Spatial Orientation, VFT, and WL (Table 2). After applying
Bonferroni correction, all these variables retained statistical
significance except for the VFT test, which remained significant
at trend level (p= 0.07). The psychiatric symptoms all had large
partial eta-squared values, whereas the cognitive variables had
small/medium partial eta-squared values. In addition, the means
for all three significant cognitive variables were close in value
between the “no SMC” and SMC groups.

Multiple regression model for the prediction of subjective
memory complaints
Table 3 presents the results of the multiple logistic regression
analysis evaluating potential predictors of subjective memory

complaints in the overall sample. This analysis included the six
variables identified in the above ANCOVAs as candidates for the
multivariate model (HAD total Depression score, HAD total Anxiety
score, PCL-C total score, MMSE total Spatial Orientation score, and
number of correct answers for both VFT and WL). The multivariate
fitting resulted in one model containing, in order of decreasing
p-value (increasing significance), the following predictive variables
for subjective memory complaint: sex, HAD total Depression score,
and PCL-C total score. There were no differential effects for the
WHO Clinical Progression Scale (omitted in the final model), total
inpatient days, MMSE total Spatial Orientation score, VFT correct
answers, WL correct answers, HAD total Anxiety score, age, and
education level.

Normative comparisons of objective cognitive tests. Table 4
presents the frequencies of subjects in the two groups who
presented values within or outside of the normal range for
TMT-A and VFT scores, using the standardized norms for the
Brazilian population across distinct age ranges. For the TMT-A,
both the “no SMC” and SMC groups had a higher proportion of
individuals falling outside of normative values than within. For
the VFT, there was a higher proportion of individuals within
normative values for both groups. For both cognitive tests,
there was a significantly higher frequency of subjects outside
the normative data in the SMC group (Table 4). It is worth
noting, however, as a whole, our entire sample was more likely
to present results outside of normative values than within for
those two tests. In addition, out of all the cognitive tests, the
TMT-A had the most missing values (5%) and outliers (5.7%),
defined as any value outside of 1.5 interquartile range (Table
2). Results of the analyses conducted for WL ratings are
presented as supplementary material.

Longstanding SMC. Within the 231 patients in the SMC group, 24
patients (3.94% of the overall sample) were also classified as
belonging to the “longstanding SMC” subgroup. These subjects

Table 1. continued

No SMC group SMC group

p= 0.047*a

Number of days between discharge and follow-up N (total) 377 231

Mean ± SD 209.8 ± 44.6 210.8 ± 42.8

Min; max 39; 349 92; 380

p= 0.787a

Post-COVID-19 Functional Status scale - n (%)f N (total) 377 230

Grade 0 162 (43.0%) 31 (13.5%)

Grade 1 146 (38.7%) 90 (39.1%)

Grade 2 45 (11.9%) 61 (26.5%)

Grade 3 11 (2.9%) 35 (15.2%)

Grade 4 13 (3.4%) 13 (5.7%)

χ2= 86.623, p < 0.001*b

SMC subjective memory complaint, SD standard deviation, Min minimum, Max maximum.
*Statistically significant difference (p < 0.05).
aTwo-sided independent samples T-tests.
bPearson’s Chi-square test.
cPrimary/elementary education: first nine years of formal education in Brazil, conventionally beginning at about age 6; secondary education: three years of
formal education for primary/elementary school graduates in Brazil, conventionally beginning at about age 15.
dSix decreasing categories, assessed in accordance to current Brazilian Economic Classification Criteria [46]. Average Household Monthly Income for each
category: A= R$ 21,826.74 or above (approx. US$ 4,034.51);
B1= R$ 10,361.48 (approx. US$ 1,915.24); B2= R$ 5,755.23 (approx. US$ 1,063.81); C1= R$3,276.76 (approx. US$ 605.68); C2= R$ 1,965.87 (US$ 363.37); D-
E= R$ 900.60 or below (approx. US$ 166.46).
eWHO Clinical Progression Scale; Group 1: WHO 3-4 did not need oxygen during hospitalization; Group 2: WHO 5 supplemented oxygen by catheter or mask;
Group 3: WHO 6 other non-invasive ventilatory support; Group 4: WHO 7-9 required invasive assistance [38].
fPost-COVID-19 Functional Status scale [48, 49].
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were individually matched with a subgroup of 26 subjects from
the remaining SMC group (“recent SMC” subgroup) and a
subgroup of 26 subjects from the “no SMC” group (Table 5).
According to the Shapiro-Wilk test, most variables were found to

