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ARTICLE INFO ABSTRACT

Keywords: Understanding the impact of stress on cognitive processes, particularly decision-making, is crucial as it underpins

Stress behaviors essential for survival. However, research in this domain has yielded disparate results, with in-

Decision-making consistencies evident across stress-induction paradigms and drug administration protocols designed to investi-

;IAP:/I axis gate specific stress pathways or neuromodulators. Building upon empirical studies, this research identifies a

Integrszi,tsi?emmo del multifaceted matrix of variables contributing to the divergent findings. This matrix encompasses factors such as
the temporal proximity between stressors and decision tasks, the nature of stressors and decision contexts, in-
dividual characteristics including psychobiological profiles and affective states at the time of decision-making
and even cultural influences. In response to these complexities, we propose a comprehensive model that in-
tegrates these relevant factors and their intricate interplay to elucidate the mechanisms governing decision-
making during stressful events. By synthesizing these insights, our model not only refines existing paradigms
but also provides a framework for future study designs, offering avenues for theoretical advancements and
translational developments in the field of stress’s impact on cognitive functions. This research contributes to a
deeper understanding of the nuanced relationship between stress and decision-making, ultimately advancing our
knowledge of cognitive processes under challenging conditions.

1. Introduction

The stress response is commonly defined as an array of physiological
and psychological changes that take place when we encounter external
or internal stimuli capable of disrupt homeostasis (Ness and Calabrese,
2016). In response to various challenges, such as threats, physical de-
mands, or cognitive stressors, the organism undergoes a series of
changes, leading to the adoption of adaptive behaviors (De Kloet et al.,
1999; Ness and Calabrese, 2016).

As well as individuals may perceive events differently, the stress
response is influenced by a multitude of contextual and individual fac-
tors, challenging the notion of a universally consistent pattern. These

factors encompass the type and duration of the stressor, cognitive ap-
praisals, personality traits, sex hormones, age, body mass index, genetic
background, among others (Allen et al., 2014). Consequently, the stress
response involves a complex interplay of variables that may significantly
modulate its course and outcomes.

Nonetheless, this complex constellation of interactions unfolds
through two primary pathways: the hypothalamic-pituitary-adrenal
(HPA) axis and the sympatho-adreno-medullary response (SAM)
(Daviu et al., 2019). In the HPA axis, the paraventricular nucleus (PVN)
of the hypothalamus synthesizes corticotropin-releasing hormone
(CRH), leading to the release of adrenocorticotropin (ACTH) from the
pituitary gland into the bloodstream. ACTH, in turn, stimulates the
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adrenal glands to release glucocorticoids (GCs) from the adrenal cortex
(Russell and Lightman, 2019). Simultaneously, the activation of the
autonomic nervous system plays a crucial role, initiating a rapid
response characterized by the release of adrenaline and noradrenaline
(NA) from the adrenal medulla, and the production of these catechol-
amines in the central nervous system (Ness and Calabrese, 2016;
Rodrigues et al., 2009). GCs and catecholamines impact various tissues,
mobilizing resources to meet the energy demands generated by stressful
events. This includes an increase in cardiac and respiratory rates, a
redirection of stored energy primarily toward the extremities and the
brain, and the inhibition of costly processes, such as digestion and
reproduction. Importantly, the stress response involves a complex
interplay of neurotransmitters and hormones (Von Dawans et al., 2021).

The GCs bind to mineralocorticoid receptors (MRs) or, with lower
affinity, to glucocorticoid receptors (GRs) (de Kloet et al., 2005). These
receptors coexist in the hypothalamic PVN and various limbic areas, but
GRs are predominant in nearly all brain regions (de Kloet et al., 2005).
MRs are thought to be substantially occupied already at rest, whereas
GRs occupancy largely depends on the increase in GCs levels during and
following the stress response (Finsterwald and Alberini, 2014). These
intracellular receptors are homologous in their structural domains and
possess a DNA-binding site. Upon ligand binding, they undergo
conformational changes, enabling them to translocate into the nucleus.
There, they bind to specific DNA sequences or interact with transcription
factors, ultimately controlling gene expression (Beato and
Sanchez-Pacheco, 1996; Datson et al., 2008; Sandi, 2004; Zalachoras
et al., 2013). Several genes associated with different signal transduction
pathways, synaptic receptors, and proteins related to neuron
morphology are influenced by these receptors (Groc et al., 2008; Harrell
et al., 2004). Additionally, through genome-independent mechanisms,
membrane-localized MRs and GRs (mMRs and mGRs) can rapidly
modulate other processes, such as presynaptic glutamate release,
neuronal excitability, or receptor trafficking, (Finsterwald and Alberini,
2014; Groeneweg et al., 2011).

In the realm of adrenergic pathway, the adrenal medulla release
mainly adrenaline and a minor proportion of NA (van Stegeren, 2008).
Several findings suggest that adrenaline activates vagal afferents

Stressor
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terminating on noradrenergic cells in the nucleus of the solitary tract
(NTS). There, noradrenergic projections influence NA release via direct
or indirect projections to the locus coeruleus (LC), a primary source for
an extensive NA network that includes hippocampus, amygdala and
neocortex (McGaugh and Roozendaal, 2002; Ness and Calabrese, 2016;
van Stegeren, 2008). This network provides basal neural activity for
sensory alertness and modulates the gathering and processing of
emotional relevant information (van Stegeren, 2008). There exists a
total of three adrenergic receptors (AR) families (a1, a2, ) and nine
subtypes, that displaying similar binding affinities evoke different
physiological effects for the same catecholamines; signaling selectivity is
achieved through the coupling to different G-proteins and effectors’
systems in both temporal and spatial settings (Perez, 2020). All nine AR
are expressed in the brain and this result in discrete expression patterns,
signal transduction pathways, and physiological regulations as neuronal
firing and excitability. LC regulates neuronal function via a and f
-adrenergic receptors, which interact in the central nervous system
(Timmermans et al., 2013). Additionally, the ARs are distinctly
concentrated across the tissues, and throughout specific modulations it
allows the sympathetic nervous system to fine tune the organism for the
adaptive response.

As a result, exposure to a stressor leads to a prompt increase in
central catecholamine levels, while corticosteroid levels in the brain rise
more gradually and remain elevated for an extended duration. Cate-
cholamines exert immediate effects; corticosteroids exhibit both rapid
non-genomic and slower genomic effects, with the former potentially
overlapping and interacting with the influence of catecholamines during
an early time window (see Fig. 1). Subsequently, different waves of
stress-related neurotransmitters and hormones exert varying impacts on
widely distributed brain regions.

