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Abstract
Dehydroepiandrosterone (DHEA) and DHEA sulfate (DHEAS) are anabolic prehormones involved in the synthesis of
testosterone. Both have been shown to exert neuroprotective effects during stress. In this randomized, controlled, double-
blind field study, we examined the effects of a 12-day DHEA regimen on stress indices in military men undergoing survival
training. Forty-eight men were randomized to either a DHEA treatment group or placebo control group. The treatment
group received 50 mg of oral DHEA supplementation daily for 5 days during classroom training followed by 7 days of 75 mg
during stressful field operations. Control subjects received identical placebo pills. Salivary assays (DHEA[S], testosterone,
and cortisol) were conducted at four time points: distal pre-stress (T1), proximal pre-stress (T2), mock-captivity stress (T3),
and 24 h recovery (T4). Subjective distress was also assessed at T1, T3, and T4. As expected, DHEA treatment resulted in
higher salivary concentrations of DHEA and DHEAS during daily living, mock-captivity stress, and recovery. Similar patterns
were observed for salivary markers of anabolic balance: DHEA/cortisol, DHEAS/cortisol, and testosterone/cortisol
concentration ratios. Despite notable time effects, no group differences emerged for subjective distress. A brief, low dose
DHEA regimen yielded large increases in salivary DHEA(S) concentrations and enhanced anabolic balance throughout
sustained military stress. These physiological changes did not extrapolate to subjective distress.
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Introduction

It is well known that stress leads to distinct

physiological changes. Acute exposure to a stressor

leads to autonomic nervous system activation in

particular altering heart rate and blood vessel tone via

sympathetic innervation, and the activation of the

hypothalamic–pituitary–adrenal (HPA) axis (Mason

1968). The stress hormone cortisol is a primary end

product of HPA stimulation and is responsible for

mobilizing blood glucose for energy and increasing

blood pressure in support of the “fight or flight”

response. Chronically high cortisol levels, however,

can have adverse neural consequences including

hippocampal atrophy (Sapolsky 2000, 2003),

decreased neurogenesis, and impaired memory

(Bremner 2006a,b).

Dehydroepiandrosterone (DHEA) and its sulfated

version, DHEA sulfate (DHEAS), hereafter referred

to collectively as DHEA(S), are co-secreted with

cortisol from the adrenal gland (Baileau and Robel

1998) and serve as precursors for anabolic steroids

(Friess et al. 2000). Although their respective

mechanisms of action are not fully understood

(Maninger et al. 2009), plausible biological effects

include neuroprotection (Kaasik et al. 2001; Fiore

et al. 2004), stimulation of neurite growth (Compag-

none and Mellon 1998) and neurogenesis (Karishma

and Herbert 2002). In addition, it is believed that
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DHEA(S) has antagonistic effects on oxidants

(Bastianetto et al. 1999), inflammatory markers

(Chen and Parker 2004), and glucocorticoids (e.g.

cortisol) (Hu et al. 2000; Karishma and Herbert

2002). In light of the antiglucocorticoid relationship,

the DHEA(S)–cortisol ratio is a widely accepted

indicator of “anabolic balance”. This term reflects the

ratio of anabolic to catabolic hormones which may, in

turn, indicate susceptibility to disease, stress, or aging

(Goodyer et al. 1998; Morgan et al. 2004). That is,

although DHEA(S) concentrations tend to decline

under such conditions, cortisol concentrations gener-

ally either increase or do not change. Since anabolic

and catabolic hormones regulate each other and may

produce “net effects”, the ratio of their levels

represents an important addition to measures of either

one independently (Carvalhaes-Neto et al. 2003).

Current research also explores clinical applications

of DHEA(S) (Kaminska et al. 2000; Eser et al. 2006),

inoculation effects of DHEA(S) during sustained

stress (Morgan et al. 2004; Taylor et al. 2007), as well

as possible relationships to posttraumatic stress

disorder (PTSD; Rasmusson et al. 2004; Butterfield

et al. 2005). For example, several studies have

found inverse associations between DHEA(S) and

depression (Barrett-Connor et al. 1999; Morsink et al.

