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Abstract: The pandemic period which has characterized the last two years has been associated
with increasingly worsening psychological conditions, and previous studies have reported severe
levels of anxiety, mood disorder, and psychopathological alteration in the general population. In
particular, worldwide populations have appeared to present post-traumatic stress symptoms (PTSS).
Surprisingly, no studies have evaluated the effect of COVID-related PTSS on cognitive functioning.
This study focused on the association between high levels of PTSS related to COVID-19 and alterations
in executive functioning by considering executive inhibitions in populations not infected by the virus.
Ninety respondents from the Italian population participated in the study. A higher percentage of
PTSS was reported. Moreover, respondents with high post-traumatic symptomatology presented
deficits in the inhibition of preponderant responses, demonstrating an executive deficit which could
be expressed by a difficulty in controlling goal-directed actions. This was underlined by worse
performances in elaborating incongruent stimuli in the Stroop task and no-go stimuli in the Go/No-
Go task. This report presents preliminary findings underlining the effect of the COVID-19 pandemic
on cognitive functions. The results confirmed a persistently higher post-traumatic symptomatology
related to the COVID-19 pandemic in the Italian population and highlighted an association with
cognitive inhibition impairment.

Keywords: COVID-19; pandemic; cognitive functions; inhibition; post-traumatic stress symptoms

1. Introduction

The effects of the coronavirus (COVID-19) pandemic on mental health were high-
lighted in the first weeks of the virus outbreak (e.g., [1–4]). A higher prevalence of PTSD
symptomatology [5,6], sleep disturbances [1,7], and psychological distress [3,8] was re-
ported. Generally, negative psychological conditions and worse mental health were found
(for a review: [9,10]). These effects should be ascribed to both the direct (i.e., physical and
neurological conditions related to inflammatory processes [11]) and indirect (e.g., social dis-
tancing measures, fear of the contagion) effects of the pandemic. Specifically, as reported by
the systematic review of Vindegaard and Benros (2020), anxiety and depression increased
in individuals who contracted the disease as well as in health care professionals with
direct contact with the disease. However, as suggested by the authors, the pandemic has
also exacerbated pre-existing psychopathological conditions and has generally decreased
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psychological well-being in the general population due to the aforementioned experiences
associated with the spread of COVID-19.

The extensive scientific literature on the COVID-19 pandemic has focused on multiple
features related to contagion spread. The epidemiological and clinical features of COVID-
19 patients are currently well characterized [12,13], as well as the patients’ mental health
conditions [14], the at-risk populations [15], and the general population [16]. However,
little attention has been paid to the effects of the pandemic on cognitive functions.

The studies of patients reported cognitive dysfunctions consequent to viral infec-
tions [17]. Clinical observations highlighted cognitive alterations (defined as cognitive
fog) in patients who contracted COVID-19 [18]. In particular, Almeria et al. [18] reported
impaired attention, memory, and executive function in patients affected by COVID-19.
Interestingly, these impairments were exacerbated by anxiety and depressive symptoms,
suggesting a possible role of some psychological variables. Surprisingly, although a recent
review highlighted the detrimental effect of social isolation on cognitive abilities (i.e., ex-
ecutive functions and memory; [19]), only one study [20] focused on the indirect impact
of the pandemic on cognitive functions. However, this study assessed only self-reported
cognitive functioning; no direct evaluation of performance was made. The risk of contagion
appears to be strongly associated with cognitive changes and psychological symptoms (e.g.,
depression, anxiety, and mood alteration). In Italy, the lockdown and related restrictions
have been reported as having an effect on subjective cognitive functioning. Fiorenzato and
colleagues identified specific risk factors of worsening cognitive functions related to the
COVID-19 lockdown (female gender, young, and having experienced home confinement).

In sum, massive changes to the surrounding context and environment during the
COVID-19 lockdown, such as changes in daily routines and the fear of contagion for oneself
and others, appear to be related to a compromising of cognitive functions.

Furthermore, exposure to this unprecedented stressful condition has increased the
prevalence of mental health disorders, such as depression and anxiety, as well as sleep
disorders. It is well-known that these conditions have a substantial impact on cognitive
functioning [19].

Considering that the current conditions have lasted longer than expected and that
the impact of the situation on cognitive functioning represents a significant public health
concern, focusing on these aspects in both the clinical and general population is important
for researchers in order to guarantee the well-being of the population. On the one hand,
cognitive processes could be affected by the psychological consequences of the COVID-19
pandemic, given the impact of stressful events on the individuals’ cognitive abilities. On
the other hand, the uncertainty wrought by the pandemic could affect risk assessments,
decision making, and planning processes involving goal-directed executive functioning [21].
Additionally, the pervasiveness and overexposure to pandemic information (e.g., media,
social networks, etc.) could affect cognitive functions [22].

