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Aversive events can evoke strong emotions that trigger cerebral neuroactivity to
facilitate behavioral and cognitive shifts to secure physiological stability. However, upon
intense and/or chronic exposure to such events, the neural coping processes can
be maladaptive and disrupt mental well-being. This maladaptation denotes a pivotal
point when psychological stress occurs, which can trigger subconscious, “automatic”
neuroreactivity as a defence mechanism to protect the individual from potential danger
including overwhelming unpleasant feelings and disturbing or threatening thoughts.The
outcomes of maladaptive neural activity are cognitive dysfunctions such as altered
memory, decision making, and behavior that impose a risk for mental disorders.
Although the neurocognitive phenomena associated with psychological stress are well
documented, the complex neural activity and pathways related to stressor detection
and stress coping have not been outlined in detail. Accordingly, we define acute and
chronic stress-induced pathways, phases, and stages in relation to novel/unpredicted,
uncontrollable, and ambiguous stressors. We offer a comprehensive model of the stress-
induced alterations associated with multifaceted pathophysiology related to cognitive
appraisal and executive functioning in stress.

Keywords: cognitive appraisal, cerebral functional activity, coping, decision making, executive functioning,
psychological stress

INTRODUCTION

The impact of minor and major stressors on psychological and physical health is well documented.
It is clear from this literature that stressors are salient stimuli, including events and behavior,
that can evoke strong negative emotions and feelings such as fear, betrayal, confusion, and
powerlessness (i.e., psychological stress), which in turn, can lead to significant morbidity
including depression, PTSD, coronary heart disease, and ischemic stroke (e.g., Stansfeld
and Candy, 2006; Hamer et al., 2012; Richardson et al., 2012; Brainin and Dachenhausen,
2013; Henderson et al., 2013; Wei et al., 2014a). Psychological stress is an appropriately
evoked biological reaction intended to recalibrate and optimize executive functions to stay
focused on the stressor at hand, and thus mitigate the potential harm to the organism.
Although this mechanism is intended to be adaptive, it is not perfect, particularly in the case
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of intense and/or chronic stress. In this context, the neuroactivity
can constrain cognition and increase the risk of mental and social
dysfunction, as well as neural and systemic inflammation (e.g.,
Shin and Handwerger, 2009; Hassija et al., 2012; Latack et al.,
2017; Auxéméry, 2018; Mills et al., 2019; Quinones et al., 2020;
Slavich, 2020; Vaillancourt and Palamarchuk, 2021). The origin
of this type of stress-associated cognitive maladjustment belongs
to attentional tunneling (i.e., stressor preoccupation, e.g., Chajut
and Algom, 2003; Roelofs et al., 2007; Pilgrim et al., 2010;
Tsumura and Shimada, 2012; Shields et al., 2019), which restricts
cognitive flexibility (e.g., Alexander et al., 2007; Shields et al.,
2016; Marko and Rie čanský, 2018), and distorts memory because
aversive information is prioritized over neutral or positive
information (e.g., de Quervain et al., 2009, 2017; Palamarchuk
and Vaillancourt, under review; Vaillancourt and Palamarchuk,
2021). Moreover, despite the shift in cognitive defence
mechanism to liberate the emotional burden via the downplaying
of aversive feelings and thoughts, the attempted suppression of
the stressor’s influence can still affect mental health. For instance,
internalizing can lead to dysphoria or anhedonia (Salmon and
Bryant, 2002), core symptoms of major depressive disorder
(American Psychiatric Association, 2013).

The effect of a psychological stressor is primarily related
to the level of perceived stress severity, i.e., cognitive
appraisal/interpretation of the stressor. Stressors can represent
various aversive events regardless of their proximity (i.e., direct
or remote such as in witnessing or learning), which commonly
disrupt emotional integrity (Figure 1). This mechanism and
development have not been described comprehensively in
one integrated model. In this review, we outline the central
neural dynamics and highlight the main phases of stress
development. We define a neuropathophysiological mechanism
of psychological stress that represents a complex cognitive
construct beyond the classic fear-conditioning model. We
detail neural dynamics in stress, and in doing so, propose
a multi-level model to describe the accumulated neuronal
alteration of cognitive dysfunctions. Our review highlights
the importance of ameliorating psychological assessment,
clinical screening, prevention, and treatment of altered
adaptive-learning abilities of psychologically distressed and
depressed individuals.

STRESSOR DETECTION AND AROUSAL

Psychological stress is a challenge, but the nervous system stands
its homeostatic ground. First, it facilitates the detection of a
stressor with noradrenergic signaling via the locus coeruleus-
norepinephrine (LC-NE) system (e.g., Sara and Bouret, 2012;
Bari et al., 2020; Poe et al., 2020). The LC-NE system is formed
by the LC in the brainstem, which is a cluster of neurons
encompassing NE. The axons of the LC neurons are organized
in the several modules that project across the brain and format a
noradrenergic system with extensive collateralization. Thus, LC
activation results in a diffuse NE surge in the cerebral networks
(e.g., Sara and Bouret, 2012; Szabadi, 2013; Schwarz et al., 2015;
Bari et al., 2020; Poe et al., 2020), which is linked to cognitive (e.g.,

attention and flexibility) and behavioral outcomes (e.g., Skosnik
et al., 2000; Morilak et al., 2005; Alexander et al., 2007; Figure 2).

The LC neurons can be subconsciously activated in response
to fear, which is likely linked to the corticotropin-releasing
factor (CRF) afferents from the amygdala (e.g., Pacak et al.,
1995; Dunn et al., 2004; Valentino and Van Bockstaele, 2008;
Sara and Bouret, 2012; Szabadi, 2013; Godoy et al., 2018;
Reyes et al., 2019). The amygdala is principally associated with
a fear response (e.g., Etkin and Wager, 2007; Godoy et al.,
2018; Palamarchuk and Vaillancourt, under review). Chronic
psychological stress strengthens the functional connectivity
between the LC and amygdala that relates to fear learning.
Specifically, via hypothalamic orexin, LC activity facilitates
amygdala-dependent aversive/fear memory (e.g., Sears et al.,
2013), with early retrieval (up to 6 h) associated with activated
prelimbic prefrontal cortex (PFC) → basolateral amygdala
circuits and later retrieval (up to 28 days) associated with
activated prelimbic PFC → thalamic paraventricular nucleus →

central amygdala circuits (rat model, Do-Monte et al., 2015).
At the same time, prolonged severe stress has been found to
impair amygdalar inhibition, seen in reduced PFC → basolateral
amygdala connectivity that hyperactivated the amygdala and
ensued aggressive behavior (Wei et al., 2018). That is, in chronic
stress, the amygdala is relaxed from the PFC, yet thalamic
pathways reconnect the pair, at least for fear memory retrieval.

The LC-amygdala connectivity is reciprocal as the amygdala
can phasically activate LC neurons as well (e.g., Bouret et al.,
2003). Liddell et al. (2005) showed that subliminal fear stimuli
(i.e., fearful faces) coactivate the LC, amygdala, pulvinar, and
frontotemporal areas related to orienting an ‘‘alarm system’’
(hereafter referred to as cognitive defence that is induced by
‘‘alarmed’’ LC-NE system; see Figure 2). Leuchs et al. (2017)
validated previous findings that phasic pupil dilations, which are
related to the LC activity (e.g., Murphy et al., 2014) in response
to aversive (e.g., Wiemer et al., 2014) and emotionally arousing
stimuli (e.g., Bradley et al., 2008), are a physiological marker
of fear learning/conditioning. Fear learning is associated with a
functional coactivity between the amygdala, anterior cingulate
cortex (ACC), insula, thalamus, and PFC (e.g., Etkin and Wager,
2007; Fullana et al., 2016; see Figure 2. At the same time, almost
all of the neocortex (e.g., the PFC related to cognitive appraisal
and stress controllability; and the ACC together with the insula
related to social monitoring/pain network; Palamarchuk and
Vaillancourt, under review) can modulate LC activity via passing
already processed/encoded information about the salient sensory
and behavioral stimuli (e.g., Sara and Bouret, 2012; Szabadi, 2013;
Schwarz et al., 2015).

The LC neuronal activity is a bimodal—tonic (sensory-
orientated) and phasic (action-orientated)—firing that regulates
attention and ongoing behavior. Specifically, the levels of tonic
activity relate to drowsiness and disengagement (low), arousal
(moderate), and hyperarousal (high; Sara and Bouret, 2012;
Hofmeister and Sterpenich, 2015; Bari et al., 2020). Hyperarousal
has been found to be associated with an increased effort to
face challenges (Varazzani et al., 2015). The phasic activity
increases in response to relevant behavior and hence prioritizes
a goal-directed attentional processing over a stimulus-driven
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FIGURE 1 | A simplified schema of the neurocognitive reactivity to a psychological stressor. Note. This schema presents major neurocognitive dynamics during
stress development phases (light blue blocks) and stages (yellow blocks). Neurocognitive stress reactivity is facilitated by two principal neural limbs, the LC-NE
system and the HPA axis. Phase I: (1) The LC-NE system detects a challenging stimulus (i.e., stressor) and “informs” the neocortex related to cognition.
(2) Automatically, it triggers subconscious cognitive defence mechanisms to activate the HPA axis. Phase II: (3) Further engagement of cognitive appraisal defines the
severity of a stressor. Phase III: (4) Severe stress perception distresses emotions. (5) Fear promotes selective attention and aversive memory which aggravates
cognitive defence and (6) can result in psychological problems. (7) Insufficient fear downregulation in chronic and/or intense stress (alarm-to-threat stage), as well as
chronic uncertainty (risk-to-escape stage) and/or losing hope (surrender-in-defeat stage) can lead to psychiatric disorders and cognitive alterations, e.g., poor
memory and executive dysfunctions. Phase IV: (8) Consequently, poor neurocognitive functioning affects decision-making, as well as alters recognition (phase I),
appraisal (phase II), and response (phase III) of/to a novel stressor. Legend: HPA—hypothalamic “pituitary” adrenal; LC-NE—locus coeruleus-norepinephrine; ↑:
hyperactivity/increase; ↓: decrease; black arrows—adaptive path; blue arrows and blocks—maladaptive path.

attention, which serves adaptive behavioral performance (Sara
and Bouret, 2012; Hofmeister and Sterpenich, 2015). The phasic
activity also reacts to fear, nociception (e.g., Valentino and
Van Bockstaele, 2008; Sara and Bouret, 2012), and motivation
(i.e., anticipated reward size; Bouret and Richmond, 2015), that
modulate behavioral performance. However, upon detecting a
stressor, the LC drops its phasic activity and increases its tonic
activity, which is seen in hyperarousal and hypersensitivity
and relates to scanning attention and the analysis of behavior
(Valentino and Van Bockstaele, 2008). That is, when facing a
stressor, the LC puts goal-directed attentional processing (the
dorsal frontoparietal network) on hold so the challenge can
first be inspected (the ventral/mesial frontoparietal network,
mainly the dextral part including the inferior frontal gyrus,
frontal/insula regions, and basal ganglia; Corbetta and Shulman,
2002; Corbetta et al., 2008; Shulman et al., 2009; see also Godoy
et al., 2018). Therefore, we define cognitive defence as the
ventromedial fronto-temporo-parietal network driven by fear
which can emerge when fearful stimuli (frontotemporal circuits)
and novel/unexpected stimuli (frontoparietal circuits; Figure 2)
are presented.

