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Abstract: There are important individual differences in adaptation and reactivity to stressful challenges. Being subjected to strict social confinement is a distressful psychological experience leading
to reduced emotional well-being, but it is not known how it can affect the cognitive and empathic
tendencies of different individuals. Cortisol, a key glucocorticoid in humans, is a strong modulator
of brain function, behavior, and cognition, and the diurnal cortisol rhythm has been postulated to
interact with environmental stressors to predict stress adaptation. The present study investigates in
45 young adults (21.09 years old, SD = 6.42) whether pre-pandemic diurnal cortisol indices, overall
diurnal cortisol secretion (AUCg) and cortisol awakening response (CAR) can predict individuals’
differential susceptibility to the impact of strict social confinement during the Coronavirus Disease
2019 (COVID-19) pandemic on working memory, empathy, and perceived stress. We observed that,
following long-term home confinement, there was an increase in subjects’ perceived stress and
cognitive empathy scores, as well as an improvement in visuospatial working memory. Moreover,
during confinement, resilient coping moderated the relationship between perceived stress scores
and pre-pandemic AUCg and CAR. In addition, in mediation models, we observed a direct effect
of AUCg and an indirect effect of both CAR and AUCg, on change in perceived self-efficacy. These
effects were parallelly mediated by the increase in working memory span and cognitive empathy. In
summary, our findings reveal the role of the diurnal pattern of cortisol in predicting the emotional
impact of the COVID-19 pandemic, highlighting a potential biomarker for the identification of at-risk
groups following public health crises.
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1. Introduction

Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).

The ongoing Coronavirus Disease 2019 (COVID-19) pandemic can be considered a
long-term psychosocial stressor. In only a few months from its start, there were already
reports indicating its negative impact on mental health, including increased rates of anxiety,
depression, and stress perception [1,2]. These studies add to the extensive literature about
the behavioral and cognitive effects of stress exposure [3–6]. Specifically, a growing number
of studies have shown that stress can impact social behaviors (e.g., prosocial behavior [7];
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empathy [8,9]) and cognition, especially for executive functions (e.g., decision-making [10]
and working memory [11,12]). However, the vast majority of research has been carried
out under laboratory settings, and there is little evidence about cognitive aspects of the
pandemic’s impact on these behavioral and cognitive functions or the relationship between
the cognitive and emotional conditions generated.
There are important individual differences in the effects of chronic stress on the
brain, behavior, and cognition [13–15]. The pattern of glucocorticoid responsiveness to
stress [16–19] and the diurnal rhythm of cortisol [20–22] are gaining attention for their
utility as biomarkers not only of the stress response but also of cognitive state and emotional
well-being.
Indeed, cortisol is the main adrenal glucocorticoid hormone and final product of the
hypothalamic–pituitary–adrenal (HPA) axis, a key neuroendocrine system of the stress
response [23]. Cortisol shows a strong circadian rhythm, ranging from higher concentrations shortly after awakening (i.e., cortisol awakening response, or CAR) to lower levels
in the evening, following a steady decay during daytime [24,25]. Regardless of circadian
variations, the total diurnal cortisol release is estimated as the area under the curve with
respect to ground (AUCg) [26]. Both CAR and AUCg are widely used indices of diurnal
cortisol functioning, although they relate to distinct biological processes [26,27]. The CAR,
an acute increase in cortisol levels that peaks 30–45 min after awakening, is typically a
stable readout [25] and a useful index of HPA axis functioning [20,27]. Thus, perceived
stress has been linked to greater CAR in both chronically stressed individuals [28,29] and
healthy young adults [30]. In addition, CAR has been shown to predict major depressive disorder [31,32] and heart rate variability [33], the latter a marker of mental health
resilience [34]. Importantly, an interaction between AUCg and experiences of negative life
events has been found to predict the onset of depression [35]. Moreover, a flattening of the
diurnal cortisol rhythm has been reported to predict cancer survival [36,37], while waking
cortisol levels can predict emotional responses to potentially traumatic events [38], posttraumatic stress disorder (PTSD) [39], and even socioemotional adjustment [40]. However,
the possibility that individual pre-pandemic (baseline) diurnal cortisol profiles may predict
posterior self-perceived stress after being exposed to a stressful situation (e.g., pandemic)
has remained largely unexplored.
Cognitive capacities are related to the individual’s emotional aspects of personality [41], as in empathy, a process consisting of both emotional (being moved by another’s
emotions) and cognitive processes (knowing another’s emotions) [42]. Cognitive empathic
processing is associated with prefrontal cortex activity [43], and it is related to working memory and cognitive flexibility [44]. Manipulation of either cognitive capacity or
emotional state coincides with concurrent changes in the other. Specifically, Allott et al.
(2015) [45] showed an inverse relationship between working memory and perceived stress.
Similarly, an individual’s cognitive abilities are known to buffer them against potential
negative effects of stress [46], while the problem-solving ability is inversely related to
posteriorly self-perceived stress [47]. However, as far as we know, no previous studies
have explored whether, in a long-term stressful event, diurnal cortisol indices can be used
as prognostic biomarkers for changes in cognitive function and how these changes relate
stress perception in healthy young adults.
Hence, the main objective in this study was to determine if diurnal cortisol profiles
of individuals before the COVID-19 pandemic could help to predict the impact of the
strict social confinement during the first wave of the pandemic on (i) perceived stress (as
reported using the Perceived Stress Scale; PSS); (ii) empathy (as measured by the two selfreported subscales of the interpersonal reactivity index (IRI) measuring cognitive empathy
(Perspective-Taking) and emotional empathy (Empathic Concern) [48]; (iii) attention (as
measured by the change-location task), and (iv) working memory (as measured by the
Corsi block-tapping test).
The present study examined the relation of pre-pandemic diurnal cortisol indices (CAR
and AUCg) and the psychological (perceived anxiety, stress, and depression-like symptoms)
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impact of the strict social confinement during the first wave of the COVID-19 pandemic
(until May 2020, see 2.2 Procedure for details). Spain registered its first COVID-19 case on
27 February 2020, and on 14 March, the government declared a countrywide state of alarm
comprising strict confinement (or lockdown) lasting ~50 days. Thus, given the predictive
capacity of cortisol for the development of depression/anxiety and research showing how
these emotions correlate with perceived stress, we hypothesized that (Hypothesis (1)) prepandemic diurnal cortisol indices would predict not only depressive-like symptoms and
anxiety, but also perceived stress during the confinement, and that this relationship would
be moderated by resilient coping (Figure 1a). Additionally, given that cognitive abilities
can buffer the impact of stress on emotion [46] and that CAR has been related to spatial
working memory [49–51] (but also see [52]), we hypothesized that (Hypothesis (2)) change
in cognitive abilities following confinement would mediate the relationship between prepandemic cortisol indices and the increase in perceived stress during confinement, such
that improving cognition would buffer against worsening perceived stress (Figure 1b).

Figure 1. Conceptual models for the theoretical framework of the hypotheses: (a) Coping abilities of subjects will moderate
the influence of pre-pandemic cortisol indices on self-reported depressive-like symptoms, anxiety, and perceived stress
during pandemic + confinement; (b) Change in cognitive capacities during pandemic + confinement will mediate the
change in perceived stress as caused by pre-pandemic cortisol indices.

2. Materials and Methods
2.1. Participants
Seventy-nine undergraduate psychology course students (78% females; mean age
20.67; SD 5.11; range 18–52) were recruited to participate in a study investigating empathy
and spatial working memory. During the confinement session, forty-five of these subjects,
with an age range of 18–52, agreed to participate in this second assessment. Study sample
characteristics and pre-pandemic (baseline) values for cortisol indices, anxiety, depression, and resilient coping are listed in Table 1. The students received course credit for
participating in this study. Data during home confinement were collected at the very end
of the strict confinement, at a time when the confinement measurements were relaxed
less than 5 days after the average subject response date. No differences in the variables
investigated in this study were observed between subjects who did not participate in the
second assessment and the final sample included in the current investigation (Table S2,
Supplementary Materials).
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Table 1. Characteristics of the study sample for the cohort that participated in both phases of the
study. Scores at pre-pandemic (diurnal cortisol secretion (AUCg) and cortisol awakening response
(CAR) and during-confinement (anxiety, depression, resilient coping) sessions of the study.
Mean (SD)
Gender
Age
Ethnicity
AUCg
CAR
BRCS
DASS (Anxiety)
DASS (Depression)

80% female
21.09 (6.42)
93.6% Caucasian
3.880 (1.492)
0.126 (0.115)
13.911 (3.636)
8.356 (6.079)
9.422 (5.864)

Note. SD = Standard Deviation; AUCg (µg/dL) = Total diurnal cortisol release; CAR (ug/dL) = Cortisol
Awakening Response; BRCS = Brief Resilient Coping Score; DASS = Depression, Anxiety and Stress Scale.

2.2. Procedure and Study Timeline
This study was composed of two sessions, pre-pandemic and during-confinement
(Figure 2). The pre-pandemic assessment was conducted in-person and, following the
collection of demographic data, subjects carried out the cognitive tests and responded to
questionnaire measures. All questionnaires were responded to by the participants alone
in a room. Thus, perceived stress, empathic proclivity, working memory capabilities, and
five same-day saliva samples had been collected just before the beginning of the pandemic
(24.11.2019 to 30.11.2019). All students who participated in the pre-pandemic study received
an e-mail 6 months later, inviting participation in a study concerning the COVID-19
pandemic. Subsequently, we asked these participants to answer relevant questionnaires
and undergo cognitive testing towards the end of the first 50-day government decreed strict
lockdown (25.4.2020 to 3.05.2020) (Figure 2). Subjects completed the during-confinement
session at home.