Accordingly, the present study sought to explore some cognitive functions—i.e., ex-
ecutive functions—in the general population of Italy during the COVID-19 pandemic. To
investigate this topic, we administered a nationwide cross-sectional online survey, which
included two cognitive tasks that participants had to perform. Based on previous evi-
dence regarding mental health in the context of the COVID-19 lockdown, we explored
COVID-19’s impact on mental health, analyzing the risk of post-traumatic symptomatology
among members of the general population who had not been diagnosed with COVID-19.
Moreover, we evaluated executive functions with online tasks. According to our previ-
ous findings [1,2,7], we expected high COVID-19-related PTSS to be associated with high
psychological distress and with worse cognitive performance on tasks meant to assess
executive functions.
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2. Method
2.1. Participants

Ninety respondents (women: 70% of the sample; age range: 18–40; mean age: 24.15 ± 2.89)
met the inclusion criteria of the study (i.e., no diagnosis of COVID-19, no psychopatholog-
ical or medical conditions, and no medications) and participated in the study. The main
characteristics of the sample are shown in Table 1.

Table 1. Demographic and COVID-19 related variables of the two groups of participants.

Low PTSS
(n = 60)

High PTSS
(n = 30) χ2/F p

Age, mean (SD) 24.08 (2.40) 24.30 (3.75) <1 0.74
Sex, n (%) 2.14 0.14

Male 21 (35) 6 (20)
Female 39 (65) 24 (80)

Geographical Provenience, n (%) 4.04 0.13
North Italy 4 (6.6) 6 (20.0)
Centre Italy 28 (46.7) 14(46.7)
South Italy 28 (46.7) 10 (33.3)

Education, n (%) 2.47 0.29
High School degree 23 (38.3) 9 (30)

College or Master degree 37 (61.7) 21 (70)
Occupation, n (%) 5.86 0.21

Self-employed 2 (3.3) 2 (6.7)
Employed 7 (11.7) 7 (23.3)

Unemployed 4 (6.7) 2 (6.7)
Student 47 (78.3) 19 (63.3)

Direct contact with COVID-19, n (%) 6.96 0.03 *
Yes 7 (11.7) 5 (16.7)
No 47 (78.3) 16 (53.3)

Do not know 6 (10) 9 (30)
Close people infected by COVID-19, n (%) 4.75 0.02 *

Yes 34 (56.7) 24 (80)
No 26 (43.3) 6 (20)

Close people in ICU for COVID-19, n (%)
Yes 11 (18.3) 11 (36.7) 3.64 0.05
No 49 (81.7) 19 (63.3)

Close people deceased for COVID-19, n
(%) 2.13 0.14

Yes 10 (16.7) 9 (30)
No 50 (83.3) 21 (70)

SD = standard deviation; PTSS: post-traumatic stress symptoms; ICU: intensive care units. * Level of significance
p < 0.05.

2.2. Questionnaires
2.2.1. Demographic Questionnaire and COVID-Related Information

The first section of the survey collected demographic information, including sex (male
or female), age, education and occupation, geographical provenience, and medical and
psychopathological history. The second section collected information related to participants’
experiences of the pandemic: direct or indirect contact with the virus, close relationships
with infected people, close relationships with people in an intensive care unit (ICU), and
close relationships with people deceased due to COVID-19.

2.2.2. Post-Traumatic Stress Disorder Related to COVID-19 Questionnaire
(COVID-19–PTSD)

The COVID-19-PTSD [5] is a self-report measure designed ad hoc to assess specific
symptoms concerning the risk of PTSD related to the COVID-19 pandemic. The question-
naire includes 19 items referring to the previous seven days and requiring a response on
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a 5-point Likert scale. The COVID-19–PTSD demonstrated excellent internal consistency
with regard to the selected items (Cronbach’s α = 0.94). The cut-off of 26 was adopted to
split the sample into high and low COVID-19-related PTSD symptomatology (complete
information about validation of the questionnaire was reported in [5]).

2.2.3. Symptom Checklist-90 (SCL-90)

SCL-90 [23] assesses psychological distress and symptomatology. It includes 90 items
rated on five-point Likert scales, ranging from ‘not at all’ (0) to ‘extremely’ (4). The psy-
chopathological dimensions assessed are Somatization, Obsessive–Compulsive, Interper-
sonal Sensitivity, Depression, Anxiety, Anger–Hostility, Phobic Anxiety, Paranoid Ideation,
and Psychoticism. A Global Severity Index provides a measure of the overall psychological
distress. Higher scores in each dimension indicate greater distress and psychopathological
symptomatology. The internal consistency of SCL-90 was good for all subscales (α values
ranging between 0.70 and 0.96).