Unexpected novel stimuli that do not have predictive value
will elicit larger event-related potential responses measured by
electroencephalography and prolonged reaction time to the
subsequent target (i.e., larger arousal), that in turn, will modulate

behavior (Knight and Nakada, 1998). The findings in shocked
rats are that, compared to expected stressors, unpredictable
stressors evoke greater LC-NE reactivity seen in the higher
levels of principal NE metabolite in the amygdala, hypothalamus,
and thalamus, and higher levels of corticosterone in plasma. In
contrast, predictable stressors do not elevate NE metabolite levels
in the LC and thalamus, nor corticosterone levels in plasma,
the way unpredictable stressors do, compared to non-shocked
rats (Tsuda et al., 1989). The potential mechanism of the
higher impact of unpredictable stress may relate to altered
serotoninergic (5-HT) signaling that relates to preserve the β-
adrenoreceptors’ upregulation (e.g., Asakura et al., 2000; Yalcin
et al., 2008), which is also seen in conditioned fear and
inescapable stress (Kaehler et al., 2000). However, McDevitt et al.
(2009) showed that although stress controllability modulates
NE levels, it does not affect NE signaling in the LC neurons;
whereas stressor controllability relates to the medial PFC
function to downregulate the amygdalar hyperactivity associated
with altered 5-HT signaling (e.g., Amat et al., 2005; see
also Puig and Gulledge, 2011; Leiser et al., 2015; Garcia-
Garcia et al., 2017; Palamarchuk and Vaillancourt, under
review). The findings collectively highlight that neurocognitive
stress reactivity is orchestrated by the LC-NE system, fueled
by the fear-driven amygdala, and regulated by the PFC/5-
HT circuits.
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FIGURE 2 | Highlights of the neural dynamics and topology in neurocognitive stress reactivity. Note. Schematic diagram of the main co-occurrences (1–5) in
neurocognitive reactivity and cerebral topology in psychological stress. (1) Detection of a threat by the LC-NE system and (2) its sensory processing triggers (3) the
amygdala (fear), which in turn affects (4,5) cognition and behavior via the ventromedial fronto-temporoparietal network [cognitive defence] directed towards fearful
stimuli (the fronto-temporal circuits) and novel/unexpected stimuli (the fronto-parietal circuits). Novelty detection encompasses the following circuits: (a) mesial
temporoparietal network for phasic attention to the novel stimuli such as auditory and somatosensory, but to the lesser degree visual; (b) the prefrontal-
hippocampal-diencephalic network (i.e., frontocentral hippocampal regions, adjacent fusiform, lingual gyri, fornix-mammilothalamic-cortical pathways and calcarine)
for novelty processing and encoding. By contrast, the posterior hippocampal region is associated with spatial processing and encoding. Legend: A—amygdala;
dACC—dorsal anterior cingulate cortex; H—hippocampus; I—insula; LC—locus coeruleus; NE—norepinephrine; T—thalamus; vm—ventromedial; ↑:
hyperactivity/increase; ↓: decrease;↔: functional coactivity.

COGNITIVE APPRAISAL OF STRESS
SEVERITY

Elevation of cortisol levels in response to a stressor is
associated with perceived stress severity (e.g., Sladek et al.,
2016; Gabrys et al., 2018, 2019; Woody et al., 2018). That is,
a psychological threat ‘‘exists’’ to the extend cognition ‘‘sees’’
it. Though cognitive capability may help with the avoiding of
dangerous situations, it is the cognitive appraisal that helps
reduce psychological stress via a self-appraisal perspective
that conquers challenges, but not the challenging stimulus
per se. Slattery et al. (2013) tested the associations between
three neurocognitive variables, IQ, academic achievement, and
verbal/visual short–term memory, which were measured at age
14, during a standardized psychosocial stress paradigm delivered
at age 18. Results indicated that poor cognitive appraisal,
but not cognitive skill, predicted stress responses. Specifically,
stress-coping abilities during stress anticipation depended on
‘‘secondary’’ cognitive appraisal related to the perception of poor
self-efficacy (we term this appraisal related to the perception
of self-efficacy to deal with the stressor self-appraisal), but
not on ‘‘primary’’ cognitive appraisal (greater threat/challenge-

perception, which we term stressor-appraisal). Poor self-appraisal
independently predicted lower cortisol reactivity during the test
indicating an insufficient stress response in adolescents. At the
same time, poor visual memory predicted cortisol hyperreactivity
to stress, whereas internalizing disorders increased the links
between verbal memory and cortisol reactivity. These results
denote an important fact that intelligence alone is not likely
a marker of emotion regulation that is sufficiently related to
stress outcome. Rather, the outcome associated with stress
is principally influenced by an individual’s cognitive self-
appraisal.

Other findings support the impact of self-appraisal on
stress severity. In adolescents, Sladek et al. (2016) showed that
higher levels of perceived daily stress severity were linked to
elevated cortisol levels, compared to diurnal patterning, only
in: (1) individuals with low self-appraisal; and (2) in situations
with higher ‘‘engagement’’ coping (i.e., support seeking). The
situational variation of cortisol reactivity likely indicates that
engagement coping may be due to lower self-belief in coping
capacity and thus lower self-appraisal. Coping efficacy related to
self-belief in one’s capacity to deal with a stressful situation has
been found to be linked to psychological problems in children
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of divorced parents (Sandler et al., 2000). In another study,
compared to peers with high coping efficacy, adolescents with
increased loneliness and low coping efficacy presented a flatter
diurnal cortisol slopes, a marker of poor cortisol regulation,
later on in college; while higher coping efficacy predicted lower
levels of the cortisol awakening response in college (Drake et al.,
2016). In their subsequent work, Sladek et al. (2017b) found
that girls with an active engagement coping style in response
to interpersonal stress had lower cortisol levels (measured by
diurnal cortisol slope, total output across the day (AUCg), and
cortisol awakening response). However, higher rates of using
active coping related to higher cortisol awakening responses the
next morning. For women with attentional avoidance of social
threat cues, Sladek et al. (2017a) showed that increased use of
social support coping predicted lower cortisol responses to social
stress and flatter average diurnal cortisol slopes compared to
women with attentional vigilance (i.e., a bias toward threat).
Similar cortisol patterns were found in children who had
more social problems compared to their peers, which was
seen in flatter slopes of cortisol decline from wakening to
bedtime; as well, children presented with higher cortisol at
wakeup time the next morning after higher than usual rates
of peer or academic problems at school (Bai et al., 2017; see
Figure 3).

The impact of self-appraisal on stress response/severity is
in keeping with meta-analytic results by Kammeyer-Mueller
et al. (2009), which demonstrated that core self-evaluations
(i.e., a stable personality trait that encompasses self-efficacy,
locus of control, self-esteem, and neurotism) related to lower
perceived stress, higher rates of problem-solving coping,
reduced strain, and lower levels of engagement in avoidance
coping. In this meta-analysis, self-appraisal was not significantly
linked to emotion-focused coping and emotional stability
moderated the association between stress and strain and
was uniquely linked to the coping process and stress. A
meta-analysis by Connor-Smith and Flachsbart (2007) adds
to the idea that personality traits can predict higher rates
of specific coping strategies, including problem-solving and
cognitive restructuring (for extraversion and conscientiousness),
support seeking (for extraversion), and wishful thinking
(i.e., mental avoidance), withdrawal, and emotion-focused
coping (for neuroticism).

The effect of self-appraisal may be related to the
aforementioned sensory-driven shift in the LC firing in
response to stress, that suppresses goal-orientated actions,
which need to be balanced with the action-orientated switch
(i.e., subconsciousness ‘‘cognitive defence task’’). In other words,
sufficient self-appraisal supports self-belief and reduces the
‘‘mental barriers’’, which in turn facilitates active, problem-
solving coping. Further research is needed to lend more
clarity on these associations (see Figure 2). A meta-analysis
by Penley et al. (2002) showed problem-solving coping, but
not emotion-focused coping, was associated with positive
outcomes on general physical and psychological health. The
nuances were that deliberate actions or analytical efforts and
problem-focused coping were helpful only in acute interpersonal
stress, correlating positively to psychological health outcomes.

The effect was opposite in chronic stress, correlating negatively
to psychological health outcomes. This highlights the fact that
chronically distressed individuals do require social/psychological
assistance. In contrast, seeking social support, confrontation,
self-blame, mental or physical avoidance/distancing, self-
control, and positive reappraisal in which emphasis is placed on
a positive side of a situation, correlated with poor psychological
self-reported outcomes in acute stress.