2007), whereas another work has shown that the

DHEA–cortisol ratio discriminates depressed from

non-depressed individuals better than the level of

either hormone alone (Assies et al. 2004). By contrast,

higher DHEA(S) concentrations and DHEAS–

cortisol ratios are associated with panic disorders

(Fava et al. 1989; Eser et al. 2006). Inconsistently,

DHEA(S) values have been linked to schizophrenia

(Ritsner et al. 2006), dementia (Bernardi et al. 2000)

as well as functional abilities in the elderly. Interest-

ingly, consistent positive relationships have been

observed between DHEA(S) (or DHEAS–cortisol)

level and PTSD (Pico-Alfonso et al. 2004; Butterfield

et al. 2005). However, several researchers have

suggested that higher levels of DHEAS in PTSD

patients may actually reflect healthy responses to

treatment (i.e. salutatory effects) (Rasmusson et al.

2004; Yehuda et al. 2006). Other work has documen-

ted increased DHEAS concentrations under sustained

military stress along with buffering of acute stress

symptoms and performance maintenance (Morgan

et al. 2004; Taylor et al. 2007). Morgan and colleagues

(2004), for instance, examined DHEAS responses to

military survival training and showed that plasma

DHEAS–salivary cortisol ratios were higher in

participants who reported fewer symptoms of peri-

traumatic dissociation and demonstrated superior

military performance. Subsequently, Taylor et al.

(2007) showed that salivary DHEAS concentrations

associated with better performance in a low-intensity

mock captivity challenge during survival training, but

not a high-intensity challenge. More recently, Morgan

et al. (2009) have shown that plasma DHEA(S) was

positively correlated with improved performance and

fewer dissociative symptoms in a stressful underwater

navigation examination in military members enrolled

in a combat diver qualification course.

Not surprisingly, this correlative literature has

inspired a series of studies exploring the effects of

exogenous DHEA. In brief, clinical trials have shown

varying beneficial effects of DHEA supplementation

on depressive symptoms (Wolkowitz et al. 1999),

PTSD (Sageman and Brown 2006), dementia (Wolk-

owitz et al. 2003), and neuropsychiatric comorbidities

in a variety of medical conditions (Arlt et al. 1999,

2000; Maninger et al. 2009). Depending on the

endpoint and population in question, various beha-

vioral effects have been demonstrated with doses as

low as 25 mg and as high as 450 mg. Likewise, effects

have been shown in some studies within a few days

(Sageman and Brown 2006), yet in others effects have

been evident only after several months of treatment

(Balieu et al. 2000) or not at all (Barnhart et al. 1999;

Nair et al. 2006). A few studies have also shown

beneficial effects in healthy individuals (Morales et al.

1994; Kudielka et al. 1998), typically with dose ranges

of 50–150 mg/day. Morales et al. (1994), for example,

administered a 3-month DHEA regimen (50 mg/day)

to healthy middle-aged and elderly subjects in a

randomized, controlled, double-blind crossover

design. They observed significant increase in plasma

DHEA(S) concentrations within 2 weeks, as well as

multiple behavioral improvements including better

sleep, improved mood, and improved ability to handle

stressful events. In another double-blind study

(Kudielka et al. 1998), a 2-week DHEA regimen

(50 mg/day) resulted in improved well-being in elderly

women but not men. However, a double-blind,

controlled crossover study of healthy young men

receiving a 7-day course of oral DHEA (150 mg) led to

improvements in episodic memory and mood—as well

as reductions in evening cortisol levels (Alhaj et al.

2006). Other controlled studies have shown no

discernible benefits of DHEA supplementation, even

when the interventions are long term (Barnhart et al.

1999; Nair et al. 2006).

Altogether, the current literature suggests several

clinical applications of DHEA(S), a protective role of

DHEA(S) during intense stress, as well as relationships

with PTSD. This work, however, is restricted by

discrepancies owing possibly to methodological incon-

sistencies (e.g. dosing and length of treatment), small

sample sizes, as well as a persistent focus on

phenomenological outcomes. Maninger et al. (2009)

suggest that a strict phenomenological approach fails

to fully capitalize on recent advances in understanding

DHEA(S)’ mechanisms of action. They recommend

instead that future DHEA studies include biomarkers

of neuroprotection, neurogenesis, oxidative stress, or

neurophysiology. In the present study, we assessed the

M. K. Taylor et al.2
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effects of DHEA supplementation on stress indices in

military men undergoing intense survival training. Key

endpoints included physiologic markers of neuropro-

tection and anabolic balance, as well as subjective

distress. We hypothesized that DHEA supplemen-

tation would enhance salivary concentrations of

DHEA(S) and anabolic balance both during daily

living and in response to intense stress. We also

hypothesized that DHEA supplementation would

buffer subjective distress in response to survival

training.