have non-normal distributions in the three subgroups. The
Kruskal-Wallis for matching confirmed there were no significant
differences in age among the “longstanding SMC” subgroup,
“recent SMC” subgroup, and “no SMC” subgroup (p= 0.998). The
Fisher’s exact test, confirming our matching for educational level,
also found no significant differences among subgroups
(p= 0.759). Table 5 demonstrates that there were significant
differences among the three subgroups in all of the psychiatric
symptom measures (HAD total Anxiety score, HAD total Depres-
sion score, PCL-C total score), with the “longstanding SMC”
subgroup having intermediate scores between the two other
subgroups. The post-hoc analysis for pairwise comparisons with
Bonferroni correction revealed that for these three tests, the
difference was found to be between the “recent SMC” subgroup
and the “no SMC” subgroups. TMT-A completion time was the only
objective cognitive measure with a significant difference between
subgroups, which was found to be between the “longstanding
SMC” and the “recent SMC” subgroups.

DISCUSSION
This study reports the findings of a thorough evaluation of SMC
experienced by COVID-19 survivors assessed 6–11 months after
hospitalization, investigating their relationship with both objective
cognitive memory impairments and core symptoms of psychiatric
conditions. Differently from most previous studies of COVID-19,
we used a standardized metric of SMC (based on scores on the
MCS, previously validated for the Brazilian population) [12]. The
main findings are as follow: (1) although there were significant
differences in objective cognitive performance between COVID-19
survivors with and without SMC, the influence of objective
cognitive impairment on SMC was found to be minor; (2) the
psychiatric symptoms anxiety, depression, and PTSD were major
differentiating factors in subjects with SMC versus individuals with
no SMC; (3) in a multiple logistic regression model for the overall
sample, female sex, symptoms of depression (depressive symp-
toms measured by the HAD total Depression score), and PTSD (as
measured by the PCL-C) were the only significant predictors of
SMC; and (4) similarly to previous findings on psychiatric and
cognitive morbidity in PASC [6], indices of clinical severity of acute
COVID-19 were not significant predictors of the development of
SMC (as a feature of PASC).
As we questioned individuals as to whether SMC were present

before the onset of COVID-19, we were able to ascertain that these
complaints emerged in most cases following the SARS-CoV-2
infection and hospitalization. Our cohort presented a very high
percentage of patients with SMC, with 38% of our 608 patients
presenting with memory complaints 6 to 11 months after hospital
discharge. The results regarding the frequency of subjective
cognitive complaints in COVID-19 survivors corroborate the
findings of previous investigations [5, 30, 52–57].
The univariate ANCOVA comparisons of core symptoms of

psychiatric disorders and objective cognitive tests scores between
the SMC and “no SMC” groups showed significant differences for
both types of measures after Bonferroni correction, including all
psychiatric symptom scales and two objective cognitive tests
(namely word list recall and spatial orientation, with verbal fluency
retaining trend significance). However, the differences in psychia-
tric symptom measures all had large partial eta-squared (η2)
values while the differences in objective cognitive measures had
small/medium partial eta-squared values. Thus, although our
cohort did exhibit objective signs of cognitive impairment, the
subjective complaint of memory inefficiency itself was found to be
more significantly related to core symptoms of psychiatric
disorders. In addition, the mean values of the three objective
cognitive variables that showed significant differences were close
between the “no SMC” and SMC groups, which indicates that
scores on the objective cognitive tests differed less between the

Table 2. Psychiatric symptom and cognitive comparisons between
the “no SMC” and SMC groups.

