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Abstract OBJECTIVES: Neuroendocrine coupling across adolescent transition conditions 
a stage of heightened variability in hypothalamic-pituitary-adrenal axis stress 
reactivity, likely impacting the adaptive physiological response to psychological 
stressors during adolescence. This study aimed to assess the salivary cortisol, 
DHEA, and cortisol/DHEA ratio variation in response to acute academic stress 
and its association with academic performance. 
METHODS: A longitudinal observational study with a combined event- and time-
based protocol was conducted. Twenty-two middle-to-late adolescents (mean 
age 17.6 ± 0.3 years) performed a 60-minute written examination in which saliva 
samples for cortisol and DHEA determination were collected at four points: 
before the examination and after its completion, and at the same time points on 
a control day. Academic performance was assessed based on the examination 
score determined by the number of marks awarded for each correct response. 
RESULTS: Salivary cortisol (p = 0.012) and cortisol/DHEA ratio (p = 0.004) were 
significantly higher at pre-examination. When compared to students with low 
academic performance, high-achieving students exhibited higher cortisol levels 
(p = 0.026) and a higher cortisol/DHEA ratio (p = 0.017) at post-examination. 
Bivariate analysis showed a moderate positive correlation between academic 
performance and the post-examination cortisol/DHEA ratio (rs(20) = 0.44, 
p = 0.039), which significantly predicted academic performance (F(1,20) = 4.63, 
β = 0.09, CI 95% [0.003, 0.171], p = 0.044). 
CONCLUSION: In middle-to-late adolescents, the salivary cortisol/DHEA 
ratio response to acute academic stress is positively associated with academic 
performance. The findings of this study provide evidence of the neuroendocrine 
response to a cognitive demanding stressor as an adaptive mechanism likely 
mediated by the effect of an acute cortisol surge in cognition enhancement. 
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INTRODUCTION
In states of homeostatic challenge, whether real or 
perceived, the stress system coordinates an intricate 
adaptive response to cope with the imposed metabolic 
and cognitive demands of a social, physiological, or 
psychological stressor. The variability in the exposure 
and physiological arousal to stressful stimuli, however, 
results in distinct states of hypothalamic-pituitary-
adrenal (HPA) axis activity that could either benefit 
or impair adaptation, thereby establishing a stress-
response hormesis (Calabrese et al. 2023; Lu et al. 2021). 
In contrast to chronic stress, the acute stress response 
comprises a dynamic process involving goal-directed 
behaviors followed by a prompt cortisol increase that 
enhances alertness and cognitive functioning (Russell 
& Lightman, 2019). In parallel, stress-mediated HPA 
axis activation stimulates dehydroepiandrosterone 
(DHEA) adrenocortical secretion which appears 
to influence the neuropsychological response to stress 
(Dutheil et al. 2021). Although the neurobiological 
mechanisms are broad, an inverted U-shaped relation-
ship is widely acknowledged, where an acute increase 
in cortisol upregulates cognitive performance while 
a sustained increase results in its downregulation (Baldi 
& Bucherelli, 2005). On the other hand, DHEA acts as 
a cortisol antagonist potentially modulating its effect on 
cognitive functioning (Maninger et al. 2009). As such, 
the cortisol/DHEA ratio has been proposed as an indi-
cator to assess HPA axis functionality, and in humans, 
it has been associated with the behavioral response 
to distinct types of stressors (Ahmed et al. 2023). 

Throughout the adolescent transition, gradual 
neuroendocrine coupling establishes a period of suscep-
tibility to deleterious stressors (Chrousos, 2009; 
Nicolaides & Kyratzi, 2015), conferring a stage of highly 
variable HPA axis reactivity associated with stress-
induced neurobehavioral dysfunctions and complex 
psychological responses to the increased demands in 
social, familial, and educational life domains during 
adolescence (Eiland & Romeo, 2013; Whelan et al. 
2021). Particularly, academic stress has been described 
as impacting psychological well-being in response 
to  exposure to different psychosocial stressors within 
which examinations constitute a major stress trigger 
among students (Špiljak et al. 2022). However, the 
extent to which academic stress results in benefits or 
deleteriousness considerably depends on the context 
of the stressor and the pattern of induced physiological 
arousal (Epel et al. 2018). It has been shown that the 
physiological adaptation mediated by adrenal hormones 
allows an efficient consolidation and coding of relevant 
inputs to respond to a psychobiological stressor (James 
et al. 2023), likely favoring the response when exposed 
to an acute stressor with a high cognitive demand such 
as an academic examination. Nonetheless, the cortisol/
DHEA ratio in adolescents has been mainly charac-
terized in the context of psychopathological disorders 

