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A B S T R A C T

The difficulty in studying the relationship between stress and emotional regulation is due to the need to
contemplate a dynamic perspective that analyzes the moderating role of stress. In fact, stress involves different
phases or stages, and the neurocognitive processes involved in emotion regulation differ significantly between
these phases. The period of anticipation of stressful events can be fundamental to understand the process of stress
regulation; however, surprisingly few works have analyzed the differential activation of brain networks involved
in cognitive regulation during the phases of stress and recovery. Taking this into consideration, within this study
we propose to analyze in an integrated way the psychological and neurobiological processes during the phase of
stress and recovery, with the aim of improving our understanding of the mechanisms that underlie successful and
unsuccessful stress regulation. We consider that from the present review we contribute to achieve a better un-
derstanding of the mechanisms underlying successful and unsuccessful stress regulation would contribute to the
improvement of prevention and treatment interventions for mental disorders.
1. Introduction

We all experience stress at some point in our lives, which affects our
mood, behavior and well-being. The inability to regulate daily stress is
associated with the development of a wide range of psychological dis-
orders such as major depression, substance abuse, and anxiety disorders
(Pulopulos et al., 2020). Emotion regulation (ER) is the ability to influ-
ence (automatically or voluntarily) our emotions (including stress) in
order to maintain our emotional balance and to achieve our goals (Aldao
et al., 2015).

The relationship between stress and emotional regulation is complex
and results from the interaction of biological, psychological and envi-
ronmental factors (Gotlib et al., 2008; De Raedt and Koster, 2010). A
better understanding of the underlying mechanisms of successful and
unsuccessful stress regulation would contribute to improve the strategies
to prevent and treat mental disorders (Nasso et al., 2019).

The difficulty in studying the relationship between stress and
emotional regulation is due to the need to contemplate a dynamic
perspective that analyzes the moderating role of stress. In fact, stress
involves different phases or stages, and the neurocognitive processes
involved in emotion regulation differ significantly between these phases.
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In general terms, the process of stress involves at least three phases:
anticipation, confrontation with the stressor (stress) and recovery.

Only recently has the need to look at each phase differently been
pointed out. In this line, Ottaviani (2018) and Nasso et al. (2019) state
that the study of the neurocognitive processes involved during the period
of anticipation of stressful events can be fundamental for understanding
the process of stress regulation. In this framework, De Raedt and Hooley
(2016) have proposed the Neurocognitive framework for Regulation
Expectation (NFRE), a framework in which stress anticipation plays a
central role in the process of stress regulation and the development of
depression and other stress-related psychopathologies.

The results obtained indicate that activation of the dorsolateral pre-
frontal cortex (dlPFC) during the stress anticipation phase reduces the
response of the HPA axis to stress through indirect and inhibitory con-
nections with the amygdala (Nasso et al., 2019). These investigations
have made possible the development of different psychological in-
terventions aimed at improving the regulation of stress. For example,
Salzmann et al. (2018) observed that during the anticipation phase,
strategies focused on distraction and personal control decrease the
physiological response to a stress task. Similarly, Nasso et al. (2019)
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June 2021
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

http://www.cell.com/heliyon
mailto:journal_logo
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e07218&domain=pdf


P.E. Flores-Kanter et al. Heliyon 7 (2021) e07218
observed that the use of cognitive reappraisal during anticipation of
stress results in a muffled response to stress.

The period of anticipation of stressful events can be fundamental to
understand the process of stress regulation; however, surprisingly few
works have analyzed the differential activation of brain networks
involved in cognitive regulation during the phases of stress and recovery
(Figure 1). Taking this into consideration, within this study we propose to
analyze in an integrated way the psychological and neurobiological
processes during the phase of stress and recovery, with the aim of
improving our understanding of the mechanisms that underlie successful
and unsuccessful stress regulation.

2. Balance, stress and recovery

Stress can be defined as an uncomfortable emotional experience
accompanied by biochemical, physiological, and behavioral changes that
occur during difficult or demanding situations (Nasso et al., 2020).
Chronic stress can have a negative impact on our health and contribute to
the appearance of mental disorders (Chaby et al., 2015; Gomez-Bernal
et al., 2019). However, not all people facing stressful circumstances
develop psychopathology. Adaptive emotion regulation during periods of
post-stress recovery is key to overcoming aversive emotional experiences
and gaining a sense of control after exposure to stress (Mikl�osi et al.,
2014).