Figure 2. Study-related procedures in a timeline.

2.3. Saliva Sample Collection
At the end of the pre-pandemic session, all subjects were provided saliva collection
tubes with verbal as well and written instruction about how to collect the 5 samples.
Subjects collected their samples on awakening, +30 min, +45 min, 7 h after waking, and
right before going to sleep and were asked to do this on a typical day. Subjects were told
not to eat, smoke, take any stimulants (such as coffee, caffeinated drinks, or tea) or brush
their teeth at least 1 h before sample collection. CAR was calculated using the area under
the curve with respect to the increase, as suggested by Pruessner and colleagues [53].
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2.4. Cognitive Tests
2.4.1. Corsi Block-Tapping Test
Participants were instructed about how to carry out the Corsi block-tapping test
in the forward and backward order. The equipment used consisted of a wooden board
(23 × 28 cm) upon which nine cubes were arranged in an irregular pattern [54]. For the
Corsi-forward procedure, the evaluator tapped the cubes in sequences of increasing length
(from 2 to 9 cubes), and subjects were asked to tap them in the same serial order following
the demonstration. Two trials with different orders (of equal length) were performed for
each sequence, and in case of a correct response, the number of cubes tapped increased
by 1 in the following sequence. The Corsi-backward procedure consisted of asking the
subject to tap the cubes in the order inverse to that demonstrated. The result was scored for
Corsi-forward, Corsi-backward, and the total, i.e., the sum of sequences tapped correctly in
either pattern. Thus, the range of scores obtainable was 0–14 on both Corsi-forward and
backward and 0–34 on Total Corsi score. Testing was stopped when the subject was unable
to advance to the next series after two failed attempts.
2.4.2. Change-Location Task
Scope and control of attention were measured by employing the change-location
visual array task [55]. This task is a measure of the maintenance capacity of working
memory [56], and it implicates neither distractions nor higher-order complex processing.
Such tests with 1–3 circles tend to reveal very high accuracy across most subjects. However,
4 circles cause accuracy to decline, implying that this is where focal attention of subjects
becomes challenged. For this change-location task, a fixation point was shown for 1000 ms,
followed by the display of four differently colored circles for 150 ms. A black screen was
presented next, for 900 ms, followed again by four circles, with only one being of a different
color than earlier. Subjects were instructed to choose which circle had changed in color.
Participants received verbal instructions followed by 12 practice trials followed by 64 test
trials divided into 2 equal blocks. This task was carried out using a personal computer and
in the absence of the instructor to avoid possible distractions. The task duration was about
nine minutes. The number of correct responses and errors was registered, and the K-index
((proportion correct × number of circles) – 1) was indicative of performance at the task.
The range of K-index scores obtainable was 0–4.
2.4.3. Electronic Corsi Block-Tapping Test (e-Corsi)
The e-Corsi was similar to the traditional Corsi block tapping test. The forward
and backward trials were presented as sequences of squares highlighted in a specific
order. At the sequence end, the participants were instructed to reproduce the sequence
by clicking the squares in the order they had flashed. The range and calculation of Corsiforward, backward and total Corsi scores were as described for the traditional Corsi
block-tapping task.
Both the above tasks were carried out via online methods (e-Corsi was employed in
place of traditional Corsi, refer to discussion for information about the absence of repetition
and digitization effects) in the amid-confinement phase of the study.
2.5. Questionnaire Measures
2.5.1. Perceived Stress Scale (PSS)
Participants responded to the Spanish version of the self-reported perceived stress
scale [57] at home during the pre-pandemic as well as confinement stages of the study.
The scale requested subjects to report the frequency (in the last 30 days) with which they
had certain thoughts and feelings using 14 items describing daily life situations. Subjects
replied on a 5-point Likert-type scale, and the total score was obtained by reversing the
inverse items and adding the scores of the 14 items, higher totals signify higher perceived
stress. The PSS consisted of positively-worded (the inverse items) and negatively-worded
items, which represent the two constructs measured, perceived self-efficacy (also known
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as perceived coping) and perceived helplessness (also known as perceived distress) [58].
Perceived self-efficacy can be defined as the subjective interpretation of how capable one is
in dealing with prospective situations [59].
2.5.2. Interpersonal Reactivity Index (IRI)
The Spanish version of IRI [60] was used to measure cognitive and emotional empathy
via the sub-scales, Empathic Concern (EC) and Perspective-Taking (PT), respectively [48].
Participants completed both subscales during the pre-pandemic and the confinement. Each
sub-scale consisted of 7 items with subjects instructed to reply on a 5-point Likert-type
scale about how adequately each item described them. Each subscale had a possible score
range of 0–28.
2.5.3. Brief Resilient Coping Scale (BRCS)
Resilience was measured using the validated Spanish adaptation of the Brief Resilient
Coping Scale, BRCS [61]. This 4-item scale was used only during the during-confinement
session. The possible score range was from 4–20, where a higher score meant greater
resilient coping. The possible score range was from 4–20, where a higher score meant
greater resilient coping.
2.5.4. Depression Anxiety and Stress Scales (DASS)
Depression-like symptoms and anxiety levels were measured using the Spanish version of the depression anxiety and stress scale [62]. It consisted of 14 questions, 7 items
for either scale. To lessen the burden of the participants, we did not administer the stress
scale since we were already using the PSS. This scale was used only during the duringconfinement session. Participants were instructed to use a 4-point Likert-type scale to
report how accurately the situations described in the items reflected their feelings during
the last month (instead of just the last week; changed to get data reflecting the effects of
the pandemic and confinement in general and not only the effects of the latter part of the
confinement). Both subscales had a possible score range of 0–21.
2.6. Data Management and Statistical Analyses
For cortisol levels, we calculated two indices using the cortisol samples collected on
awakening, +30 min, +45 min, 7 h after waking and right before going to sleep: (i) the
CAR (i.e., the dynamic of the cortisol increase after awakening) was computed as the
area under the curve with respect to the increase using the salivary samples collected at
awakening, and 30 and 45 min after awakening, and; (ii) the area under the curve with
respect to the ground using all the saliva samples collected during the day (AUCg) (see [53]
for the formulas).
Pre-pandemic mean scores were compared with during-confinement values to evaluate the effects of the pandemic and confinement on perceived stress, empathy, working
memory, and attention. Given that we had access to both pre-pandemic and during confinement data of the same subjects, we employed paired samples t-tests or Wilcoxon’s test
where applicable. The change in scores was calculated by subtracting the pre-pandemic
values from the during-confinement condition enabling us to quantify the magnitude of
the changes and use these as variables. The significance level was set at p ≤ 0.05, two-tailed,
for all analyses.
To test our proposed moderation and mediation models, we employed a regressionbased path analysis using the PROCESS plugin (version 3.5), a macro for estimating and
probing interactions [63], for SPSS. We estimated model 1 for moderation (Hypothesis 1)
and model 4 for parallel mediation (Hypothesis 2) in PROCESS employing 5000 bootstrap
samples and 95% bias-corrected bootstrap confidence intervals (CI).
In moderation models, we investigated whether the relation of cortisol indices (i.e., CAR
and AUCg) to depression-like symptoms and anxiety (i.e., DASS) and perceived stress
(i.e., PSS) were moderated by resilient coping (i.e., BRCS). The use of a moderating variable
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widens the scope of the predictive value of cortisol indices on the emotional condition state
during confinement.
Although cortisol indices could predict absolute scores of perceived stress during
confinement, attention to the pre-pandemic values was needed to study the dynamic
changes induced by the pandemic. Thus, to investigate whether cortisol indices were
able to predict the impact of the COVID-19 pandemic, we decided to use the change
in perceived stress from the pre-pandemic condition to the confined condition as the
dependent variable in a mediation analysis. As previously indicated in the introduction,
individuals’ cognitive abilities, including working memory, can ameliorate the impact
of stress on emotion [46], and CAR has been related to spatial working memory [49–51].
Therefore, using mediation models, we could investigate if cortisol levels (i.e., CAR and
AUCg) were related to the changes in perceived stress (i.e., PSS) via changes in executive
function performance (i.e., Corsi-scores) and cognitive empathy (i.e., IRI-PT).
No univariate or multivariate outliers were detected in the variables used in the
analyses. Statistical analyses were performed using the statistical package for social sciences
(SPSS) version 25.0 (IBM, Armonk, NY, USA).
3. Results
3.1. Changes Across Pre-Pandemic and During-Confinement Scores
To explore the neuropsychological impact of COVID-19 in our cohort, a paired t-test
was used to determine whether the mean pre-pandemic values of the selected variables
were different to the during-confinement scores (Table 2 and Figure 3). We analyzed
variables of perceived stress (perceived helplessness, perceived self-efficacy, and total
perceived stress), empathy (perspective-taking; cognitive empathy and empathic concern;
emotional empathy), attention capacity (change location task), and spatial working memory
(Corsi block-tapping test forward, backward, and total). Paired samples tests indicated a
significant increase in self-perceived helplessness and total perceived stress (t(40) = −3.707,
p = 0.004 and z = −2.563, p = 0.01, respectively), but there were no significant changes in
perceived self-efficacy (z = −1.861, p = 0.06) (Figure 3a). There was a significant increase in
perspective-taking (t(44) = −3.431, p < 0.01; Table 2), whereas there was no change observed
in Empathic Concern (z = −0.515, p = 0.61; Table 2) (Figure 3b). No significant changes
were observed in attention (i.e., change location task) (z = −1.414, p = 0.157; Table 2)
(Figure 3c). Finally, there were significant improvements in during-confinement Corsiforward (t(34) = −2.714, p = 0.10, Table 2) and total Corsi scores (t(34) = −2.675, p = 0.011;
Table 2) when compared to their pre-pandemic values. Corsi-backward scores did not
show any significant change between during-confinement and pre-pandemic conditions
(t(34) = −0.719, p = 0.477; Table 2) (Figure 3d).
Table 2. Pre-pandemic and during-confinement scores for the cohort that participated in both phases
of the study.