(Bendezú et al. 2021), and while it could be associated 
with the adaptive response to non-deleterious stress, 
the neuroendocrine response to acute stress and its 
relationship to academic performance remains largely 
unexplored (Flegr & Príplatová, 2010; Pletzer et al. 
2010; Urwyler et al. 2015). The present study assessed 
the variation in salivary cortisol and DHEA levels, as 
well as the cortisol/DHEA ratio, in response to a written 
examination aiming to characterize the physiological 
response to acute stress in an educational setting and its 
relationship with academic performance in adolescents.

MATERIALS AND METHODS 
Study design and participants
A longitudinal observational study with repeated 
measures was conducted among high school students 
attending a private educational institution in the city 
of Bogotá, Colombia, who were recruited during the 
first academic trimester of their senior year between 
August and October 2023. The study protocol was 
introduced to all students through a conference given 
by the researchers at the institution, and both male 
and female adolescents were prospectively enrolled as 
eligible participants if they were free of psychopatho-
logical disorders based on self-reports. Exclusion 
criteria included individuals with chronic diseases, 
pregnancy, background of oral, parenteral, or topical 
contraceptives or corticosteroids use, and a history 
of traumatic psychological events in the last year. By 
simple random sampling, 22 middle-to-late adolescents 
(11 males and 11 females; mean age 17.6 ± 0.3 years) 
were included in the study. All minors and their legal 
representatives were informed in detail about the inves-
tigation and voluntarily signed an assent and informed 
consent, respectively. The study was conducted by 
the ethical principles established in the Declaration 
of Helsinki and was approved by the ethics committee 
of the Faculty of Medicine of Universidad Nacional 
de Colombia according to Assessment Act No. 0005 
of March 23, 2023.

To investigate the phasic alteration in HPA axis 
activity in response to a naturalistic, active, and 
controllable acute stressor according to the classifica-
tion of  Epel et al. (2018), the salivary cortisol/DHEA 
ratio was assessed by a combined event- and time-based 
protocol following the recommendations of Stoffel et al. 
(2021). The stressor consisted of a 60-minute written 
examination, scheduled on a day with no other exams 
on the previous or subsequent days, which evaluated 
the knowledge acquired in the calculus course during 
the first trimester of the senior year. Saliva samples for 
the measurement of cortisol and DHEA were collected 
at two time points: [T1] five minutes before the start 
of the examination (~10:00 AM) and [T2] immediately 
after the completion of the examination (~11:00 AM). 
Sampling was carried out at the exact same times (T1 
(~10:00 AM) and T2 (~11:00 AM)) on a control day 
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to evaluate HPA axis activity under baseline condi-
tions with daily hassles six weeks after the start of the 
senior year and six weeks before the exam to minimize 
cumulative academic stress and anticipatory stress in 
the days preceding the examination. Thus, each subject 
corresponded to its own control, reducing the vari-
ability of the experimental error as stated by González-
Cabrera et al. (2014). Between T1 and T2 on the control 
day, students attended lectures regularly, with no 
evaluative activities. Academic performance was deter-
mined based on the score achieved in the exam where 
marks were awarded for each correct answer on a total 
of 100 points, with a passing grade ≥70. Moreover, the 
hours of sleep on both days and the hours elapsed from 
awakening to the first saliva sample collection were 
recorded.

Salivary cortisol and DHEA assays
Salivette® tubes (Sarstedt International, Germany) were 
used for saliva collection following the protocol estab-
lished by the commercial house for cortisol measure-
ment. In Corning™ Falcon™ polypropylene tubes (Fisher 
Scientific, Spain), saliva samples were collected by direct 
passive salivation for DHEA quantification. Thirty 
minutes before sample collection, subjects consumed 
no food or beverages and performed no physical exer-
cise of any kind. Salivette® and polypropylene tubes 
were centrifuged at 1500 x g for 5 min, and subse-
quently stored at -30oC for subsequent analysis. Sample 
processing was performed in duplicate on a  Cobas® 
e 411 analyzer according to the manufacturer's instruc-
tions by electrochemiluminescence immunoassays 
(Elecsys Cortisol II® kit, Roche Diagnostics GmbH) 
for cortisol measurement, and by enzyme-linked 
immunosorbent assays (DHEA Saliva ELISA kit, IBL 
International GmbH) for DHEA determination.