2.3. Cognitive Tasks
2.3.1. Stroop Task

The Stroop task [24] was adopted to assess executive functions, specifically cognitive
inhibition and interference control. The task administered target stimuli consisting of
colored words (Font: Arial; Font size: 20; colors: yellow, red, blue, green) that referred se-
mantically to the colors YELLOW, RED, BLUE, and GREEN. Each word could be presented
with the ink color related to its semantic meaning (Congruent Condition, e.g., BLUE written
in blue ink) or another color (Incongruent Condition, e.g., BLUE written in yellow ink).
The task required pressing the key corresponding to the initial word of the ink color in the
Italian language (key “R” = red; Key “V” = green; Key “B” = blue; Key “G” = yellow). After
a brief presentation of the experiment procedure and examples, a block of 60 randomly
presented trials (30 Congruent and 30 Incongruent) was administered. An initial fixation
cross (duration: 500 ms) was shown before each trial. The target stimulus remained on
the screen for 2000 ms or until the participant’s response. Reaction times (RTs) and the
percentage of correct responses were collected for both Congruent and Incongruent trials.
The following formula was adopted to compute the Stroop effect: RTs (or % of accuracy)
Incongruent Trials—RTs (or % of accuracy) Congruent Trials. A higher Stroop effect in
absolute value indicated a greater difficulty in inhibiting inappropriate responses and
controlling cognitive interference. Accordingly, more negative values of the Stroop effect
indicated inhibitory impairment associated with higher accuracy in congruent conditions
or lower accuracy in incongruent ones.

2.3.2. Go/No-Go Task

The Go/No-Go task [25] was adopted to assess motor inhibition, i.e., the ability to
control an inadequate motor response. The task included two oval stimuli of different
colors (red: No-Go stimuli; green: Go Stimuli) placed in the center of the screen with
a black background. The target stimulus (Go) and non-target stimulus (No-Go) were
presented randomly on the screen for 2000 ms, followed by a black screen for 500 ms. The
participant was required to keep his or her gaze fixed on the center of the screen for the
duration of the experiment. The task required participants to press the spacebar as quickly
as possible when the green oval appeared in the center of the screen. When the red oval
appeared, the participant had to wait for the disappearance of the stimulus. Sixty trials
were administered (80% Go trials; 20% No-Go trials), with feedback on correctness. The
percentage of inappropriate responses to “No-Go” stimuli (False Alarms) was adopted to
assess the inhibition motor component.

2.4. Procedure

A web-based cross-sectional survey was implemented using the KoboToolbox Psy-
toolkit platform and was broadcasted through mainstream social media and message
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services (such as Facebook, Twitter, Instagram, and Telegram) to collect data. The survey
was enabled from September 2020 to November 2020. A brief presentation informed the
participants about the aims of the study, and electronic informed consent was required
from each participant before starting the investigation. Participants were required to fill out
a short demographic questionnaire and respond to questions about their experiences with
COVID-19. Then, the SCL-90 was administered. Finally, cognitive tasks were presented via
the Psytoolkit server. To guarantee the validity of the cognitive tasks, an accuracy greater
than 60 percent represented the criteria for inclusion of data (100% of the data met the
inclusion criterion). The total duration of the survey, including cognitive tasks, was about
30 min. To guarantee anonymity, no personal data that could allow the identification of
respondents were required. This study was conducted according to the Declaration of
Helsinki, and the Ethics Committee of the Department of Dynamic and Clinical Psychol-
ogy and Health studies (“Sapienza,” the University of Rome, protocol number: Prot. n.
0000515) approved it. Participants could withdraw from the survey at any time without
providing any justification, and no data were saved. Only data from completed surveys
were considered for the analyses.

2.5. Statistical Analysis

A one-way analysis of variance (ANOVA), considering the Group as a between vari-
able, was computed on age. Chi-square comparisons were used to test differences in the
distribution of sex, geographical provenience, education and occupation condition, and
COVID-19 contact.

A 2 × 2 mixed ANOVA design that considered the Group (high PTSS, low PTSS) as a
between-subject variable and the Congruency (Congruent, Incongruent) as a within-subject
variable was made on the mean RTs of correct responses and the percentage of accuracy. An
ANOVA considering the Group (high PTSD, low PTSD) as a between-subject variable was
conducted on the Stroop effect. An ANOVA considering the Group (high PTSS, low PTSS)
as a between-subject variable and the percentage of False Alarms as the dependent variable
analyzed performance on the Go/No-Go task. Moreover, to evaluate the participants’
psychological conditions, ANOVAs considering the Group (high PTSS, low PTSS) as a
between-subject variable and SCL-scores as dependent variables were conducted separately
for all SCL scores. Finally, Pearson’s r correlations were adopted to analyze the association
between variables. For all the statistical analyses, the level of significance was accepted at
p < 0.05. The statistical analyses were performed using the Statistica software (version 10.0,
Dell, Round Rock, TX, USA).

3. Results

There were no significant differences between the groups according to sex, age, ge-
ographical provenience, education, or occupation (see Table 1). Considering COVID-19
experiences, the two groups differed in the frequency of direct contact with COVID-19
(X2 = 6.96; p < 0.03) and relationships with people infected with COVID-19 (X2 = 4.75;
p < 0.02). The demographics and COVID-19-related variables of the two groups of partici-
pants are shown in Table 1.