IRI: Perspective-Taking
IRI: Empathic Concern
PSS: Helplessness
PSS: Self-Efficacy
PSS: Total
Corsi-Forward Score
Corsi-Backward Score
Corsi-Total Score
Change-Location Score

Pre-Pandemic

During-Confinement

18.93(3.66)
22.67(3.30)
17.51(5.21)
12.95(5.67)
30.46(9.45)
8.88 (1.45)
7.77(1.54)
16.66(2.52)
3.17(0.35)

20.56(3.53)
22.38(4.02)
20.43 (5.30)
14.12(5.63)
30.46(9.70)
9.66(1.45)
8.00(1.86)
17.71(2.61)
3.26(0.38)

Note. Mean and Standard Deviation (SD) presented; AUCg (ug/dL) = Total diurnal cortisol release; CAR (ug/dL)
= Cortisol Awakening Response; IRI = Interpersonal Reactivity Index; PSS = Perceived Stress Scale.
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Figure 3. Pre-confinement and during-confinement scores: (a) Violin graphs (with median) showing an increase in perceived
helplessness (PSS-H) and total perceived stress (T. PSS) (b) An increase in the perspective-taking (PT) aspect of dispositional
empathy (c) Scores on the change-location task and (d) An increase in the number of block-sequences correctly recalled
during Corsi-Forward and Corsi-Total. Note: Conf. = Confinement; PSS = Perceived Stress Scale; PSS-SE = Perceived
(lack-of) Self-Efficacy; PSS-H = Perceived Helplessness; IRI = Interpersonal Reactivity Index; PT = Perspective-Taking; EC:
Empathic Concern; Corsi-T = Total Corsi Score; Corsi-F = Corsi-Forward Score; Corsi-B = Corsi-Backward Score. * p < 0.05;
** p < 0.01.

3.2. Moderation Analyses
Subsequently, we wanted to investigate whether pre-pandemic cortisol indices (AUCg,
CAR) predict depressive-like symptoms, anxiety levels, and total perceived stress state
reported during confinement. Using moderation models, we investigated Hypothesis
1 (Figure 1a); if pre-pandemic cortisol indices (AUCg, CAR) were related to duringquarantine absolute scores of total perceived stress, depression-symptoms, and anxiety, and
whether these relationships were moderated by resilient coping capacity (i.e., BRCS score)
(six independent moderation analyses were performed). Figures are presented for AUCg
and CAR models in relation to total during-confinement perceived stress (moderated by
resilient coping capacity). Other significant models’ (i.e., AUCg to DASS-depression and
DASS-anxiety) tables and graphs are available in the Supplementary Data File (Table S1
and Figure S1).
AUCg. The overall model was significant (F(3,34) =7.87, p = 0.0004), showing that 41%
of the variance in during-confinement perceived stress was predicted by AUCg, resilience
score, and their interaction (Figure 4a). The interaction significantly predicted the total
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during-confinement perceived stress state (p = 0.0005) and was responsible for 26% of the
variance in perceived stress after the confinement.

Figure 4. (a) Simple moderation analysis statistical model with standardized regression coefficients. (b) Simple slopes
(conditional effects) representing the association between Resilient Coping and pre-pandemic daytime cortisol total diurnal
cortisol release (AUCg), predicting confinement total perceived stress. BRCS = Brief Resilient Coping Score; AUCg = Total
diurnal cortisol release; PSS = Perceived Stress Score.

Simple slopes (at mean and ± 1 SD BRCS score) are presented in Figure 4b. To give the
reader the opportunity to interpret raw scores, we describe below the results with the standardized values (b) as well as the unstandardized values (b). Graphs of conditional effects
with the unstandardized scores are available in the Supplementary Materials (Figure S5).
The Johnson–Neyman significance regions analysis revealed that when resilient coping was
less than a BRCS score of 13.72 (b = −0.05), AUCg and during-confinement PSS showed a
significant negative relationship (b = −2.10, b = −0.29, p = 0.05). As resilience decreased,
the relationship between AUCg and PSS became more inverted (b = −13.80, b = −1.88,
p < 0.01). Interestingly, when BRCS score was more than 16.83 (b = 0.80), AUCg and duringconfinement PSS were again significantly related, but positively (b = 2.11, b = 0.29, p = 0.05).
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At the highest resilience scores (BRCS = 20; b = 1.67), AUCg and during-confinement PSS
showed a significant and positive relationship (b = 6.35, b = 0.86 p < 0.01).
Significant moderation models were identified in the association between AUCg,
depressive-like symptoms score, and anxiety (with resilient coping as moderator; figures
and data in Supplementary Materials Table S1, Figures S1–S3).
CAR. The overall model was significant (F(3,35) =4.10, p = 0.0136), showing that 26% of
the variance in during-confinement perceived stress was predicted by CAR, resilience score,
and their interaction (Figure 5). The interaction significantly predicted total perceived
stress scores during confinement (p = 0.035) and was responsible for 10% of the variance in
perceived stress during the confinement. To give the reader the opportunity to interpret
raw scores, we describe below the results with the standardized values (b) as well as the
unstandardized values (b). Graphs of conditional effects with the unstandardized scores are
available in the Supplementary Materials (Figure S5a). The Johnson–Neyman significance
regions revealed that only when resilient coping was less than 8.25 (b = −1.55), CAR and
during-confinement PSS were significantly related (b = −70.62, b = −0.77 p = 0.05). As
resilience decreased, the relationship of CAR and PSS became more inverted with effect at
lowest resilience (BRCS score 5; b = −2.45), (b = −105.6, b = −1.15 p = 0.041). CAR did not
have any significant moderation models in relation to DASS scale score of Depression or
Anxiety (Supplementary Materials Table S1).

Figure 5. Simple moderation analysis statistical model with standardized regression coefficients. BRCS = Brief Resilient
Coping Score, CAR = Cortisol Awakening Response.