The major role of self-appraisal aligns with Social Self
Preservation Theory (Gruenewald et al., 2004; see also Dickerson
and Kemeny, 2004). For instance, in social evaluative stress,
both acceptance threat and status threat can elicit a cortisol
response (Smith and Jordan, 2015), and threats to the social self
can induce shame and reduce self-esteem, which correlates with
stress-induced cortisol levels (Gruenewald et al., 2004). It has also
been demonstrated that high cortisol in social evaluative stress
is accompanied by sympathetic activation (i.e., hyperarousal
due to the NE surges), but not parasympathetic activation
(i.e., measured by heart rate variability, can relate to affective
responses; Bosch et al., 2009; Mackersie and Kearney, 2017;
Poppelaars et al., 2019). Further, the magnitude of the stress
response has been shown to increase in women with the
size of the audience (Bosch et al., 2009), whereas sympathetic
hyperreactivity was found to predict increased reactivity of the
hypothalamic–pituitary–adrenal (HPA) axis, again in women
(Poppelaars et al., 2019).

Stress perception also moderates the impact of a stressor
on neurocognitive function. For instance, Jiang et al. (2017)
showed that higher levels of stress perception correlated with
poor episodic memory and frontal executive function in older
adults free of mild cognitive impairment and dementia. Higher
stress severity can be experienced in novel/unpredictable and
inescapable conditions (e.g., Sauro et al., 2003; Lupien et al.,
2007; Slattery et al., 2013) and is distinguished by hyperarousal.
Tsuda et al.’s (1989) rodent studies, where these types of
conditions, but not predictable stress, elevated NE in the
LC and corticosterone in plasma. The apparent effect of the
compromised feeling of control over unknown/novel challenges
or in learned helplessness, aligns well with the self-appraisal
influence discussed above. Dickerson et al.’s (2004) meta-analysis
provides evidence that uncontrollable social threat relates to
the highest levels of cortisol and adrenocorticotropin hormone
responses to stress and the longest post-stress recovery.

Aversive emotions in both stress and stress anticipation
that result in NE surge affect cortisol influence on attention,
cognitive flexibility, memory, and learning, and thus aggravate
the intensity of a stressor (Skosnik et al., 2000; Morilak et al.,
2005; Alexander et al., 2007; Kvetnansky et al., 2009; Gray et al.,
2017). That is, in intense stress, negative emotions enhance
aversive memories and withdraw the cognitive focus from the
‘‘peripheral’’ details. Such selective attention is associated with
poor working memory and memory retrieval (de Quervain
et al., 1998, 2009; Roozendaal et al., 2006, 2008). The effect of
emotional valence in stress involves concurrent activation of
glucocorticoid receptors (GRs) and adrenoreceptors, specifically,
central β-adrenergic receptors activation linked to long-term
declarative memory for emotionally arousing information
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FIGURE 3 | Major cognitive determinants of the cortisol responses linked to stress psychopathology. Note. This diagram represents the major factors influencing
cortisol response to stress that can lead to stress disorders. Stress responses depend on the particular challenge, one’s perception of the stressor, and the ability to
cope with the stressor. The stressor’s intensity, acuity, and persistence relate to cortisol responses, which are moderated by cognitive appraisal that is associated
with self-efficacy and coping abilities. The stressor’s novelty (i.e., unknown predictive value) and inescapability (i.e., negative “learned” value) increase negative
predictive values (i.e., fear and powerlessness, respectively), that hinder self-appraisal and aggravate stress severity. Repeated exposure to homotypic stressors
resets the hypothalamic–pituitary–adrenal axis. Chronic stress can result in blunted cortisol responses to a stressor, flattened diurnal slops, and increased cortisol
awakening responses. Legend: ∗—not limited to the emotional aspect that reduces stress perception (e.g., motivation, compassion1, and sense of belonging2–4) but
also social and physical aspects directed to a reduction in the stressor’s influence (e.g., physical or financial help); **—risk of PTSD and suicidal ideation; ↑: increase;
↓: decrease, “-”: negative; 1Vaillancourt and Palamarchuk (2021); 2Grobecker (2016); 3Choenarom et al. (2005); 4Stachl and Baranger (2020).

(e.g., Cahill et al., 1994; Cahill et al., 2004; Maheu et al.,
2005a,b; see also Gibbs and Summers, 2000, 2002; Schwabe
et al., 2009; Smeets et al., 2009; Lonergan et al., 2013)
and activation of α1-adrenoreceptors that were insensitive
previously to NE in the medial entorhinal cortex, linked to
hippocampal memory dysregulation (e.g., Carrion and Wong,
2012; Hartner and Schrader, 2018). As well, a deletion variant
gene that encodes α2B adrenoceptor, ADRA2B, contributes
to the cognitive processing of emotional information (see
meta-analytic review by Xie et al., 2018). Levels of hyperarousal
and its proximity to the occurrence of stress modulate memory
formation, whereas higher hyperarousal can be seen in children
due to neurodevelopmental sensitivity (e.g., Palamarchuk and
Vaillancourt, under review; Vaillancourt and Palamarchuk,
2021), and in women due to the LC-NE system specifics (e.g.,
Bangasser et al., 2016; Bangasser and Wicks, 2017; Bangasser
et al., 2018, 2019; see also Mulvey et al., 2018). Additionally,
the sex differences are that emotionally influenced memory
relates to hyperactivated amygdala with a stronger effect in
the left hemisphere for women and in the right hemisphere
for men (e.g., Cahill et al., 2004). Animal studies on fear
conditioning show that mild-to-low levels of hyperarousal can
impair spatial recognition memory, yet moderate-to-strong
levels of hyperarousal can enhance the memory (e.g., Baars and
Gage, 2010; Conrad, 2010). Therefore, stress reactivity has inter-
individual variations that can be mild or more pronounced

depending upon the individual’s stress appraisal and valence
of aversive emotions, which are moderated by age and gender.
Additionally, glucocorticoid stimulation followed hours earlier
by NE secretion has been shown to inhibit arousal effect on
memory (Osborne et al., 2015).

DECISION MAKING AND STRESS

The executive functioning facilitates adaptation with decision-
making based on the evaluated external (environmental) and
internal (sensory) information (e.g., De Kloet et al., 1998; Wager
and Smith, 2003; Collins and Koechlin, 2012; Barbey et al.,
2013; Dajani and Uddin, 2015). Executive functioning integrates
memory, cognitive flexibility (such as rapid attention and task-
shifting, as well behavioral adjustments, e.g., Palamarchuk and
Vaillancourt, under review), learning fortification, reasoning,
insecurity predictability, and monitoring behavioral strategies
(e.g., Collins and Koechlin, 2012; see also Grissom and Reyes,
2019). The distinctions are that the ventromedial PFC integrates
memory and emotional systems that are needed for decision-
making, whereas the striatal and ACC inputs can affect it with
bias (e.g., Gupta et al., 2011; Ho et al., 2012; Shimp et al., 2015;
Goulet-Kennedy et al., 2016; Fitoussi et al., 2018; Hiser and
Koenigs, 2018; Palamarchuk and Vaillancourt, under review).
At the same time, the amygdala mediates emotional responses
that engage the insula, which relates to social pain, empathy,

Frontiers in Behavioral Neuroscience | www.frontiersin.org 6 August 2021 | Volume 15 | Article 719674

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Palamarchuk and Vaillancourt Cognition, Stress, and Resilience

and anger (e.g., Palamarchuk and Vaillancourt, under review).
In a social context, the medial PFC and amygdala, but not
ventral striatum, moderate decision-making (Ho et al., 2012;
see also Hiser and Koenigs, 2018); whereas high levels of fear
or anger (i.e., the amygdalar hyper response to a stressor)
can affect decision-making with impulsivity/immediate actions
(e.g., Gupta et al., 2011). Conversely, the stress associated with
uncertainty and unknown power over a situation involves the
frontrostriatal circuits, where task-sets and actions are driven
by the references of cognitive/behavioral strategies stored in the
long–term memory as a script (relates to the dorsal striatum/left
caudate nucleus engaged in reward and motivation). Thus, in
the context of stress-related ambiguity, the choice depends on
predicted outcome values (related to the ventral striatum/the
nucleus accumbens and ventral putamen engaged in cognitive
control) to maximize their utilization, i.e., reinforcement
learning/instrumental conditioning (O’Doherty et al., 2004; see
also Hollerman et al., 2000; Brovelli et al., 2011; Vogel et al.,
2015, 2017). The strategy is selected if it is absolutely reliable
(the ventral striatum, nucleus accumbens) among the assortment
of scripts (the dorsal striatum, nucleus caudate); and if it is
unavailable, a new task-set is created because the decision-
making is binary when the stimulus is ambiguous (e.g., Collins
and Koechlin, 2012).

Emotional state/mood can affect the interpretation of the
stressor, i.e., the mood-incongruent effects. Anxiety can lead to
attentional bias toward threat due to higher predicted negative
outcome of the stressor (i.e., ambiguity (fear, e.g., Blanchette
and Richards, 2003; Barazzone and Davey, 2009). An anxious
state also increases speed in the detection of aversive changes
on a subliminal level and increases attention and conscious
awareness on a supraliminal level (Gregory and Lambert, 2012).
For example, in adults with high trait anxiety, the anxious
state lowers awareness thresholds. In particular, fearful faces or
non-threat faces presented among threatening faces are detected
faster (Ruderman and Lamy, 2012). Neurocognitive functioning
in stress thus drops cognitive flexibility (i.e., reduced functions
of the dorsolateral PFC) to stay focused on the stressors,
this attentional tunneling during emotional arousal allows
the individual to detach from the ‘‘peripheral’’ information
unrelated to the stressor that might distract the individual
who is under pressure (e.g., Palamarchuk and Vaillancourt,
under review; see also Brosch et al., 2013; LeBlanc et al.,
2015). However, attentional tunneling and enhanced memory for
aversive experiences can lead to psychological maladjustment,
for instance, emotion-focused coping, anxiety, and PTSD (e.g.,
Palamarchuk and Vaillancourt, under review).