Materials and methods

Military survival training

Survival, Evasion, Resistance, and Escape (SERE)

training is described in earlier reports (Taylor et al.

2007, 2009) and some portions of the curriculum are

classified. In brief, US military members who are

deemed to be at “high risk of capture” are required to

attend this course, which includes a period of mock-

captivity. After an initial phase of classroom-based

didactic training (5 days), students were taken to a

field training site where they were trained in SERE

techniques (7 days). Training tasks include evasion

from a simulated enemy and, upon eventual “cap-

ture”, students must practice resistance to various

forms of simulated exploitation in stressful mock-

captivity training challenges. The entire course lasts

12 days. Because SERE is designed in part to simulate

a captivity experience, it offers an unusual medium to

prospectively evaluate the effects of highly realistic

stress on human functioning. Recent studies confirm

its validity as a sustained stressor, as evidenced by

substantial alterations in both physiological and self-

report indices (Morgan et al. 2000; Taylor et al. 2007).

Moreover, the SERE environment boasts a high

degree of ecological validity with respect to military

operations.

Participants

Subjects included 48 healthy, male active duty Navy

and Marine Corps personnel (13 officers and 35

enlisted men). All subjects underwent medical and

psychological screening by the SERE medical officer

prior to enrollment in survival training. Examples of

criteria for exclusion from SERE training include

endocrine, renal, cardiovascular, psychological, or

musculoskeletal disorders. Subjects who were deemed

medically fit to undergo SERE training and who were

enrolled in the SERE course were thus considered

eligible for the current study, with two exceptions:

females were excluded owing to slightly increased

health risks associated with DHEA supplementation,

as were individuals who had been taking DHEA or

any anabolic supplement within the past 3 months.

Those who expressed an interest in participating

attended an in-person meeting to review the details of

the study and provided written informed consent. This

protocol was approved by the Naval Aerospace Medical

Research Laboratory Institutional Review Board.

Overview of protocol

As shown in Figure 1, subjects completed baseline

salivary hormone assessments and a self-report

measure of dissociative symptoms on the first day

of the academic phase of SERE training (T1; distal

pre-stress) and were then randomized to either a

DHEA supplementation group (n ¼ 24) or control

group (n ¼ 24). Only the principal investigator and

the medical monitor were aware of group assignments.

DHEA and control groups did not differ with respect

to age, education, body mass index, years of military

service, baseline subjective distress, or baseline

salivary hormone concentrations ( p . 0.05). Salivary

hormone assessments and the measure of dissociative

symptoms were completed again on the last (fifth) day

of academic training (T2; proximal pre-stress).

Subsequently, all subjects experienced a rigorous

evasion exercise, after which they participated in a

highly realistic mock-captivity scenario. Salivary

hormones and dissociative symptoms were assessed

again directly after a stressful mock-captivity event

(T3; mock-captivity stress). Finally, approximately

24 h after release from mock-captivity (which marked

completion of training), all subjects completed the

hormone assessment and measure of dissociative

symptoms again, as well as a measure of psychological

impact of mock-captivity (T4; recovery).

DHEA and placebo regimen

The first DHEA and placebo regimens began on

Day 1 of SERE training. Subjects were given 50 mg

capsules, sufficient for 5 days, in a small plastic

container, to be self-administered once per day

through the end of the classroom phase (Day 5).

The pill containers consisted of five separate mini-

containers labeled by day of week (i.e. Monday,

Tuesday, etc.) for all 5 days. Each daily regimen was

pre-placed in the daily mini-containers. Research staff

oversaw the first self-administration. Subjects were

then instructed to self-administer subsequent daily

capsules (supplements or placebo) independently.

Research personnel made one daily telephone call

and/or sent one daily text message to each partici-

pant’s cell phone requesting confirmation that he had

taken the capsule. If applicable, the participant was

asked to return the phone call or text message

providing confirmation once the daily regimen was

consumed. The daily phone call or text message was

placed no later than 11:00 h each day.

DHEA and military stress 3
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Upon transition to the field on Day 5, subjects were

given a pill container with 75 mg capsules (DHEA or

placebo) for 7 days: sufficient to complete the regimen

through Day 12 (the final day of SERE training).