No SMC
group

SMC group

HAD total score for
anxiety

N (total) 377 231

Mean ± SD 4.1 ± 4 8.5 ± 5.3

Min; max 0; 20 0; 21

F= 103.032, partial η2= 0.146,
p < 0.001*a

HAD total score for
depression

N (total) 377 231

Mean ± SD 3.1 ± 3.5 7.1 ± 4.7

Min; max 0; 20 0; 19

F= 120.415, partial η2= 0.167,
p < 0.001*a

PCL-C total score N (total) 377 231

Mean ± SD 24.1 ± 8.9 36.2 ± 14.5

Min; max 7; 65 17; 77

F= 137.436, partial η2= 0.186,
p < 0.001*a

MMSE total score for
temporal orientation

N (total) 377 231

Mean ± SD 4.8 ± 0.5 4.7 ± 0.7

Min; max 2; 5 0; 5

F= 1.680, partial η2= 0.003,
p= 0.195a

MMSE total score for
spatial orientation

N (total) 377 231

Mean ± SD 4.8 ± 0.5 4.6 ± 0.8

Min; max 2; 5 0; 5

F= 9.773, partial η2= 0.016,
p= 0.002*a

TMT-A completion
time (seconds)

N (total) 359 224

Mean ± SD 62.3 ± 47.6 66.3 ± 43.8

Min; max 0; 300 0; 300

F= 0.467, partial η2= 0.001,
p= 0.494a

VFT – number of
correct animals listed
in a minute

N (total) 374 230

Mean ± SD 16.3 ± 4.5 14.8 ± 5

Min; max 4; 33 0; 39

F= 6.814, partial η2= 0.011,
p= 0.009*a

WL – number of
correct words in the
delayed recall trial

N (total) 361 224

Mean ± SD 6.5 ± 1.9 6.0 ± 1.9

Min; max 0; 10 0; 10

F= 7.833, partial η2= 0.013,
p= 0.005*a

SMC subjective memory complaint, HAD Hospital Anxiety and Depression
Scale, PCL-C Post-Traumatic Stress Disorder Checklist, MMSE Mini-Mental
State Evaluation, TMT-A Trail Making Test A, VFT Verbal Fluency Test, WL
Word List Memory Task, SD standard deviation, Min minimum, Max
maximum, partial η2 partial eta squared.
*Statistically significant difference (p < 0.05).
aANCOVA including age, sex and education as covariates.
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groups than scores on psychiatric symptom scales. Moreover, the
multiple logistic regression evaluating potential predictors of
subjective memory complaints in the overall sample showed only
depression, PTSD, and sex to be significant predictive variables.
These pieces of evidence, obtained in a large sample, indicate that
the perception of memory impairment in COVID-19 survivors is
detectable mostly in the context of psychiatric symptoms rather
than reflecting primary objective cognitive impairment not
necessarily related to depression, anxiety, or PTSD. Finally, the
significantly higher PCFS scale scores in the SMC group indicate
that patients presenting subjective memory complaints in our
study had a greater deleterious impact of COVID-19 on their long-
term functional status and daily life activities.
The findings of the present study are consistent with previous

investigations on COVID-19. In the study by Muschel et al. [30]
using the standardized PAOFI assessment to characterize cogni-
tive complaints in COVID-19 patients after 7 months, significant
correlations were stronger between cognitive complaints and
subjective measures of mental distress, and weaker between
cognitive complaints and objective neuropsychologic test perfor-
mance [30]. A 6 month follow-up study conducted by Pihlaja et al.
[57] with COVID-19 patients who presented different degrees of
care needs during acute disease (ICU, hospital ward, or home-
isolation) showed that depressive and PTSD symptoms at follow-
up were equally reported by all three groups and were
significantly associated with SMC but not with performance on
objective cognitive assessments [57]. Finally, a 2024 prospective
observational study of a national cohort of Norwegian COVID-19
patients who demanded ICU care during acute disease described
similar findings, as patients who presented depression at
12 months following ICU admission were more likely to report
disproportionately high SMC relative to the severity of deficits
detected by objective cognitive testing [58].
The findings presented herein are also consistent with the

