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Exposure to Acute Stress Enhances Decision-Making
Competence: Evidence for the Role of DHEA

Grant S. Shields, Jovian C. W. Lam, Brian C. Trainor, and Andrew P. Yonelinas

Abstract

Exposure to acute stress can impact performance on numerous cognitive abilities, but little is
known about how acute stress affects real-world decision-making ability. In the present study, we
induced acute stress with a standard laboratory task involving uncontrollable socio-evaluative
stress and subsequently assessed decision-making ability using the Adult Decision Making
Competence index. In addition, we took baseline and post-test saliva samples from participants to
examine associations between decision-making competence and adrenal hormones. Participants in
the stress induction group showed enhanced decision-making competence, relative to controls.
Further, although both cortisol and dehydroepiandrosterone (DHEA) reactivity predicted decision-
making competence when considered in isolation, DHEA was a significantly better predictor than
cortisol when both hormones were considered simultaneously. Thus, our results show that
exposure to acute stress can have beneficial effects on the cognitive ability underpinning real-
world decision-making and that this effect relates to DHEA reactivity more than cortisol.
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1. Introduction

Understanding the effects of stress on decision-making has important implications for
society, the workplace, and family life, given the importance of decision-making in all of
these domains (Parker et al., 2015). In this paper we sought to examine whether acute stress
influenced the ability to make better real-world decisions—decision-making competence—
and what the potential biological correlates of this effect might be.
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Prior stress and decision-making research in humans has largely examined individual
components of decision-making (for reviews, see Schwabe and Wolf, 2011; Starcke and
Brand, 2012), such as goal-directedness or risk taking. Although understanding these effects
is important, decision-making researchers have noted the poor ecological validity of
investigating decision-making components in isolation (Bruine de Bruin et al., 2007). Actual
decisions made in everyday life are a complex integration of multiple decision-making
processes, and influences on one of these processes may influence other decision-making
processes, leading to a different decision than might be expected by only examining
individual processes. Thus, it is unknown how stress might influence ecologically valid
measures of decision-making abilities.

The development of new, performance-based, measures of decision-making provides an
approach for assessing “decision-making competence” or real-world decision-making ability
(Bruine de Bruin et al., 2007). In the gold standard of these measures, the Adult Decision-
Making Competence (Bruine de Bruin et al., 2007), participants make a number of decisions
related to real-world situations (e.g., recognizing social norms, resistance to framing) that
have an objectively correct choice, unlike other decision-making tasks where there is no
“correct” choice, such as tasks assessing risk-taking or habit. Measures of decision-making
competence require participants to make decisions that assess the processes (e.g.,, value
assessment, metacognition) that contribute to better real-world decision-making. These
decisions contribute to an overall score of decision-making competence.

The measure of decision-making competence we used in this study is ecologically valid, as
it inversely predicts a host of poor decisions and resultant negative life events—such as
having an unplanned pregnancy, quitting a job one has had for less than a week, or being
incarcerated overnight (Parker et al., 2015). Although many factors play into adverse
outcomes, decision-making competence remains a significant predictor of those decisions
even when adjusting for factors such as socioeconomic status (Parker et al., 2015). Thus, the
relatively new ability to assess decision-making competence now allows us to examine what
effects, if any, stress has on the decision-making ability underpinning decisions made in
everyday life.

How should stress influence decision-making? Introspection might suggest that stress
impairs decision-making, and there is some evidence supporting this idea. For example,
acute stress increases habitual behaviors and correspondingly reduces goal-directed actions
(Schwabe and Wolf, 2011), which could suggest a diminished capacity to make beneficial
decisions. Second, although this does not necessarily imply worse decision-making, acute
stress increases risky decision-making (Starcke and Brand, 2012), which could suggest a
decrease in error monitoring processes.

In contrast, alternate lines of research suggest that acute stress may enhance decision-
making competence. First, stress induces negative affect, and negative affect promotes an
analytical style of information processing (Moons and Mackie, 2007); analytic information
processing in turn promotes better decision-making competence (Finucane and Gullion,
2010). Second, acute stress enhances inhibitory control (Schwabe et al., 2013), which is an
executive function partially underpinning decision-making competence (Del Missier et al.,
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2012); thus, acute stress may enhance decision-making competence by improving inhibition.
However, like evidence suggesting stress may impair decision-making competence, the
above is limited to studies examining relatively restricted cognitive processes, and it is not
known how stress impacts decision-making competence as a whole.