Adaptive recovery from acute and chronic stressors is crucial to
maintain healthy cognitive and affective functioning (Murray et al.,
2021). Post-stress recovery periods allow for a return to homeostatic
physiological states, through allostatic processes (Karatsoreos and McE-
wen, 2011). The inability to employ appropriate emotional regulation
strategies during this stage can lead to prolonged negative moods and
persistent states of arousal, increasing the likelihood of developing
mental disorders such as depression and anxiety (Disner et al., 2011;
Jordan et al., 2018; Martin and Dahlen, 2005).

Studies in affective neuroscience have recently begun to provide
clearer neuroanatomical and neurofunctional data on the brain processes
involved in responses to stressful events (Tobia et al., 2017). Based on
these approaches it is proposed to differentiate between brain func-
tioning in stress and recovery situations (see Figure 2; Bornas et al., 2013;
Flores-Kanter 2020; Flores-Kanter and Medrano, 2020; McNaughton,
2019; Tobia et al., 2017).
Figure 1. Process of Stress and Emotion Regulation. Note. Schematic representation
regulation responses more characteristic in each phase.
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3. Differential activation of brain networks involved in emotion
regulation in stress situations

With regard to the brain regions involved in emotion regulation and
stress response, two differential processes are activated: bottom-up and
top-down regulation processes (Beauchaine and Zisner, 2017; Belden
et al., 2014; Phillips et al., 2008). Bottom-up processes are usually
referred to as automatic or reactive, since they involve cognitive re-
sponses automatically induced by an emotional stimulus generated or
triggered in subcortical structures. Top-down processes, on the other
hand, involve a deliberate and reflexive cognitive effort and take place in
higher cortex structures. Evidence so far suggests that bottom-up and
top-down responses are distinct processes, activate different
cognitive-emotion regulation (CERs), and interact bi-directionally with
each other (Beauchaine and Zisner, 2017; Belden et al., 2014; Park et al.,
2018; Whittle et al., 2006).

The ascending signals of the limbic subcortical structures (e.g. hy-
pothalamus and amygdala) influence the activity of the upper cortex
structures through their connections to the medial prefrontal cortex
(mPFC; Weis et al., 2019). It is this activation that triggers self-referential
repetitive negative thinking (RNT: perseverative, stable, general,
self-focused, negative ways of thinking; Epel et al., 2018; Hervas and
Vazquez, 2011; Luca, 2019; Paulus, 2015) and is the basis for prolonged
processing of negative information in working memory (WM) (Stout
et al., 2018; Whittle et al., 2006) This two-way connection between
limbic structures such as the amygdala and the mPFC results in the
intensification and prolongation of the negative emotional response in its
affective and expressive components (Park et al., 2019; Zald, 2003) and
involves two regions of the brain: a) the connections of the amygdala
with the hippocampus and the caudate and putamen nucleus, which
explain the bias towards the negative components of events produced in
memory (both in the formation and in the recovery of memories; see
Stout et al., 2018); and b) the activation of another upper cortical
structure, the right dorsolateral prefrontal cortex (right dlPFC), which
plays a central role in the anticipation of negative emotional stimulus,
directing attention and cognitive resources towards it (Park et al., 2019;
Siegle et al., 2003; Whittle et al., 2006).

Emotional responses produced through the ascending signals of the
limbic subcortical structures are modulated by the intensification of
negative affect on superior cortex structures (Park et al., 2019; Whittle
of the dynamic relationship between the process of stress and cognitive emotion
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Figure 2. Schematic representation of brain structures
implicated in emotion generation and regulation.
Note. Schematic representation of subcortical structures
(e.g. amygdala) implicated in emotion generation and
cortical regions implicated in emotion regulation. Panel A
(top side of the figure) ¼ General structures view; Panel B
(middle part of the figure) ¼ Bottom-up structures; Panel C
(lower side of the figure) ¼ Top-down view. mPFC ¼
Medial Prefrontal Cortex; vPFC ¼ Ventral Prefrontal Cor-
tex; vlPFC ¼ Ventrolateral Prefrontal Cortex; vmPFC ¼
Ventromedial Prefrontal Cortex; dmPFC ¼ Dorsomedial
Prefrontal Cortex; NAc ¼ Nucleus Accumbens.
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et al., 2006) that trigger the RNT (Crosswell et al., 2019; Epel et al.,
2018; Garland et al., 2010; Koval et al., 2012; Taylor and Liberzon,
2007). Based on both neurobiological models (Stout et al., 2018) and
neuropsychological approaches (Coifman et al., 2019) it has been pro-
posed that the effect produced by the RNT (e.g., worry and rumination)
is due to the difficulty of filtering all the negative information that
constantly occupies the WM, due to its threat-related component, which
requires recruiting resources from other higher structures of cognitive
control.