results of previous studies that have investigated SMC in other
diseases. For instance, cognitive complaints in patients with HIV
infection are significantly correlated with depressive symptoms
[23], and a study of 889 HIV-positive adults using multivariable
regression models found psychiatric symptoms of depression,
anxiety, and PTSD to be significant predictors of subjective
cognitive complaints [59]. Although cognitive complaints have
been found to correlate significantly with both depressive
symptoms and measures of objective cognitive impairment in
HIV-positive subjects, multiple regression analyses have shown

that symptoms of depression account for the majority of variance
in the cognitive complaints [23].
We found a substantially large proportion of women in the

SMC group relative to the “no SMC” group. Moreover, aside
from HAD total Depression score and PCL-C score, the multiple
regression analysis found female sex to be the only other
significant predictor of SMC. Previous studies with COVID-19
survivors found that younger women were more likely to
present subjective cognitive/psychiatric symptom complaints
such as memory loss, brain fog, anxiety, depression, and PTSD
[26, 29, 52, 53, 60–63]. Our findings of increased subjective
memory complaints in women reinforce the view that SMC in
PASC is more strongly related to psychiatric symptoms than
reflective of the perception of individuals of primary objective
cognitive impairment developing after COVID-19.
In addition, we found no significant associations of SMC with

either the CCI or severity indices of the acute SARS-CoV-2 infection
and events during hospitalization. Although the length of
inpatient stay was significantly different between the “no SMC”
and SMC groups, the multiple regression model found no
predictive relationship for the length of inpatient stay with the
presentation of SMC. Contrary to expectations, the SMC group had
an actually shorter mean number of inpatient days relative to the
“no SMC” group. These results reinforce the view that perceived
memory impairment is not necessarily reflective of objective
cognitive impairment in PASC. Given that prior research has
shown hospitalization can cause cognitive impairment, if memory
complaints were prominently related to primary objective
cognitive deficits, one would expect impairment to be more likely
related to a longer inpatient stay [64]. This is consistent with
previous findings that memory complaints are not related to
severity of the acute SARS-CoV-2 infection [27, 57, 62, 65]. In
contrast, Muschel et al. [30] found the severity of acute COVID-19
symptoms to be the most significant independent predictor of
cognitive complaints after 7 months; however, the severity of
current depressive symptoms was also a significant predictor for
cognitive complaints at follow-up [30].
The presence of significantly (albeit modestly) worse perfor-

mance in three objective cognitive measures in the SMC group
relative to the “no SMC” group (word list recall, verbal fluency, and
spatial orientation) could be secondary to the greater severity of
core psychiatric symptoms in the SMC group. Previous studies
have shown cognitive dysfunction can be present during acute
episodes of major depressive disorder and persist at a moderate

Table 3. Multiple logistic regression assessing associations between demographic, psychiatric symptom, and cognitive variables and subjective
memory complaints.