To elucidate the biological correlates of potential stress effects on decision-making
competence, we examined the hormones cortisol and dehydroepiandrosterone (DHEA). We
chose to examine these hormones because they both increase in response to the stressor
employed in this study (Dickerson and Kemeny, 2004; Lennartsson et al., 2012b) and
modulate receptors on neurons (e.g., GR, GABA,, 01) that are expressed in brain circuits
supporting decision-making (Butts et al., 2011; Pérez-Neri et al., 2008). In addition, both of
these hormones causally influence decision-making processes (Ohana et al., 2015; Putman et
al., 2010). Thus, given the neural and behavioral evidence suggesting that these hormones
should exert important modulatory effects on decision-making, we chose to examine the
relation of these hormones with decision-making competence.

DHEA and cortisol act through different pathways to influence neural and cognitive
processes. For example, DHEA can influence neural activity by binding to GABAA
receptors (Majewska et al., 1990), whereas cortisol influences neural activity through
actions at glucocorticoid and mineralocorticoid receptors (Patel et al., 2008). DHEA is also a
neurosteroid present within brain regions supportive of decision-making (Kancheva et al.,
2011; Maninger et al., 2009). These different mechanisms of action produce different
cognitive effects(e.g., Davis et al., 2008; Shields et al., 2015); for example, DHEA
administration reduces risk-taking in decision-making in individuals enrolled in an addiction
recovery program (Ohana et al., 2015), whereas cortisol administration increases risk-taking
in decision-making in healthy individuals (Putman et al., 2010).

Determining whether the effects of stress on decision-making are related to cortisol or
DHEA could provide important insights into the underlying mechanisms of these effects.
Because of their high covariance with stress, reactivity of both hormones should associate
with decision-making competence. However, because cortisol tends to impair cognitive
processes, if acute stress decreases decision-making competence, we might expect that
cortisol reactivity would predict decision-making competence better than DHEA reactivity.
Conversely, because DHEA tends to enhance cognitive processes, if acute stress increases
decision-making competence, we might expect that DHEA reactivity would predict
decision-making competence better than cortisol reactivity.

Research

To elucidate the effects of acute stress on decision-making ability underpinning better real-
world decision-making, we assigned a large sample of young adults to well-validated stress
induction or control conditions. This was followed by a decision-making index designed to
measure real world decision-making competence. In addition, we collected baseline and
post-manipulation saliva samples to examine levels of cortisol and DHEA, focusing on
participants in the stress group, in order to assess the hormonal responses underlying these
behavioral effects.
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2. Method

2.1. Participants

Participants were 124 healthy young adults attending the University of California, Davis.
Five participants were excluded from analyses due to misunderstanding the instructions. We
did not invite participants who had a current illness, diabetes, history of stroke, neurological
disorders, current or former diagnosis of posttraumatic stress disorder, hospitalization for a
psychiatric disorder within the past year, current injury or illness within the past week,
major sleep disturbances within the past six weeks, or consumption of more than eight
caffeinated beverages a day. Similarly, individuals who were pregnant, nursing, on any form
of medication (including hormonal birth control or asthma medication) or illegal drugs, had
taken any mood-altering medications within the past two months, or had taken oral or
injected corticosteroids within the past three months were not invited to participate.
Participants were instructed not to eat, drink anything besides water, use tobacco, brush their
teeth or floss, or engage in any exercise for two hours prior to the start of the study.
Compliance with these instructions and inclusion criteria (i.e., no drug or hormonal
contraceptive use) was assessed using a questionnaire at the beginning of the study; women
also reported the date of the first day of their last menstrual period using that questionnaire.
Menstrual cycle phase was approximated by days since preceding cycle had begun (i.e., 5 or
less days: menstrual period; 6-13 days: follicular phase; 14+ days: luteal phase). The study
protocol was approved by the institutional review board and all subjects gave written
informed consent.

Of these 119 participants, 61 individuals (37 women) were randomly assigned to the stress
induction condition and 58 individuals (39 women) were randomized to the non-stressful
control condition. 16.7% of women were tested during their menstrual period, 20% during
the follicular phase, and 63% during the luteal phase of their menstrual cycle. Participants
ranged in age from 18 to 33 years-old (M=19.98, SD=2.0), and the sample was diverse, with
1.7% self-reporting as American Indian or Alaskan Native, 55.5% as Asian, 2.5% as Native
Hawaiian or Pacific Islander, 3.4% as Black or African American, 16.8% as White, 14.3%
as Hispanic, and 7.6% declined to state. Similarly, 5.9% of participants had parents whose
mother or father completed only elementary or junior high school, 7.6% who completed
some high school, 12.6% who graduated from high school, 11.8% who completed some
college, 16.8% who graduated college, 25.2% who completed post-graduate or professional
schooling, and 21.8% whose highest level of education was either unknown or not reported.
Importantly, participants in the stress induction versus control conditions did not differ with
respect to sex, race, menstrual cycle phase, socioeconomic status, or age (ps>.17,
uncorrected).