3.1. Psychological Aspects

Significant differences between groups emerged in all the SCL-90 subscales. In par-
ticular, the group with high PTSS reported greater scores than the group with low PTSS
in somatization (mean differences: 0.77; F1,88 = 28.80; p = 0.0001; η2 = 0.25), obsessive–
compulsivity (mean differences: 0.97; F1,88 = 34.62; p = 0.0001; η2 = 0.28), interpersonal
sensitivity (mean differences: 0.81; F1,88 = 26.91; p = 0.0001; η2 = 0.23), depression (mean
differences: 1.11; F1,88 = 54.66; p = 0.0001; η2 = 0.38), anxiety (mean differences: 0.98;
F1,88 = 28.80; p = 0.0001; η2 = 0.40), anger–hostility (mean differences: 0.73; F1,88 = 21.43;
p = 0.0001; η2 = 0.18), phobic anxiety (mean differences: 0.75; F1,88 = 29.51; p = 0.0001;
η2 = 0.25), paranoid ideation (mean differences: 0.73; F1,88 = 25.09; p = 0.0001; η2 = 0.22),
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psychoticism (mean differences: 0.72; F1,88 = 33.25; p = 0.0001; η2 = 0.27), and sleep distur-
bance (mean differences: 0.78; F1,88 = 21.04; p = 0.0001; η2 = 0.19). Finally, the difference was
also confirmed by the SCL-90 global score (mean differences: 0.86; F1,88 = 52,60; p = 0.0001;
η2 = 0.37). See Table 2.

Table 2. Mean and standard deviation in the psychological variables of the two groups of participants.

Low PTSS
(n = 60)

High PTSS
(n = 30) F p

COVID-19-PTSD 10.87 (7.03) 37.83 (9.05) 241.9 0.0001
SCL-90

Somatization 0.64 (0.53) 1.41 (0.82) 28.80 0.0001
Obsessive-Compulsivity 0.79 (0.62) 1.77 (0.93) 34.62 0.0001
Interpersonal Sensitivity 0.51 (0.55) 1.32 (0.92) 26.91 0.0001

Depression 0.81 (0.57) 1.93 (0.85) 54.66 0.0001
Anxiety 0.58 (0.44) 1.57 (0.76) 60.06 0.0001

Anger-Hostility 0.52 (0.61) 1.26 (0.88) 21.43 0.0001
Phobic Anxiety 0.51 (0.58) 1.26 (0.68) 29.51 0.0001

Paranoid Ideation 0.44 (0.59) 1.17 (0.87) 25.09 0.0001
Psychoticism 0.29 (0.38) 1.02 (0.81) 33.25 0.0001

Sleep Disturbance 0.82 (0.73) 1.60 (0.81) 21.04 0.0001
Global Index 0.60 (0.43) 1.46 (0.68) 52.60 0.0001

SCL-90: Symptom Checklist-90; PTSS: post-traumatic stress symptoms.

3.2. Cognitive Functioning
3.2.1. Stroop Task

No significant main effect of the Group (F1,88 = 2.27 ; p = 0.13 ; η2 = 0.03) emerged.
A significant main effect of Congruency (F1,88 = 27.56; p < 0.001; η2 = 0.24) revealed
that the accuracy was higher in congruent than in incongruent conditions (congruent:
96.99%; incongruent: 93.14%). Finally, the Group x Congruency interaction was significant
(F1,88 = 10.91; p = 0.001; η2 = 0.12), underlining that the group with high PTSD reported lower
accuracy in incongruent trials (mean differences:−5.30; F1,88 = 5.58; p = 0.02) compared to
the group with low PTSS.

The ANOVA on the Stroop effect revealed a significant difference between the two
groups of participants; the Stroop effect was greater in participants with high PTSD com-
pared to those with low PTSS (mean differences:−4.85; F1,88 = 10.91; p < 0.001; η2 = 0.12).
Table 3 shows the means (±SD) of the dependent variables of the Stroop task for the two
groups of participants.

Table 3. Mean (± SD) of reaction times and accuracy in the Stroop task and Go/No-Go task for the
two groups of participants.

Low PTSS
(n = 60)

High PTSS
(n = 30) F p

Stroop Task, mean Reaction
Tims (ms) (standard deviation)

Congruent Trials 901.52 (23.06) 953.20 (32.62) 1.67 0.20
Incongruent Trials 974.68 (22.94) 1049.57 (32.44) 3.55 0.06

Stroop effect 73.15 (13.16) 96.37 (18.61) 1.04 0.33
Stroop Task, mean Accuracy

(%) (standard deviation)
Congruent condition 96.7 (6.4) 96.3 (10.7) <1 0.81

Incongruent condition 95.30 (4.4) 90.0 (16.1) 5.58 0.02 *
Stroop effect −1.43 (5.64) −6.29 (8.08) 10.91 0.001 *

Go/No-Go, mean False Alarms
(%) (standard deviation) 6.41 (7.73) 9.83 (10.95) 2.91 0.09

* Level of significance p < 0.05.
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3.2.2. Go/No-Go Task

Only a marginally significant difference was found in the performance at the Go/No-
Go Task (F1,88 = 2.91; p = 0.09; η2 = 0.03). See Table 3.