Subjective memory complaint Coefficient Std Error CI (95%) p-value

Lower Upper

Sex −0.545 0.211 0.383 0.878 0.01*

HAD total score for Depression 0.087 0.034 1.022 1.166 0.009*

PCL-C total score 0.055 0.013 1.030 1.083 <0.001*

Total inpatient days −0.011 0.006 0.977 1.001 0.074

MMSE total spatial orientation −0.335 0.187 0.496 1.032 0.073

VFT – number of correct answers −0.028 0.023 0.930 1.018 0.235

WL – number of correct answers −0.076 0.063 0.820 1.048 0.228

HAD total score for Anxiety 0.046 0.031 0.985 1.114 0.141

Age 0.014 0.009 0.996 1.032 0.119

Education level npc npc npc npc 0.69

HAD Hospital Anxiety and Depression Scale, PCL-C Post-Traumatic Stress Disorder Checklist, MMSE Mini-Mental State Evaluation, TMT-A Trail Making Test A, VFT
Verbal Fluency Test, WL Word List Memory Task, CI confidence interval, npc not possible to calculate.
*Statistically significant interaction (p < 0.05).
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degree through remission. Anxiety has also been shown to be
associated with memory and executive dysfunction [66]. Similarly,
systematic reviews have found that PTSD is associated with
cognitive impairment, with a positive correlation between the
severity of PTSD symptoms and degree of cognitive impairment,
and a prospective cohort study of 12270 middle-aged women
found PTSD to be associated with accelerated cognitive decline
[67, 68]. However, our results do not rule out the possibility that
the presence of objective cognitive deficits in PASC cases could
represent early signs of neurodegeneration; the presence of
associated symptoms of depression or anxiety in some of those
individuals could be seen as prodromes of dementia [9, 10]. Thus,
the interplay between the emergence of psychiatric symptoms in
PASC and the risk of long-term cognitive decline may be possibly
complex, especially in elderly individuals. Prospective longitudinal
follow-up evaluations of samples like ours are mandatory to
further investigate this issue. Ideally, these longitudinal studies
should include not only objective cognitive evaluations and
symptom assessment schedules, but also measurements of
biomarkers most commonly related to psychiatric syndromes
(e.g. markers of inflammatory pathways) and the biological
diagnosis of AD [62, 69].
The identification of a small proportion of “longstanding SMC”

patients in our sample (3.94% of the overall sample) allowed us to
run comparisons of this subgroup against individually matched
subgroups of “recent SMC” (i.e., memory complaints after COVID-19)
and “no SMC.” Such comparisons are relevant given previous
findings that trait-like dimensions of SMC are strongly associated
with affect-related measures, including depression, anxiety and
neuroticism [18]. It is also important to note that, in an interim
analysis of a large proportion of patients included in the present
study (n= 425), we found a small number of patients who reported
symptoms consistent with major psychiatric disorders for one year
or longer prior to our assessment (as investigated with the Clinical
Interview Schedule – Revised), including 3.31% of subjects with
moderate to severe depression and 5.98% with generalized anxiety
disorder [6]. However, our three-subgroup comparisons showed a
significant increase in all psychiatric symptom measures (HAD total
Anxiety score, HAD total Depression score, PCL-C total score) only in
the “recent SMC” subgroup (but not in the “longstanding SMC”
subgroup) relative to the “no SMC” subgroup. These results suggest
that the association of SMC and psychiatric manifestations in our
study was not due to an excess of subjects with trait-like SMC (who
might present prominent psychiatric symptoms). This provides
additional evidence highlighting the relationship between incident
memory complaints and psychiatric symptoms emerging after
hospitalization due to COVID-19.
Our study adds to growing literature on the relationship

between COVID-19 and persistent subjective memory complaints

and helps to broaden understanding of how long COVID patients
who present with memory complaints should be evaluated in
clinical settings. The findings suggest that memory complaints in
PASC patients who survived after hospitalization due to COVID-19
are strongly related to psychiatric symptom complaints. For such
COVID-19 survivors who seek care due to memory complaints, a
careful psychiatric evaluation should be considered a priority,
guiding the implementation of treatment when appropriate. One
important strength of our study is its large sample size, affording
adequate power. Previous studies on the topic have utilized small
sample sizes, often of less than 100 participants [26, 27]. It should
also be noted that there were no significant differences in our
sample between the SMC and “no SMC” groups regarding age and
education; this indicates that these potentially confounding
factors of cognitive performance were controlled for, with the
two groups likely presenting similar levels of cognitive reserve.
One particularly relevant limitation of the present study regards