2.2. Materials and Procedure

Participants came to the laboratory at either 12pm or 3pm for four-participant group
sessions. Figure 1 illustrates the study procedure. Upon arrival, an experimenter
immediately greeted each participant and brought the participant into a cubicle in order to
prevent the participants from interacting with each other. Once in the cubicle, each
participant provided informed consent and completed miscellaneous measures—including a
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baseline measure of current affect (see below)—for approximately five minutes to allow
acclimation to the testing environment. Participants” computers then reached a password-
protected screen that instructed them to wait for instructions from the experimenters.
Participants waited until all other participants for the session completed the initial measures,
upon which time the first (baseline) saliva sample was taken.

Next, participants completed the laboratory-based stressor or control task, depending upon
their time slot’s assigned condition. An experience of acute stress was induced using the
Trier Social Stress Test for Groups (TSST-G; von Dawans et al., 2011). This task includes
two conditions: a stress induction condition and a non-stressful control condition. This task
involves motivated performance and employs social evaluation and uncontrollability
(Dickerson and Kemeny, 2004). In brief, participants in the stress induction condition were
conspicuously recorded while they spoke on their real qualifications for the job they would
like to have in front of a live panel of trained, stern evaluators, and afterwards were
evaluated as they completed a difficult math task and told various threatening statements. In
contrast, participants in the control condition quietly read aloud a scientific article and
subsequently completed a math task without any social evaluation.

The TSST-G lasted approximately 30 minutes (including anticipation), after which time
participants immediately completed in a randomized order the following stress appraisal
questionnaire and measure of current affect. To assess appraisals of stress, participants in
both the stress and non-stress TSST-G conditions used an unmarked scale ranging from 1
(Strongly Disagree) to 9 (Strongly Agree), to indicate the extent to which they agreed with
seven randomly-ordered statements that assessed the stressfulness of the stressor/control
task, such as, “The speech and mathematics tasks were very stressful.” Reliability for this
measure was excellent (a=.90).

To assess changes in negative affect as a function of the stressor, prior to and after the
stressor participants indicated on an unmarked 1-7 scale, ranging from 1 (Not at All) to 7
(Very Much), to what extent they currently felt 11 negative emations, such as “scared.” To
avoid demand characteristics that might have arisen by only assessing negative affect,
participants also indicated the extent to which they currently felt 11 positive emotions.
Participants responded to the emotions in a randomized order. Self-reports of the negative
emotions were averaged at each time point to create indices of negative affect. Reliabilities
for negative affect assessed at baseline (a=.90) and after the stress manipulation (a=.94)
were excellent.

To allow time for hormone reactivity to reach detectable levels in saliva, participants then
completed filler personality questionnaires for 15 minutes. This delay was chosen based
upon prior research showing that cortisol and DHEA are both significantly elevated at this
time post-stressor (Dickerson and Kemeny, 2004; Lennartsson et al., 2012b). Following this
delay, participants provided the second saliva sample (post-manipulation). Participants then
completed the decision-making competence inventory.

Decision-making competence was indexed using the Adult Decision-Making Competence
(Bruine de Bruin et al., 2007). This performance-based measure of decision-making has high
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internal consistency and test-retest reliability (Bruine de Bruin et al., 2007) as well as strong
associations to other cognitive processes (Del Missier et al., 2012) and ecological validity
(Bruine de Bruin et al., 2007; Parker et al., 2015). This measure requires participants to
make a number of decisions, answers to which assess four fundamental decision-making
skills. These fundamental decision-making skills are value assessment (i.e., appropriately
evaluating the value of an outcome), belief assessment (i.e., appropriately evaluating the
likelihood of an outcome), integration (i.e., combining beliefs and values when making
decisions), and metacognition (i.e., being accurate in knowing one’s own limitations and
abilities). Decisions assessed in this inventory are made using multiple choice, 1-6 rating,
binary (e.g. yes/no, true/false), and continuous (i.e., 0-100%) response scales. The criterion
for better performance is either consistency or accuracy, depending upon the decision made
(e.g., consistency between answers when the same question is presented highlighting either
benefits or drawbacks of a decision would indicate better decision-making, whereas
accuracy would indicate better decision-making competence when properly answering a
question involves accurately assessing one’s abilities). The overall score on this measure is
thus our dependent variable of interest, as it reflects better real-world decision-making
ability. Higher scores on thus indicate a better ability to make good decisions in everyday
life. For ease of interpretability as well as graphing our results, we scaled the scores so that
the control group’s mean was 100 and standard deviation was 15 (as in 1Q scores).

Finally, participants completed the demographics questionnaire before being debriefed,
thanked, and dismissed.