3.3. Correlations

The COVID-19-PTSD score was positively correlated with all the SCL-90 subscales
(Pearson’s r ranging from 0.55 and 0.73; p < 0.0001). Moreover, the COVID-19-PTSD
score was positively correlated with the percentage of False Alarms in the Go/No-Go task
(r = 0.26; p < 0.01) and negatively with the Stroop effect (r = −0.26; p < 0.01).

Negative correlations emerged between the Stroop effect (computed on the accu-
racy) and the following SCL-90 subscales: somatization (r = −0.31; p < 0.003), obsessive–
compulsivity (r = −0.22; p < 0.03), depression (r = −0.22; p < 0.04), anxiety (r = −0.23;
p < 0.03), anger–hostility (r = −0.22; p < 0.03), sleep disturbance (r = −0.20; p < 0.05),
and the global score (r = −0.24; p < 0.02). Positive correlations were found between the
percentage of False Alarms in the Go/No-Go task and the following SCL-90 subscales:
obsessive–compulsivity (r = 0.26; p < 0.01), depression (r = 0.25; p < 0.01), anger–hostility
(r = 0.30; p < 0.004), paranoid ideation (r = 0.33; p < 0.002), sleep disturbance (r = 0.25;
p < 0.01), and the global score (r = 0.24; p < 0.02).

4. Discussion

This study sought to investigate the cognitive effects of the COVID-19 pandemic and
to determine its psychological effects. Our findings confirmed previous evidence showing
a worsening of participants’ mental health conditions (e.g., [1–4,26]). Furthermore, for the
first time, the results demonstrated that the COVID-19 pandemic has had a substantial
impact on the general health population’s cognitive functioning.

In line with previous studies, 33 percent of the sample reported high PTSD symptoma-
tology as assessed by the COVID-19-PTSD questionnaire [5,27,28]. This high percentage of
symptomatology ascribed to the distress reported during the pandemic is very surprising.
In fact, the actual data were collected about ten months after COVID-19 first spread and
led to the lockdown in Italy. In the first phases (from 18th March to 2nd April) of the virus’
spread, COVID-19-related PTSD symptomatology was present in 29% of the general popu-
lation of Italy, and it could be ascribed to the sudden, rapid, and unexpected spread of a
deadly virus together with the countermeasures (e.g., social isolation, curfew, use of masks,
disinfectants, etc.) adopted that suddenly changed peoples’ lifestyles and, for the first time,
limited individual freedom. Therefore, post-traumatic symptomatology (characterized by
intrusion, avoidance, negative affect, anhedonia, arousal, and maladaptive behaviors [5])
is still present in the general population of Italy, and it increased (4%) a few months after
the COVID-19 outbreak. This could be due to the continued alert about the spread of
the virus, the fact that vaccines to prevent contagion had not yet been disseminated, and
the fact that the government maintained moderate levels of containment by requiring
social distancing, restricted entry, and mandatory mask wearing. Furthermore, the data
were collected during the second wave of the COVID-19 spread in Italy. This period was
characterized by a significant increase in infected people and a high number of deaths. This
condition, combined with the persistence of restrictive measures (closures or limitations in
the attendance of meeting places, such as schools, universities, cinemas, museums, etc.)
adopted to counter the virus’ spread, and linked to the severe economic conditions for
many Italians, can explain the high PTSD symptomatology. This study confirms an associ-
ation between COVID-19-related PTSD symptoms and psychological distress expressed
by the psychopathological symptoms assessed by the SCL-90. These findings also prove
the association between general psychopathological symptomatology and post-traumatic
experience [5] and the higher impact of the COVID-19 pandemic on mental health. The
COVID-19 pandemic, unexpectedly and suddenly, has generated fear, has limited individ-
ual freedom, and has significantly reduced social interactions. All these aspects appear
to be associated with PTSD symptoms [3,4] in the general population, as well as in the
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absence of concrete consequences of the pandemic, i.e., infection and associated physical
symptoms.

Confirmation of the psychological impacts of the pandemic gains additional strength
from the effects of the pandemic on cognitive functions. For the first time, our results
underlined that the indirect effects of COVID-19, converging in PTSD symptomatology, af-
fected executive functions. As reported regarding previous viral infections (e.g., H1N1, [29];
HIV, [30,31], and according to the results regarding the effect of the SARS-CoV-2 pandemic
(for a review: [32]), cognitive impairment was recorded in infected patients, highlighting
the role of the inflammatory processes as possible markers of these alterations [33–35].

Although cognitive impairment appears to be confirmed in patients affected by the
COVID-19 virus, and despite the well-known link between psychological and cognitive
functioning, cognitive functions in the general population have not yet been analyzed.
Indeed, to our knowledge, only one study [20] has detected subjective cognitive impair-
ment perceived by the general Italian population during the period of restrictions. The
adoption of self-reported evaluation represents a limitation of the study. However, the
authors demonstrated that the COVID-19 lockdown substantially impacted the subjective
perception of the impairment of attention, executive functions, memory, language abilities,
and temporal orientation. The results of our study extend this knowledge by providing
an objective assessment of the impact of pandemic experiences on cognitive performance,
specifically in tasks related to assessing executive functions. Respondents with high post-
traumatic symptomatology beyond the threshold indicated by the literature [5] presented
deficits in the inhibition of preponderant responses, evidencing an executive deficit which
could be expressed by a difficulty in controlling goal-directed actions. On behavioral levels,
this was underlined by worse performances in the elaboration of incongruent stimuli in the
Stroop task and, even only marginally significant, in the higher number of false alarms in
the Go/No-Go task.

