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ABSTRACT
We and other research groups have previously described that levels of the anabolic hormone dehy-
droepiandrosterone sulfate (DHEA-S) are lowered in individuals who report prolonged stress. We have
also shown that the DHEA-S production capacity during acute stress is attenuated in individuals report-
ing high prolonged stress. This study aimed to further investigate the DHEA and DHEA-S production
capacity in relation to prolonged stress. Eighty-one healthy participants in the age 20–50 years old
were included in the study and divided into a low stress (n¼ 45) and a high stress group (n¼ 36)
according their response to a single question regarding perceived stress during the preceding month.
They underwent the Trier Social Stress Test while blood samples were drawn before, during and after
the stress test. The concentration of DHEA, DHEA-S, cortisol and ACTH was measured. The results
showed that the high stress group exhibited a significantly lower response of DHEA-S (40% lower)
than the low stress group, while DHEA, cortisol and ACTH responses did not differ between the groups.
Reduced DHEA-S production may constitute one of the links between stress and poor health.
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Introduction

Dehydroepiandrosterone (DHEA) and its sulfated metabolite
DHEA-S are regenerative, anabolic, hormones with pleiotropic
beneficial effects important for maintenance of health
(Maninger et al., 2009; Theorell, 2009; Wolf & Kirschbaum,
1999). The levels of DHEA and DHEA-S peak in young adult-
hood and decrease thereafter with age (Hornsby, 1995).
DHEA and DHEA-S are produced in the inner layer of the
adrenal cortex (zona reticularis) in response to adrenocortico-
tropic hormone (ACTH). Thus, they are produced and
released to the blood stream in parallel to the stress hor-
mone cortisol, which is produced in the middle layer of the
adrenal cortex (zona fasciculata). Several research groups,
including ours, have found an association between pro-
longed stress in otherwise healthy individuals and reduced
DHEA and DHEA-S levels (Brzoza et al., 2008; Heaney et al.,
2014; Izawa et al., 2008; Jeckel et al., 2010; Lennartsson et al.,
2013b; Mason et al., 1968). It is suggested that lowered
DHEA-S constitutes one of the links between long-term stress
and adverse health and seems to appear as an early sign of
the negative physiological consequences of long-term stress,
as marked effects are observed even in otherwise healthy
individuals. Besides measuring baseline levels of DHEA and
DHEA-S (thus taking a blood sample in a normal resting
state), our research group has also investigated the produc-
tion capacity of these hormones during acute stress, using
the Trier Social Stress Test (TSST), and shown that the

capacity to produce DHEA-S is attenuated in individuals who

report high perceived stress (Lennartsson et al., 2013a).

Lately, a few more publications have addressed this issue,

using saliva samples, with contrary results (Lam et al., 2019;

Prall et al., 2017). The aim of the present study was to further

investigate, in a new larger sample of healthy individuals, the

DHEA and DHEA-S production capacity during acute psycho-

social stress in relation to perceived prolonged stress level.

Since short-term changes in DHEA and DHEA-S levels are

regulated by ACTH, we also took into account the changed

levels of ACTH during the experiment, to further elucidate

plausible mechanisms.

Method

The results from this study are based on baseline data from a

randomized controlled trial (RCT), conducted at the Institute

of Stress Medicine in Gothenburg, Sweden, from 2013 to

2016. Study procedures have previously been described in

detail elsewhere (Arvidson et al., 2018, 2020). The interven-

tion studied in the RCT was exercise training, explaining the
focus on exercise in the inclusion and exclusion criteria.