2.3. Saliva Samples

Participants provided two saliva samples (baseline and post-manipulation) using a passive
drool method. Immediately after collection, the saliva vials were placed in a freezer kept at
—20°C until assayed.

2.3.1. Cortisol—Saliva samples were assayed in duplicate for cortisol using high-
sensitivity Salivary Cortisol ELISA Kits (Salimetrics LLC, State College, PA) according to
the manufacturer instructions. The inter-assay CV was 7.45% and the average intra-assay
CV was 2.68%. Sensitivity for these assays was 0.012 ug/dL. All controls were in the
expected ranges. Cortisol concentrations were converted from pg/dL to nmol/L for
consistency with most human stress literature.

2.3.2. DHEA—Saliva samples were assayed in duplicate for DHEA using the Salivary
DHEA ELISA Kit (Salimetrics LLC, State College, PA) according to the manufacturer
instructions. The inter-assay CV was 2.67% and the average intra-assay CV was 2.59%.
Sensitivity for these assays was 10.2 pg/mL. All controls were in the expected ranges.
Values are in the units of pg/mL.

2.4. Data Reduction and Analysis

All variables were inspected for conformity to a normal distribution and the natural
logarithm transformation was applied when variables evidenced significant skew (i.e.,
DHEA and cortisol, both baseline and post-stressor). One participant was excluded from
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cortisol analyses due to excessively high baseline cortisol (|Value| > 3 SDs x Mean after log
transformation). Importantly, however, including the outlier did not significantly alter any
parameter estimate. There were no other outliers present in any other variable. In graphs and
analyses, we discuss “reactivity” of hormones. By “reactivity” we mean residuals from
regressing post-manipulation values (i.e., post-stressor or control task) on baseline values—
that is, changes in these hormones from pre- to post-stressor.

Because the acute stress manipulation necessitated randomization of participant sessions to
conditions (i.e., rather than participants), analyses required a multilevel model to account for
shared variability within sessions. Thus, all analyses were linear mixed models with
participants nested within Session. We used a mixed model ANOVA nesting measurement
occasions within participants and further nesting participants within Session to assess
changes in cortisol and DHEA from baseline to post-stressor. Bayesian parameter estimation
was conducted when additional information could be gleaned from these analyses,
accounting for the random effect of session if possible.! Aside from parameters estimated by
Bayesian methods, all reported means and standard errors were least-squares means and
standard errors. Degrees of freedom for all mixed models and their follow-up analyses were
estimated using the Satterthwaite approximation, which relaxes the assumption of
homogeneity of variance, but entails that the degrees of freedom contain non-integer
numbers. Because of the importance of exploring sex differences (Cahill, 2012), we
examined sex as a potential moderator of all effects; however, there were no significant
interactions with sex.

Bayesian parameter estimation was employed in addition to traditional significance testing
because it provides much richer information than null hypothesis significance testing
(NHST); moreover, it is robust against violations of normality, heterogeneity between
groups, and outliers (Kruschke, 2013), unlike NHST. Although Bayesian estimation
estimates population parameters, we have retained the traditional use of B to represent
unstandardized slope estimates and f to represent standardized slope estimates for clarity.

All analyses were conducted in R, version 3.2.1. Mixed models were fit using the ImerTest
package. Least-squares means and their corresponding standard errors were derived using
the Ismeans package. Bayesian between-groups parameter estimation was conducted with
the package BEST using uninformative priors. Bayesian regression model parameter
estimation was conducted with the packages MCMCpack and coda using informative priors
derived from the previously fit linear mixed model.

1The method of B

ayesian estimation used for between-groups analysis cannot incorporate random effects. However, the random effect

of session contributed essentially nothing to that model (XZS.OOL p=.99), so the parameter estimation proceeded without incorporating

the random effect.
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3.1. Preliminary Analyses

3.1.1. Self-reports

3.1.1.1. Stress appraisals: We first assessed whether participants in the stress induction
condition perceived the stress manipulation to be more stressful than did participants in the
control condition. As hypothesized, participants in the stress induction condition rated the
stress manipulation to be significantly more stressful than participants in the control
condition, F(1,119.0)=71.95, p<.001 (Figure 2a).

3.1.1.2. Negative affect: We next assessed whether participants in the stress induction
condition evidenced an increase in negative affect relative to participants in the control
condition as a function of the stress manipulation. As hypothesized, the Time x Condition
interaction was significant, F(1,117.0)=15.45, p<.001. At baseline, participants in the stress
induction (M=2.28, SE=0.14) and control (M=2.29, SE=0.14) conditions did not differ in
negative affect, t(194.4)=-0.05, p=.961. However, following the acute stress or control
manipulation, participants in the stress induction condition (M=2.68, SE=0.14) evidenced
significantly greater negative affect than did participants in the control condition (M=1.89,
SE=0.14), t(194.4)=4.07, p<.001.