to the use of raw data for comparisons of objective cognitive
variables rather than to age-standardized Z-scores, as the latter
would have allowed us to take into account the non-pathological
influence of aging on cognitive performance in young, adult and
elderly persons. However, we were not able to collect raw
cognitive scores from a non-COVID-19 healthy control group with
a wide age range that could be used to parameters for the
generation of age-standardized Z-scores. Therefore, we cannot
ascertain the degree to which the overall sample of the present
study should be considered cognitively impaired in objective
terms. As an alternative, we classified the cognitive performance
of subjects in both the SMC and “no SMC” groups in comparison
to mean normative test data for the Brazilian population across
different age ranges, and this indicated that a considerable
proportion of our patients presented with values outside the
normal range of cognition in both the “no SMC” and SMC groups
[50, 51]. However, Brazilian normative data was available only for
the TMT-A and VFT scores and not for the other cognitive tests,
including the key domain of episodic memory (as assessed by the
WL test). In order to conduct similar analyses for the WL test, we
had to use normative values based on other urban South
American populations (see the supplementary material). Never-
theless, it is important to stress that the comparison of our results
with normative data, in order to ascertain the frequency and
severity of cognitive impairment following COVID-19, was not the
primary focus of the current study. Instead, we primarily aimed to
investigate whether memory complaints within a sample of
patients who survived hospitalization due to moderate to severe
COVID-19 would be most significantly predicted by objective
cognitive performance or core symptoms of psychiatric conditions
assessed concurrently in the same subjects. For the latter purpose,
we honestly believe that it is valid to use raw cognitive data,

Table 4. Cognitive comparisons of the sample with Brazilian normative data.

No SMC group SMC group

Comparisons with normative values for TMT-A N (total) 358 219

n (%) Within normative values 132 (36.9%) 56 (25.6%)

Outside normative values 226 (63.1%) 163 (74.4%)

χ2= 7.9, p= 0.005*a

Comparisons with normative values for VFT N (total) 374 230

n (%) Within normative values 251 (67.1%) 132 (57.4%)

Outside normative values 123 (32.9%) 98 (42.6%)

χ2= 5.801, p= 0.016*a

SMC subjective memory complaint; TMT-A Trail Making Test A, VFT Verbal Fluency Test.
*Statistically significant difference (p < 0.05).
aPearson’s Chi-square test.
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taking into account the effects of age, sex, and education as we
did both in the univariate ANCOVA comparisons reported in Table
2 and in the logistic regression analysis reported in Table 3.
Several other limitations of the present study should be

acknowledged. First, the in-person data collection was conducted
as part of a comprehensive multidisciplinary evaluation [35]; this
imposed time constraints on the objective cognitive battery, and
relevant aspects such as executive functioning were not thoroughly
evaluated. However, we did manage to objectively assess the key
domain of episodic memory in a large sample of PASC patients.
Second, the participants did not undergo either a comprehensive
psychiatric evaluation with standardized instruments or an assess-
ment with the cognitive battery prior to COVID-19 infection, and we
do not therefore know the baseline cognitive performance of our
sample. While we formally excluded patients with an existing
previous diagnosis of dementia, we cannot rule out the presence of
undiagnosed elderly patients in the early stages of dementia.

Recent studies have shown that patients with an established
dementia diagnosis (particularly Alzheimer’s disease) have a higher
risk of COVID-19 infection with more severe presentations and
higher rates of hospitalization and mortality [70]. One positive
aspect is that speech complaints were included as part of our
exclusion criteria to supplement the exclusion of patients with
dementia, since some studies have shown speech complaints may
be one of the first signs of dementia (e.g. a retrospective review on
80 patients with apraxia of speech due to degenerative neurological
disease found that speech-language difficulties were the first
symptoms in 80% of patients, and 49% and 50% of the patients
presented with aphasia and dysarthria, respectively) [71]. Third, we
did not have complete data for each of the 608 patients in our
study, and there were more missing data for the objective cognitive
tests than for the other measures. Fourth, we did not assess an
additional group of COVID-19 patients who were not hospitalized;
therefore, we cannot ascertain the degree to which the PASC

Table 5. Psychiatric symptom and cognitive comparisons among the “longstanding SMC” subgroup, “recent SMC” subgroup, and “no SMC”
subgroup.