However, this present study only includes cross-sectional

baseline data collected before the intervention and thus the

RCT intervention is not included in this study.
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Participants

Participants were recruited through advertisements in two
major newspapers in the area of Gothenburg and through
social media. Subjects included were subjects who were
20–50 years of age, essentially healthy (self-reported) regard-
ing both mental and somatic health, working or studying at
least 50% of full time and reporting themselves as sedentary
according to the validated Saltin-Grimby Physical Activity
Level Scale (Grimby et al., 2015). This scale is a single-item
question with four response alternatives (Rodjer et al., 2012).
The first level corresponds to a sedentary lifestyle, while lev-
els 2–4 represent graded increases in activity level from light
to strenuous exercise training. Exclusion criteria were high
glucose level (� 7mmol/L) or HbA1C (� 48mmol/mol),
abnormal electrocardiogram, high blood pressure ((> 140/
90), anemia (Hb < 120 g/L for women and < 130 g/L for
men) and high or low body mass index (< 18.5 or > 35 kg/
m2). Also, medication with beta-blockers, psychopharmaco-
logical drugs or asthma medication and inability to exercise
at a relatively high intensity led to exclusion. Using oral con-
traceptives was also set as an exclusion criterion. Locally
working hormonal IUD (without estrogen) was allowed.
Individuals who had an abnormal ECG were further examined
by a cardiologist before inclusion/exclusion. The number of
responders to the advertisement were 416, of which 170 indi-
viduals passed the inclusion criteria and were invited to a
physical screening at the Institute of Stress Medicine. Twenty-
two individuals declined participation in the study, and in
addition 24 individuals were excluded after screening. Five
individuals were excluded after the initial tests due to incom-
plete measures, resulting in 119 participants. Of these, 81
individuals had complete data on DHEA and DHEA-S and
were included in the final analyses. A drop-out analysis
revealed no differences in baseline characteristics in this
group compared to the total sample of 119 individuals.
All participants gave written informed consent before

entering the study and were informed that they could with-
draw their participation at any time. The study was con-
ducted according to the 1964 Declaration of Helsinki and
approved by the Regional Ethical Board, Gothenburg,
Sweden, Dnr 917-12.

Perceived stress level groups

One week before the stress test, participants were asked to
answer a questionnaire; the Perceived Stress Scale (PSS-14)
(Cohen et al., 1983). This includes fourteen questions captur-
ing perceived stress during the previous month in different
ways. The 81 included participants were divided into two
groups; “Low stress” (n¼ 45) and “High stress” (n¼ 36) based
on their rating on a single item question about their per-
ceived stress: “How often during the previous month did you
feel nervous and stressed? The answering options were:
“Never”, “Almost never”, “Sometimes”, “Quite often” and
“Very often”. This item is one of the questions included in
the PSS-14. None of the participants scored “Never”. The 14
participants (17%) who scored “Almost never” and the 31
(38%) who scored “Sometimes” constitute the “Low stress”

group while the 28 participants (35%) who scored “Quite
often” and the 8 (10%) who scored “Very often” constitute
the “High stress” group. In addition, the total score of PSS-14
was also used in the analysis as a continuous variable.

Psychosocial stress test

To enable assessment of individual reactions to psychosocial
stress, the Trier Social Stress Test (TSST) was used
(Kirschbaum et al., 1993). It has previously been shown to
elicit significant physiological stress responses in both
women and men (Allen et al., 2014). The tests were per-
formed between 1 p.m. and 3 p.m. To avoid any effects of
food intake on the day of testing, all participants were served
a standardized meal (around 500 kcal) containing controlled
amounts of fat, protein and carbohydrates (20, 15 and 65 g,
respectively) at least 2 h before the stress test. Participants
entered the laboratory 10minutes before the first sample
(baseline) was drawn. The participant was introduced to a
task in front of a committee consisting of three members.
After a preparation period of 5min in another room, the par-
ticipant reentered the test room. In the first part of the test,
a fictitious job interview, the participant presented him- or
herself for 5min. The second part of the test was an arith-
metic task, not described beforehand. After the TSST the par-
ticipant rested for 60min.