3.1.2. Cortisol—We examined cortisol reactivity over time for the stress induction group
and a randomly-selected 10 participants in the control group to confirm the success of both
our stress manipulation and our control condition. As hypothesized, the Time x Condition
interaction was significant, F(1,64.7)=17.57, p<.001. Participants in the stress induction
group significantly increased from pre- to post-manipulation, t(67.0)=5.97, p<.001, whereas
—as expected from a natural diurnal decline in cortisol—participants in the control group
decreased from pre- to post-manipulation, t(66.1)=-2.07, p=.042 (Figure 2b). Thus, the
stress manipulation successfully increased cortisol in only the stress induction group.

3.1.3. DHEA—We examined DHEA reactivity over time for the stress induction group and
10 participants in the control group. As hypothesized, the Time x Condition interaction was
significant, F(1,66.4)=9.55, p=.003. Participants in the stress induction group significantly
increased from pre- to post-manipulation, t(67.5)=3.75, p<.001, whereas—as expected from
a natural diurnal decline in DHEA—participants in the control group tended to decrease
from pre- to post-manipulation, t(67.1)=-1.80, p=.076 (Figure 2c). Thus, the stress
manipulation successfully increased DHEA in only the stress induction group.

3.2. Primary Analyses

3.2.1. Stress effects—Participants in the stress induction condition evidenced
significantly better decision-making competence than participants in the control condition,
t(119.0)=2.10, p=.038 (Figure 3). Thus, stress significantly enhanced decision-making
competence.

To better elucidate the effect of stress on decision-making competence, we turn to Bayesian
parameter estimation. Bayesian parameter estimation confirmed the results of the linear
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mixed model, as it showed the 95% Highest Density Interval (HDI; somewhat analogous to
a more robust confidence interval that provides distributional information) of the difference
between means did not include zero, Ygif=5.95, 95% HDIgif [0.42, 11.33]. That is,
participants in the stress induction condition (u=105.89, 0=16.62) evidenced better decision-
making competence than participants in the control condition (u=99.94, 0=12.26). The
magnitude of this effect was approximately moderate, ©=0.41, and similarly the 95% HDI
of the effect size did not include zero, 95% HDIg [.028, .789]. Thus, not only did stress
enhance decision-making competence, this enhancement was approximately equivalent in
magnitude to the difference observed between individuals in high-level leadership positions
and healthy controls (Carnevale et al., 2011). As such, the effect of stress on decision-
making competence could be relevant to success in one’s career or other aspects of everyday
life.

Interestingly, the stress induction also appeared to increase variability in decision-making
competence, as the 95% HDI of the difference between the standard deviations of each
group did not include zero, ogiff=4.36, 95% HDI [0.35, 8.47]. Although this heterogeneity
between groups could pose a problem for assessing mean differences using traditional
statistical tests, it does not pose a problem for a Bayesian estimation of the difference
between means or the effect size. Thus, not only did stress enhance decision-making
competence, stress also increased variability in decision-making competence. Thus, the
decision-making ability of some people presumably benefits more from stress than that
ability of other people.

3.2.2. Associations with hormones

3.2.2.1. DHEA: To elucidate the biological mechanisms related to the effects of stress on
decision-making competence, we examined the association between post-manipulation
DHEA and decision-making competence for participants in the stress induction condition,
controlling for baseline DHEA.. As hypothesized, the association between DHEA reactivity
and decision-making competence was significant, $=.40, t(59.0)=2.58, p=.012. Thus, DHEA
reactivity was a strong predictor of decision-making competence; greater stress-induced
increases in DHEA predicted better decision-making competence.

3.2.2.2. Cortisol: We next examined the association between post-manipulation cortisol and
decision-making competence for participants in the stress induction condition, controlling
for baseline cortisol. As hypothesized, the association between cortisol reactivity and
decision-making competence was significant, =.30, t(58.0)=2.07, p=.043. Thus, cortisol
reactivity was a strong predictor of decision-making competence; greater stress-induced
increases in cortisol predicted better decision-making competence.

3.2.2.3. Comparing DHEA with cortisol: Although both cortisol and DHEA were
associated with decision-making competence, this association may be due to their shared
association with stress. That is, DHEA and cortisol reactivity strongly covaried, r=.477, p<.
001, which could produce spurious correlations between those variables and a third variable
affected by stress if this covariation is not taken into account. Thus, to examine whether
cortisol or DHEA selectively accounted for the effects of stress on decision-making, we
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examined the associations between post-manipulation cortisol, post-manipulation DHEA,
and decision-making competence, controlling for baseline cortisol and baseline DHEA. In
this model, DHEA reactivity remained a significant predictor of decision-making
competence, =.35, t(57.0)=2.05, p=.045 (Fig. 4a), whereas cortisol reactivity was no longer
a significant predictor of decision-making competence, f=.15, t(57.0)=0.97, p=.335 (Fig.
4b).