DISCUSSION

Hypothesis: Coping Mechanisms Are
Driven by the Stress Stages
We define coping styles as intra-individual neurocognitive
variability moderated by stress development across three
main stages: (1) alarm-to-threat stage → (2) risk-to-escape
stage → (3) surrender-in-defeat stage. Potentially, the full

development can be observed in chronic, intense, and
homotypic stress associated with the HPA resetting and
circulating cortisol decline. It is likely that these stress stages
can be disrupted/attenuated, escalated, and/or distorted
according to the level of perceived stress severity and
neuropsychological status; whereas novel stressors can
restart stress phases cycling (e.g., stress detection phase I;
see Figure 1). Therefore, coping styles can fluctuate in a
predictable intra-individual manner and recognizing the stress
stage can expedite adequate interventions to prevent or treat
maladaptive coping.

Alarm-to-Threat (Check) Stage
Acute intense stress triggers right amygdalar fear-related
effects such as tunneling attention, anxiety, and impulsivity
seen in a reactive aggression as a sympathetic fight-or-flight
response that is driven by high cortisol and NE levels
(e.g., Palamarchuk and Vaillancourt, under review). The core
mechanism is that fear can initially serve adaptation by
reducing risky behavior (e.g., Pabst et al., 2013a,b; Yu, 2016;
Vogel and Schwabe, 2019), because, in contrast, positive
emotions can increase the probability of risk-taking (e.g.,
LeBlanc et al., 2015). Specifically, aversive emotions during mild
psychological stress can facilitate the most reliable cognitive
strategy via the narrowed scope of attention (that can also
be induced by the pre-goal desire, e.g., LeBlanc et al.,
2015), reduced configural associative learning (i.e., reduction
in tri-/biconditional discrimination), and enhanced binary
(uniconditional as irrelevant vs relevant) discrimination (e.g.,
Byrom and Murphy, 2016). Of relevance, social stress has
been shown to increase activity in the anterior PFC associated
with parallel processing during decision-making performance
(e.g., the Game of Dice Task, Gathmann et al., 2014; see also
Schiebener and Brand, 2015; Shimp et al., 2015). However,
stimuli associated with extreme/traumatic experiences can
trigger inadequate responses and reduce responses to contextual
cues such as focusing on aversive sound and disregarding the
safety of the environment that promotes automatic retrieval
of traumatic experiences (e.g., Cohen et al., 2009; Otgaar
et al., 2017). This is an example of accentuated alarm-to-threat
stage by rigid binary cognitive strategy, whereas improving
cognitive flexibility by configural associative learning could be
a key element in the psychotherapeutical approach. Another
example is that strong fear can elicit avoidance behavior
related to the left lateral amygdala and anterior hippocampal
hyperactivity (Abivardi et al., 2020). In other words, ‘‘cold’’
executive functioning is set to prioritize the most reliable
decision-making to avoid danger when confronting a threat, yet
it limits attention and flexibility. The mechanism is facilitated
by promoted dorsal striatum-dependent (‘‘habit’’) learning and
behavior over hippocampal-dependent (‘‘cognitive’’) memory
encoding and retrieval, which leads to stereotypical ideas and
thus maladaptive functioning in chronic stress (e.g., Packard,
2009; Vogel and Schwabe, 2016; Vogel et al., 2017; Zerbes
et al., 2020; see also Schiebener and Brand, 2015; Shimp et al.,
2015; Fitoussi et al., 2018). In particular, poor consequences
can be seen in attentional set-shifting deficits, poor memory,
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anxiety, and depression (e.g., Palamarchuk and Vaillancourt,
under review).

If acute stress subsides, attention can be improved with the
decline of cortisol (e.g., Zandara et al., 2016). Conversely, intense
stress can hyperactivate the LC that is associated with anxiety
(Borodovitsyna et al., 2018; Morris et al., 2020) due to limbic
dysregulation (e.g., Herman et al., 2005). In particular, it is
related to the functional connectivity between the bed nucleus
of the stria terminalis (BNST) and amygdala (e.g., Clauss, 2019;
Knight and Depue, 2019; Hofmann and Straube, 2021). The
nuances are that the amygdala is involved in explicit threat
processing (i.e., threat confrontation), whereas the BNST is
involved in ambiguous threat processing (i.e., threat anticipation;
Herrmann et al., 2016; Klumpers et al., 2017; Naaz et al.,
2019; see also Fox et al., 2015; Fox and Shackman, 2019;
Luyck et al., 2019). As well, the BNST → central amygdala
projections relate to cued-fear inhibition (Gungor et al., 2015;
see also Clauss, 2019). The BNST plays a critical role in fear
acquisition/expression, which relates to stress maladaptation and
the development of stress-related disorders like PTSD (e.g.,
Miles and Maren, 2019) and involves CRH signaling (e.g., Hu
et al., 2020). This functional interplay between the BNST and
amygdala relates to the inter-individual differences in threat
processing and trait anxiety (Brinkmann et al., 2018), which
likely influences the development of the next stage in chronic
intense stress.

Risk-to-Escape (Stalemate) Stage
The evidence is that stress, predominantly chronic, can increase
risk-taking behavior (Starcke et al., 2008; Lighthall et al.,
2009; Pabst et al., 2013c; Ceccato et al., 2016; see also Brand
et al., 2006; Starcke and Brand, 2012; Yu, 2016). We predict
that stress-induced risk-taking is largely driven by threat
anticipation due to hyperactivated BNST. The BNST integrates
limbic information and valence monitoring and plays a central
role in the hippocampus-hypothalamic paraventricular nucleus
circuit that activates the HPA axis and has a psychogenic
effect (e.g., Lebow and Chen, 2016). The BNST is sexually
dimorphic; its activity is heritable and relates to anxiety
in ambiguous and sustained threat (e.g., Clauss, 2019). The
neurophysiological background is that the BNST receives
multiple signals, including, but not limited to, dopamine and
5-HT from the dorsal raphe and NE from the nucleus tractus
solitarii (e.g., Glangetas and Georges, 2016). Moreover, increased
impulsivity relates to alteration in the central amygdala → BNST
dopaminergic projections that inhibit impulsive behavior (Kim
et al., 2018).

We thus predict that in prolonged homotypic stress,
hyperactivated BNST covers a shift from the front-line stress-
care medial PFC-amygdalar circuits. This is likely a now-or-
never response to escape the burden of anticipated threat,
driven by dopamine reductions in uncertain conditions which
recruit the dorsal PFC-striatal circuits related to impulsive
and risky behavior. Our reasoning is that, in contrast to
fear, ambiguity can be perceived as a dormant threat that
increases approach behavior (the hippocampal rectivity, e.g.,
O’Neil et al., 2015) and risky behavior (the ventral striatal

reactivity moderated by impulsivity traits, e.g., Mason et al.,
2014; Goulet-Kennedy et al., 2016). As well, the activity of the
ventral striatum is associated with a motivational control of
performance and is regulated by the dorsolateral PFC (Hart
et al., 2014). Therefore, it could be a part of an adaptive
mechanism to confront the challenge although it requires
adequate executive functioning, and by extension, goal-oriented
actions. The pitfalls are that poor cognitive control and insular
risk-processing can increase perceived stress, and in turn,
risk-taking behavior (e.g., among adolescents, Maciejewski et al.,
2018). In contarst, risk-taking behavior is inversely associated
with a cortisol increase for boys/men but not girls/women (e.g.,
Daughters et al., 2013; Kluen et al., 2017). This effect relates to
greater activity and novelty preferences due to higher sensation
seeking in boys/men compared to girls/women who are more
punishment sensitive (meta-analysis by Cross et al., 2011). The
developmental moderation of stress-induced responses can also
lead to impulsive errors in girls (e.g., Lukkes et al., 2016), which
is also moderated by personality traits related to impulsivity (e.g.,
negative urgency that correlates to impulsivity, Berg et al., 2015;
see also Cyders and Smith, 2008a,b; Herman et al., 2018). The
levels of impulsivity in healthy young adults inversely correlate
with the levels of released dopamine from the ventral striatum
in low to moderate stress; yet high stress reduces dopamine
responses (e.g., Oswald et al., 2007; see also Palamarchuk and
Vaillancourt, under review).

In sum, poor cognitive functioning and cortisol decline can
promote a burden of uncertainty (stalemate), and as dopamine
drops, risk-taking ensues to which young men are more prone to
than young women. The mechanism is that the striatal networks
can serve decision-making with the learned behavior/’’script’’
when facing explicit danger in acute stress. In contrast, when
dealing with prolonged uncertainty, decision-making can be
impulsive and risky due to poor risk-processing, and potentially,
motivation/urge to terminate the status quo in chronic intense
stress. Accordingly, improving cognitive control with proper
risk-processing (psychological help) and facilitating adequate
options to avoid predictable danger (social assistance) could
be a key intervention to prevent poor outcomes. Although our
hypothesis has yet to be tested, it sheds light on why stress can
induce risk-taking behavior.

Surrender-in-Defeat (Checkmate) Stage
We interpret that in acute and extreme stress associated with
a loss or defeat, as well as in chronic stress with a prolonged
ambiguity, the executive functioning ‘‘surrenders’’ in the absence
of absolutely reliable task-sets and incapacity to create new ones
(i.e., defeat/checkmate), which is why serotonin levels drop and
depression emerges. Of relevance, Yu et al.’s (2016) findings
in rodent models demonstrate that repeated social defeats, but
not social threats, increase cortisol and NE levels but decrease
dopamine, its metabolites, and serotonin levels in the striatum
and hippocampus (see also Palamarchuk and Vaillancourt, under
review).