Participants were instructed to self-administer accord-

ing to the same daily regimen while in the field. At some

point during the evasion exercise, each subject was

“captured”. At this point, the supplement container

was taken from the subject prior to entering the mock-

captivity scenario. During mock-captivity, a member of

the research staff assumed responsibility for adminis-

tering the daily regimen through Day 12. On the basis

of a count of remaining pills, mean ^ SEM adherence

to the DHEA regimen was estimated at 97.8 ^ 0.01%

which did not differ from compliance of subjects in the

placebo group (99.7 ^ 0.01%; p . 0.05).

Distal pre-stress (T1) assessments

Subjects provided an initial salivary sample using the

passive drool technique (Granger et al. 2007) between

11:45 and 12:47 h on the first day of the classroom

phase of SERE training (prior to beginning the DHEA

or placebo regimen). Each participant was asked to

rinse his mouth with water approximately 10 min prior

to sample collection and to avoid the following:

brushing teeth prior to collection, using salivary

stimulants (e.g. chewing gum, lemon drops), and

consuming acidic or high-sugar foods within 20 min

prior to collection. After data collection, all samples

were immediately placed on dry ice and transferred

to Salimetrics, LLC (State College, PA, USA) for

storage and processing.

DHEA and DHEAS. All samples were assayed for

salivary DHEA in duplicate using a highly sensitive

enzyme immunoassay (Salimetrics, LLC). The test

used 50ml of saliva per determination, lower limit of

sensitivity was 5 pg/ml, standard curve ranged from

10.2 to 1000 pg/ml, average intra-assay coefficient of

variation was 5.6% and average inter-assay coefficient

was 8.2%. Method accuracy determined by spike

recovery averaged 102.2% and linearity determined

by serial dilution averaged 106.9%. The serum–saliva

correlation for DHEA in a combined male/female

normative database (Salimetrics, LLC) is high

(r ¼ 0.86, p , 0.0001, n ¼ 39).

Similarly, samples were assayed for salivary DHEAS

in duplicate using a highly sensitive enzyme immuno-

assay (Salimetrics, LLC). The test used 100ml of

saliva per determination, lower limit of sensitivity was

43 pg/ml, standard curve range from 189 to

15,300 pg/ml, average intra-assay coefficient of vari-

ation was 7.3% and an inter-assay coefficient of

variation was 7.6%. Method accuracy determined by

spike recovery averaged 105.9% and linearity deter-

mined by serial dilution averaged 98.2%.

Testosterone. Since DHEA is an anabolic precursor, all

samples were also assayed for salivary testosterone.

This was performed in duplicate using a highly

sensitive enzyme immunoassay (Salimetrics, LLC).

The test used 25ml of saliva per determination, had a

lower limit of sensitivity of 1.0 pg/ml, standard curve

range from 6.1 to 600 pg/ml, an average intra-assay

coefficient of variation of 4.6%, and an average

inter-assay coefficient of variation of 9.8%. Method

Randomization

Salivary sample
Dissociative states

Psychological Impact

Salivary sample
Dissociative states

Release from
Mock captivity

24 hrs

Salivary sample
Dissociative states

Salivary sample
Dissociative states

T1: Distal
Pre-stress

T2: Proximal
Pre-stress

T3: Mock
Captivity stress

T4: Recovery

7 Days
Field Training Phase

5 Days
Academic Phase

Figure 1. Study timeline.

M. K. Taylor et al.4
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accuracy determined by spike recovery averaged

104.3% and linearity determined by serial dilution

averaged 102.4%. Serum–saliva correlations from

a normative database (Salimetrics, LLC) of male

subjects are high (r ¼ 0.91, p , 0.001, n ¼ 26).

Cortisol. All samples were assayed for salivary cortisol

in duplicate using a highly sensitive enzyme

immunoassay (Salimetrics, LLC). The test used

25ml of saliva per determination, had a lower limit

of sensitivity of 0.003mg/dl, standard curve range

from 0.012 to 3.0mg/dl, an average intra-assay

coefficient of variation of 3.5%, and an average

inter-assay coefficient of variation of 5.1%. Method

accuracy determined by spike recovery averaged

100.8% and linearity determined by serial dilution

averaged 91.7%. Serum–saliva correlations from a

normative database (Salimetrics, LLC) show the

expected strong linear relationship, (r ¼ 0.91,

p , 0.0001, n ¼ 47).

Anabolic balance. As noted earlier, anabolic balance

reflects the ratio of anabolic to catabolic hormones

which may indicate susceptibility to disease, stress, or

aging. In this study, we assessed three biomarkers of

anabolic balance: DHEA–cortisol, DHEAS–cortisol,

and testosterone–cortisol ratios.