Bayesian parameter estimation further elucidated these results. In particular, DHEA was a
significantly better predictor of decision-making competence than cortisol, because the
upper bound of the 95% HDI of the slope predicting decision-making competence from
cortisol, 95% HDIg [-0.059, 0.345], did not include the Bayesian estimate of the slope
predicting decision-making competence from DHEA, =0.349. Thus, not only was post-
manipulation DHEA more strongly associated with decision-making competence, it was a
significantly better predictor than post-manipulation cortisol.

3.3. Exploratory Analyses

Although we did not have a priori reason to hypothesize interactive effects, we nonetheless
explored them. Experimental condition did not interact with age, sex, menstrual cycle phase,
race, or changes in negative affect to influence decision-making competence, all ps>.250,
uncorrected. Similarly, neither cortisol nor DHEA reactivity interacted with any of the
aforementioned variables to predict decision-making competence, all ps>.147, uncorrected.
This lack of interactions indicates that observed effects were robust across our sample.

Based upon prior observations suggesting that the DHEA/cortisol ratio might relate to
different psychological stress responses (Shirotsuki et al., 2009), we regressed decision-
making competence on this ratio. Neither the post-stressor DHEA/cortisol ratio (p=.338) nor
the changes in this ratio (p=.833) were predictive of decision-making competence. Thus, the
effects of cortisol and DHEA on decision-making competence are additive (as tested in
analyses within section 3.2.2), rather than interactive (as tested in the ratio).

Finally, we also conducted the analyses presented in section 3.2.2 with the only difference
being that we included the 10 randomly selected participants in the control group who were
assayed for both DHEA and cortisol. In these analyses, all of the results were similar—
including participants in the control group had no effect on associations of DHEA or cortisol
with decision-making competence.

4. Discussion

Little is known about how acute stress influences the ability to make better decisions in
everyday life. We addressed that gap in the present study by using a gold-standard
laboratory manipulation of acute stress and subsequently assessed decision-making
competence in stress and control groups while also collecting saliva samples to assay stress-
reactive hormones with cognitive effects. We found, perhaps counterintuitively, that acute
stress actually enhanced the ability to make better real-world decisions—decision-making
competence. Moreover, we showed that although stress-induced increases in both cortisol
and DHEA predicted decision-making competence, DHEA evidenced a significantly
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stronger association when both hormones were considered simultaneously. In addition, these
associations were robust, with a lack of interactions with age, sex, and other variables. These
results therefore show for the first time that acute stress can exert beneficial effects on the
decision-making ability that appears to support better decision-making in everyday life.

Our study’s findings provide empirical support for the hypothesis that acute stress enhances
decision-making competence. Further, these findings also provide empirical support for one
pathway by which acute stress may influence decision-making. In particular, after
accounting for the covariance between cortisol and DHEA, only post-stressor DHEA
predicted decision-making competence. Moreover, Bayesian parameter estimation
confirmed that post-stressor DHEA was a significantly better predictor of decision-making
competence than post-stressor cortisol.

It is also worth noting that potential confounds such as subjective experience of stress did
not play a role in producing a stronger association between DHEA and decision-making
competence than cortisol. That is, the effect of stress relative to the control condition on
cortisol reactivity was greater than that effect on DHEA reactivity. Thus, our data strongly
suggest that DHEA is a better predictor of stress-induced alterations in decision-making
competence than is cortisol.

The neural mechanisms underpinning potential effects of DHEA on decision-making
competence are currently unclear. At a neurobiological level, some of DHEA’s actions
result in increased dopaminergic activity in the prefrontal cortex (Dong et al., 2007; Pérez-
Neri et al., 2008), and increased dopaminergic activity can both enhance cognitive functions
(Arnsten, 2009; Puig and Miller, 2015) and alter decision-making (Shafiei et al., 2012).
Thus, our results may add to a growing list of stress effects due to alterations in
dopaminergic activity (Trainor, 2011). It should be noted, though, that the mechanisms by
which DHEA contributes to increased dopaminergic activity are still unclear, and there is
some evidence that glucocorticoids can also increase dopaminergic activity within the
prefrontal cortex (Butts et al., 2011; though see Inoue and Koyama, 1996). DHEA is also a
neurosteroid that can modulate the function GABAA, NMDA, and o4 receptors (Maninger et
al., 2009; Pérez-Neri et al., 2008; Yabuki et al., 2015; Yadid et al., 2010). Additionally, most
DHEA is converted to its sulfate ester—DHEA-S—and DHEA-S can exert neurobiological
effects (Zajda et al., 2012). Thus, it is unknown whether DHEA exerts potential effects on
decision-making directly through interacting with the aforementioned receptors or indirectly
through the actions of one of its metabolites. As such, future research should attempt to
determine the mechanism of action through which DHEA exerts effects on decision-making
competence if it indeed plays a causal role in the effects observed here.