Assessment of DHEA, DHEA-S levels and HPA-axis

DHEA and DHEA-S were assessed in plasma ten minutes prior
to the stress test (pretest), directly after the stress test
(þ0min) and 10, 20 and 60min after the test. The peak value
was identified as the highest one of the þ0, 10- or 20-min
values, while the last sample (60min) was defined as the
recovery value. For HPA-axis hormones, assessed as plasma
ACTH and serum cortisol, samples were collected at � 10, � 0.
þ0, þ10, þ20, þ40 and þ60min. Pretest values for cortisol
and ACTH were the average level of the � 10- and � 0-min
measure. Plasma samples were collected in EDTA -tubes. To
separate the plasma, tubes were cold spun at 3500 revolu-
tions per minute for 15min and stored in micro tubes at
� 80 �C until analyzed. Serum samples were collected in
Serum Sep Cloth Activator tubes, which were spun at 20 �C
for 10min at 3500 revolutions per minute and stored at 4 �C
until analyzed the day after the test. Plasma concentrations
of DHEA were determined using a liquid chromatography-
tandem mass spectrometry (LC-MS/MS) method (limit of
quantitation 175 pmol/L), and concentrations of DHEA-S were
assessed by radioimmunoassay techniques (RIA) (limit of
detection 0.14mmol/L, Diagnostic Products Corporation, Los
Angeles, CA). Plasma concentrations of ACTH were assessed
with electrochemiluminescence immunoassay (Elecsys, Cobas,
Roche Diagnostics, Basel, Switzerland). Its assay measuring
range is 0.220–440 pmol/L. At 3.4 pmol/L, the coefficient of
variation (CV) is 1.8%; and, at 94.1 pmol/L, it is 2.3%. Serum
concentrations of cortisol were assessed with immunochemi-
luminescence assay (Elecsys, Cobas, Roche Diagnostics). The
samples from the participants enrolled before November
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2015 (approximately 80% of the participants) were analyzed
with the kit cortisol I. Its assay measuring range is 0.5-
1750 nmol/L; CV is 7% at 100 nmol/L, 5% at 570 nmol/L and
5% at 990 nmol/L. Remaining samples were analyzed with
cortisol II. Its assay measuring range is 3–1750 nmol/L; CV:s
are 3.1% at 111 nmol/L, 2.1% at 242 nmol/L and 2.5% at
575 nmol/L.

Data handling

The peak levels of DHEA, DHEA-S, ACTH and cortisol were
identified for each participant (at either the þ0, or þ20 time
point for DHEA and DHEA-S, and at any of the time points
from þ0 to þ40 for ACTH and cortisol). Delta values (acute
stress-induced increase) of the concentrations of DHEA,
DHEA-S, ACTH and cortisol were calculated for each partici-
pant as the difference between their peak level and their pre-
test level (log levels in cases of non-normal distribution). In
addition, area under the curve (AUC) was calculated for
ACTH, cortisol, DHEA and DHEA-S (using concentrations from
all time points).

Statistical analyses

The Kolmogorov–Smirnov test was used on each study vari-
able to test whether the data were normally distributed.
Logarithmic transformation was used for the variables that
showed a non-normal distribution. After logarithmic trans-
formation (logln), the Kolmogorov–Smirnov test was used
again to control whether the new variable showed normal
distribution.
The distribution of men and women in the two groups

was compared using the Chi-square test. Age, BMI, pretest
ACTH and pretest cortisol in the groups were compared
using the t-test. Log values of ACTH and cortisol were used.
General linear model (one-way ANOVA) was used to compare
pretest levels of DHEA, DHEA-S and the molar cortisol to
DHEA-S ratio between the stress level groups, while control-
ling for age. Log values of DHEA, cortisol to DHEA-S ratio
was used. Paired samples t-test were used to analyze the dif-
ference between pretest and after stress peak values for
ACTH, cortisol, DHEA and DHEA-S. Log values were used for
ACTH, cortisol and DHEA. T-tests and ANOVAs (or
Mann–Whitney U test) were used to investigate the effect of
prolonged perceived stress on acute hormone responses,
with the stress group as the independent variable and hor-
monal stress response as dependent. Since ACTH stimulates
the production of cortisol, DHEA and DHEA-S, we first ana-
lyzed whether the response of ACTH (delta ACTH and AUC
ACTH, respectively) was different in the high stress group
compared to the low stress group. Log values of delta ACTH
and AUC ACTH was used. Second, we analyzed whether the
cortisol response (delta cortisol and AUC cortisol, respect-
ively) was different between the two groups. Thereafter, we
investigated whether the response of DHEA (delta and AUC)
and DHEA-S (delta and AUC DHEA-S) differed between the
high stress group and the low stress group, respectively. T-
tests were used in comparisons of delta values while