Given the known impact of sex and age on cortisol [64,65], we also analyzed the
moderation models with age and sex as covariables. All moderation models maintained
similar results when run while controlling for age and sex (see Supplementary Materials;
Table S3).
Moderation models were also run to explore how the two constructs of the PSS
(i.e., perceived self-efficacy and perceived helplessness), measured by the two subscales,
were related to cortisol and whether resilient coping moderates these relationships. Results
revealed that the models were principally driven by perceived self-efficacy scores. Similar
results were observed for CAR, where up to 43% of perceived self-efficacy was predicted by
CAR, resilient coping, and their interaction against 26% for total PSS (see Supplementary
Materials; Table S1, Figures S2 and S3). These results indicated that high perceived stress
scores during confinement were observed in those individuals with low cortisol indices
and low resilient capacity as well as in those with high cortisol indices and high resilient
capacity. Overall, our moderation model indicates that resilient coping capacity seems to
be a crucial factor to unravel the complex association between baseline diurnal cortisol
indices and perceived stress state during a stressful situation.
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3.3. Mediation Analyses
We investigated whether cortisol indices could predict the psychological stress impact
of the COVID-19 pandemic and whether cognitive abilities (working memory and empathy)
would mediate this relationship. In mediation analyses, we used the cortisol index as the
predictor, the change in cognitive abilities as the mediators, and the change in perceived
stress from the pre-pandemic condition to the confined condition as the dependent variable.
Hypothesis 2 (Figure 1b) was explored using mediation models. Specifically, we
investigated whether CAR and AUCg were related to changes in perceived stress from
the pre-pandemic condition to the confined condition via their relationship with change
in performance on the Corsi block tapping task, a measure of executive function, and
change in perspective-taking, a measure of cognitive empathy. We observed that changes
in positive perceived stress (perceived self-efficacy) were predicted by the pre-pandemic
cortisol indices via changes in both Corsi-forward and perspective-taking scores. Neither
of the cortisol indices related to changes in total perceived stress scores via changes in total
Corsi score.
AUCg. Figure 6a. We observed that higher AUCg was associated with greater
increases in scores on Corsi-forward (p = 0.04) and perspective-taking (p = 0.04). In turn,
greater positive change in performance on the Corsi-forward (p < 0.01) and greater positive
change in perspective-taking (p < 0.01) were related to lower worsening in the self-reported
perceived self-efficacy. Importantly, the mediation analyses indicated a significant indirect
effect (ES = −0.470; 95% CI = [−0.710, −0.266]) of AUCg on changes in perceived selfefficacy via changes in Corsi-forward (ES = −0.247; 95% CI = [−0.480, −0.061]) and
perspective-taking (ES = −0.223; 95% CI = [−0.439, −0.056]). These results indicated that a
larger AUCg was associated with higher improvement in perspective-taking and spatial
working memory following the confinement. These improvements, in turn, were related
to a lower worsening of perceived self-efficacy following confinement. The overall model
explains up to 54% of the variance seen in the change in self-reported perceived self-efficacy
(F(3,22) =8.47, p = <0.01). Critically, the direct effects of AUCg on during-confinement
change in perceived self-efficacy were also statistically significant (ES = 0.528, 95% CI =
[0.623, 3.264], p < 0.01), and higher AUCg levels predicted higher change in perceived stress.
The suppressing effect of the direct and indirect effects on each other led to a statistically
non-significant total effects model (F(1,24) =0.0804, p = 0.78, r2 = 0.003). Thus, overall,
AUCg did not directly predict a change in perceived self-efficacy following the COVID-19
confinement. There was no predictor/correlational relationship between the two mediators,
and no interaction effects (between AUCg and either of the mediators) were observed.
CAR. Figure 6b. We observed that the CAR had a trend towards being positively
associated with changes in scores on Corsi-forward (p = 0.053) and significantly predicted
changes in perspective-taking (p = 0.01). Again, greater positive change in performance on
the Corsi-forward (p = 0.01) and greater positive change in perspective-taking (p = 0.01)
were related to a lower decrease in the self-reported perceived self-efficacy. Importantly,
the mediation analyses indicated an indirect effect of CAR on changes in perceived selfefficacy via changes in Corsi-forward (ES = −0.181; 95% CI = [−0.373, −0.060]) and
perspective-taking (ES = −0.239; 95% CI = [−0.447, −0.062]), giving a total indirect effect
of (ES = −0.420; 95% CI = [−0.674, −0.193]). According to these results, a larger CAR was
associated with higher improvement in perspective-taking and spatial working memory
during confinement. These improvements, in turn, were related to a lower worsening
of perceived self-efficacy. The overall model explained up to 39% of the variance seen in
the change in self-reported perceived self-efficacy (F(3,23) =4.81, p = <0.01). The direct
effect of CAR on during-confinement change in perceived self-efficacy was not statistically
significant (ES = 0.359, 95% CI = [−1.99, 29.93], p = 0.08) and, although not significant, it
had a trend toward an effect contrary to that which CAR had on PSS via a change in PT and
Corsi-forward. The suppressing effect of the direct and indirect effects on each other led to
a statistically non-significant total effects model (F(1,25) =4.815, p = 0.760, r2 = 0.003). Thus,
overall, CAR did not directly predict change in perceived self-efficacy amid COVID−19
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confinement. No relationship between the two mediators and no interaction effect (between
CAR and either of the mediators) were observed.
The number of variates and covariates that can be included in the statistical models
is restricted by the constrained sample size. Nevertheless, when controlling for age and
sex, the mediation models of both CAR and AUCg lost the indirect effect via a change
in Corsi-forward score, while the indirect effect via a change in perspective-taking and
the direct effect of AUCg on change in perceived-self efficacy were still significant (see
Supplementary Materials; Figure S5). Overall, our mediation model indicates that working
memory span and cognitive empathy are two cognitive abilities that exert a key protective
effect on individuals’ emotional response to the COVID-19 pandemic.

Figure 6. Mediation models (a) AUCg cortisol predicting change in perceived self-efficacy; (b)
Cortisol awakening response (CAR) predicting change in perceived self-efficacy. PT = PerspectiveTaking; PSS-SE = Perceived stress scale Self-Efficacy; AUCg = Total diurnal cortisol release; CAR =
Cortisol Awakening Response; ns = non-significant. Standardized effect sizes in red.

4. Discussion
Here, we revealed that individual cortisol profiles predict how long-lasting stressful
circumstances impact perspective-taking, working memory and, eventually, perceived
self-efficacy in dealing with prospective situations. Thus, our study goes beyond previous
work indicating that the causal effects of stress on depression and anxiety [66,67] (for review
see [68]) are moderated by resilience and coping style [69–71], by showing the predictive
capacity of basal diurnal cortisol for the development of stress-related psychopathologies.
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First, we explored the relationship between cortisol, resilient coping, and measures
of depression, anxiety, and perceived stress. Resilient coping incorporates cognitive and
behavioral strategies, such as active problem solving towards adverse and stressful circumstances [72]. Thus, we expected resilient coping to moderate the direction and intensity
of cortisol’s prediction of mental health changes. We focused on CAR and AUCg as the
principal cortisol indices, given their importance as risk factors predicting stress-related
disorders, such as depression and post-traumatic stress disorder [35,38,39]. Additionally,
treatment for depression and PTSD has been shown to correlate with normalization of
cortisol profiles [73,74] and a decrease in perceived stress [75]. Our moderation models
support Hypothesis 1 (Figure 1a), stating that pre-pandemic total diurnal cortisol secretion (i.e., AUCg) was associated with depressive-like symptoms, anxiety levels, and total
perceived stress state reported during confinement. This relationship was moderated by
resilient coping capacity in a manner that high coping corresponded to a positive relationship between the predictor AUCg and worsening of mental health. It is worth noting
that low resilience scores, however, invert the relationship such that at low AUCg levels,
subjects reported having high depressive-like symptoms/anxiety/perceived stress during
home confinement. These observations could suggest that an inverted-U shape relationship
between cortisol indices and distinct mental health out-comes (i.e., anxiety, depression,
cognitive capacity) may emerge under stressful situations. Future studies with larger
samples would need to be designed explicitly to test this hypothesis.
To our knowledge, there are no previous studies where diurnal cortisol indices have
been used to predict subsequent perceived stress after a long-term stressful event in
healthy young adults. Our data has tentative similarities with previous cross-sectional
studies, such as that of Ruiz-Robledillo et al. [76], who showed that high resilient coping
was associated with low cortisol and better-perceived health and social support. Our
moderation model showed high resilient coping (+1 SD) at low cortisol levels (−1 SD)
also predicts lower perceived stress during confinement (−1 SD). Moreover, low AUCg
(−1 SD) at low resilience levels predicts high perceived stress (+1 SD), while for CAR, at
very low resilience levels (8.25 BRCS score and below), flatter CAR responses correlate
with high perceived stress (+1 SD). This result draws attention to the study by O’Connor
and colleagues [77], who reported that high perceived stress predicted flattened CAR
profiles. We found that pre-pandemic AUCg, but not CAR, were related to depressivelike symptoms and anxiety due to the COVID-19 pandemic. Among the sparse relevant
literature, Lemoult et al. [35] reported similar results in that young girls with high AUCg
indices showed a higher susceptibility to onset of depression later in adolescence after