Given the common experience of making a decision one later regrets while stressed, how is
it that stress can enhance decision-making competence? Although we can only speculate,
one possible answer may lie in how stress influences emotions and reward salience. In
particular, stress can make rewarding stimuli more appetizing, and it increases the intensity
of negative affect (Heatherton and Wagner, 2011). As such, while stressed, one might be
more tempted to indulge in a pleasurable activity one later regrets or be more tempted to
make poor decisions based upon one’s current mood. This explanation also fits with the fact
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that most of our poor decisions made during stress were made even when we “knew better”
—or, had the decision-making competence to know that it was a bad decision. Thus,
although stress enhances decision-making competence, benefits of this enhanced decision-
making capability might not always be readily apparent. Future research should attempt to
determine if this is indeed the case.

Because decision-making competence plays such an important role in everyday life, the
potential for enhancing it has important implications. For example, because greater decision-
making competence predicts better decision-making in interpersonal and financial situations,
greater decision-making competence is associated with a more positive social environment
and higher socioeconomic status (Bruine de Bruin et al., 2007; Parker and Fischhoff, 2005),
though it should be noted that many factors contribute to these circumstances. In addition,
people with greater decision-making competence are more likely to hold high-level
leadership positions (Carnevale et al., 2011). As such, improving decision-making
competence could potentially enhance a person’s interpersonal quality of life and
socioeconomic status. Thus, understanding the biological mechanisms underpinning the
effects of stress on decision-making competence could provide enormous societal benefits.
Future research should thus attempt to determine if experimentally manipulating DHEA
using a pharmacological approach enhances decision-making competence.

DHEA may enhance cognitive function (Morgan et al., 2004, 2009; Rasmusson et al., 2004),
and more importantly to this paper, DHEA administration may enhance decision-making.
That is, individuals who were administered DHEA during rehabilitation from drug addiction
were significantly less likely to choose to use drugs during the time they were given DHEA
than were individuals given a placebo (Ohana et al., 2015). Although it is unclear whether
this choice is due to enhanced decision-making competence, decision-making competence is
a strong, inverse predictor of poor decisions regarding use and abuse of intoxicating
substances (Parker et al., 2015), lending credence to the idea that administration of DHEA
enhances decision-making competence. Thus, given the associations between DHEA,
cortisol, and decision-making competence, a factorial manipulation of DHEA and cortisol
could provide important insight into how stress enhances decision-making competence and
potentially elucidate a mechanism through which to enhance decision-making competence.

Although we did not observe any effects of menstrual cycle on decision-making, gonadal
hormones such as progesterone, testosterone, and estradiol all play a role in the biological
stress response (Childs and De Wit, 2009; Lennartsson et al., 2012a) and could thus exert
important effects on cognitive processes (Barros et al., 2015). We did not examine these
hormones in this study because we wanted to constrain our analyses to those in which we
had strong a priori expectations; because DHEA and cortisol had been linked to decision-
making processes previously (Section 1), we selected these two hormones to examine.
However, it is possible that gonadal hormones modulated our effects. Nonetheless, not
controlling for gonadal hormones does not invalidate our obtained results (McCarthy, 2015).
As such, future research could attempt to extend our findings by examining the associations
of gonadal or other hormones with decision-making competence following stress.
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An additional extension of these results could examine personality traits that influence
decision-making. Because our primary aim was to determine what effect, if any, acute stress
had on decision-making competence, our goal was not to elucidate personality traits that
might moderate the effect of stress on decision-making competence. Thus, examining the
interplay of traits with acute effects of stress on decision-making competence is an important
avenue for future research.

It is important to consider that chronic stress likely has different effects on decision-making
competence. Although the acute effects of adrenal hormone responses are generally
considered beneficial (McEwen, 2007; Schwabe et al., 2013), chronic or cumulative adrenal
activation can induce glucocorticoid receptor resistance and is associated with more
detrimental effects on health and cognitive functioning (Cohen et al., 2012; Jones and
Moller, 2011; Silverman and Sternberg, 2012). Indeed, prior work reported that chronic
stress impaired decision-making ability (Dias-Ferreira et al., 2009). Thus, the enhancing
effects of acute stress we observed are unlikely to generalize to chronic stress.