univariate ANOVAs were used in analyses on AUC, controlling
for pretest hormonal levels. The Mann–Whitney U test was
used in group differences in AUC DHEA-S and AUC DHEA
due to non-normal distributions which were not possible to
logarithmically transform to normal distributions.
In addition to the analyses comparing the hormonal

responses between the high stress group and low stress
group, correlation analyses were performed between total
scores on the PSS-14 scale and hormonal responses to the
acute stress test. Spearman’s rank correlation analyses were
conducted between PSS-14 total stress score on the one
hand and all delta values and AUC values on the other hand,
respectively. Further, we calculated a ratio between the delta
ACTH and the delta DHEA-S (thus, the amount of produced
DHEA-S in relation to the amount released of ACTH),
reported separately for the stress groups in Figure 3. To fur-
ther investigate the effect of perceived prolonged stress on
DHEA-S production capacity, ANCOVA was performed with
delta DHEA-S as the dependent variable, the stress group as
the independent variable and delta ACTH as covariate. Thus,
in this analysis, we investigate the effect of the stress group
on DHEA-S production capacity while controlling for ACTH
production. Analyses were conducted with IBM Statistics 26
(SPSS Inc., Chicago, IL).

Results

As described in the method section, the participants were
divided into the two groups “Low stress” and “High stress”
based on their rating of the single item “previous month per-
ceived stress”. Number of participants, age, BMI and pretest
hormonal levels in the two stress level groups are reported
in Table 1. The high stress group had significantly higher pre-
test cortisol to DHEA-S ratio than the low stress group. No
other differences were seen between the groups.

ACTH and cortisol responses

Paired samples t-test (with pretest and peak values) showed
that levels of ACTH and cortisol significantly increased in
response to the stress test (t ¼ � 14.68, d¼ 1.63, p< 0.001; t
¼ � 15.95, d¼ 1.78, p< 0.001, respectively), as expected from
previous research using TSST. ACTH and cortisol levels in the
two stress level groups are shown in Figure 1. Since ACTH
stimulates the production of DHEA and DHEA-S, possible dif-
ferences in ACTH response between the two groups was first
evaluated. The magnitude of increase of ACTH, measured as
delta ACTH or AUC ACTH, did not differ between the low
stress group and the high stress group (p¼ 0.408; p¼ 0.927,
respectively). Similarly, no significant differences were seen
for delta cortisol or AUC cortisol between the low stress
group and the high stress group (p¼ 0.854; p¼ 0.635,
respectively).

DHEA-S and DHEA response

Paired samples t-test (with pretest and peak values) showed
a significant increase in DHEA and DHEA-S responses to the
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acute psychosocial stressor (t ¼ � 15.86, d¼ 1.78, p< 0.001; t
¼ � 10.24, d¼ 1.14, p< 0.001, respectively). The DHEA and
DHEA-S levels during the experiment in the two stress level
groups are shown in Figure 1. Delta DHEA-S (pretest levels
subtracted from the peak levels) was significantly lower (on
average 40%) in the high stress group compared to the low
stress group (t¼ 2.093, d¼ 0.468, p¼ 0.040) (Figure 2). Also,
the AUC DHEA-S was significantly smaller in the high stress
group compared to the low stress group (z ¼ � 2.276,
r¼ 0.258, p¼ 0.023). Delta DHEA and AUC DHEA did not dif-
fer between the low stress group and the high stress group
(p¼ 0.712; p¼ 0.586, respectively).

Correlation analysis between perceived stress score and
hormonal responses

In addition to the above analyses, comparing the hormonal
responses between the high stress group and the low stress
group, correlation analysis was performed between scores on
the PSS-14 and hormonal responses to the acute stress test.
The PSS-14 score correlated negatively with Delta DHEA-S (r
¼ � 0.23, p¼ 0.037) and AUC DHEA-S (r ¼ � 0.27, p¼ 0.017),
thus, the higher stress scores the lower DHEA-S production
during the acute stress test. PSS-14 score did not correlate
with responses of ACTH, cortisol or DHEA (data not shown).