On a molecular level, stress adaptation relates to a negative
feedback of the HPA axis seen in cortisol hyposynthesis as ACTH
sensitivity declines (e.g., Juruena et al., 2003; McEwen, 2012;
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Gray et al., 2017). In particular, the duration of exposure to
a homotypic stressor displays a linear and inverted U-shaped
dose-effect on a stress response: (1) a novel stressor can increase
ACTH sensitivity; (2) a repeated stressor can initially desensitize
ACTH; and (3) a chronic stressor relates to an unceasing ACTH
sensitivity (Aguilera, 1994, 1998; Aguilera and Liu, 2012). Prior
exposure to homotypic stressors can compromise stress response
to a novel stressor (e.g., García et al., 2000), which in turn can
expose a previous stress-induced latent behavioral sensitization
that often surpasses the HPA axis sensitization (Belda et al.,
2015; also see McCarty, 2016). Not surprisingly, intense stressor
can facilitate certain cognitive functions and thus promote stress
resilience (e.g., Ellis et al., 2017) although its chronic exposure is
associated with mood disorders such as depression and anxiety
(e.g., Juruena et al., 2020). According to the aforementioned
findings on stress responses, we hypothesize that intra-stages
expressions and inter-stage transitions in our model of stress
development depend on the novelty, intensity, timing, and
chronicity of the stressor. Stress stages can be desensitized
in subchronic exposure to the same stressor (or homotypic
stressors) but accelerated/exacerbated in chronic exposure to the
homotypic stressors, which in turn can also hypersensitize stages
toward a novel stressor.

We acknowledge that sex/gender may affect the coping-
related neural pathways due to sex and stress hormones
co-signaling. In particular, neurocognitive variability during
stress development can be affected by the levels of circulating
estradiol/estrogen. Estrogen signaling influences memory, social
learning, and aggressive/defensive behavior associated with the
hippocampal and medial PFC functioning (e.g., Milner et al.,
2008; Luine and Frankfurt, 2012; Laredo et al., 2014; Almey et al.,
2015) and thus contributes to sex differences in stress coping. In
females, circulating estradiol levels mediate stress resilience (e.g.,
Wei et al., 2014b; Luine, 2016; Yuen et al., 2016) and facilitate
cerebro- and cardio-protection (e.g., Guo et al., 2005; Murphy,
2011; Adlanmerini et al., 2014) in linear and inverted U-shaped
dose-effect (e.g., Bayer et al., 2018), where high estrogen levels
increase cognitive sensitivity to stress (e.g., Graham and Scott,
2018; Hokenson et al., 2021). On the one hand, this may help
explain why the prevalence of PTSD—surrender-in-defeat stage
in our model—is two times higher in women than in men (e.g.,
Breslau, 2002; Zlotnick et al., 2006; Pooley et al., 2018). On the
other hand, the androgen effect may explain the findings of why
men are inclined toward impulsive behavior (i.e., risk-to-escape
stage in our model, e.g., Hernandez et al., 2020) and are more
affected by stress magnitude, compared to women who are more
affected by stress frequency (e.g., Grissom and Reyes, 2019; see
also Hidalgo et al., 2019).

Our hypotheses need to be tested to further clarify the various
interfering factors with stress reactivity and resilience, such as
sex hormones and genetic polymorphism related to serotonin
and dopamine signaling reviewed above, as well as stressor type
and stress timing/continuity (single, repeated intermittent, or
chronic) that can involve different neural pathways and different
reactivity of the HPA axis and LC-NE system. Nevertheless,
these hypotheses can help explain why active coping is negatively
linked to psychological health as reviewed above (Figure 1). It

also supports the fact that chronically stressed individuals with
depression/anxiety and poor cognition require psychological and
social assistance.

Concluding Remarks
Neurocognition plays a vital role in adaptation and monitors the
severity of challenges faced. When cognitive appraisal assigns a
negative value to the salient stimuli, it is the moment they become
psychological stressors and stress arises. Thus, psychological
stimuli can vary in nature because it is the level of cognitive
‘‘attention’’ that determines stress and its severity, that is the
stress appraisal/interpretation, but not the stimuli per se.

To address the nuances underlining stress severity, we
propose to update a dichotomy in the cognitive appraisal
terminology—self-appraisal (i.e., the perception of self-efficacy
to deal with the stressor) and stressor-appraisal (the perception
of threat/challenge). This dichotomy is intended to facilitate
cognitive behavioral therapy, as well as translational research
on stress and mental resilience. Specifically, self-appraisal
relates to successful emotional downregulation and enables
cognitive flexibility vs. stressor-appraisal which can contribute
to emotional dysregulation and attentional tunneling that
restricts/alters executive functioning. Noted specifics of the
cognitive appraisal duality are associated with the PFC and
amygdala interplay during the processing of aversive emotions
and fear, which is linked to stress sensitization and psychiatric
consequences (e.g., Palamarchuk and Vaillancourt, under
review).

To advance our understanding of mental resilience and stress
development, we offer new insights to the scholarly literature
on psychological stress coping with respect to previously
published reviews. First, we differentiate the neurocognitive
aspects in stress development with four key phases: (i)
stressor detection, (ii) stress appraisal (assessment of stress
severity), (iii) stress reactivity, and (iv) decision making. Clinical
analysis of each phase may help with ruling out primary and
secondary causes of behavioral maladaptation. For instance,
it is important to keep in mind that sudden and inadequate
behavioral reaction to an event (i.e., detection of a novel
stressor) may be related to a totally different event that
occurred chronically in the past that latently compromised
psychological health (i.e., prior chronic exposure to homotypic
stressors can trigger cognitive ‘‘defence,’’ see Figure 1). Another
example is that prolonged uncertainty increases the chances of
risky/impulsive behavior.

Second, we model a complex concept of stress development
that introduces an intra-individual variability factor in the
stress reactivity phase, which is based on the neural dynamics
in cognitive processing. In particular, we hypothesize that
coping styles are influenced by intra-individual neurocognitive
variability moderated by stress reactivity (phase iii) across three
major stages: (1) alarm-to-threat [check] stage → (2) risk-to-
escape [stalemate] stage → (3) surrender-in-defeat [checkmate]
stage (Figure 1). Alarm-to-threat stage denoting the cortisol
and NE surges in response to psychological stress must not
be confused with the alarm phase, classically referred to
triphasic allostasis process, which originated from the ‘‘general
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adaptation syndrome’’ concept by Selye (1998), reprint of 1936)
that described ‘‘typical syndrome’’ following ‘‘diverse nocuous
agents.’’ That is, the general alarm reaction within ‘‘6–48 h in rat
models of acute nonspecific stress.’’

Finally, we emphasize that stress coping can fluctuate in a
predictable intra-individual manner. Identifying the stressor’s
novelty/chronicity and stress stage/phase can help with early
prevention and appropriate therapy of maladaptive stress coping,
and in turn, prevent mental disorders.
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Marko, M., and Riečanský, I. (2018). Sympathetic arousal, but not disturbed
executive functioning, mediates the impairment of cognitive flexibility under
stress. Cognition 174, 94–102. doi: 10.1016/j.cognition.2018.02.004

Mason, L., O’Sullivan, N., Montaldi, D., Bentall, R. P., and El-Deredy, W.
(2014). Decision-making and trait impulsivity in bipolar disorder are associated
with reduced prefrontal regulation of striatal reward valuation. Brain 137,
2346–2355. doi: 10.1093/brain/awu152

McCarty, R. (2016). Learning about stress: neural, endocrine and behavioral
adaptations. Stress 19, 449–475. doi: 10.1080/10253890.2016.1192120

McDevitt, R. A., Szot, P., Baratta, M. V., Bland, S. T., White, S. S., Maier, S. F., et al.
(2009). Stress-induced activity in the locus coeruleus is not sensitive to stressor
controllability. Brain Res. 1285, 109–118. doi: 10.1016/j.brainres.2009.06.017

McEwen, B. S. (2012). Brain on stress: how the social environment gets under
the skin. Proc. Natl. Acad. Sci. U S A 109, 17180–17185. doi: 10.1073/pnas.
1121254109

Miles, O. W., and Maren, S. (2019). Role of the bed nucleus of the stria terminalis
in PTSD: insights from preclinical models. Front. Behav. Neurosci. 13:68.
doi: 10.3389/fnbeh.2019.00068

Mills, M. S., Embury, C. M., Klanecky, A. K., Khanna, M. M., Calhoun, V. D.,
Stephen, J. M., et al. (2019). Traumatic events are associated with diverse
psychological symptoms in typically-developing children. J. Child Adolesc.
Trauma 13, 381–388. doi: 10.1007/s40653-019-00284-y

Milner, T. A., Lubbers, L. S., Alves, S. E., and McEwen, B. S. (2008). Nuclear
and extranuclear estrogen binding sites in the rat forebrain and autonomic
medullary areas. Endocrinology 149, 3306–3312. doi: 10.1210/en.2008-0307

Morilak, D. A., Barrera, G., Echevarria, D. J., Garcia, A. S., Hernandez, A., Ma, S.,
et al. (2005). Role of brain norepinephrine in the behavioral response to stress.
Prog. Neuropsychopharmacol. Biol. Psychiatry 29, 1214–1224. doi: 10.1016/j.
pnpbp.2005.08.007

Morris, L. S., McCall, J. G., Charney, D. S., and Murrough, J. W. (2020). The role
of the locus coeruleus in the generation of pathological anxiety. Brain Neurosci.
Adv. 4:2398212820930321. doi: 10.1177/2398212820930321

Mulvey, B., Bhatti, D. L., Gyawali, S., Lake, A. M., Kriaucionis, S., Ford, C. P., et al.
(2018). Molecular and functional sex differences of noradrenergic neurons in
the mouse locus coeruleus. Cell Rep. 23, 2225–2235. doi: 10.1016/j.celrep.2018.
04.054

Murphy, E. (2011). Estrogen signaling and cardiovascular disease. Circ. Res. 109,
687–696. doi: 10.1161/CIRCRESAHA.110.236687

Murphy, P. R., O’Connell, R. G., O’Sullivan, M., Robertson, I. H., and Balsters, J. H.
(2014). Pupil diameter covaries with BOLD activity in human locus coeruleus.
Hum. Brain Mapp. 35, 4140–4154. doi: 10.1002/hbm.22466