Several limitations of this study are worth noting. First, although decision-making
competence as measured in the current study did benefit from stress, future studies will be
necessary to determine whether these effects generalize to other measures of decision-
making. Second, although participants reported a lack of use of prescription or
nonprescription drugs, we could not verify this abstinence directly, and it is possible that
self-report data contained inaccuracies. Similarly, womens’ menstrual cycle phases were
approximated by self-reports rather than determined through hormone assessment, and these
self-reports may contain inaccuracies. However, these self-report limitations would likely
have affected the randomly-assigned experimental and control groups equally, so they are
unlikely to have produced our obtained results. Third, although our stress manipulation was
experimental, the analyses of hormones to decision-making competence were correlational
—thus we cannot infer causation. Relatedly, factors affecting both cognitive function and
DHEA or cortisol responses to stress (i.e., burnout; Lennartsson et al., 2015) may be
important contributors to the effects we observed, but we are unable to test this. Fourth, we
examined effects of stress in the afternoon, when DHEA and cortisol levels are both
relatively lower than they are in the morning due to diurnal rhythms (Hucklebridge et al.,
2005); as such, increases in these hormones may influence decision-making competence
differently when baseline levels of these hormones are high. Fifth, although the measure of
decision-making competence we used in this study is considered the current gold standard,
some research suggests that the predictive utility of this measure could be improved by
considering social skills and time orientation as well (Geisler and Allwood, 2015). Sixth,
although the percentage of women was equivalent across our stress and control groups,
because our sample was approximately two-thirds women we may have lacked statistical
power to detect subtle sex differences in stress effects on decision-making competence.
Nonetheless, given our sample size we achieved .77 power to detect a medium-sized sex by
stress condition interaction effect (f=.25). Thus, at this time there is no evidence for strong
sex differences in the effect of acute stress on decision-making competence. Finally, all
research requires replication and extension. For example, using a pretest-posttest-control
group design could replicate our finding that acute stress enhances decision-making
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competence and would require far less power than a purely between-groups design.
Similarly, additional physiological parameters reflecting a stress response—i.e., salivary a-
amylase—could help to further elucidate factors potentially involved in stress effects on
decision-making competence.

Several strengths of this study are notable. First, our use of gold-standard methodology, such
as the TSST-G or Adult Decision-Making Competence index, ensures that we have
accurately manipulated and assessed what we intended to manipulate and assess. Second,
the excellent coefficients of variation coupled with the consistency of all of our control
values within expected ranges provides confidence that the hormone effects we observed are
genuine and robust. Third, the large sample size ensured that this study evidenced sufficient
power to detect a true effect and made it unlikely that sampling error produced the effects
observed here—as can happen with smaller sample sizes. Finally, the use of advanced
statistical techniques, such as Bayesian parameter estimation, allowed for a rich analysis of
the observed data and provided security against potential violations of assumptions related
to models used in null hypothesis significance testing.

4.1. Conclusion

In conclusion, in a large sample of healthy young adults we found that exposure to acute
stress enhanced the decision-making ability that appears to underpin better decision-making
in everyday life—decision-making competence. Moreover, we provided correlational
support for the idea that DHEA may have contributed to this effect, because although stress
increased both DHEA and cortisol, stress-induced increases in DHEA were a significantly
better predictor of decision-making competence than cortisol. The correlational nature of our
results cannot establish causation but suggest that a factorial manipulation of DHEA and
cortisol should be a fruitful avenue for future research, especially considering the important
implications of enhancing decision-making competence.
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Highlights
Acute stress enhanced decision-making competence.
DHEA and cortisol reactivity both predicted decision-making competence.

DHEA was a better predictor of decision-making competence than cortisol.
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Figure 1.
Ilustration of study procedure.
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Manipulation check. (A) Participants in the stress induction condition reported that
significantly greater amounts of stress from the stress-induction task than did participants
assigned to the control condition and task. (B) Participants in the stress induction condition
evidenced a significant increase in cortisol, whereas the 10 participants assayed in the
control condition evidenced a significant decrease. (C) Participants in the stress induction
condition evidenced a significant increase in DHEA, whereas the 10 participants assayed in

the control condition evidenced a marginal decrease.
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Figure 3.
Effects of acute stress on decision-making competence. Participants in the stress induction

condition (M=105.91, SD=21.62) evidenced significantly better decision-making
competence than participants in the control condition (M=100, SD=15), p=.038.
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Figure 4.
Standardized associations of DHEA and cortisol (both natural log transformed) with

decision-making competence, controlling for the other hormone as well as baseline values of
these hormones. Post-manipulation DHEA (p=.35) was a significantly better predictor of
decision-making competence than post-manipulation cortisol ($=.15).
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