The relation between DHEA-S increase and ACTH
increase in the stress level groups

To further investigate the DHEA-S production capacity during
the acute stress situation, we calculated the ratio between
the acute stress-induced DHEA-S increase and increase in
ACTH (thus, the amount of produced DHEA-S in relation to
the amount released of its stimulus factor). Figure 3 shows
the ratios in the high stress and low stress groups, respect-
ively. ANCOVA was performed to investigate the effects of
the stress group on DHEA-S production capacity while con-
trolling for ACTH release. DHEA-S production was significantly
lower in the high stress group, on an average, 38% lower (F
(2, 78) ¼ 5.729, p¼ 0.019), after controlling for the increase
in ACTH. Thus, the low stress group exhibited larger DHEA-S
production than the high stress group also in relation to their
stress-induced increase of ACTH.

Discussion

The main results of this study show that higher perceived
stress during the previous month was related to an attenu-
ated DHEA-S response during acute psychosocial stress in
healthy individuals. These results confirm our previous find-
ings (Lennartsson et al., 2013a) that perceived long-term
stress negatively affects the capacity to produce DHEA-S dur-
ing acute stress. In our previous study on DHEA-S production
capacity, including stress at work during the previous week
as exposure measure, it was found that the magnitude of
response of DHEA-S was around 50% lower in participants
reporting medium–high stress compared to those reporting
low stress. These results are comparable to the results in the
present study; the individuals who reported higher perceived
prolonged stress exhibited 40% smaller DHEA-S production
during the stress test. As in the previous study, DHEA
response was not shown to the related to perceived stress.
However, since the levels of DHEA are about 300 times lower
than levels of DHEA-S, and since DHEA-S can rapidly convert
to DHEA and vice versa (Rosenfeld et al., 1975) the non-find-
ing in DHEA levels could be considered to be of minor
importance. It should be noted that although the relative
change (percentage increase) of DHEA during acute stress is
greater than the relative change of DHEA-S, the increased
concentration of DHEA-S during acute stress is much larger
than for DHEA. Thus, the increase of DHEA-S accounts for the
majority of the total increase of DHEA and DHEA-S together.
Recent publications addressing DHEA and DHEA-S responses
during acute stress, show contrary results. Lam et al. (2019)
studied responses of salivary cortisol and DHEA (but not
DHEA-S) to TSST in 61 young adults and related the
responses to their scores on measures of exposure to acute
life events and “chronic difficulty.” They found a positive cor-
relation between chronic life stress and DHEA response and a
negative correlation between chronic life stress and cortisol
response during the stress test. Thus, greater lifetime stress
exposure was associated with blunted cortisol and height-
ened DHEA responses. This is in contrast to the results on
DHEA in our two studies were no difference in DHEA were
seen between the groups. Prall et al. (2017) studied
responses of salivary DHEA, DHEA-S and cortisol in 27 young
adult males exposed to a modified version of TSST. Their
main aim was to investigate the relation between endocrine
responses and markers of innate immunity. However, they
also performed correlation analyses between total score of

Table 1. Number of men and women, age and basal hormonal levels in the two stress level groups.

Low stress
n¼ 45

High stress
n¼ 36 p value

Number of men/women (% men) 27/18 (60%) 20/16 (56%) 0.821
Age (min–max) 39 (24–49) 38 (23–50) 0.561
BMI (min–max) 24.5 (18.5–33.5) 25.3 (18.8–34.9) 0.323
Pretest ACTH, pmol/L 4.67 (4.02–5.43) 5.77 (4.78–6.98) 0.081
Pretest Cortisol, nmol/L 238 (200–254) 255 (230–282) 0.089
Pretest DHEA-S, mmol/L 6.63 (5.64–7.61) 5.83 (5.07–6.60) 0.140
Pretest DHEA, nmol/L 3.03 (2.56–3.59) 2.81 (2.45–3.25) 0.318
Pretest Cortisol to DHEA-S ratio 37.5 (31.9–44.1) 47.7 (39.4–57.6) 0.023