The aim of this review is to provide a comprehensive and integrated
understanding of the interplay between stress and decision-making
processes. By synthesizing existing knowledge on the physiological
and psychological changes induced by stress response, we introduce a
novel framework that integrates several variables contributing to the
stress-decision-making relationship. We also hope to provide valuable
insights for practical applications in fields such as psychology,
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Fig. 1. Neuroendocrinology of the stress response after the stressor onset. First, an immediate response of the SAM system triggers catecholamines increase, which
back to normal not long after stressor offset. On the other hand, the HPA axis response appears slowly and remains longer (top panel). At the cellular level, cate-
cholamines may interact with the early non-genomic effects of corticosteroids, while genomic effects of cortisol appear approximately after 60 min of the stress onset
(bottom panel). Time relative to stressor onset is expressed in hours. Adapted from Hermans et al., 2014).
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neuroscience, and public health.
2. Cognitive processes under stress

Stress has a significant impact on various cognitive processes, with
memory being a extensively studied domain. This interaction results in a
diverse range of effects, contingent upon several explanatory factors. For
instance, research has demonstrated a dose-dependent inverted-U effect
of stress levels (or hormones released) on learning, memory, and plas-
ticity (Finsterwald and Alberini, 2014; de Kloet et al., 1999; Joéls 2006).
A second crucial factor is the duration of the stressful event, with
different effects observed between short episodes (acute stress) or re-
petitive ones (chronic stress), the latter often contributing to the
development of pathological conditions. Additionally, the phase of
memory to which the stressful event is related plays a pivotal role; while
stress tends to impair working memory, generally leads to consolidation
benefits and memory recall damage (Abercrombie et al., 2003; Bahari
et al., 2018; De Quervain et al., 2000; Joéls et al., 2011; Kuhlmann et al.,
2005; Roozendaal, 2002; Shields et al., 2016a). According to the
meta-analysis of Shields et al. (2017) when stress occurred prior to or
during encoding it impaired memory, unless both the delay between the
stressor and encoding was very short and the study materials were
directly related to the stressor. A noteworthy observation in the litera-
ture is the potential positive impact of acute stress on the long storage of
memories, since stress can safeguard recently acquired information in
relevant contexts from being forgotten (Dunsmoor et al., 2015; Joéls
et al., 2006; Lalumiere et al., 2017; McGaugh, 2013). Supporting this
view, it has been shown that a learning inducing only short-term
memory may establish a long-lasting memory if a stressful situation
occurs within a critical window close to the learning. This was observed
in rodents, for both spatial and aversive memories (Lopes da Cunha
et al., 2018a; Lopes da Cunha et al., 2021), and in humans, with a
stressor positively impacting on a graphical long-term memory (Lopes
da Cunha et al., 2018b). Additionally, stress generally facilitates mem-
ory for emotional salient material versus neutral or unrelated contents
(de Kloet et al., 1999; Dunsmoor et al., 2015; Joéls et al., 2006; Payne
et al., 2006; Sandi, 1998). However, stress could impair lasting memory
formation when the learning task itself triggers consolidation processes.
In this way, it is proposed that the stress impact will depend on the state
of the neural networks in the structures of its processing.

Furthermore, the ability to reorient attention to potential threats is
critical for immediate survival. Acute stress activates the LC, with the
consequent release of NA, facilitating scanning of the environment,
heightened vigilance and enhancing the detection of unexpected and
potentially threatening stimuli (Hermans et al., 2014). A time-specific
corticosteroid modulation is suggested: elevated corticosteroid levels
are associated with emotional interference (selective attention to goals
is hindered by emotionally salient information), temporarily promoting
the detection of threats, before transitioning to more normalized
attentional processing (Henckens et al., 2012). Neuroimaging studies in
humans indicate increased amygdala activity immediately after stress
induction (Hermans et al., 2014) as well as enhanced functional con-
nectivity with other salience network regions (Van Marle et al., 2010).
This network’s role in autonomic-neuroendocrine control, visceral
perception, attention, and vigilance supports the hypothesis that stress
drives individuals toward well-learned habits and routines, optimizing
rapid responses while conserving cognitive resources when faced with
high demands (Hermans et al., 2014; Soares et al., 2012; Vogel et al.,
2016). High levels of NA and dopamine observed under stress would
disrupt prefrontal cortex (PFC) functioning and enhance amygdala
processing, leading to a shift from thoughtful toward rapid and reflexive
control of cognition and behavior (Arnsten, 2009). Executive control
network would be suppressed when catecholaminergic effects dominate
or coincide with corticosteroid elevation (Hermans et al., 2014).

Consequently, during the initial stress response, flexible and goal-
directed behavior change to more rigid stimulus-response conducts,
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which favors more simplistic but effective systems (Plessow et al., 2012;
Schwabe, 2017). However, once the stressful situation subsides, execu-
tive functioning is actively reversed, probably through corticosteroid
genomic actions. Emotional reactivity is normalized, high-order cogni-
tive processes enhanced, and a new allocation of resources supports
cognitive flexibility and the adjustment of long-term goals and survival
(Arnsten 2009; Hermans et al., 2014). It is important to note that mal-
adaptation can arise when sympathetic activation cannot be adequately
regulated by subsequently released corticosteroids, potentially
compromising an individual’s ability to exert cognitive control over the
emotional aspects of a stressful event.

In this way, the stress response not only influences how much we
learn or remember but also could change the nature of those memories
and our experiences by adopting different behavioral or cognitive stra-
tegies (Schwabe et al., 2007; Seehagen et al., 2015).

3. Decisions under stress

Decision making (DM) constitutes the process of selecting specific
options among a range of available alternatives, considering that each
option may lead to diverse outcomes, which in turn may be translated
into different consequences. Hence, DM requires an efficient informa-
tion processing, integrating past experiences, stored as long-term
memories, present goals and purposes, which may be influenced by
perceived environmental information, and the anticipation of future
outcomes, finally leading to specific behavioral responses (Lee, 2013;
Rosenbloom et al., 2012).

DM represents a complex function, which involves cognitive and
emotional processes, necessary for the implementation of adaptive
behavioral responses. This is pertinent for simple and everyday de-
cisions made easily, as well as to more complex decisions demanding
intensive appraisal processes and more effective coping strategies, such
as the experienced in response to different life stressors. This process
may essentially aimed to achieve positive outcomes, like rewarding
objectives, desirable goals, or avoiding negative stimuli linked to un-
desirable outcomes or punishment. Hence, the neurobiological pro-
cesses involved in DM, and the neural structures underlying these
processes, are closely associated with the neurobiological bases of other
cognitive and emotional functions. In this regard, DM requires the
concerted activation of specific areas of the prefrontal cortex (PFC), such
as the dorso-lateral PFC (DL-PFC) and the ventro-medial PFC (VM-PFQC),
as well as subcortical structures, such as the thalamus, the amygdala,
and the striatum. The VM-PFC overlaps with areas of the orbito-frontal
cortex (OFC) and the anterior cingulate cortex (ACC). The OFC shares
reciprocal connections with limbic structures and participates in
reward-based and affective-based decisions. Connections between the
OFC and the amygdala include projections to intercalated cells of the
amygdala, whit a role in disinhibition of autonomic structures in the
hypothalamus, and then, a possible increased autonomic arousal; and
projections to the central nucleus of the amygdala, involved in auto-
nomic homeostasis. The ACC shares reciprocal connections with other
cortical structures, such as the OFC and the DL-PFC, contributing in
assessing conflicting options, detecting processing errors and processing
outcomes. The DL-PFC receives and integrates multiple sources of in-
formation, including perceived information from the present context
and those related to past experiences, stored in long-term memories.
Hence, the DL-PFC plays a critical role in working memory processes,
and therefore, in the development of coping strategies and planning
adaptive behavioral responses.