Statistical analysis
Statistical analysis was performed using R Statistical 
Software (v4.2.3; R Core Team 2021). Data distri-
bution was evaluated using the Shapiro-Wilk test. 
Descriptive analysis of the variables was performed 
by calculating the median (Md) and interquartile 
range (IQR). Inferential analysis was carried out with 

non-parametric tests for paired samples using the two-
tailed Friedman's test and a post-hoc analysis based on 
the two-tailed Wilcoxon signed-rank test. The non-
parametric comparison of independent variables was 
performed using the two-tailed Mann-Whitney test, 
while the two-tailed unpaired t-test was used for vari-
ables with normal distribution. The strength of asso-
ciation between variables was determined by Pearson's 
correlation coefficient (r) for normally distributed data, 
and Spearman's correlation coefficient (rs) for data not 
normally distributed. Subsequently, a simple linear 
regression analysis was performed for the variables that 
exhibited a significant correlation. A logarithmic trans-
formation (ln[x]) of the data in the linear regression 
model was performed to ensure normality, homosce-
dasticity, and independence of the residuals, which was 
evaluated with the Shapiro-Wilk, Levene's, and Durbin-
Watson tests, respectively. Differences were considered 
statistically significant when p < 0.05, and when adjust-
ment for multiple comparisons (Bonferroni correction) 
was conducted, the p value was indicated accordingly.

RESULTS
Hormonal variation in response to examination
The difference in salivary cortisol, DHEA and the 
cortisol/DHEA ratio between examination and the 
control day was evaluated using the Friedman's test 
(Table 1). There was no significant variation in cortisol 
(X2(3) = 7.70, p = 0.070) and DHEA (X2(3) = 5.25, 
p = 0.154) levels. The salivary cortisol/DHEA ratio, on 
the other hand, differed significantly between examina-
tion and control day (X2(3) = 10.64, p = 0.014). Notably, 
sleep hours were lower on the exam day (Md = 6.25 hr 
(IQR: 0.50)) compared to control day (Md = 7.00 hr 
(IQR: 0.38)) (z = -2.83, p = 0.005), however, without 
a significant difference in time between awakening and 
first sampling (z = 0.64, p = 0.523).

A post-hoc comparison of salivary levels of cortisol, 
DHEA, and cortisol/DHEA ratio between T1 and T2 
on control and examination day was performed using 
the Wilcoxon signed-rank test with adjustment for 
multiple comparisons (Figure 1). On examination day, 
the salivary cortisol/DHEA ratio at T1 was significantly 

Tab. 1. Salivary cortisol, DHEA and cortisol/DHEA ratio in examination and baseline conditions

Variable Sampling day
Md (IQR)

p-value*

T1 [Pre] T2 [Post]

Cortisol (nmol/L)
Baseline 4.02 (2.83) 4.80 (3.84)

0.070
Examination 4.80 (2.53) 3.21 (2.90)

DHEA (nmol/L)
Baseline 1.08 (0.78) 0.85 (0.60)

0.154
Examination 1.01 (0.80) 1.04 (0.59)

Cortisol/DHEA ratio
Baseline 4.09 (6.58) 4.56 (5.23)

0.014
Examination 3.98 (3.15) 2.67 (3.69)

*Friedman's test. T1 [Pre]: Pre-examination. T2 [Post]: Post-examination. Md: Median. IQR: Interquartile range.
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significant for any of the variables assessed (cortisol: 
z = -0.57, p = 0.566; DHEA: z = -0.89, p = 0.372; cortisol/
DHEA: z = -0.22, p = 0.824).