Background questionnaire. This questionnaire assesses

basic background and demographic information (e.g.

age, ethnicity, military occupational specialty) as well

as current use of prescription or over-the-counter

drugs.

Subjective distress. The 19 self-report items from the

Clinician-Administered Dissociative States Scale

(CADSS; Bremner et al. 1998) were used to assess

the frequency and intensity of state symptoms of

dissociation. Although the CADSS includes

additional items used for clinical observation, the set

of 19 self-report items is a valid, reliable, and

independent indicator of dissociative state symptoms

(Morgan et al. 2004; Taylor et al. 2009). This scale is

designed to assess how perceptually connected or

disconnected an individual is relative to his or her

environment. Examples of items include: “Did you

feel as if you were watching the situation as an

observer or spectator?” and “Did you space out or in

some way lose track of what is going on?” The self-

report items are rated on a Likert scale of 0 (not at all)

to 4 (extremely), with a maximum possible score of 76.

The mean CADSS scores are listed in Table I. During

T1, each subject was asked to respond with respect to

what he is experiencing “right now”. Cronbach’s a

reliability for the CADSS at T1 was 0.91.

Proximal pre-stress assessments (T2)

A second saliva sample was collected between 11:25

and 12:09 h on Day 5, immediately prior to the

subjects’ transition from academic to field training.

The purpose of this sample was to monitor changes in

DHEA(S) resulting from the initial supplementation

regimen and, in turn, to establish a new pre-stress

“baseline”. Identical salivary collection procedures as

described in T1 were performed.

Mock-captivity stress (T3) assessments

During the mock-captivity phase of training (after the

evasion exercise) subjects were escorted to a secure

area by the SERE staff. A third saliva sample was

collected at this time using identical saliva collection

procedures as described in T1. Also, the CADSS was

administered a second time, in which subjects were

asked to respond to each question with respect to a

stressful mock-captivity event. Cronbach’s a reliability

for the CADSS at T2 was 0.93. Although logistical

constraints associated with the SERE curriculum

prevented our ability to match T3 data collection

times to T1 and T2, all T3 data were collected across a

5-h time frame on the same day.

Recovery (T4) assessments

Approximately 24 h after the conclusion of SERE

training, a final salivary hormone assessment was

performed and a final CADSS was administered,

again asking subjects to respond with respect to the

mock-captivity event. Cronbach’s a reliability for the

CADSS at T4 was 0.87. At this time, the Impact of

Event Scale—Revised (IESR) (Weiss and Marmar

1997) was also administered.

Impact of Event Scale: Revised. The IESR is a self-

report measure designed to assess current subjective

distress for any specific life event. It has three

subscales comprising 22 items: avoidance (IESR-

avoid; mean of eight items measuring the extent to

which the respondent avoids situations that remind

him or her of the stressful or traumatic event),

intrusion (IESR-intrusion; mean of eight items

assessing the extent to which one experiences

intrusive thoughts), and hyperarousal (IESR-arousal;

mean of six items measuring anger, irritability,

heightened startle response, and hyperarousal). The

total impact of events score (IESR-total) is the mean

of all 22 items. We have also provided the sum of all

items as well as the sum of subscales, which are two

other common data reporting methods (Taylor et al.

DHEA and military stress 5
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2009). In the current study, respondents completed

the IESR 24 h after the conclusion of survival training

(T4). The IESR directions were modified to ask the

participant to indicate how distressing each difficulty

has been relative to mock-captivity on a scale of 0 (not

at all) to 4 (extremely). Adequate reliability and

predictive validity have been shown for this scale

(Weiss and Marmar 1997), and Cronbach’s a

reliabilities in the present sample were 0.83, 0.78,

and 0.90 for IESR-arousal, IESR-avoid, and IESR-

intrusion, respectively. Cronbach’s a reliability for

IESR-total was 0.94. Mean IESR scores are provided

in Table I.

Data analysis

Data were analyzed using SPSS software Version 16

(SPSS, Inc., Chicago, IL, USA). Characteristics of the

distributions for all dependent variables were exam-

ined to determine whether assumptions of normality

were met (Leech et al. 2001). All hormonal and

subjective distress variables were slightly to moder-

ately positively skewed, upon which logarithmic

transformations were performed to approximate

normal distributions (Stuart-Hamilton 2007).