In the case of downstream processes, one of the structures involved is
the orbital frontal cortex (OFC), which is linked to the processing of in-
formation and the modulation of behavior in the face of positive rein-
forcement stimuli (Whittle et al., 2006). Descending ER signals also
involve areas of the prefrontal cortex, such as the left dorsolateral pre-
frontal cortex (left dlPFC), which is associated with the reorientation of
attention towards the negative event (see Stout et al., 2018, on the
relationship of these regions with working memory). Together with the
anterior cingulate cortex (ACC), these structures have been linked to the
3

regulation of the positive affect generated by mesolimbic structures,
including the nucleus accumbens (NAc) (Beauchaine and Zisner, 2017).
A reciprocal functional relationship between the dorsal and medial re-
gions of the PFC has been proposed, from which a process of affect
regulation is also generated (Taylor and Liberzon, 2007).

Other structures that play a central role in the modulation of
subcortical limbic responses - more associated with downward regulation
of the negative affect - are the ventrolateral prefrontal cortex (vlPFC) and
the ventromedial prefrontal cortex (vmPFC). The vlPFC serves as an as-
sociation cortex, integrating complex internal and external sensory sig-
nals to generate cognitive judgments linked to priority and goal setting
(e.g., positive reinterpretation of the negative valence stimulus, and
refocusing on planning). This information is then sent to the vmPFC,
which acts as a visceromotor cortex that modulates the response of
subcortical limbic structures such as the amygdala. Through the inter-
action of these regulatory systems, the body can influence and attenuate
the affective and expressive components of the emotional response
(Garland et al., 2010; Park et al., 2019; Peverill et al., 2019).
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The dorsomedial prefrontal cortex (dmPFC) is also relevant for the
regulation of emotions from top to bottom. Abnormalities in the func-
tioning of this structure are associated with difficulties in maintaining
separate emotional state and RNT (Park et al., 2019). Finally, the tem-
poral lobes also allow the modulation of the emotional response as a
function of context, assessing emotional significance by integrating
complex environmental stimuli (as opposed to the amygdala, which
makes a "crude and rapid" assessment of emotional significance). Its
function is similar to that of the vlPFC, serving as an association cortex to
generate the cognitions that modulate the emotional response of the
amygdala (Park et al., 2019).

4. Differential activation of brain networks involved in
emotional regulation during recovery

Post-stress recovery periods are key in preventing problems associ-
ated with chronic stress. For this reason, an adequate understanding of
the stress process implies considering both: exposure to stress and re-
covery time (Gormally et al., 2019). Recently, we have begun to explore
the factors involved in recovery from stress (Gormally et al., 2019).
Studies conducted in animal models indicate that increases in the in-
tensity and duration of stress compromised the recovery of the HPA axis
and the immune system (García et al., 2000; Sarjan and Yajurvedi, 2018).
It has also been observed that chronic stress-induced neuronal atrophy of
the hippocampus can be reduced after periods of recovery (Ortiz and
Conrad, 2018).

Efficacy in stress recovery will depend largely on the cognitive
regulation processes involved. The predominance of top-down processes
is related to better recovery from stress. The prefrontal control decreases
amygdala activation, which is associated with the experience of negative
emotions, via the cortical-subcortical pathway (Wager et al., 2008).
Several studies associated the use of reappraisal with prefrontal activa-
tion (Dillon and Pizzagalli, 2013; Nelson et al., 2015; Uchida et al., 2015;
Urry et al., 2009; Vanderhasselt et al., 2013). For example, it is observed
that re-evaluation predicts better recovery from cardiovascular stress, as
measured by heart rate variability (Jentsch and Wolf, 2020).

On the contrary, the predominance of bottom-up processes during
the recovery phase has a negative influence. It has been observed, for
example, that after exposure to negative stimuli, rumination is asso-
ciated with altered cardiac stress recovery, measured through blood
pressure (Glynn et al., 2002; Radstaak et al., 2011), and altered cortical
surface stress recovery, measured through fNIRS (Rosenbaum et al.,
2018).