Association with academic performance
The median score achieved in the exam was 65 points 
(IQR: 11.5). Approximately one third of the subjects 
(n =  7) obtained a passing grade (score ≥70 points). 
Salivary hormone levels and their change during the 
exam (Δ = [T2]-[T1]) were compared between subjects 
who obtained a passing grade and a failing grade 
using the Mann-Whitney test and the unpaired t-test 
(Table 2). Salivary cortisol levels at T2 were significantly 

higher compared to T2 (z = -2.87, p = 0.004), however, 
no significant difference was observed compared to the 
control day at T1 (z = 0.45, p = 0.656) and T2 (z = -2.10, 
p = 0.036). Likewise, salivary cortisol concentration at 
T1 was significantly higher compared to T2 (z = -2.53, 
p  = 0.012) on examination day, with no significant 
difference at T1 (z = 0.57, p = 0.571) and T2 (z = -1.45, 
p = 0.146) compared to the control day. Salivary DHEA 
concentration did not vary between T1 and T2 on the 
examination day (z = 0.51, p = 0.610), and no signifi-
cant differences were observed with the control day at 
T1 (z = 0.26, p = 0.799) and T2 (z = 1.96, p = 0.050). The 
variation between T1 and T2 on the control day was not 

Fig. 1. Salivary cortisol, DHEA and cortisol/DHEA ratio at all sampling points during examination and baseline conditions.
T1 (Pre): Pre-examination. T2 (Post): Post-examination. *p < 0.0125, **p < 0.005; post-hoc analysis using the Wilcoxon signed-rank test 
with adjustment for multiple comparisons (Bonferroni correction) that indicates a significant difference at p < 0.0125.

Tab. 2. Salivary cortisol, DHEA and cortisol/DHEA ratio in students that approved and failed the exam

Variable Sampling time
Md (IQR)

p-value
Passed (n=7) Failed (n=15)

Cortisol (nmol/L)
T1 [Pre] 5.54 (1.30) 4.29 (2.92) 0.679a

T2 [Post] 5.22 (2.42) 2.35 (2.08) 0.026a

ΔCortisol (nmol/L) NA -0.67 (2.90) -2.08 (2.97) 0.104b

DHEA (nmol/L)
T1 [Pre] 0.66 (0.59) 1.18 (0.84) 0.158a

T2 [Post] 0.98 (0.67) 1.10 (0.50) 0.208a

ΔDHEA (nmol/L) NA 0.22 (0.48) 0.05 (0.76) 0.708b

Cortisol/DHEA ratio
T1 [Pre] 6.68 (6.14) 3.93 (2.30) 0.324a

T2 [Post] 6.73 (4.75) 2.25 (1.92) 0.017a

ΔCortisol/DHEA ratio NA -0.18 (3.53) -2.00 (1.80) 0.308b

aTwo-tailed Mann-Whitney U test. bTwo-tailed unpaired t-test. T1 [Pre]: Pre-examination. T2 [Post]: Post-examination. Md: Median. 
IQR: Interquartile range.
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higher in subjects who passed the exam (U = 84.00, 
p = 0.026), and so was the cortisol/DHEA ratio at T2 
(U = 86.00, p = 0.017). Salivary cortisol, DHEA and 
the cortisol/DHEA ratio of individuals who passed and 
failed the exam were not significantly different in either 
group compared to their respective salivary hormone 
levels on the control day.

Bivariate analysis showed a significant moderate 
positive correlation between the cortisol/DHEA 
ratio at T2 and academic performance (rs(20) = 0.44, 
p = 0.039), however, no correlation was found for the 
cortisol/DHEA ratio at T1 (rs(20) = 0.23, p = 0.319) 
and the Δcortisol/DHEA ratio (r(20) = 0.39, p = 0.072). 
Likewise, Δcortisol showed a significant moderate 
positive correlation with academic performance 
(r(20)  =  0.44, p  =  0.041) that was not evidenced for 
cortisol levels at T1 and T2 (rs(20) = 0.15, p = 0.518; 
rs(20) =  0.37, p =  0.086, respectively). No correla-
tion was found between salivary DHEA levels and 
its change during the examination with academic 
performance (T1 DHEA: rs(20) = -0.19, p = 0.401; T2 
DHEA: rs(20) = -0.22, p = 0.328; ΔDHEA: rs(20) = 0.02, 
p = 0.923)). Moreover, further evaluation of the extent 
to which significantly correlated variables could predict 
academic performance was performed with a  simple 
linear regression analysis. The cortisol/DHEA ratio 
at T2 significantly predicted academic performance 
(F(1,20) = 4.63, β = 0.09, CI 95% [0.003, 0.171], 
p  =  0.044) (Figure 2). To ensure the validity of the 
model, we confirmed residuals compliance with linear 
regression assumptions including a normal distribution 
(W = 0.93, p = 0.094), homoscedasticity (Levene's test, 
p = 0.08), and independence (Durbin-Watson value 
= 1.91). Conversely, while Δcortisol was significantly 
correlated with academic performance (r(20) = 0.44, 
p = 0.041), linear regression analysis is not shown as 

heteroscedasticity of the residuals was present (Levene's 
test, p = 0.004).