Descriptive analyses were conducted (Table I), and

repeated-measures analyses of variance with post hoc

paired t-tests were then used to examine differences

across time and conditions for hormonal responses

and dissociative symptoms, respectively. Lastly,

independent samples t-tests compared DHEA and

control groups relative to psychological impact of

mock-captivity. All hypothesis tests were based on log-

transformed data; untransformed means are reported

for ease of interpretation, as were all percent change

values [(value 2 2 value 1/value 1) £ 100%]. All

hypothesis tests were two-sided and the probability

of committing a type I error was set at 0.05, although

p is reported when more stringent probabilities

were achieved ( p , 0.01 or p , 0.001). Bonferroni

corrections were made for time-series comparisons

(0.05/4 ¼ 0.0125 for four comparisons; 0.05/3 ¼

0.017 for three comparisons). Overall effects sizes

were estimated via partial h 2 (O’Keefe 2007).

Results

Participant characteristics are shown in Table I.

Group effects for hormonal responses and dissociative

symptoms are shown in Figures 2 and 3, respectively.

Table I. Participant* characteristics.

Characteristic N (%) Mean (SEM) Range

Age (years) 48 26.1 (0.6) 19.0–40.0

Body mass index (kg/m2) 48 30.0 (0.5) 20.0–36.2

Years of military service 48 5.5 (0.6) 1.0–16.0

Deployments 48 0.7 (0.2) 0.0–4.0

Education

High school graduate 26 (54.2%)

College graduate 20 (41.7%)

Unreported 2 (4.2%)

Ethnicity

Caucasian 40 (83.3%)

Hispanic 4 (8.3%)

African-American 1 (2.1%)

Mixed ethnicity 2 (4.2%)

Native American 1 (2.1%)

Handedness

Left 8 (16.7%)

Right 40 (83.3%)

Combat experience

No 31 (64.6%)

Yes 17 (35.4%)

Dissociation

T1 (Distal pre-stress) 48 3.1 (0.8) 0.0–30.0

T3 (Mock captivity stress) 48 11.3 (1.7) 0.0–63.0

T4 (Recovery) 48 3.0 (0.7) 0.0–27.0

Psychological impact

IESR-total† (mean of items) 48 0.8 (0.1) 0.0–3.2

IESR-total (sum of items) 48 17.1 (2.0) 0.0–70.0

IESR-total (sum of subscales) 48 2.3 (0.3) 0.0–10.0

IESR-intrusion 48 0.8 (0.1) 0.0–3.0

IESR-avoidance 48 0.8 (0.1) 0.0–3.4

IESR-arousal 48 0.6 (0.1) 0.0–3.2

* All participants were male; † IESR ¼ impact of event scale—revised.
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Salivary DHEA(S), testosterone, and cortisol

concentrations

Salivary hormone responses to DHEA supplemen-

tation during survival training are shown in Figure 2.

A group £ time interaction was demonstrated for

salivary DHEA concentration (F ¼ 8.6, p , 0.001,

partial h 2 ¼ 0.16). Although DHEA values were not

different at T1, the supplemented subjects possessed

an average 72.1% higher concentration after 5 days of

50 mg supplementation than control subjects (T2;

p , 0.0125), a 59.4% higher concentration during

mock-captivity (T3; p , 0.0125), and a 92.0% higher

concentration during recovery from SERE training

(T4; p , 0.0125) (Figure 2(A)). A similar group £

time interaction was observed for salivary DHEAS

concentration (F ¼ 6.9, p , 0.001, partial h 2 ¼

0.13). DHEAS values did not differ between groups

at T1, but DHEA subjects possessed an average

122.0% higher concentration after 5 days of 50 mg

supplementation than control subjects (T2;

p , 0.0125), a 132.5% higher concentration during

mock-captivity (T3; p , 0.0125), and a 123.7% higher

concentration during recovery from SERE training

(T4; p , 0.0125) (Figure 2(B)). Stress-induced

decrease in salivary testosterone concentration were

evident (time main effect, F ¼ 39.0, p , 0.001, partial

h 2 ¼ 0.47). That is, irrespective of group assignment,

testosterone values decreased during mock-captivity

(T1 vs. T3; mean ^ SEM percentD ¼ 227.1 ^ 3.8%

[ p , 0.0125]) and remained suppressed at 24-h

recovery (T1 vs. T4; mean ^ SEM percent

D ¼ 221.6 ^ 3.9% [ p , 0.0125]). In general,

DHEA supplementation tended to buffer the testos-

terone stress response and enhance recovery

(group main effect, F ¼ 6.2, p , 0.05, partial

h 2 ¼ 0.12). Post hoc analyses yielded noteworthy

group differences at T2–T4, although these findings

were rendered nonsignificant with Bonferroni

correction ( p . 0.0125; see Figure 2(C)). Finally,

profound stress-induced increases were noted in

salivary cortisol concentration (time main effect,

F ¼ 67.9, p , 0.001, partial h 2 ¼ 0.60). Hence,

irrespective of group assignment, cortisol values

increased during mock-captivity (T1 vs. T3; mean

^ SEM percent D ¼ 156.7 ^ 29.9% [ p , 0.0125])