A neurobiological model has been proposed, where DM depends on
the interaction between the OFC, the ACC, the DL-PFC, the amygdala
and other subcortical neural structures (Wallis, 2007). According to it,
the OFC, through reciprocal projections with the amygdala, encodes the
value of potentially rewarding outcomes associated with particular de-
cisions. Then, the DLPFC processes incoming information to develop
specific strategies aimed at attaining rewarding outcomes, while the
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ACC contributes to evaluate the succes probabilities of these strategies
before the implementation of behavioral responses (Rosenbloom et al.,
2012). In addition, different aminergic systems are involved in this
process, such as the dopaminergic system, whit a critical role in
effort-based DM. In this regard, a circuit has been described from the
basolateral nucleus of the amygdala to the PFC, which then projects to
specific striatum structures as the nucleus accumbens core and the
ventral pallidum (Salamone and Correa, 2024). This highlights the value
of the dopaminergic reward system in identifiyng and selecting among
available choices and every effort-based decision making.

Both stress response and the DM process are important for survival.
(What happens when these two processes take place together? A sys-
tematic review by Duque et al. (2022) reveals that chronic stress, with
the consequent increase in cortisol levels, are associated with high im-
mediate gains over larger future losses, heightened risk-taking, and
reduced risk perception. Moreover, as Mather and Lighthall (2012)
suggested, it is possible that acute stress enhances learning of positive
outcomes and worsens learning of negative outcomes. Activation of the
reward system may increase the salience of reward-associated behav-
iors, and an immediate gain may lead to neglect better options. Stress
may interfere with the assessment of costs and benefits during DM,
leading to more impulsive choices and greater reliance on habitual
responding (Arnsten et al., 2017). Notably, stress improves "decision--
making competence," which includes real-world decision-making abili-
ties and ecological situations with an objectively correct choice (Shields
et al., 2016b).

In the domain of pro-social DM, exposure to acute stressors has been
linked to more altruistic or cooperative choices, a behavior positively
correlated with cortisol levels (Duque et al., 2022). This increased
pro-social behavior during stress would ensure support from others in
challenging circumstances (Taylor et al., 2000). But it appears to be
contingent on factors such as time and social distance. After stress
exposure, generosity tends to increase toward socially close individuals
but not distant ones, compared to non-stressed subjects or those tested
after a delay following stressor onset (Margittai et al., 2015). Further-
more, biological sex and age serve as additional modulating factors (as
will be detailed in later sections). Some studies reported that acutely
stressed women exhibit greater risk-taking in financial decisions and are
less prone to reject economic offers (Nowacki et al., 2019; Youssef et al.,
2018). On the other hand, stress has been associated with increased
risk-taking among adolescents, which has been attributed to an early
stage of prefrontal areas development and higher reliance on subcortical
systems (Duque et al., 2022).

Taken together, to comprehensively understand how stress impacts
DM and other cognitive processes, numerous variables come into play.
The diversity of stressors, their contexts, the time between stress expo-
sure and cognitive tasks, the specific task type, and the individual dif-
ferences in genetic background, life history, age, and biological sex of
the stressed individuals all contribute to a complex matrix of stress ef-
fects (Duque et al., 2022; Joéls, 2018; Joels and Baram, 2009). Factors
such as the controllability and predictability of stressors can further
modulate the impact of stress’ (Maier and Watkins, 2005; Mineka and
Hendersen, 1985). At the cellular level, the type of stressor influences
the neural populations and mediators involved in adaptive responses.
Each stress mediator operates within its preferred spatial and temporal
domains. This enables the brain to cope with the wide range of
stress-induced challenges; from immediate attention and strategic de-
cisions important for short-term survival, to the storage of information
about the stressful event for future reference. In essence, each unique
stress situation requires an efficient and coordinated response from
several neuronal ensembles throughout the central nervous system.
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4. Stress and decision-making in the laboratory
4.1. Decision-making tasks

Classifying various types of choices provides insights into the nature
of DM processes across diverse scenarios. This categorization includes
distinctions as "Decisions under ambiguity/uncertainty", “Decisions
under risk”, "Loss aversion," "Intertemporal decisions," "Social decisions"
and "Moral decisions". Those explore DM within contexts of uncertain
outcome probabilities, known risk likelihood, sensitivity to losses,
temporal decision preferences, social interactions or personal moral
considerations, respectively. Researchers use model tasks to simulate
these specific circumstances, offering valuable knowledge into human-
behavior patterns. In Table 1 we provide a concise summary of these
DM categories and their corresponding model task, with a brief
description.

4.2. Stress protocols

The aim of stress protocols commonly used in experimental condi-
tions is to emulate and study how natural episodes of stress could in-
fluence human behavior. In the field of DM, the gold standard protocol is
the Trier Social Stress Test, which produces a robust response both of the
HPA axis and the SAM system, registered by biological markers and
subjective evaluations (Kirschbaum et al., 1993). Other frequent stress
protocols, which include psychological and/or physical stressors, are
also the Cold Pressor Task (with its variants), the Maastricht acute stress
test, and the Matt Stress Reactivity Protocol.

4.2.1. Trier Social Stress Test (TSST)

The TSST covers a combination of tasks to induce stress in humans.
Beyond different validated versions, the principal feature of this test lies
in the participant’s presentation of a short talk, usually framed as a job
interview, with the accompaniment of juries, while the participant is
video-recorded. After the presentation, the subject has to perform an
arithmetic task, e.g: count backward from a large number and subtract
another one.

This test has shown increase levels of cortisol, prolactin, hGH, and
ACTH, as biomarkers of the HPA-axis (Kirschbaum et al., 1993) and
salivary alpha-amylase, as an indirect marker of SAM activation (Pet-
rakova et al., 2015). Furthermore, it has been shown changes in stress
indicators such as heart rate and blood pressure (Sequeira et al., 2021).