Mean (or geometric mean in cases of non-normal distribution) and its 95% CI if nothing else is indicated. ACTH: adrenocorticotropic
hormone; DHEA: dehydroepiandrosterone; DHEA-S: dehydroepiandrosterone sulfate.
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the PSS and DHEA and DHEA-S responses. They did not find
significant relations between stress score and DHEA response
(although the correlation coefficient was � 0.34) or DHEA-S
response. It is not clear whether there was enough variance
of scores in PSS in the study group to be able to find a linear

correlation, which the authors also pointed out. In the pre-
sent study, we also performed a correlation analysis, between
PSS total score and DHEA- and DHEA-S production capacity,
respectively. While no correlation was seen between total
stress score and DHEA response, a significant negative

Figure 1. Levels of ACTH, cortisol, DHEA and DHEA-S (mean, 95% CI) during the experiment in the two stress level groups.

Figure 2. Delta DHEA-S (mean, 95% CI) in the low stress group and in the high stress group.
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correlation was seen between stress score and DHEA-S
response. Taken together, there are few studies investigating
the relationship between prolonged stress and DHEA and
DHEA-S production capacity. The published studies vary
somewhat with regard to size of the study populations and
which hormones are measured. To our knowledge, our stud-
ies are the only ones published including both DHEA and
DHEA-S in blood samples (contrary to saliva samples) and
using liquid chromatography-tandem mass spectrometry (LC-
MS/MS) for DHEA measurements. This should be taken into
account when interpreting results.
DHEA-S production capacity during acute stress has also

been studied in patients with stress-related exhaustion dis-
order (Lennartsson et al., 2015) and in patients diagnosed
with depression (Jiang et al., 2017). Patients with stress-
related exhaustion disorder exhibited 43% lower DHEA-S pro-
duction during acute stress test (TSST) compared to healthy
control subjects. The patients with depression, studied by
Jiang et al. (2017) also exhibited attenuated DHEA-S produc-
tion capacity measured in salivary samples (an average
increase of 34% in the depression group compared to 52% in
the control group).

Mechanisms behind the attenuated DHEA-S production

Regulation of short-term changes of DHEA and DHEA-S is
governed by ACTH (Parker et al., 1996). ACTH is in turn
stimulated by corticotropic releasing hormone (CRH) from
the pituitary which is released according to a diurnal rhythm
(low during sleep and higher at awakening) and when higher
brain areas perceive stress exposure. The magnitude of ACTH
increase was not different between the two stress level
groups and thus cannot explain the differences in DHEA-S
response. However, we also analyzed the DHEA-S production
capacity controlling for the amount of ACTH increase by cal-
culating the ratio between the increases in ACTH and the
increase in DHEA-S for each individual. The results showed
significantly lower delta DHEA-S in the high stress group,
even after controlling for delta ACTH, which means that for a
given amount of ACTH, a lower amount of DHEA-S is

produced in this group compared to those reporting low
stress levels. To our knowledge, this finding has not been
previously reported. Mechanisms linking prolonged stress to
reduced DHEA-S production capacity during acute stress are
thus not likely to include reduced ACTH levels. A more likely
interpretation is that prolonged stress affects the factors that
regulate long-term changes in DHEA-S production. Long-term
changes in DHEA-S levels are modulated by the number of
zona reticularis cells and levels of the enzymes (17-hydroxy-
lase, dehydroepiandrosterone sulfotransferase and 3b-hydrox-
ysteroid dehydrogenase) within the cells. Aging is associated
with a reduced number of zona reticularis cells that produce
DHEA (Parker et al., 1997) as well as shifted enzymatic activity
within the zona reticularis leading to reduced capacity to
produce DHEA (Liu et al., 1990). Plausibly, changes in the
zona reticularis after long-term stress are comparable to
changes that occur during aging. Lower DHEA-S production
during acute stress shown in the individuals that reported
higher perceived stress the previous month compared to the
individuals that reported low stress indicate that, during pro-
longed stress, steroid biosynthesis may be shifted from bio-
synthesis of adrenal androgens to corticosteroid pathways
ensuring maintained production of cortisol, which is essential
during exposure to stressors.