and then returned to pre-stress values at 24-h recovery

(T3 vs. T4; mean ^ SEM percentD ¼ 261.9 ^ 3.8%

[ p , 0.0125]). No group differences, however, were

observed in this analyte ( p . 0.05) (Figure 2(D)).

Anabolic balance

A group £ time interaction emerged for salivary

DHEA/cortisol concentration (F ¼ 5.0, p , 0.01,

partial h 2 ¼ 0.10). That is, although DHEA/cortisol

values did not differ at T1, the DHEA subjects

possessed 118.4% higher ratios after 5 days of 50 mg
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Figure 2. Effects of DHEA supplementation on salivary

concentrations of: (A) DHEA, (B) DHEAS, (C) testosterone, and

(D) cortisol. DHEA-treated group (from T1: 50 mg/day; from T2:

75 mg/day; n ¼ 24) and CONTROL group (placebo; n ¼ 24). T1,

distal pre-stress; T2, proximal pre-stress; T3, mock-captivity

stress and T4, recovery. Data are mean ^ SEM. Group effects

are denoted above time series: *Bonferroni-corrected independent

t-test p , 0.0125. Time effects are denoted below time series:

#different from T1, Bonferroni-corrected dependent t-test

p , 0.0125), þ different from T3, Bonferroni-corrected

dependent t-test p , 0.0125.
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supplementation than control subjects (T2;

p , 0.0125), a 112.7% higher ratio during mock-

captivity (T3; p , 0.0125), and a 89.1% higher ratio

during recovery from SERE training (T4; p , 0.0125).

A nearly identical group £ time interaction was shown

for salivary DHEAS/cortisol concentration (F ¼ 3.8,

p , 0.01, partial h 2 ¼ 0.08). Specifically, although

DHEAS values did not differ at T1, the DHEA

subjects showed 104.4% higher ratios after 5 days of

50 mg supplementation than control subjects (T2;

p , 0.0125), a 203.2% higher ratio during mock-

captivity (T3; p , 0.0125), and a 167.4% higher ratio

during recovery from SERE training (T4; p , 0.0125).

Finally, stress-induced decreases in salivary testoster-

one/cortisol concentration were demonstrated (time

main effect, F ¼ 102.4, p , 0.001, partial h 2 ¼ 0.70).

Irrespective of group assignment, testosterone/cortisol

concentration decreased during mock-captivity

(T1 vs. T3 mean^SEM percent D ¼ 257.1%^3.6

[ p , 0.0125]). Overall, DHEA supplementation

tended to mitigate this stress response (group main

effect, F ¼ 9.0, p , 0.01, partial h 2 ¼ 0.17). In post

hoc comparisons, DHEA demonstrated 38.1% higher

testosterone/cortisol concentration than control

during mock-captivity (T3; p , 0.0125). Notable

group differences were also observed at T2 although

this finding was rendered nonsignificant with Bonfer-

roni correction ( p . 0.0125).

Subjective distress

Despite considerable time effects for dissociative

symptoms (F ¼ 53.5, p , 0.001, partial h 2 ¼ 0.55)

no discernible group effects emerged. Not considering

group assignment, dissociative symptoms increased

during mock-captivity stress (T1 vs. T3, p , 0.017)

and then returned to pre-stress values at 24-h recovery

(T3 vs. T4, p , 0.017) (Figure 3). This analysis was

then repeated after excluding subjects reporting no

dissociative symptoms during mock-captivity stress

(CADSS ¼ 0, n ¼ 3 [6.25%]), and again after

excluding subjects with CADSS scores #5 (n ¼ 17

[35.4%]). Essentially identical results prevailed in

both cases. Percent change scores were not calculated

on this variable because several subjects’ T1 and T4

CADSS scores were zero (i.e. no dissociative

symptoms), an expected finding under non-stressful

conditions. Psychological impact scores (as measured

by the IESR) are presented in Table I. No

group differences prevailed relative to IESR-total or

for any of the subscales.