experiencing negative life events, but this was not observed in girls with a high CAR
index. In line with our results, other authors reported no direct relation between CAR and
depressive symptoms [78], while certain studies report CAR to be predictive of depressive
symptoms [79–81]. Our findings are in line with the diathesis-stress model of depression,
postulating that prodromal vulnerability factors, such as the altered function of the HPA
axis, interact with environmental stressors to increase the risk for depression [68,82]. Thus,
it might be hypothesized that high diurnal cortisol levels occur in those individuals with a
greater stress-related arousal state and more susceptible to the impact of stressors. Although
it is not well understood how a higher AUCg can increase susceptibility to stress, in
depressed patients, it has been proposed that elevated diurnal cortisol levels can alter
functioning in brain areas that exert HPA-axis negative feedback loops [27,83] and play
a crucial role in emotional processing hindering the ability to cope with future stressful
events [84,85]. Hence, our results suggest that a high AUCg during pre-pandemic might
be considered an early biomarker of inefficient HPA-axis negative feedback, which, in turn,
can alter individuals’ reactivity to stressful events.
Overall, the finding that resilient coping can increase or decrease perceived stress at
different basal diurnal cortisol conditions may be relevant to understand the often-reported
contradictory results obtained across studies exploring relations between psychological
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and physiological stress, documenting a negative relation [86,87], no relation [88] or a
positive relation [89–91].
Our second objective was to examine the relationship between cortisol, cognition,
and stress perception with the specific prediction (Hypothesis 2) that changes in cognitive
capacity would mediate the relationship between pre-pandemic cortisol and the changes
in perceived stress (Figure 1b). We used the dynamic values obtained via subtracting the
during-confinement scores from the pre-pandemic scores for a concise representation of the
neuropsychological effects of COVID-19. We expected a predictive relationship between
cortisol and cognition owing to the study by Moriarty et al. [51]. The authors showed
CAR’s inverted-U association with spatial working memory, the same task explored in the
current study using the Corsi-block tapping test. Interestingly, not only working memory
performance, but also the ability of perspective-taking relies on the prefrontal cortex [43,92].
Additionally, the prefrontal cortex is one of the brain structures that exerts a negative
feedback on the HPA axis activity [93], while CAR occurs during post-awakening reversal
of sleep inertia and reactivation of the prefrontal cortex activity [94]. The mediation model
presents results in-line with the above, given that CAR and AUCg indices are related
to change in spatial working memory and perspective-taking (cognitive empathy). The
model further shows that the increase in working memory and perspective-taking, in turn,
correlates with a decrease in the worsening of perceived self-efficacy (keeping in mind
perceived self-efficacy was the driving factor behind total perceived self-efficacy being
predicted in the moderation models).
Previously, investigators have demonstrated that both genetic and cognitive factors
could be implicated in the response to stress [95]. In addition, it has been reported that
after adverse circumstances/events, those subjects with higher cognitive abilities showed
more positive results, such as better academic performance and better social acceptance
(implicating empathy) and friendship [46,96]. Otto et al. [97] showed that perceived improvement in problem-solving was associated with lower perceived stress. Improved
cognition may allow for more cognitive capacity to process and use the novel circumstances to more efficiently manage them [98], and this could, in turn, influence change
in perceived self-efficacy. In our view, this effect of higher cognition also applies to improvement in perspective-taking correlating with an attenuated decrease in perceived
self-efficacy as seen in the current study. Although there are few studies on the matter and
results are inconclusive, Gambin and Sharp [99] found an inverse relationship between
cognitive empathy and social/separation anxiety in inpatient adolescents. Apart from the
indirect effect of cortisol indices (both AUCg and CAR) on perceived self-efficacy, AUCg
also directly affects perceived self-efficacy albeit in the opposite direction. AUCg was
directly related to a worsening of perceived self-efficacy while indirectly, through cognitive
capacities, it related to an improvement in self-efficacy after COVID-19 quarantine. Such
suppression by the two effects on one another, leading to an overall total effect being
non-significant, is a known cause of missing relevant relations [100] and may partly explain
why the relationship between cortisol and perceived stress has been elusive.
We also observed that compared to before the pandemic, strict long-term confinement
during the COVID-19 pandemic led to a significant increase in perceived stress, visuospatial working memory, and trait-like perspective-taking in young adults. An increase
in perceived stress was not surprising given not only the fear of infection but also the
uncertainty caused by the preventive measures (e.g., pre-emptive quarantines) and the
ensuing change in routine [101,102]. This increase in uncertainty is apparent when looking
at the two constructs that the perceived stress scale evaluates; perceived helplessness and
perceived self-efficacy. Our results indicated that the increase in total perceived stress was
driven primarily by an increase in perceived helplessness. This is congruous with the
condition the general public has found itself in; obliged to stay inside their homes to avoid
an invisible threat the subjects, as individuals, have little apparent control over.
Concerning the significant increase in the performance of the Corsi block-tapping
test, a measure of visuospatial working memory span, we consider this result to be an
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observation of the bidirectional effect of stress on cognitive abilities [103–105]. Thus,
although the pandemic has caused an increase in stress, we may speculate that the intensity
of this stress has not been high enough to be detrimental to our subjects’ short-term
working memory. One argument against this conclusion could be that there is a learning
effect caused by the repetition of the cognitive task. However, on top of the 6-month
gap between the two tests, previous research has noted the absence of any learning-effect
when Corsi is repeated from traditional versions to e-Corsi [106,107]. Nor are there any
differences between Corsi administered face-to-face in laboratory settings or via the use of
e-Corsi [108]. If anything, Claessen et al. [109] observed results where traditional Corsiforward reproduction resulted in higher accuracy compared to e-Corsi. On the other
hand, short-term working memory to maintain objects in a spatial series demands active
spatial attention [110,111]. This implies a direct role of attention scope and control in Corsi
memory span [56,112]. Therefore, it may be argued that improved performance in the
Corsi test is not a reflection of better working memory span per se, but it is an effect of
an increase in working memory capacity. However, the absence of differences between
pre-pandemic and during-confinement change-location task scores discards the possibility
that the pandemic and the associated confinement had changed focal attention capacity
specifically. This result is in line with previous research showing that changes in positive
or negative emotion/mood had no impact on spatial attention [113].
Similar to working memory, we observed an improvement in perspective-taking but
no change in empathic concern, as measured by the IRI, a self-report instrument measuring
dispositional empathy. Perspective-taking and mentalizing are empathy processes that
require more complex cognitive systems [114]. Thus, perspective-taking has been shown
to be dependent on the prefrontal cortex [43,115]. Thereby, our observation of an increase
in perspective-taking is in line with the improvement in cognitive systems as seen with
working memory, a cognitive process also governed by the prefrontal cortex (for rev.
see [92]). Additionally, the absence of an increase in empathic concern, a process not
strongly related to the prefrontal cortex and cognitive systems [116], is also worth noting.
Although our study provides new information not only about the relationships between cognitive capacities, psychological stress, and specifically, the basal HPA cortisol
indices but also regarding the impact of the COVID-19 epidemic, some limitations should
be considered when interpreting the results of this study. Because of the circumstances,
the sample size of the study was constrained, and owing to the declared national emergency, timely distribution of saliva collection tubes at the home confinement stage could
not be achieved. Similarly, the sample size determines that additional important factors
(e.g., residence type, economic concerns, exposure to SARS CoV-2 coronavirus) cannot
be controlled for in our models. Additionally, testing during home-confinement had to
be done with subjects at their residence and without supervision, a fact that may have
biased those results. Given how widespread COVID-19 has been, it was not possible to
have a control group, which did not pass through confinement. This should be kept in
mind when interpreting the differences observed between the pre-pandemic and during
confinement phases of the study. While seasonal changes tend to impact depression-like
symptoms in the direction contrary to our results [117], there may be other factors involved
in these changes, apart from the situation caused by the COVID-19 pandemic. Importantly,
although we have some specific hypotheses, several analyses were performed, and we
carried out a number of exploratory analyses (e.g., analyses with subscales of the PSS).
Given the number of analyses and the concerns regarding type I error, more research
is needed to confirm the results of this study. Finally, it is possible that performing the
neuropsychological evaluation in the earlier weeks of the confinement, instead of at the
end, may have yielded different results. As a note of caution, we suggest these results be
indicative, given how few studies there are about natural stressors of this kind and the
inherent complexity as compared to laboratory settings.