Poor executive performance is associated with worse mental health. This result
suggests that the high PTSS caused by the COVID-19 pandemic and expressed by an exacer-
bation of the general psychological symptomatology (e.g., high levels of anxiety, depression,
sleep disturbances, etc.) affect cognitive functioning. This association could be explained
in light of the highly stressful pandemic situation. Via alterations in central and auto-
nomic responses, distress can negatively affect cognitive functions [36]. Highly emotional
and stressful conditions alter the central autonomic network implicated in the optimal in-
hibitory functioning of the prefrontal cortex, as expressed by poor performance in executive
tasks [36,37]. These aspects are confirmed by the prominence of hyperarousal symptoms
in PTSD [38], emphasizing how these relationships can also represent a consequence of
particularly traumatic events, such as the COVID-19 pandemic.

Despite these interesting findings, the results of this study are preliminary, and some
limitations should be highlighted. First, the small sample size may have compromised
the statistical power. However, the prevalence of PTSS is in line with previous results
from a larger sample during the COVID-19 pandemic, and no previous study has adopted
cognitive tasks to measure the impact of the pandemic on executive functions. The young
age of the participants may represent another limitation. Because the adoption of the online
survey is associated with a selection bias toward younger age groups, the results cannot be
generalized. Third, the online survey is subject to data collection bias for both psychological
and cognitive dimensions. However, despite the home confinement, and according to
previous studies on COVID-19, this methodology represents the best solution. Moreover, a
recent review [39] confirmed the validity of the online tools to assess cognitive functioning.
The impossibility of controlling the setting makes accuracy a more reliable measure than
the more classic recording of reaction times, which are most affected by environmental
interference. Fourth, due to the high prevalence of asymptomatic conditions, results may
be influenced by a possibly undiagnosed infection not reported by respondents. Fifth, the
cross-sectional design did not underline the effective role of the different variables related to
the COVID-19 pandemic. Further studies are needed to better understand the relationship
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between cognitive function and the degree of direct and indirect physical and psychological
effects of the virus and the resulting pandemic. For example, more information is needed
regarding complex cognitive functions, as well as decision making. A last but important
limitation to consider is the definition of PTSS and its association with PTSD diagnoses. We
adopted a standardized questionnaire validated to define the risk of COVID-19-PTSD in
the general population of Italy. However, a recent overview by Norrholm and colleagues
(2021) highlighted the risk of overestimating PTSD diagnoses and the heterogeneity of
results in studies that considered the “pandemic event” as criterion A for PTSD. We did
not consider a clinical diagnosis of PTSD but rather the presence of PTSS to reduce this risk,
but further studies should clarify these disputed aspects.

5. Conclusions

This study reports preliminary findings that underline the effect of the COVID-19
pandemic on cognitive functions, considering members of the general, healthy Italian
population. The results demonstrate a persistently higher post-traumatic symptomatology
related to the COVID-19 pandemic in the Italian population and highlights its association
with cognitive inhibition impairment. Moreover, our findings confirm the impact of the
pandemic on mental health and cognitive states. Despite some limitations, these results
could provide an interesting starting point for further clinical studies. To know that the pan-
demic had an impact not only at the psychological but also at the cognitive level highlights
the importance of an integrated approach to improving the general population’s quality of
life. This type of intervention should also consider executive functions, which influence
the activities of daily life. Further research is needed to define the short- and long-term
consequences of the pandemic on the general population’s cognitive and mental health.
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8. Nikčević, A.V.; Marino, C.; Kolubinski, D.C.; Leach, D.; Spada, M.M. Modelling the contribution of the Big Five personality traits,
health anxiety, and COVID-19 psychological distress to generalised anxiety and depressive symptoms during the COVID-19
pandemic. J. Affect. Disord. 2021, 279, 578–584. [CrossRef] [PubMed]

9. Xiong, J.; Lipsitz, O.; Nasri, F.; Lui, L.M.; Gill, H.; Phan, L.; McIntyre, R.S. Impact of COVID-19 pandemic on mental health in the
general population: A systematic review. J. Affect. Disord. 2020, 277, 55–64. [CrossRef]

10. Kontoangelos, K.; Economou, M.; Papageorgiou, C. Mental health effects of COVID-19 pandemia: A review of clinical and
psychological traits. Psychiat. Investig. 2020, 17, 491. [CrossRef]

11. Aghagoli, G.; Gallo Marin, B.; Katchur, N.J.; Chaves-Sell, F.; Asaad, W.F.; Murphy, S.A. Neurological involvement in COVID-19
and potential mechanisms: A review. J. Neurointensive Care 2021, 34, 1062–1071. [CrossRef] [PubMed]