Naaz, F., Knight, L. K., and Depue, B. E. (2019). Explicit and ambiguous threat
processing: functionally dissociable roles of the amygdala and bed nucleus of
the stria terminalis. J. Cogn. Neurosci. 31, 543–559. doi: 10.1162/jocn_a_01369

O’Doherty, J., Dayan, P., Schultz, J., Deichmann, R., Friston, K., and Dolan, R. J.
(2004). Dissociable roles of ventral and dorsal striatum in instrumental
conditioning. Science 304, 452–454. doi: 10.1126/science.1094285

O’Neil, E. B., Newsome, R. N., Li, I. H., Thavabalasingam, S., Ito, R.,
and Lee, A. C. (2015). Examining the role of the human hippocampus
in approach-avoidance decision making using a novel conflict paradigm
and multivariate functional magnetic resonance imaging. J. Neurosci. 35,
15039–15049. doi: 10.1523/JNEUROSCI.1915-15.2015

Osborne, D. M., Pearson-Leary, J., and McNay, E. C. (2015). The neuroenergetics
of stress hormones in the hippocampus and implications for memory. Front.
Neurosci. 9:164. doi: 10.3389/fnins.2015.00164

Oswald, L. M., Wong, D. F., Zhou, Y., Kumar, A., Brasic, J., Alexander, M.,
et al. (2007). Impulsivity and chronic stress are associated with amphetamine-
induced striatal dopamine release. NeuroImage 36, 153–166. doi: 10.1016/j.
neuroimage.2007.01.055

Otgaar, H., Muris, P., Howe, M. L., and Merckelbach, H. (2017). What drives false
memories in psychopathology? a case for associative activation. Clin. Psychol.
Sci. 5, 1048–1069. doi: 10.1177/2167702617724424

Frontiers in Behavioral Neuroscience | www.frontiersin.org 13 August 2021 | Volume 15 | Article 719674

https://doi.org/10.3389/fpsyt.2019.00510
https://doi.org/10.3389/fpsyt.2019.00510
https://doi.org/10.1152/physrev.00042.2006
https://doi.org/10.1016/j.yfrne.2014.03.005
https://doi.org/10.1177/1524838015602737
https://doi.org/10.1007/s10459-014-9516-6
https://doi.org/10.1007/s10459-014-9516-6
https://doi.org/10.1038/mp.2016.1
https://doi.org/10.1021/cn500340j
https://doi.org/10.1016/j.neuroimage.2016.11.072
https://doi.org/10.1016/j.neuroimage.2004.08.016
https://doi.org/10.1016/j.neuroimage.2004.08.016
https://doi.org/10.1371/journal.pone.0006002
https://doi.org/10.1503/jpn.120111
https://doi.org/10.1016/j.jsbmb.2015.07.022
https://doi.org/10.1016/j.yfrne.2012.07.004
https://doi.org/10.1002/dev.21368
https://doi.org/10.1016/j.bandc.2007.02.007
https://doi.org/10.1016/j.bandc.2007.02.007
https://doi.org/10.1007/s11065-018-9383-7
https://doi.org/10.1016/j.dcn.2018.02.005
https://doi.org/10.1016/j.dcn.2018.02.005
https://doi.org/10.1044/2017_AJA-16-0133
https://doi.org/10.1016/j.pnpbp.2005.08.012
https://doi.org/10.1210/jc.2004-0009
https://doi.org/10.1210/jc.2004-0009
https://doi.org/10.1016/j.cognition.2018.02.004
https://doi.org/10.1093/brain/awu152
https://doi.org/10.1080/10253890.2016.1192120
https://doi.org/10.1016/j.brainres.2009.06.017
https://doi.org/10.1073/pnas.1121254109
https://doi.org/10.1073/pnas.1121254109
https://doi.org/10.3389/fnbeh.2019.00068
https://doi.org/10.1007/s40653-019-00284-y
https://doi.org/10.1210/en.2008-0307
https://doi.org/10.1016/j.pnpbp.2005.08.007
https://doi.org/10.1016/j.pnpbp.2005.08.007
https://doi.org/10.1177/2398212820930321
https://doi.org/10.1016/j.celrep.2018.04.054
https://doi.org/10.1016/j.celrep.2018.04.054
https://doi.org/10.1161/CIRCRESAHA.110.236687
https://doi.org/10.1002/hbm.22466
https://doi.org/10.1162/jocn_a_01369
https://doi.org/10.1126/science.1094285
https://doi.org/10.1523/JNEUROSCI.1915-15.2015
https://doi.org/10.3389/fnins.2015.00164
https://doi.org/10.1016/j.neuroimage.2007.01.055
https://doi.org/10.1016/j.neuroimage.2007.01.055
https://doi.org/10.1177/2167702617724424
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Palamarchuk and Vaillancourt Cognition, Stress, and Resilience

Pabst, S., Brand, M., and Wolf, O. T. (2013a). Stress and decision making: a few
minutes make all the difference. Behav. Brain Res. 250, 39–45. doi: 10.1016/j.
bbr.2013.04.046

Pabst, S., Brand, M., and Wolf, O. T. (2013b). Stress effects on framed decisions:
there are differences for gains and losses. Front. Behav. Neurosci. 7:142.
doi: 10.3389/fnbeh.2013.00142

Pabst, S., Schoofs, D., Pawlikowski, M., Brand, M., and Wolf, O. T. (2013c).
Paradoxical effects of stress and an executive task on decisions under risk.
Behav. Neurosci. 127, 369–379. doi: 10.1037/a0032334

Pacak, K., Palkovits, M., Kopin, I. J., and Goldstein, D. S. (1995). Stress-induced
norepinephrine release in the hypothalamic paraventricular nucleus and
pituitary-adrenocortical and sympathoadrenal activity: in vivo microdialysis
studies. Front. Neuroendocrinol. 16, 89–150. doi: 10.1006/frne.1995.1004

Packard, M. G. (2009). Anxiety, cognition, and habit: a multiple memory systems
perspective. Brain Res. 1293, 121–128. doi: 10.1016/j.brainres.2009.03.029

Penley, J. A., Tomaka, J., and Wiebe, J. S. (2002). The association of coping to
physical and psychological health outcomes: a meta-analytic review. J. Behav.
Med. 25, 551–603. doi: 10.1023/a:1020641400589

Pilgrim, K., Marin, M. F., and Lupien, S. J. (2010). Attentional orienting toward
social stress stimuli predicts increased cortisol responsivity to psychosocial
stress irrespective of the early socioeconomic status. Psychoneuroendocrinology
35, 588–595. doi: 10.1016/j.psyneuen.2009.09.015

Poe, G. R., Foote, S., Eschenko, O., Johansen, J. P., Bouret, S., Aston-Jones, G.,
et al. (2020). Locus coeruleus: a new look at the blue spot. Nat. Rev. Neurosci.
21, 644–659. doi: 10.1038/s41583-020-0360-9

Pooley, A. E., Benjamin, R. C., Sreedhar, S., Eagle, A. L., Robison, A. J., Mazei-
Robison, M. S., et al. (2018). Sex differences in the traumatic stress response:
PTSD symptoms in women recapitulated in female rats. Biol. Sex Differ. 9:31.
doi: 10.1186/s13293-018-0191-9

Poppelaars, E. S., Klackl, J., Pletzer, B., Wilhelm, F. H., and Jonas, E. (2019). Social-
evaluative threat: stress response stages and influences of biological sex and
neuroticism. Psychoneuroendocrinology 109:104378. doi: 10.1016/j.psyneuen.
2019.104378

Puig, M. V., and Gulledge, A. T. (2011). Serotonin and prefrontal cortex
function: neurons, networks, and circuits. Mol. Neurobiol. 44, 449–464.
doi: 10.1007/s12035-011-8214-0

Quinones, M. M., Gallegos, A. M., Lin, F. V., and Heffner, K. (2020). Dysregulation
of inflammation, neurobiology, and cognitive function in PTSD: an integrative
review. Cogn. Affect. Behav. Neurosci. 20, 455–480. doi: 10.3758/s13415-020-
00782-9

Reyes, B., Zhang, X.-Y., Dufourt, E. C., Bhatnagar, S., Valentino, R. J., and Van
Bockstaele, E. J. (2019). Neurochemically distinct circuitry regulates locus
coeruleus activity during female social stress depending on coping style. Brain
Struct. Funct. 224, 1429–1446. doi: 10.1007/s00429-019-01837-5

Richardson, S., Shaffer, J. A., Falzon, L., Krupka, D., Davidson, K. W., and
Edmondson, D. (2012). Meta-analysis of perceived stress and its association
with incident coronary heart disease. Am. J. Cardiol. 110, 1711–1716.
doi: 10.1016/j.amjcard.2012.08.004

Roelofs, K., Bakvis, P., Hermans, E. J., van Pelt, J., and van Honk, J. (2007). The
effects of social stress and cortisol responses on the preconscious selective
attention to social threat. Biol. Psychol. 75, 1–7. doi: 10.1016/j.biopsycho.2006.
09.002

Roozendaal, B., Barsegyan, A., and Lee, S. (2008). Adrenal stress hormones,
amygdala activation, and memory for emotionally arousing experiences. Prog.
Brain Res. 167, 79–97. doi: 10.1016/S0079-6123(07)67006-X

Roozendaal, B., Okuda, S., de Quervain, D. J.-F., and McGaugh, J. L. (2006).
Glucocorticoids interact with emotion-induced noradrenergic activation
in influencing different memory functions. Neuroscience 138, 901–910.
doi: 10.1016/j.neuroscience.2005.07.049

Ruderman, L., and Lamy, D. (2012). Emotional context influences access of
visual stimuli to anxious individuals’ awareness. Conscious. Cogn. 21, 900–914.
doi: 10.1016/j.concog.2012.01.015

Salmon, K., and Bryant, R. A. (2002). Posttraumatic stress disorder in children.
The influence of developmental factors. Clin. Psychol. Rev. 22, 163–188.
doi: 10.1016/s0272-7358(01)00086-1