DISCUSSION
This study evaluated the HPA axis response to  acute 
academic stress and its association with academic perfor-
mance in middle-to-late adolescents. Pre-examination 
salivary cortisol and the cortisol/DHEA ratio were 
significantly higher compared to post-examination 
levels; however, no significant difference was found 
compared to salivary hormone levels under baseline 
conditions. When comparing the physiological response 
based on academic performance, subjects who achieved 
a passing grade exhibited significantly higher cortisol 
levels and cortisol/DHEA ratio at post-examination 
compared to subjects who failed. As for the association 
with academic performance, post-examination salivary 
cortisol/DHEA ratio and the change in cortisol levels 
were found to correlate directly with the score obtained 
and, in particular, the post-examination cortisol/DHEA 
ratio significantly predicted academic performance.

In academic settings, studies on the stress response 
are numerous yet inconsistent due to the varying nature 
of the stressor and the different levels of academic chal-
lenge they represent (Špiljak et al. 2022). Oral exams 
have shown a significant increase in stress biomarkers 
after completion (Preuß et al. 2010), while in written 
exams there seems to be a higher pre-examination 
cortisol concentration compared to post-examination 
(Pletzer et al. 2010; Preuß et al. 2010; Urwyler et al. 
2015). The relationship between academic performance 
and cortisol levels has shown both no correlation 
(Pletzer et al. 2010) and a positive association showing 
a  higher probability of passing grades in individuals 
with higher cortisol levels (Urwyler et al. 2015). Similar 

Fig. 2. Scatter plot with linear regression trendline 
between academic performance and post-
examination salivary cortisol/DHEA ratio.
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to the results of this study, Anjum et al. (2021) found that 
individuals with high academic performance exhibit 
significantly higher post-examination cortisol levels 
compared to those with low performance when taking 
a written test. Moreover, Flegr et al. (2010) reported that 
in college students, subjects with high performance had 
significantly higher post-examination cortisol levels, 
and the change in cortisol during the test was nega-
tively correlated with the actual number of errors in the 
exam. On the other hand, the variation of the cortisol/
DHEA ratio has been evaluated to a lesser extent. In the 
context of anticipatory stress, Irshad et al. (2020) found 
that salivary cortisol levels in the days preceding an 
examination period were significantly higher compared 
to baseline levels, whereas DHEA levels did not change 
significantly and thus the cortisol/DHEA ratio slightly 
increased. Furthermore, in chronic academic stress, 
conversely to the direct association between academic 
performance and the cortisol/DHEA ratio evidenced in 
this study, Bradi et al. (2011) reported an inverse asso-
ciation between the cortisol/DHEA ratio and the cumu-
lative academic achievement; also, subjects who passed 
the course exhibited significantly higher DHEA levels 
but without a significant difference in cortisol levels as 
observed in response to acute stressors. 

On a physiological basis, the acute neuroendocrine 
response to stress converges on adrenocorticotropic 
hormone (ACTH) elevation followed by an increase 
in cortisol levels that peak around 20 minutes after 
the initial exposure to a stressor (Russell & Lightman, 
2019). In the central nervous system, an acute surge 
in cortisol levels results in cognitive enhancement as 
a result of mineralocorticoid receptors (MRs) activa-
tion, whose prompt saturation upon sustained cortisol 
elevation leads to activation of glucocorticoid recep-
tors (GRs) and consequently to a decrease in cognitive 
functions (Baldi et al. 2005). Accordingly, it has been 
shown that in humans, blocking MRs impairs memory 
retrieval, while blocking GRs enhances it (Rimmele 
et al. 2013). Concomitant with adrenal cortisol secre-
tion, ACTH-mediated adrenocortical stimulation 
results in an augmented release of DHEA and its sulfated 
form (DHEA-S) (Maninger et al. 2009), which peaks 
at the end of the exposure to a stressor (Dutheil et al. 
2021). DHEA exerts anti-glucocorticoid effects medi-
ated by the downregulation of GRs translocation and 
11β-hydroxysteroid dehydrogenase type 1 (11βHSD1) 
expression, coupled with competitive inhibition of 
11β-HSD1 by its metabolites 7α-hydroxy-DHEA and 
7β-hydroxy-DHEA (Pluchino et al. 2015). As a neuro-
active steroid, DHEA could also antagonize the acute 
and chronic action of cortisol on cognitive function 
(Pluchino et al. 2015). 