Brain Sci. 2021, 11, 348

16 of 21

5. Conclusions
This study presents new data concerning how people confront long-term stressors
(such as the COVID-19 pandemic confinement) that can help advance understanding
of how the impact of such crises varies according to individual HPA-axis set-up. The
results support the potential relevance of diurnal cortisol indices in a clinical setting as
biomarkers helping predict individual vulnerability to the onset of stress-related disorders.
Our findings argue for attention to coping ability, cognitive function, and overall contextual
landscape of the stimuli under study for a more complete interpretation of the dynamic
between physiological and psychological stress.
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Tomova, L.; Majdandžić, J.; Hummer, A.; Windischberger, C.; Heinrichs, M.; Lamm, C. Increased neural responses to empathy for
pain might explain how acute stress increases prosociality. Soc. Cogn. Affect. Neurosci. 2017, 12, 401–408. [CrossRef] [PubMed]

Brain Sci. 2021, 11, 348

9.
10.
11.
12.
13.

14.
15.
16.
17.

18.
19.
20.
21.
22.

23.
24.

25.
26.

27.

28.
29.
30.
31.
32.

33.
34.

17 of 21

Wolf, O.T.; Schulte, J.M.; Drimalla, H.; Hamacher-Dang, T.C.; Knoch, D.; Dziobek, I. Enhanced emotional empathy after
psychosocial stress in young healthy men. Stress 2015, 18, 631–637. [CrossRef] [PubMed]
Starcke, K.; Brand, M. Decision making under stress: A selective review. Neurosci. Biobehav. Rev. 2012, 36, 1228–1248. [CrossRef]
[PubMed]
Luethi, M.; Meier, B.; Sandi, C. Stress effects on working memory, explicit memory, and implicit memory for neutral and emotional
stimuli in healthy men. Front. Behav. Neurosci. 2009, 2, 5. [CrossRef] [PubMed]
Qin, S.; Hermans, E.J.; van Marle, H.J.F.; Luo, J.; Fernández, G. Acute Psychological Stress Reduces Working Memory-Related
Activity in the Dorsolateral Prefrontal Cortex. Biol. Psychiatry 2009, 66, 25–32. [CrossRef] [PubMed]
Castro, J.E.; Diessler, S.; Varea, E.; Márquez, C.; Larsen, M.H.; Cordero, M.I.; Sandi, C. Personality traits in rats predict vulnerability
and resilience to developing stress-induced depression-like behaviors, HPA axis hyper-reactivity and brain changes in pERK1/2
activity. Psychoneuroendocrinology 2012, 37, 1209–1223. [CrossRef]
Larrieu, T.; Cherix, A.; Duque, A.; Rodrigues, J.; Lei, H.; Gruetter, R.; Sandi, C. Hierarchical Status Predicts Behavioral Vulnerability
and Nucleus Accumbens Metabolic Profile Following Chronic Social Defeat Stress. Curr. Biol. 2017, 27, 2202–2210. [CrossRef]
Weger, M.; Sandi, C. High anxiety trait: A vulnerable phenotype for stress-induced depression. Neurosci. Biobehav. Rev. 2018, 87,
27–37. [CrossRef] [PubMed]
Walker, S.E.; Zanoletti, O.; Guillot de Suduiraut, I.; Sandi, C. Constitutive differences in glucocorticoid responsiveness to stress
are related to variation in aggression and anxiety-related behaviors. Psychoneuroendocrinology 2017, 84, 1–10. [CrossRef] [PubMed]
Papilloud, A.; Veenit, V.; Tzanoulinou, S.; Riccio, O.; Zanoletti, O.; Guillot de Suduiraut, I.; Grosse, J.; Sandi, C. Peripubertal
stress-induced heightened aggression: Modulation of the glucocorticoid receptor in the central amygdala and normalization by
mifepristone treatment. Neuropsychopharmacology 2019, 44, 674–682. [CrossRef]
Huzard, D.; Mumby, D.G.; Sandi, C.; Poirier, G.L.; van der Kooij, M.A. The effects of extrinsic stress on somatic markers and
behavior are dependent on animal housing conditions. Physiol. Behav. 2015, 151, 238–245. [CrossRef] [PubMed]
Tzanoulinou, S.; Gantelet, E.; Sandi, C.; Márquez, C. Programming effects of peripubertal stress on spatial learning. Neurobiol.
Stress 2020, 13, 100282. [CrossRef] [PubMed]
Adam, E.K.; Kumari, M. Assessing salivary cortisol in large-scale, epidemiological research. Psychoneuroendocrinology 2009, 34,
1423–1436. [CrossRef]
Buchanan, T.W.; Tranel, D.; Adolphs, R. Impaired memory retrieval correlates with individual differences in cortisol response but
not autonomic response. Learn. Mem. 2006, 382–387. [CrossRef] [PubMed]
Stone, A.A.; Schwartz, J.E.; Smyth, J.; Kirschbaum, C.; Cohen, S.; Hellhammer, D.; Grossman, S. Individual differences in the
diurnal cycle of salivary free cortisol: A replication of flattened cycles for some individuals. Psychoneuroendocrinology 2001, 26,
295–306. [CrossRef]
Ulrich-Lai, Y.M.; Herman, J.P. Neural regulation of endocrine and autonomic stress responses. Nat. Rev. Neurosci. 2009, 10,
397–409. [CrossRef] [PubMed]
Pruessner, J.C.; Wolf, O.T.; Hellhammer, D.H.; Buske-Kirschbaum, A.; Von Auer, K.; Jobst, S.; Kaspers, F.; Kirschbaum, C. Free
cortisol levels after awakening: A reliable biological marker for the assessment of adrenocortical activity. Life Sci. 1997, 61,
2539–2549. [CrossRef]
Wust, S.; Federenko, I.; Hellhammer, D.H.; Kirschbaum, C. Genetic factors, perceived chronic stress, and the free cortisol response
to awakening. Psychoneuroendocrinology 2000, 25, 707–720. [CrossRef]
Golden, S.H.; Sánchez, B.N.; Wu, M.; Champaneri, S.; Diez Roux, A.V.; Seeman, T.; Wand, G.S. Relationship between the
cortisol awakening response and other features of the diurnal cortisol rhythm: The Multi-Ethnic Study of Atherosclerosis.
Psychoneuroendocrinology 2013, 38, 2720–2728. [CrossRef]
Schmidt-Reinwald, A.; Pruessner, J.C.; Hellhammer, D.H.; Federenko, I.; Rohleder, N.; Schürmeyer, T.H.; Kirschbaum, C. The
cortisol response to awakening in relation to different challenge tests and a 12-hour cortisol rhythm. Life Sci. 1999, 64, 1653–1660.
[CrossRef]
Pruessner, J.C.; Hellhammer, D.H.; Kirschbaum, C. Burnout, perceived stress, and cortisol responses to awakening. Psychosom.
Med. 1999, 61, 197–204. [CrossRef] [PubMed]
Schulz, P.; Kirschbaum, C.; Prüßner, J.; Hellhammer, D. Increased free cortisol secretion after awakening in chronically stressed
individuals due to work overload. Stress Med. 1998, 14, 91–97. [CrossRef]
Pruessner, M.; Hellhammer, D.H.; Pruessner, J.C.; Lupien, S.J. Self-reported depressive symptoms and stress levels in healthy
young men: Associations with the cortisol response to awakening. Psychosom. Med. 2003, 65, 92–99. [CrossRef]
Adam, E.K.; Doane, L.D.; Zinbarg, R.E.; Mineka, S.; Craske, M.G.; Griffith, J.W. Prospective prediction of major depressive
disorder from cortisol awakening responses in adolescence. Psychoneuroendocrinology 2010, 35, 921–931. [CrossRef] [PubMed]
Vrshek-Schallhorn, S.; Doane, L.D.; Mineka, S.; Zinbarg, R.E.; Craske, M.G.; Adam, E.K. The cortisol awakening response predicts
major depression: Predictive stability over a 4-year follow-up and effect of depression history. Psychol. Med. 2013, 43, 483–493.
[CrossRef] [PubMed]
Stalder, T.; Evans, P.; Hucklebridge, F.; Clow, A. Associations between the cortisol awakening response and heart rate variability.
Psychoneuroendocrinology 2011, 36, 454–462. [CrossRef]
Perna, G.; Riva, A.; Defillo, A.; Sangiorgio, E.; Nobile, M.; Caldirola, D. Heart rate variability: Can it serve as a marker of mental
health resilience? J. Affect. Disord. 2020, 263, 754–761. [CrossRef] [PubMed]

Brain Sci. 2021, 11, 348

35.
36.
37.
38.

39.

40.
41.
42.
43.
44.
45.

46.

47.
48.

49.
50.
51.
52.

53.

54.
55.
56.
57.
58.
59.
60.

18 of 21

LeMoult, J.; Ordaz, S.J.; Kircanski, K.; Singh, M.K.; Gotlib, I.H. Predicting first onset of depression in young girls: Interaction of
diurnal cortisol and negative life events. J. Abnorm. Psychol. 2015, 124, 850–859. [CrossRef] [PubMed]
Sephton, S.E.; Sapolsky, R.M.; Kraemer, H.C.; Spiegel, D. Diurnal cortisol rhythm as a predictor of breast cancer survival. J. Natl.
Cancer Inst. 2000, 92, 994–1000. [CrossRef] [PubMed]
Sephton, S.E.; Lush, E.; Dedert, E.A.; Floyd, A.R.; Rebholz, W.N.; Dhabhar, F.S.; Spiegel, D.; Salmon, P. Diurnal cortisol rhythm as
a predictor of lung cancer survival. Brain. Behav. Immun. 2013, 30, S163–S170. [CrossRef] [PubMed]
Pineles, S.L.; Rasmusson, A.M.; Yehuda, R.; Lasko, N.B.; Macklin, M.L.; Pitman, R.K.; Orr, S.P. Predicting emotional responses to
potentially traumatic events from pre-exposure waking cortisol levels: A longitudinal study of police and firefighters. Anxiety
Stress Coping 2013, 26, 241–253. [CrossRef] [PubMed]
Pervanidou, P.; Kolaitis, G.; Charitaki, S.; Margeli, A.; Ferentinos, S.; Bakoula, C.; Lazaropoulou, C.; Papassotiriou, I.; Tsiantis,
J.; Chrousos, G.P. Elevated morning serum interleukin (IL)-6 or evening salivary cortisol concentrations predict posttraumatic
stress disorder in children and adolescents six months after a motor vehicle accident. Psychoneuroendocrinology 2007, 32, 991–999.
[CrossRef] [PubMed]
Smider, N.A.; Essex, M.J.; Kalin, N.H.; Buss, K.A.; Klein, M.H.; Davidson, R.J.; Goldsmith, H.H. Salivary cortisol as a predictor of
socioemotional adjustment during kindergarten: A prospective study. Child Dev. 2002, 73, 75–92. [CrossRef]
Munoz, E.; Sliwinski, M.J.; Scott, S.B.; Hofer, S. Global perceived stress predicts cognitive change among older adults. Psychol.
Aging 2015, 30, 487–499. [CrossRef] [PubMed]
De Vignemont, F.; Singer, T. The empathic brain: How, when and why? Trends Cogn. Sci. 2006, 10, 435–441. [CrossRef] [PubMed]
Shamay-Tsoory, S.G.; Aharon-Peretz, J.; Perry, D. Two systems for empathy: A double dissociation between emotional and
cognitive empathy in inferior frontal gyrus versus ventromedial prefrontal lesions. Brain 2009, 132, 617–627. [CrossRef] [PubMed]
Yan, Z.; Hong, S.; Liu, F.; Su, Y. A meta-analysis of the relationship between empathy and executive function. PsyCh J. 2020, 9,
34–43. [CrossRef] [PubMed]
Allott, K.A.; Rapado-Castro, M.; Proffitt, T.M.; Bendall, S.; Garner, B.; Butselaar, F.; Markulev, C.; Phassouliotis, C.; McGorry,
P.D.; Wood, S.J.; et al. The impact of neuropsychological functioning and coping style on perceived stress in individuals with
first-episode psychosis and healthy controls. Psychiatry Res. 2015, 226, 128–135. [CrossRef] [PubMed]
Riglin, L.; Collishaw, S.; Shelton, K.H.; McManus, I.C.; Ng-Knight, T.; Sellers, R.; Thapar, A.K.; Frederickson, N.; Rice, F. Higher
cognitive ability buffers stress-related depressive symptoms in adolescent girls. Dev. Psychopathol. 2015, 28, 97–109. [CrossRef]
[PubMed]
D’Zurilla, T.J.; Sheedy, C.F. Relation between Social Problem-Solving Ability and Subsequent Level of Psychological Stress in
College Students. J. Pers. Soc. Psychol. 1991, 61, 841–846. [CrossRef]
Cox, C.L.; Uddin, L.Q.; di Martino, A.; Castellanos, F.X.; Milham, M.P.; Kelly, C. The balance between feeling and knowing:
Affective and cognitive empathy are reflected in the brain’s intrinsic functional dynamics. Soc. Cogn. Affect. Neurosci. 2012, 7,
727–737. [CrossRef] [PubMed]
Almela, M.; van der Meij, L.; Hidalgo, V.; Villada, C.; Salvador, A. The cortisol awakening response and memory performance in
older men and women. Psychoneuroendocrinology 2012, 37, 1929–1940. [CrossRef] [PubMed]
Evans, P.D.; Fredhoi, C.; Loveday, C.; Hucklebridge, F.; Aitchison, E.; Forte, D.; Clow, A. The diurnal cortisol cycle and cognitive
performance in the healthy old. Int. J. Psychophysiol. 2011, 79, 371–377. [CrossRef] [PubMed]
Moriarty, A.S.; Bradley, A.J.; Anderson, K.N.; Watson, S.; Gallagher, P.; McAllister-Williams, R.H. Cortisol awakening response
and spatial working memory in man: A U-shaped relationship. Hum. Psychopharmacol. 2014, 29, 295–298. [CrossRef]
Franz, C.E.; O’Brien, R.C.; Hauger, R.L.; Mendoza, S.P.; Panizzon, M.S.; Prom-Wormley, E.; Eaves, L.J.; Jacobson, K.; Lyons, M.J.;
Lupien, S.; et al. Cross-sectional and 35-year longitudinal assessment of salivary cortisol and cognitive functioning: The Vietnam
Era Twin Study of Aging. Psychoneuroendocrinology 2011, 36, 1040–1052. [CrossRef] [PubMed]
Pruessner, J.C.; Kirschbaum, C.; Meinlschmid, G.; Hellhammer, D.H. Two formulas for computation of the area under the curve
represent measures of total hormone concentration versus time-dependent change. Psychoneuroendocrinology 2003, 28, 916–931.
[CrossRef]
Corsi, P.M. Memory and the Medial Temporal Region of the Brain. Ph.D. Thesis, McGill University, Montreal, QC, Canada, 1972.
Unpublished.
Shipstead, Z.; Redick, T.S.; Hicks, K.L.; Engle, R.W. The scope and control of attention as separate aspects of working memory.
Memory 2012, 20, 608–628. [CrossRef]
Cowan, N.; Elliott, E.M.; Saults, S.J.; Morey, C.C.; Mattox, S.; Hismjatullina, A.; Conway, A.R.A. On the capacity of attention: Its
estimation and its role in working memory and cognitive aptitudes. Cogn. Psychol. 2005, 51, 42–100. [CrossRef]
Remor, E. Psychometric Properties of a European Spanish Version of the Perceived Stress Scale (PSS). J. Psychol. 2006, 9, 86–93.
[CrossRef] [PubMed]
Hewitt, P.L.; Flett, G.L.; Mosher, S.W. The Perceived Stress Scale: Factor structure and relation to depression symptoms in a
psychiatric sample. J. Psychopathol. Behav. Assess. 1992, 14, 247–257. [CrossRef]
Bandura, A. Self-efficacy mechanism in human agency. Am. Psychol. 1982, 37, 122–147. [CrossRef]
Pérez-Albéniz, A.; De Paúl, J.; Etxeberría, J.; Montes, M.P.; Torres, E. Adaptación de Interpersonal Reactivity Index (IRI) al español.
Psicothema 2003, 15, 267–272.