Sandler, I. N., Tein, J. Y., Mehta, P., Wolchik, S., and Ayers, T. (2000). Coping
efficacy and psychological problems of children of divorce. Child Dev. 71,
1099–1118. doi: 10.1111/1467-8624.00212

Sara, S. J., and Bouret, S. (2012). Orienting and reorienting: the locus coeruleus
mediates cognition through arousal. Neuron 76, 130–141. doi: 10.1016/j.
neuron.2012.09.011

Sauro, M. D., Jorgensen, R. S., and Pedlow, C. T. (2003). Stress,
glucocorticoids, and memory: a meta-analytic review. Stress 6, 235–245.
doi: 10.1080/10253890310001616482

Schiebener, J., and Brand, M. (2015). Decision making under objective
risk conditions-a review of cognitive and emotional correlates, strategies,
feedback processing, and external influences. Neuropsychol. Rev. 25, 171–198.
doi: 10.1007/s11065-015-9285-x

Schwabe, L., Römer, S., Richter, S., Dockendorf, S., Bilak, B., and Schächinger, H.
(2009). Stress effects on declarative memory retrieval are blocked by
a beta-adrenoceptor antagonist in humans. Psychoneuroendocrinology 34,
446–454. doi: 10.1016/j.psyneuen.2008.10.009

Schwarz, L. A., Miyamichi, K., Gao, X. J., Beier, K. T., Weissbourd, B.,
DeLoach, K. E., et al. (2015). Viral-genetic trac-ing of the input-output
organization of a central noradrenaline circuit. Nature 524, 88–92.
doi: 10.1038/nature14600

Sears, R. M., Fink, A. E., Wigestrand, M. B., Farb, C. R., de Lecea, L.,
and Ledoux, J. E. (2013). Orexin/hypocretin system modulates amygdala-
dependent threat learning through the locus coeruleus. Proc. Natl. Acad. Sci.
U S A 110, 20260–20265. doi: 10.1073/pnas.1320325110

Selye, H. (1998). A syndrome produced by diverse nocuous agents. 1936.
J. Neuropsychiatry Clin. Neurosci. 10, 230–231. doi: 10.1176/jnp.10.2.230a

Shields, G. S., Rivers, A. M., Ramey, M. M., Trainor, B. C., and Yonelinas, A. P.
(2019). Mild acute stress improves response speed without impairing accuracy
or interference control in two selective attention tasks: implications for theories
of stress and cognition. Psychoneuroendocrinology 108, 78–86. doi: 10.1016/j.
psyneuen.2019.06.001

Shields, G. S., Sazma, M. A., and Yonelinas, A. P. (2016). The effects of acute stress
on core executive functions: a meta-analysis and comparison with cortisol.
Neurosci. Biobehav. Rev. 68, 651–668. doi: 10.1016/j.neubiorev.2016.06.038

Shimp, K. G., Mitchell, M. R., Beas, B. S., Bizon, J. L., and Setlow, B. (2015).
Affective and cognitive mechanisms of risky decision making.Neurobiol. Learn.
Mem. 117, 60–70. doi: 10.1016/j.nlm.2014.03.002

Shin, L. M., and Handwerger, K. (2009). Is posttraumatic stress disorder a stress-
induced fear circuitry disorder? J. Trauma Stress 22, 409–415. doi: 10.1002/jts.
20442

Shulman, G. L., Astafiev, S. V., Franke, D., Pope, D. L., Snyder, A. Z.,
McAvoy, M. P., et al. (2009). Interaction of stimulus-driven reorienting and
expectation in ventral and dorsal frontoparietal and basal ganglia-cortical
networks. J. Neurosci. 29, 4392–4407. doi: 10.1523/JNEUROSCI.5609-08.2009

Skosnik, P. D., Chatterton, R. T. Jr., Swisher, T., and Park, S. (2000). Modulation of
attentional inhibition by norepinephrine and cortisol after psychological stress.
Int. J. Psychophysiol. 36, 59–68. doi: 10.1016/s0167-8760(99)00100-2

Sladek, M. R., Doane, L. D., Jewell, S. L., and Luecken, L. J. (2017a). Social support
coping style predicts women’s cortisol in the laboratory and daily life: the
moderating role of social attentional biases. Anxiety Stress Coping 30, 66–81.
doi: 10.1080/10615806.2016.1181754

Sladek, M. R., Doane, L. D., and Stroud, C. B. (2017b). Individual and day-
to-day differences in active coping predict diurnal cortisol patterns among
early adolescent girls. J. Youth Adolesc. 46, 121–135. doi: 10.1007/s10964-016-
0591-2

Sladek, M. R., Doane, L. D., Luecken, L. J., and Eisenberg, N. (2016). Perceived
stress, coping, and cortisol reactivity in daily life: a study of adolescents during
the first year of college. Biol. Psychol. 117, 8–15. doi: 10.1016/j.biopsycho.2016.
02.003

Slattery, M. J., Grieve, A. J., Ames, M. E., Armstrong, J. M., and Essex, M. J.
(2013). Neurocognitive function and state cognitive stress appraisal
predict cortisol reactivity to an acute psychosocial stressor in adolescents.
Psychoneuroendocrinology 38, 1318–1327. doi: 10.1016/j.psyneuen.2012.11.017

Slavich, G. M. (2020). Social safety theory: a biologically based evolutionary
perspective on life stress, health, and behavior. Annu. Rev. Clin. Psychol. 16,
265–295. doi: 10.1146/annurev-clinpsy-032816-045159

Smeets, T., Wolf, O. T., Giesbrecht, T., Sijstermans, K., Telgen, S., and
Joëls, M. (2009). Stress selectively and lastingly promotes learning of context-
related high arousing information. Psychoneuroendocrinology 34, 1152–1161.
doi: 10.1016/j.psyneuen.2009.03.001

Frontiers in Behavioral Neuroscience | www.frontiersin.org 14 August 2021 | Volume 15 | Article 719674

https://doi.org/10.1016/j.bbr.2013.04.046
https://doi.org/10.1016/j.bbr.2013.04.046
https://doi.org/10.3389/fnbeh.2013.00142
https://doi.org/10.1037/a0032334
https://doi.org/10.1006/frne.1995.1004
https://doi.org/10.1016/j.brainres.2009.03.029
https://doi.org/10.1023/a:1020641400589
https://doi.org/10.1016/j.psyneuen.2009.09.015
https://doi.org/10.1038/s41583-020-0360-9
https://doi.org/10.1186/s13293-018-0191-9
https://doi.org/10.1016/j.psyneuen.2019.104378
https://doi.org/10.1016/j.psyneuen.2019.104378
https://doi.org/10.1007/s12035-011-8214-0
https://doi.org/10.3758/s13415-020-00782-9
https://doi.org/10.3758/s13415-020-00782-9
https://doi.org/10.1007/s00429-019-01837-5
https://doi.org/10.1016/j.amjcard.2012.08.004
https://doi.org/10.1016/j.biopsycho.2006.09.002
https://doi.org/10.1016/j.biopsycho.2006.09.002
https://doi.org/10.1016/S0079-6123(07)67006-X
https://doi.org/10.1016/j.neuroscience.2005.07.049
https://doi.org/10.1016/j.concog.2012.01.015
https://doi.org/10.1016/s0272-7358(01)00086-1
https://doi.org/10.1111/1467-8624.00212
https://doi.org/10.1016/j.neuron.2012.09.011
https://doi.org/10.1016/j.neuron.2012.09.011
https://doi.org/10.1080/10253890310001616482
https://doi.org/10.1007/s11065-015-9285-x
https://doi.org/10.1016/j.psyneuen.2008.10.009
https://doi.org/10.1038/nature14600
https://doi.org/10.1073/pnas.1320325110
https://doi.org/10.1176/jnp.10.2.230a
https://doi.org/10.1016/j.psyneuen.2019.06.001
https://doi.org/10.1016/j.psyneuen.2019.06.001
https://doi.org/10.1016/j.neubiorev.2016.06.038
https://doi.org/10.1016/j.nlm.2014.03.002
https://doi.org/10.1002/jts.20442
https://doi.org/10.1002/jts.20442
https://doi.org/10.1523/JNEUROSCI.5609-08.2009
https://doi.org/10.1016/s0167-8760(99)00100-2
https://doi.org/10.1080/10615806.2016.1181754
https://doi.org/10.1007/s10964-016-0591-2
https://doi.org/10.1007/s10964-016-0591-2
https://doi.org/10.1016/j.biopsycho.2016.02.003
https://doi.org/10.1016/j.biopsycho.2016.02.003
https://doi.org/10.1016/j.psyneuen.2012.11.017
https://doi.org/10.1146/annurev-clinpsy-032816-045159
https://doi.org/10.1016/j.psyneuen.2009.03.001
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Palamarchuk and Vaillancourt Cognition, Stress, and Resilience

Smith, T. W., and Jordan, K. D. (2015). Interpersonal motives and social-evaluative
threat: effects of acceptance and status stressors on cardiovascular reactivity
and salivary cortisol response. Psychophysiology 52, 269–276. doi: 10.1111/psyp.
12318

Stachl, C. N., and Baranger, A. M. (2020). Sense of belonging within the graduate
community of a research-focused STEM department: quantitative assessment
using a visual narrative and item response theory. PLoS One 15:e0233431.
doi: 10.1371/journal.pone.0233431

Stansfeld, S., and Candy, B. (2006). Psychosocial work environment and mental
health—a meta-analytic review. Scand. J. Work Environ. Health 32, 443–462.
doi: 10.5271/sjweh.1050

Starcke, K., and Brand, M. (2012). Decision making under stress: a selective review.
Neurosci. Biobehav. Rev. 36, 1228–1248. doi: 10.1016/j.neubiorev.2012.02.003

Starcke, K., Wolf, O. T., Markowitsch, H. J., and Brand, M. (2008). Anticipatory
stress influences decision making under explicit risk conditions. Behav.
Neurosci. 122, 1352–1360. doi: 10.1037/a0013281

Szabadi, E. (2013). Functional neuroanatomy of the central noradrenergic system.
J. Psychopharmacol. 27, 659–693. doi: 10.1177/0269881113490326

Tsuda, A., Ida, Y., Satoh, H., Tsujimaru, S., and Tanaka, M. (1989). Stressor
predictability and rat brain noradrenaline metabolism. Pharmacol. Biochem.
Behav. 32, 569–572. doi: 10.1016/0091-3057(89)90198-6

Tsumura, H., and Shimada, H. (2012). Acutely elevated cortisol in response to
stressor is associated with attentional bias toward depression-related stimuli
but is not associated with attentional function. Appl. Psychophysiol. Biofeedback
37, 19–29. doi: 10.1007/s10484-011-9172-z

Vaillancourt, T., and Palamarchuk, I. S. (2021). ‘‘Neurobiological factors of
bullying victimization,’’ in The Wiley Blackwell Handbook of Bullying, eds
P. K. Smith and J. O’Higgins Norman (New York, NY: Wiley-Blackwell),
399–414.