Longstanding SMC subgroup Recent SMC subgroup No SMC subgroup

HAD total score for anxiety N (total) 24 26 26

Median [IQR] 6.5 [3; 8] 7 [5; 12] 4.5 [1.25; 6]

Min; max 0; 14 0; 16 0; 14

H= 8.844, p= 0.012*a

HAD total score for depression N (total) 24 26 26

Median [IQR] 5 [2; 6.25] 9 [4.25; 11] 2 [1; 4]

Min; max 0; 17 0; 18 0; 10

H= 20.159, p < 0.001*a

PCL-C total score N (total) 24 26 26

Median [IQR] 29 [19; 38.25] 32.5 [24.5; 41.75] 20.5 [19; 26.75]

Min; max 17; 57 17; 77 17; 45

H= 13.31, p= 0.001*a

MMSE total score for temporal orientation N (total) 24 26 26

Median [IQR] 5 [4; 5] 5 [5; 5] 5 [5; 5]

Min; max 2; 5 0; 5 4; 5

H= 3.023, p= 0.221a

MMSE total score for spatial orientation N (total) 24 26 26

Median [IQR] 5 [5; 5] 5 [4; 5] 5 [5; 5]

Min; max 4; 5 0; 5 4; 5

H= 3.187, p= 0.203a

TMT-A completion time (seconds) N (total) 22 24 24

Median [IQR] 39 [32.75; 65.75] 63 [44.75; 100] 48.5 [39; 54.87]

Min; max 20; 126 29; 300 26; 145

H= 6.527, p= 0.038*a

VFT – number of correct animals N (total) 24 26 26

Median [IQR] 15 [13; 18] 15 [13; 17.75] 16.5 [13.25; 20]

Min; max 0; 25 3; 22 8; 27

H= 1.797, p= 0.407a

WL – number of correct words N (total) 24 24 24

Median [IQR] 6 [4.75; 7] 5 [4.75; 7] 6 [5; 7]

Min; max 0; 9 0; 9 3; 10

H= 1.204, p= 0.548a

SMC subjective memory complaint, HAD Hospital Anxiety and Depression Scale, PCL-C Post-Traumatic Stress Disorder Checklist, MMSE Mini-Mental State
Evaluation, TMT-A Trail Making Test A, VFT Verbal Fluency Test, WL Word List Memory Task, IQR interquartile range, Min minimum, Max maximum.
*Statistically significant difference (p < 0.05).
aKruskal–Wallis test.
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manifestations reported herein were related to COVID-19 severity
and events during the hospitalization. Previous studies have found
evidence of an association between hospitalization (both critical
and noncritical care) and the development of cognitive decline [64].
Finally, while our study had a large sample size, the groups were
comprised of patients from a single hospital site, so the results may
not be generalizable or wholly representative of a wider population.

CONCLUSION
In conclusion, using subjective and objective data obtained from a
large sample of COVID-19 survivors evaluated in-person
6–11 months after hospitalization, we found that the perception
of memory impairment in COVID-19 survivors is more strongly
associated to core symptoms of psychiatric conditions than to
primary objective cognitive impairment not necessarily associated
with psychiatric disorders. In particular, of the variables assessed,
female sex, depression, and PTSD were found to be the only
predictors of SMC. Based on our findings, we recommend that a
careful psychiatric evaluation should be conducted for COVID-19
survivors seeking care for memory complaints. Our study invites
further investigations into the relationship between SMC and the
risk of cognitive decline in patients with severe COVID-19.

DATA AVAILABILITY
Anonymized data may be made available upon reasonable request to the
corresponding author, subject to approval by the relevant ethics committee and in
compliance with institutional and legal requirements.
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