Brain Sci. 2021, 11, 348

61.
62.
63.
64.
65.

66.
67.
68.
69.
70.
71.
72.
73.

74.
75.
76.

77.

78.
79.

80.

81.
82.
83.
84.
85.

86.

19 of 21

Limonero, J.T.; Tomás-Sábado, J.; Gómez-Romero, M.J.; Maté-Méndez, J.; Sinclair, V.G.; Wallston, K.A.; Gómez-Benito, J. Evidence
for validity of the brief resilient coping scale in a young spanish sample. Span. J. Psychol. 2014, 17, e34. [CrossRef]
Ruiz, F.J.; Martín, M.B.G.; Falcón, J.C.S.; González, P.O. The hierarchical factor structure of the spanish version of depression
anxiety and stress scale-21. Int. J. Psychol. Psychol. Ther. 2017, 17, 97–105.
Hayes, A.F. Introduction to Mediation, Moderation and Conditional Process Analysis-Appendices A & B (V3); The Guilford Press: New
York, NY, USA, 2017; ISBN 9788578110796.
Larsson, C.A.; Gullberg, B.; Råstam, L.; Lindblad, U. Salivary cortisol differs with age and sex and shows inverse associations
with WHR in Swedish women: A cross-sectional study. BMC Endocr. Disord. 2009, 9, 1–11. [CrossRef] [PubMed]
Miller, R.; Stalder, T.; Jarczok, M.; Almeida, D.M.; Badrick, E.; Bartels, M.; Boomsma, D.I.; Coe, C.L.; Dekker, M.J.H.J.; Donzella, B.;
et al. The CIRCORT database: Reference ranges and seasonal changes in diurnal salivary cortisol derived from a meta-dataset
comprised of 15 field studies. Psychoneuroendocrinology 2017, 76, 226–227. [CrossRef] [PubMed]
Andrews, B.; Wilding, J.M. The relation of depression and anxiety to life-stress and achievement in students. Br. J. Psychol. 2004,
95, 509–521. [CrossRef] [PubMed]
Melchior, M.; Caspi, A.; Milne, B.J.; Danese, A.; Poulton, R.; Moffitt, T.E. Work stress precipitates depression and anxiety in young,
working women and men. Psychol. Med. 2007, 37, 1119–1129. [CrossRef]
Hammen, C. Stress and depression. Annu. Rev. Clin. Psychol. 2005, 1, 293–319. [CrossRef]
Johnson, J.H.; Sarason, I.G. Life stress, depression and anxiety: Internal- external control as a moderator variable. J. Psychosom.
Res. 1978, 22, 205–208. [CrossRef]
Beasley, M.; Thompson, T.; Davidson, J. Risilience in response to life stress: The effects of coping style and cognitive hardiness.
Pers. Individ. Dif. 2003, 34, 77–95. [CrossRef]
Bitsika, V.; Sharpley, C.F.; Bell, R. The Buffering Effect of Resilience upon Stress, Anxiety and Depression in Parents of a Child
with an Autism Spectrum Disorder. J. Dev. Phys. Disabil. 2013, 25, 533–543. [CrossRef]
Sinclair, V.G.; Wallston, K.A. The development and psychometric evaluation of the Brief Resilient Coping Scale. Assessment 2004,
11, 94–101. [CrossRef]
Vythilingam, M.; Vermetten, E.; Anderson, G.M.; Luckenbaugh, D.; Anderson, E.R.; Snow, J.; Staib, L.H.; Charney, D.S.; Bremner,
J.D. Hippocampal volume, memory, and cortisol status in major depressive disorder: Effects of treatment. Biol. Psychiatry 2004,
56, 101–112. [CrossRef] [PubMed]
Olff, M.; de Vries, G.J.; Güzelcan, Y.; Assies, J.; Gersons, B.P.R. Changes in cortisol and DHEA plasma levels after psychotherapy
for PTSD. Psychoneuroendocrinology 2007, 32, 619–626. [CrossRef] [PubMed]
Fava, M.; Rosenbaum, J.F.; McCarthy, M.; Pava, J.A.; Steingard, R.; Fox, R. Correlations between perceived stress and depressive
symptoms among depressive outpatients. Stress Med. 1992, 8, 73–76. [CrossRef]
Ruiz-Robledillo, N.; De Andrés-García, S.; Pérez-Blasco, J.; González-Bono, E.; Moya-Albiol, L. Highly resilient coping entails
better perceived health, high social support and low morning cortisol levels in parents of children with autism spectrum disorder.
Res. Dev. Disabil. 2014, 35, 686–695. [CrossRef]
O’Connor, D.B.; Hendrickx, H.; Dadd, T.; Elliman, T.D.; Willis, T.A.; Talbot, D.; Mayes, A.E.; Thethi, K.; Powell, J.; Dye, L.
Cortisol awakening rise in middle-aged women in relation to psychological stress. Psychoneuroendocrinology 2009, 34, 1486–1489.
[CrossRef] [PubMed]
Carnegie, R.; Araya, R.; Ben-Shlomo, Y.; Glover, V.; O’Connor, T.G.; O’Donnell, K.J.; Pearson, R.; Lewis, G. Cortisol awakening
response and subsequent depression: Prospective longitudinal study. Br. J. Psychiatry 2014, 204, 137–143. [CrossRef] [PubMed]
Hardeveld, F.; Spijker, J.; Vreeburg, S.A.; De Graaf, R.; Hendriks, S.M.; Licht, C.M.M.; Nolen, W.A.; Penninx, B.W.J.H.; Beekman,
A.T.F. Increased cortisol awakening response was associated with time to recurrence of major depressive disorder. Psychoneuroendocrinology 2014, 50, 62–71. [CrossRef]
Stroud, C.B.; Vrshek-Shallhorn, S.; Norkett, E.M.; Doane, L.D. The cortisol awakening response (CAR) interacts with acute
interpersonal stress to prospectively predict depressive symptoms among early adolescent girls. Psychoneuroendocrinology 2019,
107, 9–18. [CrossRef]
Schuler, K.L.; Ruggero, C.J.; Goldstein, B.L.; Perlman, G.; Klein, D.N.; Kotov, R. Diurnal Cortisol Interacts With Stressful Events to
Prospectively Predict Depressive Symptoms in Adolescent Girls. J. Adolesc. Health 2017, 61, 767–772. [CrossRef] [PubMed]
Monroe, S.M.; Simons, A.D. Diathesis-stress theories in the context of life stress research: Implications for the depressive disorders.
Psychol. Bull. 1991, 110, 406–425. [CrossRef]
Kudielka, B.M.; Bellingrath, S.; Hellhammer, D.H. Cortisol in burnout and vital exhaustion: An overview. G. Ital. di Med. del Lav.
Ed Ergon. 2006, 28, 34–42.
Holsboer, F. The corticosteroid receptor hypothesis of depression. Neuropsychopharmacology 2000, 23, 477–501. [CrossRef]
Schuhmacher, A.; Mössner, R.; Jessen, F.; Scheef, L.; Block, W.; Belloche, A.C.; Lennertz, L.; Welper, H.; Höfels, S.; Pfeiffer, U.; et al.
Association of amygdala volumes with cortisol secretion in unipolar depressed patients. Psychiatry Res. Neuroimaging 2012, 202,
96–103. [CrossRef]
Faresjö, Å.; Theodorsson, E.; Chatziarzenis, M.; Sapouna, V.; Claesson, H.P.; Koppner, J.; Faresjö, T. Higher Perceived Stress but
Lower Cortisol Levels Found among Young Greek Adults Living in a Stressful Social Environment in Comparison with Swedish
Young Adults. PLoS ONE 2013, 8. [CrossRef] [PubMed]