Valentino, R. J., and Van Bockstaele, E. (2008). Convergent regulation of locus
coeruleus activity as an adaptive response to stress. Eur. J. Pharmacol. 583,
194–203. doi: 10.1016/j.ejphar.2007.11.062

Varazzani, C., San-Galli, A., Gilardeau, S., and Bouret, S. (2015).
Noradrenaline and dopamine neurons in the reward/effort trade-off: a
direct electrophysiological comparison in behaving monkeys. J. Neurosci. 35,
7866–7877. doi: 10.1523/JNEUROSCI.0454-15.2015

Vogel, S., Klumpers, F., Krugers, H. J., Fang, Z., Oplaat, K. T., Oitzl, M. S., et al.
(2015). Blocking the mineralocorticoid receptor in humans prevents the stress-
induced enhancement of centromedial amygdala connectivity with the dorsal
striatum. Neuropsychopharmacology 40, 947–956. doi: 10.1038/npp.2014.271

Vogel, S., Klumpers, F., Schröder, T. N., Oplaat, K. T., Krugers, H. J.,
Oitzl, M. S., et al. (2017). Stress induces a shift towards striatum-
dependent stimulus-response learning via the mineralocorticoid receptor.
Neuropsychopharmacology 42, 1262–1271. doi: 10.1038/npp.2016.262

Vogel, S., and Schwabe, L. (2016). Learning and memory under stress: implications
for the classroom. NPJ Sci. Learn. 1:16011. doi: 10.1038/npjscilearn.2016.11

Vogel, S., and Schwabe, L. (2019). Stress, aggression, and the balance of approach
and avoidance. Psychoneuroendocrinology 103, 137–146. doi: 10.1016/j.
psyneuen.2019.01.020

Wager, T. D., and Smith, E. E. (2003). Neuroimaging studies of working memory:
a meta-analysis. Cogn. Affect. Behav. Neurosci. 3, 255–274. doi: 10.3758/cabn.3.
4.255

Wei, J., Rooks, C., Ramadan, R., Shah, A. J., Bremner, J. D., Quyyumi, A. A.,
et al. (2014a). Meta-analysis of mental stress-induced myocardial ischemia
and subsequent cardiac events in patients with coronary artery disease. Am.
J. Cardiol. 114, 187–192. doi: 10.1016/j.amjcard.2014.04.022

Wei, J., Yuen, E. Y., Liu, W., Li, X., Zhong, P., Karatsoreos, I. N., et al.
(2014b). Estrogen protects against the detrimental effects of repeated stress
on glutamatergic transmission and cognition. Mol. Psychiatry 19, 588–598.
doi: 10.1038/mp.2013.83

Wei, J., Zhong, P., Qin, L., Tan, T., and Yan, Z. (2018). Chemicogenetic restoration
of the prefrontal cortex to amygdala pathway ameliorates stress-induced
deficits. Cereb. Cortex 28, 1980–1990. doi: 10.1093/cercor/bhx104

Wiemer, J., Mühlberger, A., and Pauli, P. (2014). Illusory correlations between
neutral and aversive stimuli can be induced by outcome aversiveness. Cogn.
Emot. 28, 193–207. doi: 10.1080/02699931.2013.809699

Woody, A., Hooker, E. D., Zoccola, P. M., and Dickerson, S. S. (2018). Social-
evaluative threat, cognitive load, and the cortisol and cardiovascular stress
response. Psychoneuroendocrinology 97, 149–155. doi: 10.1016/j.psyneuen.
2018.07.009

Xie, W., Cappiello, M., Meng, M., Rosenthal, R., and Zhang, W. (2018). ADRA2B
deletion variant and enhanced cognitive processing of emotional information:
a meta-analytical review. Neurosci. Biobehav. Rev. 92, 402–416. doi: 10.1016/j.
neubiorev.2018.05.010

Yalcin, I., Coubard, S., Bodard, S., Chalon, S., and Belzung, C. (2008). Effects
of 5,7-dihydroxytryptamine lesion of the dorsal raphe nucleus on the
antidepressant-like action of tramadol in the unpredictable chronic mild
stress in mice. Psychopharmacology 200, 497–507. doi: 10.1007/s00213-008-
1227-3

Yu, R. (2016). Stress potentiates decision biases: a stress induced deliberation-to-
intuition (SIDI) model. Neurobiol. Stress 3, 83–95. doi: 10.1016/j.ynstr.2015.12.
006

Yu, W.-C., Liu, C.-Y., and Lai, W.-S. (2016). Repeated, intermittent social
defeat across the entire juvenile period resulted in behavioral, physiological,
hormonal, immunological, and neurochemical alterations in young adult male
golden hamsters. Front. Behav. Neurosci. 10:110. doi: 10.3389/fnbeh.2016.
00110

Yuen, E. Y., Wei, J., and Yan, Z. (2016). Estrogen in prefrontal cortex blocks stress-
induced cognitive impairments in female rats. J. Steroid Biochem.Mol. Biol. 160,
221–226. doi: 10.1016/j.jsbmb.2015.08.028

Zandara, M., Garcia-Lluch, M., Pulopulos, M. M., Hidalgo, V., Villada, C., and
Salvador, A. (2016). Acute stress and working memory: the role of sex and
cognitive stress appraisal. Physiol. Behav. 164, 336–344. doi: 10.1016/j.physbeh.
2016.06.022

Zerbes, G., Kausche, F. M., and Schwabe, L. (2020). Stress-induced cortisol
modulates the control of memory retrieval towards the dorsal striatum. Eur.
J. Neurosci. doi: 10.1111/ejn.14942. [Epub ahead of print].

Zlotnick, C., Johnson, J., Kohn, R., Vicente, B., Rioseco, P., and Saldivia, S.
(2006). Epidemiology of trauma, post-traumatic stress disorder (PTSD)
and co-morbid disorders in Chile. Psychol. Med. 36, 1523–1533.
doi: 10.1017/S0033291706008282

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

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Palamarchuk and Vaillancourt. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 15 August 2021 | Volume 15 | Article 719674

https://doi.org/10.1111/psyp.12318
https://doi.org/10.1111/psyp.12318
https://doi.org/10.1371/journal.pone.0233431
https://doi.org/10.5271/sjweh.1050
https://doi.org/10.1016/j.neubiorev.2012.02.003
https://doi.org/10.1037/a0013281
https://doi.org/10.1177/0269881113490326
https://doi.org/10.1016/0091-3057(89)90198-6
https://doi.org/10.1007/s10484-011-9172-z
https://doi.org/10.1016/j.ejphar.2007.11.062
https://doi.org/10.1523/JNEUROSCI.0454-15.2015
https://doi.org/10.1038/npp.2014.271
https://doi.org/10.1038/npp.2016.262
https://doi.org/10.1038/npjscilearn.2016.11
https://doi.org/10.1016/j.psyneuen.2019.01.020
https://doi.org/10.1016/j.psyneuen.2019.01.020
https://doi.org/10.3758/cabn.3.4.255
https://doi.org/10.3758/cabn.3.4.255
https://doi.org/10.1016/j.amjcard.2014.04.022
https://doi.org/10.1038/mp.2013.83
https://doi.org/10.1093/cercor/bhx104
https://doi.org/10.1080/02699931.2013.809699
https://doi.org/10.1016/j.psyneuen.2018.07.009
https://doi.org/10.1016/j.psyneuen.2018.07.009
https://doi.org/10.1016/j.neubiorev.2018.05.010
https://doi.org/10.1016/j.neubiorev.2018.05.010
https://doi.org/10.1007/s00213-008-1227-3
https://doi.org/10.1007/s00213-008-1227-3
https://doi.org/10.1016/j.ynstr.2015.12.006
https://doi.org/10.1016/j.ynstr.2015.12.006
https://doi.org/10.3389/fnbeh.2016.00110
https://doi.org/10.3389/fnbeh.2016.00110
https://doi.org/10.1016/j.jsbmb.2015.08.028
https://doi.org/10.1016/j.physbeh.2016.06.022
https://doi.org/10.1016/j.physbeh.2016.06.022
https://doi.org/10.1111/ejn.14942
https://doi.org/10.1017/S0033291706008282
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Mental Resilience and Coping With Stress: A Comprehensive, Multi-level Model of Cognitive Processing, Decision Making, and Behavior
	INTRODUCTION
	STRESSOR DETECTION AND AROUSAL
	COGNITIVE APPRAISAL OF STRESS SEVERITY
	DECISION MAKING AND STRESS
	DISCUSSION
	Hypothesis: Coping Mechanisms Are Driven by the Stress Stages
	Alarm-to-Threat (Check) Stage
	Risk-to-Escape (Stalemate) Stage
	Surrender-in-Defeat (Checkmate) Stage
	Concluding Remarks

	AUTHOR CONTRIBUTIONS
	FUNDING
	REFERENCES