4.2.2. Cold Pressor Task (CPT)

This is a well-established physical stressor where the participant
places the hand or arm in cold water. The water temperature is around
0 °C for approximately 3 min. The cold water stimulus produces mild to
moderate pain (Von Baeyer et al., 2005), becoming this test an impor-
tant instrument in the study of pain, autonomic reactivity, or stress. It
increases cortisol levels, heart rate, and skin conductance response
(Deuter et al., 2012).

4.2.3. Socially evaluated cold pressor test (SECPT)

This protocol combines the traditional CPT with a social evaluation
component. Participants are instructed to immerse a hand or foot in ice-
cold water while being observed and socially evaluated by others. This
added social dimension increases the stress experienced by the partici-
pant. The SECPT is a valuable tool for studying how social factors, such
as judgment and observation, impact stress responses, particularly in the
context of social anxiety and performance challenges (Kirschbaum et al.,
1993).

4.2.4. Maastricht acute stress test (MAST)

The MAST is a protocol that elicits a strong stress response. It com-
bines the TSST and the CPT, triggering the autonomic activation and GC
pathways. It starts with a phase of preparation to read task instructions,
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Table 1

Types of decisions and models to measured decision-making behavior.

Decision-making
(DM) categories

Description

Model task to simulate
category-specific decision

Decision under
ambiguity/
uncertainty

Decision under risk

Loss aversion

Intertemporal
decisions

Social decisions

Moral decisions

Involves decisions where the
probabilities of outcomes are
unknown (Starcke and
Brand, 2016)

DM with known probabilities
of outcomes, assessing and
managing risks (Donati et al.,
2019)

Choices in context of greater
sensitivity to losses than to
equivalent gains, that people
show when making decisions
(Kahneman and Tversky,
1979)

Choice preference analysis
that is carried out concerning
rewards available at
different moments in time.

Choices affecting self and
others, often involving
psychological conflicts
between self-interest and
other’s he interests (Sanfey,
2007)

Subjects are exposed to

moral conflict scenarios,
challenging altruistic or
selfish responses

- Iowa Gambling Task (IGT):
detects the ability to alter
card choice in response to
fluctuating reward
contingencies (Bechara et al.,
1994)

- Ballon Analogue Risk Task
(BART): assess risk-taking
with uncertain outcomes,
through virtual balloon
inflation decisions (Lejuez

et al., 2002)

- Cambridge Gambling Task
(CGT): Decisions are taken in
a gambling like-scenario and
participants generally see the
probabilities of gains/losses
(Woodrow et al., 2019).
-Game of Dice Task (GDT):
measures DM under
objective risk conditions;
participants bet on the
results of a dice roll (Donati
et al., 2019).

- Lottery task: Decisions are
made between lotteries with
varying chances of winning/
losing (Margittai et al.,
2018).

- The Kirby Delay-
Discounting Task (DDT):
Assess preference for imme-
diate vs. delayed rewards
(Kirby et al., 1999)

-A 5-trial adjusting delay
discounting task: Measure
discounting of future re-
wards over time (Koffarnus
and Bickel, 2014)

-Trust Game: Entrust money
to others, hoping for returns
(Von Dawans et al., 2012).
-Ultimatum Game (UG):
Explore fairness and
cooperation in money-
sharing One player (dictator)
propose a split of a sum, and
the other accept or reject the
offer. (Youssef et al., 2018).
- Dictator Game: similar to
UG by one the responder
could only accept the
proposer’s offers (Engel,
2011)

-Prisoner dilemma: Study of
cooperation or selfishness
between subjects that not
know the other’s choice
(Heuer and Orland, 2019).

- Moral Dilemma:
participants must decide
between options with moral,
emotional and personal
implications (Greene et al.,
2004).

followed by physical stress (CPT) plus a socially evaluated arithmetic
task. The procedure incorporates participant’s lack of control by its
uncertainty about hand immersion duration, and it considers variations
in autonomic responses due to anticipatory fear effects. The use of this
protocol increases salivary cortisol and alpha-amylase levels in the same
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way as other usual stressors (Shilton et al., 2017) and shows an incre-
ment in blood pressure and heart rate (Smeets et al., 2012).

4.2.5. Matt Stress Reactivity Protocol (MSRP)

The MSRP consists of a series of physical and mental stressors. The
subjects sat in front of a computer and underwent the stressors in a set
order: a Stroop color-word task, mental arithmetic test, anagram task,
the CPT, and an interpersonal interview about an own stressful event. It
was shown that increases the heart rate response as well as the ACTH
and cortisol levels (Traustadottir et al., 2003).

4.2.6. Overview of stress protocols

Stress protocols serve as invaluable tools for investigating stress re-
sponses in controlled settings, offering researchers reliable means to
induce and measure stress reactions. Their relatively low cost and
technical simplicity enhance accessibility and reproducibility across
different research settings. However, each protocol presents its own set
of limitations. The TSST provides a realistic simulation of social
stressors, enabling examination of stress responses in interpersonal
contexts, while the CPT excels at inducing physical discomfort, useful
for studying pain perception and autonomic reactivity. The CPT lacks
the social context of real-life stressors, potentially limiting its ecological
validity; then the SECPT addresses this limitation by integrating social
evaluation into the stress induction process, enabling to explore the
interplay between social factors and stress responses. The MAST offers
versatility by combining elements of the TSST and CPT, eliciting both
social and physical stress responses, while the MSRP incorporates a
variety of stressors, providing a comprehensive assessment of stress re-
sponses. In conclusion, these protocols offer valuable means to explore
stress responses, each with unique advantages and limitations, allowing
researchers to optimize the validity and utility of their findings. Re-
searchers should select these protocols judiciously, considering their
specific objectives and resource constraints.

4.3. Drug administration of stress neuromodulators

Drawing upon established principles of stress neurophysiology, the
utilization of pharmaceutical agents with stress neuromodulatory
properties offers a valuable avenue for investigating specific physio-
logical aspects of the stress response. This approach makes it possible the
emulation of stress-inducing scenarios or the targeted manipulation of
specific stress response pathways, facilitating the assessment of their
impact on DM. We emphasize however, that these pharmacological
agents often replicate certain stress response features, and they do not
fully mirror the complexity of the natural stress response. For instance,
hydrocortisone is commonly employed to simulate the activation of the
HPA axis, a pivotal component of the stress response (Metz et al., 2020;
Riis-Vestergaard et al., 2018). Likewise, yohimbine and propranolol find
frequent application in modulating the SAM system, respectively aug-
menting or inhibiting its activity. Notably, hydrocortisone and flu-
drocortisone both replicate the actions of cortisol, but the second one
selectively binds to MRs, enabling a focused examination of this specific
receptor’s role (Deuter et al., 2017). In the SAM system research,
yohimbine and reboxetine are employed to heighten autonomic nervous
system responses, effectively emulating the adrenergic pathway during
stress (Metz et al., 2020). Conversely, propranolol acts as an inhibitor,
attenuating autonomic responses and diminishing markers of arousal
(Rogers et al., 2004). In Table 2 we present an overview of frequent
pharmacological agents used and its mechanism of action, according if
they modulate/emulate HPA axis or SAM pathway.