Brain Sci. 2021, 11, 348

87.
88.
89.
90.
91.

92.
93.
94.

95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.

108.
109.
110.
111.
112.

113.
114.

20 of 21

Yang, Y.; Koh, D.M.M.; Ng, V.; Chun Yue Lee, F.; Gregory Chan, M.; Dong, F.M.M.; Eng Chia, S. Salivary Cortisol Levels and
Work-Related Stress Among Emergency Department Nurses. J. Occup. Environ. Med. 2001, 43, 1011–1018. [CrossRef] [PubMed]
Hjortskov, N.; Rissén, D.; Blangsted, A.K.; Fallentin, N.; Lundberg, U.; Søgaard, K. The effect of mental stress on heart rate
variability and blood pressure during computer work. Eur. J. Appl. Physiol. 2004, 92, 84–89. [CrossRef]
Weibel, L.; Gabrion, I.; Aussedat, M.; Kreutz, G. Work-related stress in an emergency medical dispatch center. Ann. Emerg. Med.
2003, 43, 1011–1018. [CrossRef] [PubMed]
González-Cabrera, J.; Calvete, E.; León-Mejía, A.; Pérez-Sancho, C.; Peinado, J.M. Relationship between cyberbullying roles,
cortisol secretion and psychological stress. Comput. Hum. Behav. 2017, 70, 153–160. [CrossRef]
González-Cabrera, J.; Fernández-Prada, M.; Iribar-Ibabe, C.; Peinado, J.M. Acute and chronic stress increase salivary cortisol: A
study in the real-life setting of a national examination undertaken by medical graduates. Stress 2014, 17, 149–156. [CrossRef]
[PubMed]
Lara, A.H.; Wallis, J.D. The role of prefrontal cortex in working memory: A mini review. Front. Syst. Neurosci. 2015, 9, 173.
[CrossRef]
Herman, J.P.; Ostrander, M.M.; Mueller, N.K.; Figueiredo, H. Limbic system mechanisms of stress regulation: Hypothalamopituitary- adrenocortical axis. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2005, 29, 1201–1213. [CrossRef]
Balkin, T.J.; Braun, A.R.; Wesensten, N.J.; Jeffries, K.; Varga, M.; Baldwin, P.; Belenky, G.; Herscovitch, P. The process of awakening:
A PET study of regional brain activity patterns mediating the re-establishment of alertness and consciousness. Brain 2002, 125,
2308–2319. [CrossRef] [PubMed]
Gibb, B.E.; Beevers, C.G.; McGeary, J.E. Toward an integration of cognitive and genetic models of risk for depression. Cogn. Emot.
2013, 27, 193–216. [CrossRef] [PubMed]
Masten, A.S.; Hubbard, J.J.; Gest, S.D.; Tellegen, A.; Garmezy, N.; Ramirez, M. Competence in the context of adversity: Pathways
to resilience and maladaptation from childhood to late adolescence. Dev. Psychopathol. 1999, 11, 143–169. [CrossRef]
Otto, M.W. Life event, mood, and cognitive predictors of perceived stress before and after treatment for major depression. Cogn.
Ther. Res. 1997, 21, 409–420. [CrossRef]
Southwick, S.M.; Vythilingam, M.; Charney, D.S. The psychobiology of depression and resilience to stress: Implications for
prevention and treatment. Annu. Rev. Clin. Psychol. 2005, 1, 255–291. [CrossRef] [PubMed]
Gambin, M.; Sharp, C. Relations between empathy and anxiety dimensions in inpatient adolescents. Anxiety Stress Coping 2018,
31, 447–458. [CrossRef]
Loeys, T.; Moerkerke, B.; Vansteelandt, S. A cautionary note on the power of the test for the indirect effect in mediation analysis.
Front. Psychol. 2014, 5, 1549. [CrossRef]
Brooks, S.K.; Webster, R.K.; Smith, L.E.; Woodland, L.; Wessely, S.; Greenberg, N.; Rubin, G.J. The psychological impact of
quarantine and how to reduce it: Rapid review of the evidence. Lancet 2020, 395, 912–920. [CrossRef]
Xiang, Y.T.; Yang, Y.; Li, W.; Zhang, L.; Zhang, Q.; Cheung, T.; Ng, C.H. Timely mental health care for the 2019 novel coronavirus
outbreak is urgently needed. Lancet Psychiatry 2020, 7, 228–229. [CrossRef]
Schoofs, D.; Preuß, D.; Wolf, O.T. Psychosocial stress induces working memory impairments in an n-back paradigm. Psychoneuroendocrinology 2008, 33, 643–653. [CrossRef]
Salehi, B.; Cordero, M.I.; Sandi, C. Learning under stress: The inverted-U-shape function revisited. Learn. Mem. 2010, 17, 522–530.
[CrossRef] [PubMed]
Weerda, R.; Muehlhan, M.; Wolf, O.T.; Thiel, C.M. Effects of acute psychosocial stress on working memory related brain activity
in men. Hum. Brain Mapp. 2010, 31, 1418–1429. [CrossRef]
Brunetti, R.; Del Gatto, C.; Delogu, F. eCorsi: Implementation and testing of the Corsi block-tapping task for digital tablets. Front.
Psychol. 2014, 5, 1–8. [CrossRef]
Siddi, S.; Preti, A.; Lara, E.; Brébion, G.; Vila, R.; Iglesias, M.; Cuevas-Esteban, J.; López-Carrilero, R.; Butjosa, A.; Haro, J.M.
Comparison of the touch-screen and traditional versions of the Corsi block-tapping test in patients with psychosis and healthy
controls. BMC Psychiatry 2020, 20, 329. [CrossRef] [PubMed]
Robinson, S.J.; Brewer, G. Performance on the traditional and the touch screen, tablet versions of the Corsi Block and the Tower of
Hanoi tasks. Comput. Hum. Behav. 2016, 60, 29–34. [CrossRef]
Claessen, M.H.G.; Van Der Ham, I.J.M.; Van Zandvoort, M.J.E. Computerization of the standard corsi block-tapping task affects
its underlying cognitive concepts: A pilot study. Appl. Neuropsychol. 2015, 22, 180–188. [CrossRef]
Smyth, M.M.; Scholey, K.A. Determining Spatial Span: The Role of Movement Time and Articulation Rate. Q. J. Exp. Psychol. Sect.
A 1992, 45, 479–501. [CrossRef]
Smyth, M.M.; Scholey, K.A. Interference in immediate spatial memory. Mem. Cogn. 1994, 45, 479–501. [CrossRef]
Escamilla, J.C.; Castro, J.J.F.; Baliyan, S.; Ortells-Pareja, J.J.; Rodríguez, J.J.O.; Cimadevilla, J.M. Allocentric spatial memory
performance in a virtual reality-based task is conditioned by visuospatial working memory capacity. Brain Sci. 2020, 10, 552.
[CrossRef] [PubMed]
Bendall, R.C.A.; Thompson, C. Emotion has no impact on attention in a change detection flicker task. Front. Psychol. 2015, 6, 1592.
[CrossRef]
De Waal, F.B.M. Putting the altruism back into altruism: The evolution of empathy. Annu. Rev. Psychol. 2008, 59, 279–300.
[CrossRef]

Brain Sci. 2021, 11, 348

21 of 21

115. Montag, C.; Schubert, F.; Heinz, A.; Gallinat, J. Prefrontal cortex glutamate correlates with mental perspective-taking. PLoS ONE
2008, 3, e3890. [CrossRef] [PubMed]
116. Bernhardt, B.C.; Singer, T. The neural basis of empathy. Annu. Rev. Neurosci. 2012, 35, 1–23. [CrossRef] [PubMed]
117. Soreni, N.; Cameron, D.H.; Streiner, D.L.; Rowa, K.; McCabe, R.E. Seasonality Patterns of Internet Searches on Mental Health:
Exploratory Infodemiology Study. JMIR Ment. Health 2019, 6, 12974. [CrossRef] [PubMed]