12. Vetter, P.; Vu, D.L.; L’Huillier, A.G.; Schibler, M.; Kaiser, L.; Jacquerioz, F. Clinical features of COVID-19. BMC 2020, 369, m1470.
[CrossRef]

13. Siordia, J.A., Jr. Epidemiology and clinical features of COVID-19: A review of current literature. J. Clin. Virol. 2020, 127, 104357.
[CrossRef] [PubMed]

14. Sun, N.; Wei, L.; Wang, H.; Wang, X.; Gao, M.; Hu, X.; Shi, S. Qualitative study of the psychological experience of COVID-19
patients during hospitalization. J. Affect. Disord. 2021, 278, 15–22. [CrossRef]

15. Barbieri, T.; Basso, G.; Scicchitano, S. Italian workers at risk during the COVID-19 epidemic. Ital. Economic J. 2021, 569, 1–21.
[CrossRef]

16. Serafini, G.; Parmigiani, B.; Amerio, A.; Aguglia, A.; Sher, L.; Amore, M. The psychological impact of COVID-19 on the mental
health in the general population. QJM 2020, 113, 531–537. [CrossRef]

17. Nicastri, E.; Castilletti, C.; Balestra, P.; Galgani, S.; Ippolito, G. Zika virus infection in the central nervous system and female
genital tract. Emerg. Infect. Dis. 2016, 22, 2228. [CrossRef]

18. Almeria, M.; Cejudo, J.C.; Sotoca, J.; Deus, J.; Krupinski, J. Cognitive profile following COVID-19 infection: Clinical predictors
leading to neuropsychological impairment. Brain Behav. Immun. 2020, 9, 100163. [CrossRef]

19. Bzdok, D.; Dunbar, R.I. The neurobiology of social distance. TiCS 2020, 24, 717–733. [CrossRef]
20. Fiorenzato, E.; Zabberoni, S.; Costa, A.; Cona, G. Cognitive and mental health changes and their vulnerability factors related to

COVID-19 lockdown in Italy. PLoS ONE 2021, 16, e0246204.
21. Porcelli, A.J.; Delgado, M.R. Stress and decision making: Effects on valuation, learning, and risk-taking. Curr. Opin. Behav. Sci.

2017, 14, 33–39. [CrossRef]
22. Maass, A.; Klöpper, K.M.; Michel, F.; Lohaus, A. Does media use have a short-term impact on cognitive performance? J. Media

Psych. 2011, 23, 65–76. [CrossRef]
23. Derogatis, L.R.; Cleary, P.A. Confirmation of the dimensional structure of the SCL-90: A study in construct validation. J. Clin.

Psychol. 1977, 33, 981–989. [CrossRef]
24. Stroop, J.R. Studies of interference in serial verbal reactions. J. Exp. Psych. 1935, 18, 643. [CrossRef]
25. Simson, R.; Vaughan, H.G., Jr.; Ritter, W. The scalp topography of potentials in auditory and visual Go/NoGo tasks. Clin.

Neurophysiol. 1977, 43, 864–875. [CrossRef]
26. Tambelli, R.; Forte, G.; Favieri, F.; Casagrande, M. Effects of the coronavirus pandemic on mental health: A possible model of the

direct and indirect impact of the pandemic on PTSD symptomatology COVID-19 related. Psych. Hub 2021, 38, 23–30.
27. Fekih-Romdhane, F.; Ghrissi, F.; Abbassi, B.; Cherif, W.; Cheour, M. Prevalence and predictors of PTSD during the COVID-19

pandemic: Findings from a Tunisian community sample. Psychiatry Res. 2020, 290, 113131. [CrossRef] [PubMed]
28. Di Crosta, A.; Palumbo, R.; Marchetti, D.; Ceccato, I.; La Malva, P.; Maiella, R.; Di Domenico, A. Individual differences, economic

stability, and fear of contagion as risk factors for PTSD symptoms in the COVID-19 emergency. Front. Psychol. 2020, 11, 2329.
[CrossRef]

29. Luyt, C.E.; Combes, A.; Becquemin, M.H.; Beigelman-Aubry, C.; Hatem, S.; Brun, A.L.; REVA Study Group. Long-term outcomes
of pandemic 2009 influenza A (H1N1)-associated severe ARDS. Chest 2012, 142, 583–592. [CrossRef]

30. Kanmogne, G.D.; Fonsah, J.Y.; Umlauf, A.; Moul, J.; Doh, R.F.; Kengne, A.M.; Heaton, R.K. Effects of HIV infection, antiretroviral
therapy, and immune status on the speed of information processing and complex motor functions in adult Cameroonians. Sci.
Rep. 2020, 10, 14016. [CrossRef]

31. Raper, J.; Kovacs-Balint, Z.; Mavigner, M.; Gumber, S.; Burke, M.W.; Habib, J.; Chahroudi, A. Long-term alterations in brain and
behavior after postnatal Zika virus infection in infant macaques. Nat. Commun. 2020, 11, 2534. [CrossRef]