This broad pharmacological toolkit equips researchers to dissect the
intricate interplay between stress response pathways and associated DM
processes, while recognizing that pharmacological agents do not fully
replicate the natural stress response.
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Table 2
Pharmacological agents acting as neuromodulator of the stress response.

Pathway Drug Action

modulated

HPA, Axis Hydrocortisone It is a synthetic analog of natural cortisol,
which binds to GRs and MRs cytoplasmic
receptors. Mimic effects induced by stress
episode.

It exerts major mineralocorticoid action and
minor glucocorticoids activity, binding
especially to MRs.

This drug blocks the MRs. This blockade
increases available cortisol in basal conditions,
which implies greater binding to the GRs. The
combination of MR blockade and the release of
additional cortisol during stress can lead to a
substantial reduction in the MR/GR
activation ratio.

Fludrocortisone

Spironolactone

SAM response  Yohimbine It is an o2-adrenergic receptor antagonist and
increases the Locus Coeruleus firing rate, with a
resultant increase in sympathetic outflow. Its
application has shown increases in blood
pressure, confirming SAM response
activation. It emulate the catecholaminergic
effect triggers during stress.

It is a selective NA reuptake inhibitor. In the
cerebral cortex, blockade of this process at
noradrenergic synapses can lead to arousal. At
peripheral synapses, blockade of NA uptake
produces a sympathomimetic effect.
Propranolol is a nonselective competitive
antagonist of p adrenergic receptors. It exerts
its effects primarily by blocking the action of
the endogenous catecholamines (A and NA),
producing SAM response inhibition.

Reboxetine

Propranolol

HPA: Hypothalamic-Pituitary-Adrenal axis. SAM: Sympathetic-Adreno-Medullar
response. GRs: glucocorticoid receptors. MRs: mineralocorticoid receptors. A:
adrenaline. NA: Noradrenaline.

5. Discrepancies in literature

The existing body of literature that explores the interaction between
DM and stress episodes reveals a multitude of inconsistencies in its
findings. These disparities emerge not only when participants are sub-
jected to well-established stress protocols but also when pharmacolog-
ical methods are employed (Von Dawans et al., 2021).

For instance, studies employing hydrocortisone, a synthetic cortisol
analog used to simulate HPA-axis activation and cortisol increase, have
yielded diverse outcomes when assessing DM under risk. While Mar-
gittai et al. (2018) detected no discernible effect, Metz et al. (2020)
observed a decline in risk-taking, and Kluen et al. (2017) noted an in-
crease in risk-taking. Furthermore, when hydrocortisone was adminis-
tered alongside yohimbine, thus activating the SAM system, disparate
results emerged (Kluen et al., 2017; Metz et al., 2020). Additionally, in
the administration of propranolol, a drug known to diminish SAM ac-
tivity, some studies revealing heightened risk-taking behavior (Rogers
et al., 2004) while others focus on loss aversion alteration (Sokol--
Hessner et al., 2015). Additional investigations have suggested that in-
dividuals under stress protocols tend to modify the risk level of their
decisions (towards higher risk) compared to non-stressed counterparts
(Lighthall et al., 2009; Wise et al., 2015), although some exceptions,
such as the study by Gathmann et al. (2014), challenge this trend. Sex
differences have been observed, with men generally making riskier de-
cisions than women do (Lighthall et al., 2009; Mather and Lighthall
2012; Nowacki et al., 2017). Regarding loss aversion, Metz et al. (2020)
found no significant effects following the administration of hydrocorti-
sone and yohimbine, while Margittai et al. (2018) reported a decrease in
this behavior. These studies use similar but not identical stress or DM
protocols and reveal that control of such variables, as well as biological
sex of participants, could be an important key to compare results.
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When examining intertemporal DM, a significantly effect was
observed only when the task was presented 15 min after hydrocortisone
administration, with no significant effects detected at later time points
(Riis-Vestergaard et al., 2018). The decisions tended to favor sooner
rewards in these instances. Neither yohimbine (Herman et al., 2019) nor
propranolol administration (Lempert et al., 2012) demonstrated any
substantial impact on intertemporal decisions. Studies conducted within
laboratory-induced stress settings have indicated that stressed partici-
pants exhibit a preference for immediate rewards (Lempert et al., 2012),
but an investigation have reported no such effect (Haushofer et al.,
2013). Interestingly, the authors recognized that unmeasured variables
such perceived stress, reward responsiveness, as well as differences in
stress task, may explain the lack of effects or fluctuations in stress’
impact on delay discounting.

Furthermore, research on social decisions has produced discrep-
ancies. One study observed an increase in pro-social decisions among
stressed women following lab-induced stress episodes (Von Dawans
et al., 2019), while a study using the same DM protocols with male
participants did not replicate this effect (Von Dawans et al., 2018). But
different stressors are combined in these works. When trust-related de-
cisions were studied, as component of social behavior, male individuals
under stress displayed greater trust (Von Dawans et al., 2012). However,
opposite findings have emerged in works of Salam et al. (2017) and
Steinbeis et al. (2015), where stress significantly reduced trust, but to-
wards outgroup people.

Turning to moral DM, stressed participants have often exhibited
more altruistic choices than controls (Singer et al., 2017). Interestingly,
one study found that stressed women particularly, made more pro-social
decisions (Singer et al., 2021). Conversely, other investigations reported
that stress had no substantial influence on moral decisions (Starcke
et al., 2011) or that stressed participants leaned toward less utilitarian
choices (those that maximizes benefits for all individuals involved)
(Starcke et al., 2012). Altogether, methodological differences should be
considered, regarding the sex of the samples, personality traits, and
chosen set of everyday moral dilemmas (with high-emotional content in
Starcke studies).

Given the inconsistencies in this field (resumed in Table 3), we have
identified key variables in a model to guide future research in the
domain of stress and DM. In the next section we offered a detailed
explain of this model. As we navigate the intricate web of stress’s impact
on our choices, it is evident that our understanding remains a work in
progress. The divergent findings emphasize the urgency of further in-
vestigations looking at the several factors that shape our responses
under real-world stress, with a particular focus on underlying and
interacting mechanisms.

6. Influence of variables on decision-making under stress: the
model

Based on extensive research and the findings presented, we analyze
below pivotal variables that modulate DM processes under stress, and
summarize them in Fig. 2.

6.1. Decision-making tasks

The selection of DM tasks is a critical component in experiment
design, with far-reaching implications for the resulting conclusions. To
ensure meaningful comparisons, the decision domain studied must be
consistent across studies. Moreover, similar tasks could focus in different
facets of the DM process.