Physiological relevance of attenuated DHEA-S
production capacity

While cortisol is a catabolic hormone, and thus has an energy
mobilizing effect in the body, DHEA and DHEA-S are anabolic
hormones that play a protective and regenerative role
(Maninger et al., 2009; Theorell, 2009). DHEA and DHEA-S
have been shown to have neuroprotective, anti-oxidative,
anti-inflammatory, and anti-glucocorticoid effects (Kalimi
et al., 1994; Maninger et al., 2009). Attenuated production of
DHEA-S, seen during acute psychosocial stress in individuals
reporting higher perceived long-term stress could thus be
seen as unfavorable, expressing a lower anabolic activity in
the body. DHEA and DHEA-S production during acute stress
have been suggested to play a protective role during the

Figure 3. The ratio between delta DHEA-S and delta ACTH (mean, 95% CI) in the two stress level groups.

110 A.-K. LENNARTSSON ET AL.



stress reaction, as an antagonist to the effects of cortisol
(Hechter et al., 1997; Morgan et al., 2004). The stress-induced
increase of DHEA and DHEA-S likely has, besides the favor-
able anabolic effects in the body, also beneficial behavioral
and emotional effects. Studies on mice have shown anti-
depressant, anxiolytic, anti-aggression, and memory-enhanc-
ing effects of DHEA-S (Melchior & Ritzmann, 1994). While
DHEA supplementation does not seem to be able to affect
well-being or cognition in humans (Grimley Evans et al.,
2006; Kritz-Silverstein et al., 2008), endogenous DHEA-S levels
have been shown to be related to cognitive function (Davis
et al., 2008; Sorwell & Urbanski, 2010) and some aspects of
well-being (Bell et al., 2006; Berr et al., 1996). It has also been
shown that lower DHEA levels during TSST were associated
with an increased negative mood during the recovery period
(Izawa et al., 2008) and increased DHEA concentration during
stressful situations was suggested to contribute to reduction
of negative mood. Furthermore, higher DHEA-S/cortisol ratio
during acute psychosocial stress has been associated with
better cognitive and decision-making abilities during acute
stress (Morgan et al., 2004). Our study suggests that individu-
als exposed to prolonged stress might attain less of the
physiological and psychological benefits described above,
since the DHEA-S production during acute stress is lower in
these individuals. This could plausibly be seen as an early
sign of the negative consequences of long-term psycho-
social stress.

Limitations of the study

There are some issues that need to be considered when
interpreting the results. First, the aim of the present study,
thus; investigating DHEA-S production capacity in relation to
different levels of prolonged stress, was not initially defined
as one of the primary aims of the randomized controlled trial
which this study is based on. The RCT study aimed to investi-
gate the effects of a six month exercise training intervention
on acute stress responses. Thus, inclusion of participants in
the RCT were not focused on recruiting individuals with dif-
ferent stress levels. However, the stress scale which was
included in the RCT could be used to differentiate partici-
pants regarding prolonged stress level and the participants
could be divided to a low stress group and a high stress
group. There were several individuals that could not be
included in the analysis which is considered as a limitation,
but the drop-out analysis revealed no difference between
those included in the analysis and those who were not. It is
relevant to raise the issue that hormonal differences in low
versus high stress groups could be caused by differences in
mental health status, such as depression. However, no study
participants included in this study report psychiatric disor-
ders, as they were initially recruited as healthy participants,
including being healthy with regard to mental health. Post
doc analysis was performed and showed that there was no
difference between the groups regarding depression score,
measured with Hospital and Anxiety depression scale (HAD)
(mean score 8.73 and 9.03 in low stress and high stress
groups, respectively, p¼ 0.345).

Conclusions

This study indicates that prolonged psychosocial stress, meas-
ured as perceived stress during the previous month using a
single item question, negatively affects the production of
DHEA-S during acute psychosocial stress. Given the protect-
ive functions of DHEA-S, attenuated DHEA-S production dur-
ing acute stress may lead to higher risk for adverse effects
on psychological and physiological health, particularly if per-
ceived stress levels remain high during a longer period of
time. Future studies are needed to study the clinical rele-
vance of the changes seen in this study as well as on pos-
sible plausible methods that may have beneficial effects on
stress level and the DHEA-S production capacity.
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