As such, the cortisol/DHEA ratio, commonly 
assessed as an indicator of the net deleterious effects 
of  cortisol, constitute viable an indicator of the HPA 
axis response to acute stress (Ahmed et al. 2023). 
In this context, physiological adaptation modulated 

by adrenal hormones and catecholamines allows for 
effective consolidation and coding of relevant inputs 
to respond to a stressor demand (James et al. 2023). It 
has been shown that the acute increase in cortisol levels 
could enhance mnemonic discrimination and tolerance 
to  uncertainty during decision-making (Byrne et al. 
2020; Jiang et al. 2019), potentially favoring the outcome 
of an examination. Thus, the findings of a positive asso-
ciation between the cortisol/DHEA ratio with academic 
performance evidenced in this study could be related 
to acute cognitive enhancement mediated by the acute 
cortisol surge. Furthermore, while the relationship 
between psychological and physiological states varies 
throughout life and affective traits are not specific 
to a stressor event (Epel et al. 2018), the results of this 
investigation suggest that the cortisol/DHEA ratio may 
offer insight into psychobiological patterns. Lau et al. 
(2021) described that the variation in cortisol/DHEA 
ratio after stress exposure might constitute a feature in 
predicting resilience. Similarly, Lee et al. (2024) showed 
that an imbalance in the cortisol/DHEA ratio could 
be associated with externalizing problems in adoles-
cents, particularly in boys exposed to early life stress. 
These findings underscore the potential of the cortisol/
DHEA ratio as an index for HPA axis functioning, yet 
further research is imperative to establish the role of the 
cortisol/DHEA ratio in predicting behavioral responses 
or psychological traits.

Among the main limitations of this study, the reli-
ance on self-reports without formally ruling out psycho-
pathological disorders represents a major confounding 
factor as the absence of psychological screening limits 
our ability to fully exclude underlying conditions, such 
as anxiety or depression, that could have influenced 
the neuroendocrine outcomes as it has been previously 
described (Ahmed et al. 2023). Furthermore, the size 
of the study population limits the precision of the find-
ings evidenced, as well as a subsequent evaluation of the 
variation in the cortisol/DHEA ratio response between 
men and women that has been reported in other stress 
contexts (Ahmed et al. 2023). Also, although variables 
that could considerably affect the HPA axis response 
to a stressor were controlled, such as the time between 
awakening and the first sampling as well as the time 
of the day at which the sample was taken (Stoffel et al. 
2021), other variables not considered, including sleep 
quality and affective/personality traits, could partially 
influence the pattern of the HPA axis in response 
to stress. On the other hand, a notable strength of this 
study is the implementation of a combined event- and 
time-based protocol, which as highlighted by Stoffel 
et al. 2021, enhances the reliability and validity of the 
findings.

In conclusion, the present study provides evidence 
of the induced HPA axis activation, assessed by the sali-
vary cortisol/DHEA ratio, to a natural acute stressor in 
an academic setting in a middle-to-late adolescent popu-
lation. In response to a written academic evaluation, 
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pre-examination cortisol and cortisol/DHEA ratio were 
significantly higher compared to post-examination. 
The physiological response seemed to vary in relation 
to academic performance as evidenced by the difference 
in post-examination salivary cortisol concentration and 
cortisol/DHEA ratio between low- and high-achieving 
students. Moreover, the post-examination salivary 
cortisol/DHEA ratio appears to directly correlate with 
examination scores and predict academic performance. 
These findings contribute to the characterization of the 
HPA axis response to academic stress in adolescents, 
which in an acute context could be positively associ-
ated with academic performance as a result of the net 
acute action of cortisol surge in cognitive functioning 
enhancement as part of the physiological adaptations in 
response to a psychological stressor.
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