For instance, when examining under-risk decisions, some experi-
ments employ a lottery task that explicitly outlines the probabilities of
winning or losing. In contrast, the Balloon Analogue Risk Task or the
Iowa Gambling Task, introduces an implicit probability risk, where
participants are unaware of the exact chances of winning or losing. It is
essential to recognize that certain decision types encompass a wide array
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Table 3

Divergent results in decision-making under stress.
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Stress

Gathaman et al.(2014)

Vinkers et al. (2013)

ind Decisions under risk Loss aversion Intertemporal decisions Social decisions Moral decisions
FeldmanHall et al.
Stress protocols Leder et al.(2013) Lempert et al. (2016) (2015) Singer et al.(2017)
in laboratory Lighthall et al. (2009) Haushosfer et al.(2013) Margittai et al. (2015) Singer et al.(2021)
Bendahan et al.(2017) Potts et al. (2019) Starcke et al.(2012)
Wise et al. (2014) Steinbeis et al. (2015) Starcke et al.(2011)

Youssef et al. (2012)

Canale et al. (2017)
Cingl et al. (2018)

Lighthall et al. (2012)

Youssef et al. (2018)
Schweda et al. (2019)
Von Dawans et al.
(2012)

Von Dawans et al.
(2019)

Zhang et al.(2019)
Von Dawans et al.(2019)
Salam et al. (2017)
Nickels et al. (2017)
Sollberger et al. (2016)

Pharmacological | Kluen et al. (2017) [H] Margittai et al., (2018) [H]

stress Putman et al. (2010) [H]
Cueva et al. (2015) [H]

Metz et al. (2020) [H]
Margittai et al. (2018) [H]
Robertson et al., (2016) [H]
Metz et al. (2020) [H+Y]
Kluen et al. (2017) [H+Y]
Rogers et al. (2004) [P]
Sokol-Hessner et al. (2015) [P]

Metz et al., (2020) [H]

Margittai et al., (2018) [H+Y]
Metz et al., (2020) [H+Y]
Rogers et al. (2004) [P]

Sokol-Hessner et al. (2015) [P]

Cornelisse et al.(2013) [H]
Riis-Vestergaard et al.(2018)
[H]

Herman et al, (2019) [Y]

Lempert et al. (2017) [P]

Upper half: results from laboratory-induced stress protocols, examining specific DM tasks post-stress

Lower half: pharmacological administration of stress neuromodulators in DM tasks.

Dark gray shading: increase in the measured decisions among stressed participants compared to control group,
Light gray shading: decrease in the measured decisions among stress participants vs control group

Unshaded: no significant effect between stressed and control groups

H: Hydrocortisone; Y:Yohimbine; P: Propanolol

of subdomains. Consider the social-decisions domain, particularly in the
context of trust. Here, measurement tasks range from the Game Theory
(situations in which decision-makers must interact with one another) to
the economic field. The approach known as the "trust game" is used to
measure DM in social interactions with financial outcomes (Tzier-
opoulos, 2013). But alternative quantifications of trust exist, for
example, presenting a facial image and prompting the participant to
determine whether the depicted face appears trustworthy or not (Salam
et al., 2017).

6.2. Habitual versus novel decisions

Habits represent automatic or reflex responses initiated by environ-
mental cues (Robbins and Costa, 2017). Before the development of a
habit, an action is a goal-directed response. However, through repetition
and training, the response gradually becomes automatic (Carden and
Wood, 2018). These two systems exhibit distinct energy requirements,
with goal-directed actions consuming more energy compared to habitual
responses. Certain decisions can readily evolve into habits (e.g., opting
for fast food, tuning in to the news on television, or taking a bus) and
remain susceptible to alterations or deactivation in response to changes
in the context (Ji and Wood, 2007; Wood et al., 2005).

As we posited earlier, stress may trigger a shift in these responses,
from goal-directed actions to more rigid stimulus-response behaviors.
This has been observed in both humans and rodents (Dolan and Dayan,
2013; Plessow et al., 2012; Schwabe, 2017; for a comprehensive
review).

6.3. Timing effects

A critical time frame exists between the onset of a stressor and the
responses of both the HPA-axis and the SAM system. In the case of the
HPA-axis, the release of GC from the adrenal cortex peaks at around 20

min after stress initiates and GC remain increased for a longer period.
Regarding the SAM system, catecholamines are released almost imme-
diately upon the stressor’s onset, returning to normal levels within
30-60 min (Hermans et al., 2014). It’s important to remember that GC
exerts both fast non-genomic and slower genomic effects (Von Dawans
et al., 2021). The genomic changes become evident approximately 1 h
after the onset of stress and persist for several hours. On the other hand,
non-genomic effects of GC may be coupled to earlier catecholaminergic
activation. Importantly, genomic and non-genomic effects can support
distinct actions and even describe opposite changes over time. In sum-
mary, when designing a stress study to assess its impact on cognitive
tasks, the timing of task presentation should be carefully considered,
irrespective  of  stress-inducing  protocol  (behavioral or
pharmacological).

In the context of DM, studies have shown intriguing outcomes
following the hydrocortisone administration. People receiving hydro-
cortisone doses tend to exhibit a preference for smaller, more immediate
rewards when decisions are made around 15 min (Riis Vestergaard et al.,
2018). But no effects are observable at other time points. The earlier
influence of hydrocortisone seems to involve the non-genomic aspect of
GC effects. In contrast, the effects of hydrocortisone on risk-taking be-
haviors seem to involve genomic-GC influences, since they are observed
when drugs are administered around 60 min (or more) before DM task.
Several studies have reported increased risk-taking in this timeframe
(Cueva et al., 2015; Kluen et al., 2017; Putman et al., 2010). Never-
theless, other studies have shown a decrease in risk-taking (Metz et al.,
2020), or even inconclusive results, when the decision task is conducted
45 min after drug administration (Margittai et al., 2018). In the Game of
Dice task different results were found among participants in accordance
with the time between the onset of psychosocial stress and the execution
of DM task, with even a few minutes making a difference (Pabst et al.,
2013). It is essential to highlight the significance of considering the
precise timing of events in stress related DM studies.
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Fig. 2. A proposed model of decision-making under stress. The in-
consistencies observed in experimental results of several scientific research
could be explained by the interplay of numerous variables. They encompass the
nature of stress event, type of decision to be made and the particular in-
dividualities of person involved. After the appearance of the stressor, the timing
between its onset and the decision is crucial; as well as whether the DM process
involves habitual or novel choices. Furthermore, each individual is under the
pervasive influence of multiple factors, as their genetic background, predispo-
sition to stress, personality traits, age, sex, and cultural context. This model
posit that all of the detailed variables detail interact with each other and
converge to generate a specific decision output.