32. Alnefeesi, Y.; Siegel, A.; Lui, L.M.; Teopiz, K.M.; Ho, R.; Lee, Y.; McIntyre, R.S. Impact of SARS-CoV-2 Infection on Cognitive
Function: A Systematic Review. Front. Psych. 2020, 11, 1629. [CrossRef] [PubMed]

33. Ritchie, K.; Chan, D.; Watermeyer, T. The cognitive consequences of the COVID-19 epidemic: Collateral damage? Brain Commun.
2020, 2, fcaa069. [CrossRef]

34. Mcloughlin, B.C.; Miles, A.; Webb, T.E.; Knopp, P.; Eyres, C.; Fabbri, A.; Humphries, F.; Davis, D. Functional and cognitive
outcomes after COVID-19 delirium. Eur. Geriatr. Med. 2020, 11, 857–862. [CrossRef] [PubMed]

http://doi.org/10.2147/NSS.S285854
http://doi.org/10.1016/j.jad.2020.10.053
http://www.ncbi.nlm.nih.gov/pubmed/33152562
http://doi.org/10.1016/j.jad.2020.08.001
http://doi.org/10.30773/pi.2020.0161
http://doi.org/10.1007/s12028-020-01049-4
http://www.ncbi.nlm.nih.gov/pubmed/32661794
http://doi.org/10.1136/bmj.m1470
http://doi.org/10.1016/j.jcv.2020.104357
http://www.ncbi.nlm.nih.gov/pubmed/32305884
http://doi.org/10.1016/j.jad.2020.08.040
http://doi.org/10.1007/s40797-021-00164-1
http://doi.org/10.1093/qjmed/hcaa201
http://doi.org/10.3201/eid2212.161280
http://doi.org/10.1016/j.bbih.2020.100163
http://doi.org/10.1016/j.tics.2020.05.016
http://doi.org/10.1016/j.cobeha.2016.11.015
http://doi.org/10.1027/1864-1105/a000038
http://doi.org/10.1002/1097-4679(197710)33:4&lt;981::AID-JCLP2270330412&gt;3.0.CO;2-0
http://doi.org/10.1037/h0054651
http://doi.org/10.1016/0013-4694(77)90009-8
http://doi.org/10.1016/j.psychres.2020.113131
http://www.ncbi.nlm.nih.gov/pubmed/32485488
http://doi.org/10.3389/fpsyg.2020.567367
http://doi.org/10.1378/chest.11-2196
http://doi.org/10.1038/s41598-020-70981-4
http://doi.org/10.1038/s41467-020-16320-7
http://doi.org/10.3389/fpsyt.2020.621773
http://www.ncbi.nlm.nih.gov/pubmed/33643083
http://doi.org/10.1093/braincomms/fcaa069
http://doi.org/10.1007/s41999-020-00353-8
http://www.ncbi.nlm.nih.gov/pubmed/32666303


J. Clin. Med. 2022, 11, 170 11 of 11

35. Alemanno, F.; Houdayer, E.; Parma, A.; Spina, A.; Del Forno, A.; Scatolini, A.; Angelone, S.; Brugliera, L.; Tettamanti, A.; Beretta,
L.; et al. COVID-19 cognitive deficits after respiratory assistance in the subacute phase: A COVID-rehabilitation unit experience.
PLoS ONE 2021, 16, e0246590.

36. Thayer, J.F.; Lane, R.D. Claude Bernard and the heart–brain connection: Further elaboration of a model of neurovisceral integration.
Neurosci. Biobehav. Rev. 2019, 33, 81–88. [CrossRef]

37. Forte, G.; De Pascalis, V.; Favieri, F.; Casagrande, M. Effects of blood pressure on cognitive performance: A systematic review. J.
Clin. Med. 2020, 9, 34. [CrossRef]

38. Sahar, T.; Shalev, A.Y.; Porges, S.W. Vagal modulation of responses to mental challenge in posttraumatic stress disorder. Biol.
Psych. 2001, 49, 637–643. [CrossRef]

39. Marra, D.E.; Hamlet, K.M.; Bauer, R.M.; Bowers, D. Validity of teleneuropsychology for older adults in response to COVID-19: A
systematic and critical review. Clin. Neuropsychol. 2020, 34, 1411–1452. [CrossRef]

http://doi.org/10.1016/j.neubiorev.2008.08.004
http://doi.org/10.3390/jcm9010034
http://doi.org/10.1016/S0006-3223(00)01045-3
http://doi.org/10.1080/13854046.2020.1769192

	Introduction 
	Method 
	Participants 
	Questionnaires 
	Demographic Questionnaire and COVID-Related Information 
	Post-Traumatic Stress Disorder Related to COVID-19 Questionnaire (COVID-19–PTSD) 
	Symptom Checklist-90 (SCL-90) 

	Cognitive Tasks 
	Stroop Task 
	Go/No-Go Task 

	Procedure 
	Statistical Analysis 

	Results 
	Psychological Aspects 
	Cognitive Functioning 
	Stroop Task 
	Go/No-Go Task 

	Correlations 

	Discussion 
	Conclusions 
	References