Recently, Murray et al. (2021) developed an experimental study to
determine whether the use of top-down and bottom-up cognitive stra-
tegies correlate with recovery levels. Thus, it was hypothesized that
participants who appeal to the use of top-down strategies such as rein-
terpretation, positive focusing, putting in perspective, and acceptance
will have better recovery than participants who use bottom-up strategies
such as rumination or self-incrimination. In this work, for the first time,
empirical evidencewas obtained indicating an increase in activity in both
the ventral (e.g., hippocampus) and dorsal regions (e.g., dACC, pgACC).
This means that increased neuronal activity in ventral regions signals to
the dorsal regions to improve neuronal functioning, thus moderating the
excitatory affective response of the respective ventral regions (e.g. Bog-
dan et al., 2015; Del Río-Casanova et al., 2016; Phillips et al., 2008). The
increased dorsal and ventral activity suggests that the use of functional
strategies of emotion regulation requires greater volitional executive
control (dorsal) rather than a preponderant automatic affective response
(ventral).
5. Discussion

The inability to regulate stress is associated with the development of a
wide variety of psychological disorders and adverse long-term health
4

problems. In this sense, different psychopathological models have pro-
posed chronic stress as a trigger for various disorders (Taylor et al.,
2019). For this reason, clarifying the mechanisms of emotion regulation
involved during the process of stress is of great transdiagnostic value
(Tobia et al., 2017).

The relationship between stress and emotion regulation is very
complex and results from an interaction of biological, psychological and
environmental factors (Gotlib et al., 2008; De Raedt and Koster, 2010).
The difficulty in studying the relationship between stress and emotion
regulation is due to the need to contemplate a dynamic perspective that
analyzes the moderating role of stress. In fact, stress involves different
phases or stages, and the neurocognitive processes involved in emotion
regulation differ significantly between these phases.

The research findings analyzed in the present review allow us to make
two statements: a) during cognitive stress regulation, two main and bi-
directionally associated brain processes can be differentiated, and b)
these brain systems function in a differential way in different phases of
stress. In this way, the interaction of both systems during the different
phases of stress would be the factor that explains an adequate or inade-
quate stress regulation.

The processes involved in stress cognitive and emotion regulation
could be differentiated into two main systems. System 1 (bottom-up)
characterized by being automatic and triggered reactively to a stressful
stimulus, and system 2 (top-down) which involves more complex
cognitive processes and implies a subsequent deliberative effort. Based
on the interaction of both systems, the resulting cognitive regulation can
generate a decrease or intensification of the stress response. This differ-
entiation between an automatic-reactive and an elaborating-active sys-
tem is consistent with several theoretical models, although with different
names (e.g. Kahneman, 2011).

Although the main brain structures involved in both systems are
known, the interaction between them and the factors that lead to the
predominance of one over the other still requires further study. In this
line, the concept of Temporal Dynamics of Emotions and Stress and the
Dynamic Functional Connectivity approach has been proposed (Dos-
enbach et al., 2008; Peverill et al., 2019; Tobia et al., 2017; Zald, 2003).
Specifically, it is postulated that emotions and components of the stress
response give rise to different neuronal dynamics, reconfigured over time
as a function of internal regulatory factors of the body, including
cognitive states (Cohen et al., 2016). In this way, during an adverse or
stressful situation different and neuro-dynamically independent brain
networks are activated, linked firstly to negative and positive affect and
secondly to the regulatory processes of these primary affective responses
(Hofmann et al., 2012; McNaughton, 2019). This last functional system
of brain networks does not act as an independent factor (unlike affects),
but rather interacts with the systems of negative and positive affect (NA
and PA) in the regulation and control of affect and behavior (Whittle
et al., 2006). This means that: a) networks linked to affect generation can
make a unique and simultaneous contribution in situations of stress (Park
et al., 2019); and b) it is the functional connection between these
structures, rather than their separate and specialized function, that ex-
plains the differences observed in affective response and affect regula-
tion, depending on the content of the stimuli (e.g., stressful vs.
benign-safe) (Anand et al., 2019; Lu et al., 2017; Whittle et al., 2006).

A dynamic factor that has not been clearly contemplated is that which
refers to stress phases. In general terms the process of stress involves at
least three phases: anticipation, confrontation with the stressor (stress)
and recovery. During each one of these phases the neurocognitive pro-
cesses involved in emotional regulation differ notably, depending on the
phase and level of stress response the predominance of one system over
another can be affected. For this reason it is important to develop dy-
namic models that contemplate the moderating role of stress on emotion
regulation.