6.4. Dose-dependency and receptor stimulation in pharmacological
studies

The administered doses of stress neuromodulators are a critical fac-
tor, potentially reflecting different activation of the stress circuits. For
instance, it has been reported that the administration of a high dose (20
mg) of a drug or combinations of drugs (e.g., hydrocortisone and
yohimbine) led to a reduction in loss aversion (Margittai et al., 2018).
However, when a lower dose (10 mg of both drugs) was administered,
no significant effects were observed (Metz et al., 2020).

It should be considered that drug studies aim to emulate specific
mechanisms of the stress response but cannot entirely replicate all the
changes induced by stressor stimuli in a natural context. Furthermore,
the drugs used may act on specific receptors of neural populations. For
instance, hydrocortisone and fludrocortisone both stimulate the HPA
axis, but hydrocortisone attaches to GR and MR and fludrocortisone
specifically binds to MR. Additionally, the type of stress event will in-
fluence the specific population of neurons and mediators involved. To
illustrate, physical stressors such as blood loss rapidly recruit hypotha-
lamic and brainstem regions, whereas psychological stressors like exams
primarily involve brain regions associated with emotions (amygdala),
learning and memory (hippocampus), and DM (prefrontal cortex) (Joéls
and Baram, 2009).

6.5. Differences according to sex and age
The influence of sex on interaction between DM and stress processes

has become a topic of increasing interest in recent research. Several
studies assessing different types of decision have showed a
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predominance of male participants (Margittai et al., 2018; Metz et al.,
2020; Montoya et al., 2014; Putman et al., 2010; Riis-Vestergaard et al.,
2018; Robertson et al., 2016). This sex imbalance prompts consideration
of its relevance in explaining the observed differences in DM under
stressful conditions.

Therefore, while certain studies leave a gap for the examination of
biological sex disparities, others have provided valuable insights.
Mather and Lighthall (2012) reported significant e findings, suggesting
that male participants tend to make riskier decisions compared to their
female counterparts. On the other hand, similar results between male
and female samples were obtained for Von Dawans and coworkers in the
context of social decisions, with alternative stressor (Von Dawans et al.,
2012, 2019),. Additional studies have shown that, under acute stress,
women exhibit greater risk-taking behavior in financial decisions than
men, and display lower rates of rejection in response to economic offers
(Nowacki et al., 2019; Youssef et al., 2018). Overall, it is crucial to
emphasize the interplay among task types, decision processes involved,
sexual hormones and stress-specific factors, which can yield diverse
outcomes rather than a singular trend.

In the review conducted by Oyola and Handa (2017), it is explained
that from early stages, gonadal steroids can influence the HPA axis,
thereby modifying the responsiveness of this axis and modulating the
levels of corticosterone. Circulating estradiol in women influence stress
hormones, stress response and could mediate adaptive DM, as it is most
effective for organisms to exhibit behaviors that are appropriate to their
reproductive states (Orsini and Setlow 2016; Oyola and Handa 2017).
Also, elevated stress hormones can negatively regulate the reproductive
axis and consequently the circulating gonadal hormones. The presence
of sex hormones during gestation and development organize whether
and how acute stress will affect the acquisition of new information in
adulthood (Shors and Miesegaes, 2002). On the other hand, DM is sen-
sitive to the dopaminergic pathway, and interactions between gonadal
hormones (such as estradiol) and dopamine signaling are documented
(Orsini and Setlow, 2016). How decisional making processing centers,
like the prefrontal cortex, interact with other targets to regulate the
activation of the HPA and hypothalamus-gonadal axis still needs
revision.

The age of individuals exerts its own influences in stress-decision
matrix. Joéls and Baram (2009) remark that signal perceived as a
stressor change with aging, as well as do the molecular cascades acti-
vated by stress in specific cerebral regions: mediators in infant stage
could differ from those in adulthood. Furthermore, glucocorticoids are
important for normal brain maturation. Vast literature documents that
exposure to stress and/or sex hormones early in the development could
significantly modify behaviors expressed in adulthood (Lupien et al.,
2009; Shors, 2004).

6.6. Influence of affective state

The affective state of an individual could influence their cognitive
control processes, and. It significantly impact how an individual eval-
uates and engages in specific actions. As highlighted by Culot and Gevers
(2021), emotions can modulate the subjectively perceived cost-benefit
of numerous actions, ultimately influencing the choices individuals
make. For instance, positive emotions have been associated with a
reduced perception of effort required to complete tasks, making complex
activities appear more manageable and even no stressful (Askim and
Knardahl, 2021). The interplay between affective states and DM is an
intriguing area of study, shedding light on how our emotional experi-
ences shape our cognitive responses and behavioral choices. In this
sense, seems pertinent to note that individuals with mental disorders
may display alternative behaviors. Those exhibiting addictive behaviors
(Amlung et al., 2017; Kirby et al., 1999), depressive disorders (Pulcu
et al., 2014), and schizophrenia (Brown et al., 2018), for example, have
demonstrated a pronounced preference for smaller yet more immediate
rewards over larger but delayed ones.
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6.7. Genetic background, experience, and cultural influences

In the intricate tapestry of human behavior, genetic factors, indi-
vidual experiences, and cultural influences converge to mold several
cognitive functions, and DM is not an exception. It is essential to
recognize that our genetic pool, including the genes we inherit and how
they are expressed, has been influenced by the experiences of our an-
cestors. Moreover, our present experiences continue to shape the
expression of these genes, as can be seen with the environmental
enrichment or isolation, which also influence the range of stressors and
their impact on an individual’s brain (Joéls and Baram, 2009).

Therefore, our genetic predispositions, along with our present state
of being, determine how we interact with the world around us, perceive
our environment, and make decisions, in a dynamic that can evolve over
time (Pinel and Barnes, 2017). As it is proposed by these authors the
confluence of our genetic heritage and our lived experiences underpins
the mechanisms of choice.

Furthermore, the influence of culture adds another layer of
complexity to DM under stress. While there is limited research on this
topic (Chen et al., 2020; Sachdeva et al., 2011; Salam et al., 2017),
cultural differences could be a crucial factor. For instance, the response
to stimuli like pedestrian traffic lights varies between cultures; while in a
European country, the reaction is often to stop, in a Latin-American city,
individuals may rely on environmental cues, such as looking both ways
for oncoming cars, rather than the traffic lights. The shared beliefs,
values, behaviors, and traditions that make up an individual’s culture
affect the way of subjects communicates and receives information and
impacts complex DM. People go through a process of negotiation be-
tween their individuality and their cultural, political, and social sit-
uatedness. Therefore, given that each individual’s cultural background
and learning experiences could significantly shape perception and DM,
especially in response to stressors, this variable could contribute to
determining the ultimate behavioral outcome.

To comprehend how individuals make decisions and navigate the
complexities of their environment, it is imperative to explore the
interplay between nature and nurture, genes and experiences, and cul-
tural factors, as they collectively contribute to the mosaic of human
behavior.