In previous studies it was analyzed the role of neurocognitive pro-
cesses involved during the anticipation period of stressful events (Otta-
viani, 2018; Nasso et al., 2019). In this study we focus on the analysis of
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the cognitive and neuronal mechanisms involved during the stress and
recovery situation. In general terms, it can be affirmed that during the
stress experience it is observed a primacy of bottom-up processes where
ascending signals from limbic subcortical structures (e.g. hypothalamus
and amygdala) influence the activity of higher cortex structures through
their connections to the medial prefrontal cortex (mPFC; Weis et al.,
2019). In contrast, the prefrontal (top-down) control decreases amygdala
activation, which is associated with the experience of negative emotions,
via the cortical-subcortical pathway (Wager et al., 2008). Several studies
associated the use of reappraisal with prefrontal activation (Dillon and
Pizzagalli, 2013; Nelson et al., 2015; Uchida et al., 2015; Urry et al.,
2009; Vanderhasselt et al., 2013). A better understanding of the mech-
anisms underlying successful and unsuccessful stress regulation would
contribute to the improvement of prevention and treatment interventions
for mental disorders (Nasso et al., 2019). This theoretical model is of
clinical relevance as it would help identifying which different aspects of
stress resilience should be targeted by therapeutic interventions and how
to better tailor such interventions.

In this sense, it is well established that cognitive behavior therapy
(CBT) is efficacious in the treatment of stress and emotional disorders.
Despite this, pooled meta-analytic response rates for CBT varies between
38% and 82% depending on the specific disorder (Hofmann et al., 2012).
Thus, there is still a substantial room for improvement. Even when a
treatment is found to be effective, it is unlikely to be effective for
everybody. Tailoring treatments to individual characteristics is one of the
aims of so-called personalized (or precision) medicine, a concept which
has received increased attention over the last years in mental health field
(Simon and Perlis, 2010).

The present review is a step forward in this sense, since it would allow
a clearer and more precise precision when performing interventions on
patients with stress regulation difficulties. In fact, two patients may have
problems in regulating stress response for different reasons. In one case,
difficulties could be observed during the stress phase, and in another
case, during the recovery phase. Both patients would therefore present
similar symptoms, but the treatment would require different in-
terventions. For example, training in distraction techniques may be
useful during the stress recovery phase, but counterproductive during
coping with stress situation (Salzmann et al., 2018). Similarly, in-
terventions focused on reinterpretation during the stress phase have been
observed to reduce the HPA axis response and inhibit activation of the
amygdala (Nasso et al., 2019), but the use of interventions focused on
gratitude and compassion are not as effective during this phase (Sal-
zmann et al., 2018), although they would likely work better for recovery
strategy.

It is unwarranted to assume that the same strategy will be equally
effective at different phases of the stress process. Thus, during the
anticipation or coping with a stressful situation, focusing on plans will be
a more functional strategy than positive focusing, while during the re-
covery phase the opposite process would be observed (Medrano et al.,
2013). An adequate training in the use of emotion regulation strategies
involves analyzing during which phases of the stress process the most
difficulties are observed. We consider that from the present review we
contribute to achieve a better understanding of the mechanisms under-
lying successful and unsuccessful stress regulation would contribute to
the improvement of prevention and treatment interventions for mental
disorders.

Thus, practical principles are derived from the present review. First,
the need to consider dynamic factors when examining the role of the
cognitive processes involved in emotional regulation is emphasized.
Thus, rather than analyzing whether the use of a given emotional regu-
lation strategy is functional or not, the moment in which it is used should
be considered. Given that the functionality of a strategy will be largely
determined by the "moment" in which it is applied, the second principle
derived is that clinical psychologists should train patients not only to
learn the strategy (what do I do?), but also to be able to apply it at the
right moment (when do I do it?). For example, several studies indicate
5

that mindfulness training is an appropriate strategy to reduce stress (Mak
et al., 2018). This may be because it is an appropriate strategy to recover
from stress, or to avoid the use of dysfunctional strategies in the antici-
pation phase. However, it may be an unhelpful strategy during the stress
coping phase. Therefore, training a patient in mindfulness without an
adequate explanation of when to use such a strategy may be counter-
productive. The same happens with the training of other emotional
regulation strategies, such as cognitive reinterpretation, positive focus or
localization in plans, for example. Thus, the main contribution of the
present work consists in highlighting the need to train patients in the
"dynamic" use of emotional regulation strategies. Knowing "what" to do
to regulate stress and knowing "when" to do it.
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