6.8. Model highlights and future directions

By presenting a unified model with the different variables
mentioned, we aim to offer a holistic perspective on DM under stress. It
serves as a valuable framework for comprehending the complex inter-
play of factors that influence DM and stress response, shedding light on
the inconsistencies often observed in scientific research. The model,
encapsulated in Fig. 2, points to the integration of key factors that
modulate the DM process.

First and foremost, the nature of the DM (in natural environments or
ecological laboratory settings) stands as a critical determinant. The
specific task employed in research studies, whether involving risk as-
sessments, social decisions, or intertemporal choices, to illustrate, is a
remarkable point. The distinction between tasks that may appear similar
but focus on different aspects of the decision process underscores the
need for careful consideration when designing experiments. It is
imperative to account for the diverse subdomains within decision types
and acknowledge that a variety of quantification approaches exist. We
recommend employing specific-subdomain, consistent, standardized,
and scalable tests, that enable comparability of results, facilitating the
derivation of reliable conclusions.

Another crucial dimension in monitoring is whether decisions that
subjects confront are habitual responses or involve novel experiences
and choices, and how those might interact with the elicited level of
stress. The stress situations can shift goal-directed responses to more
rigid stimulus-response conduct, and it is determinant in behavior
elicited.
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The model also proposes the key role of timing between the stressor
and the DM process. The temporal alignment between the stressor’s
appearance and the ensuing responses of the hypothalamic-pituitary-
adrenal (HPA) axis and the sympathetic-adrenal-medullary (SAM) sys-
tem must be meticulously considered. The genomic and non-genomic
effects of stress hormones, along with the changes prompt by the cate-
cholamine cascade, unfold over different temporal phases. Therefore,
each pathway not only will trigger effects at different times, but could
interact distinctively with the stages of DM processing. Moreover, the
method chosen to induce stress (e.g.: drug-injection or natural stressful
tasks), may engage different circuits with specific temporal dynamics.
Future studies ought to take note of these factors, managing the required
temporal windows between procedures and considering all interacting
underlying mechanisms.

The model also emphasizes the relevance of paying attention when
pharmacological studies are conducted. The selection of pharmacolog-
ical agents and its dosage can yield profound consequences, given that:
(i) each drug emulate specific mechanisms of stress response rather than
encompassing the entire complex array elicited by natural stressors, (ii)
neuromodulation is contingent upon specific cellular population
affected as well as the affinity and occupancy of its receptors (iii) the
emergence of negative or positive feedbacks associated with drug
accumulation (iv) potential interactions may arise with the simulta-
neous administration of multiple drugs. Therefore, in the formulation of
pharmacological studies (or their comparison with others) a delineation
of these parameters becomes imperative.

Biological sex is an additional factor influencing behavioral differ-
ences. The impact of stress on DM can vary significantly between women
and men, with specific directions depending on decision type and
context. As we expose before, age also contributes to differences in stress
response and decisions made across the life-span, according to the
development of key brain regions and changes in mediators or circuits
involved. By examining the influence of sex hormones, age range of
population, or even cultural sex biases on stress response and DM, a
comprehensive insight into their interactions may be elucidated. If the
data includes different values for these variables, it is imperative to
utilize them as covariates in the respective analyses.

An additional proposition posited by the model entails considering
the affective state of individuals. This recognizes the influence of posi-
tive emotions, negative feelings and even mental disorders on altering
preferences and the perception of stressful situations. Specific conditions
within the affective state can be assessed through suitable tests, typically
integrated into the experimental protocol.

The model also highlights the dynamic relationship between an in-
dividual’s genetic configuration and predispositions, and the experi-
ences that shape their behavior. This interplay influences an individual’s
response to events, their perception of the environment, and how these
dynamics evolve over time.

Finally, we also introduce the significance of cultural factors, albeit
an area with limited current research. The norms, practices, and in-
terpretations within a culture can profoundly influence how individuals
respond to stressors and make decisions. Future studies should approach
this factor with caution, opting to stratify populations based on diverse
origins and/or cultural backgrounds, or alternatively, incorporate this
element as an additional covariate. By acknowledging this dimension,
the model adds an extra layer of complexity to the understanding of DM
under stress.

7. Concluding remarks

Our model is built upon an extensive review of the existing literature
regarding the influence of stress on cognition, focusing particularly on
various facets of DM in humans. It is essential to note that this model
primarily pertains to individuals without pre-existing medical condi-
tions, as the presence of diseases certainly introduce new variables that
should be discussed.
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Additionally, the variables proposed in our model affecting DM have
yielded disparities in other studies examining cognition under stress
conditions. For instance, the effects of acute stress on working memory
appears to vary between men and women (Schoofs et al., 2013), as well
as occurs with scores in spatial attention tasks (Richardson and Van-
derKaay Tomasulo, 2022).

Furthermore, our model introduces the novel concept of assessing
cultural factors, an aspect that has remained largely unexplored in
empirical research to date. In summary, the multiple factors described
here, encompassing the timing between the stressor onset and the
decision-making task, the specific decision type (e.g., moral or social/
novel or habitual), the nature and intensity of stressor, the individual’s
affective state, as well as their personality traits, genetic background,
age, and sex, built a complex interplay culminating in multiple DM
outcomes.

8. Limitations

Our work is not without limitations. First, while the comprehensive
model of DM under stress presented provides an integrative framework
for understanding variables interaction, details of mechanisms under-
lying its interactions are desirable. The specific neural pathways as well
as biochemical processes warrant more in-depth knowledge in this field.
Second, the model encapsulates a wide array of variables, making it
challenging to tease apart the relative contributions of each one in de-
cision outcomes. Additionally, the model does not account for complex
interactions or feedback loops between variables, which could yield
nonlinear or unexpected effects. Third, the cultural dimension remains a
largely uncharted territory in existing research. Finally, the model is a
theoretical integrative framework and does not provide experimental
results. The complex interaction between DM process, stress response
and multiple covariates, make it challenging to build a testable model in
the traditional way. We aim to illustrate the significance of particular
features, the potential influences they exert (in order or directions), the
inherent challenge of understanding their impact when uncontrolled,
and the imperative need to examine them closely in DM tasks. As such, it
is essential to conduct further research to test and refine the model’s
propositions.

Criteria for studies selection

We conducted an extensive literature search of peer-reviewed jour-
nal articles focusing on the effects of stress induction, either through
laboratory procedures or pharmacological administration of stress
neuromodulators, on decision-making in healthy individuals, as
compared to a control group. We excluded review articles, case studies,
book chapters, pilot studies, and non-human animal research. Our
search spanned across APA PsycNet, Cochrane, PubMed, ScienceDirect,
Scopus, and Web of Science databases. Additionally we conducted
manual searches, including Google Scholar and cross-referencing rele-
vant publications. Please, see supplementary material for additional
details.
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