Discussion

In this study, we examined the effects of a DHEA

manipulation on stress indices in military men under-

going rigorous survival training. As expected, DHEA

treatment resulted in higher salivary concentrations

of DHEA(S) during daily living, mock-captivity

stress, and at 24 h recovery. Protective effects were

also observed for key markers of anabolic balance,

namely salivary concentration ratios for DHEA(S)/

cortisol and testosterone/cortisol. Although survival

training intensified subjective distress, DHEA sup-

plementation did not appear to influence this effect.

DHEA supplementation led to large increases in

salivary DHEA(S) concentrations. Supplementation

substantially increased both analytes after only 5 days

of treatment, and it enhanced their concentrations

during mock-captivity and recovery. To our knowl-

edge, this is the first exogenous DHEA intervention

study in a realistic military context, although previous

work has documented increases in endogenous

DHEA(S) values during intense military training

(Gomez-Merino et al. 2005; Taylor et al. 2007). Also,

recent primate research suggests that DHEAS

increases in response to both acute and chronic stress

with less adaptation (desensitization) across time than

for cortisol levels (Maninger et al. 2010). Finally, a

double-blind, crossover, controlled clinical trial has

examined effects of DHEA supplementation at rest

and during exercise stress (a known activator of the

HPA axis) (Deuster et al. 2005). In that study,

Deuster and colleagues observed higher resting

plasma DHEA concentrations in healthy men after 2

weeks of DHEA treatment (100 mg/day) as well as

enhanced DHEA responses to a 20-min treadmill

exercise protocol. Clearly, DHEA supplementation

appreciably enhances endogenous levels within days

and augments the DHEA stress response even with

modest dosing.

Consistent with prior research in the military setting

(Morgan et al. 2000; Gomez-Merino et al. 2005;
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Figure 3. Effect of DHEA supplementation on dissociative

symptoms during survival training. Dissociative symptoms

(mean ^ SEM) for DHEA-treated (DHEA; n ¼ 24) and

CONTROL (placebo; n ¼ 24) groups. T1, distal pre-stress; T3,

mock-captivity stress and T4, recovery. No significant group effects.

Time effects are denoted below time series, (different from T1,

Bonferroni-corrected dependent t-test p , 0.017, þ different from

T3, Bonferroni-corrected dependent t-test p , 0.017.
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Nindl et al. 2007), salivary testosterone concen-

trations decreased during mock-captivity. DHEA

supplementation tended to buffer this stress effect

and enhance recovery, although small effect sizes were

noted and follow-up comparisons were rendered

nonsignificant upon correction for multiple compari-

sons. With some notable exceptions, most studies

from the human and animal literature describe a

suppressive effect of various stressors on testosterone

(Chichinadze and Chichinadze 2008). Mechanisti-

cally, it is believed that glucocorticoid (e.g. cortisol)

elevations during stress inhibit testosterone pro-

duction, particularly during chronic stress (Hardy

et al. 2005). By extension, purported antiglucocorti-

coid effects of DHEA (Cardounel et al. 1999) may

counter this effect, thereby preserving testosterone

concentrations during stress. DHEA supplemen-

tation, then, may not boost testosterone concen-

trations exclusively by virtue of its role as an anabolic

precursor. Indeed, previous studies have documented

increases in endogenous DHEA(S) concentrations

due to supplementation in the absence of discernible

alterations in testosterone levels (Deuster et al. 2005).

These relationships almost certainly depend on

moderating factors such as dosing and length of

treatment. Also, certain variants of DHEA (e.g. 7-keto

DHEA) are not aromatized to testosterone and may

also possess superior antiglucocorticoid properties

(Sageman and Brown 2006). Such treatment options

may be worth considering in light of possible health

risks of high testosterone levels across the lifespan,

particularly in older age (Pierorazio et al. 2010). The

current data do raise the possibility that DHEA

administration may buffer operational stress reactions

in military personnel by preventing declines in

testosterone levels. This effect may be larger with a

larger dose of DHEA, which is a distinct possibility

that future research will clarify.

As an end product of HPA stimulation underlying

the so-called fight-or-flight response, cortisol is a well-

studied, gold standard indicator of physiological

stress. Profound cortisol responses to SERE training

were observed, thus validating the stressful nature

of this context. This coincides with prior studies

conducted in nearly identical military settings

(Morgan et al. 2000; Taylor et al. 2007). Here,

DHEA supplementation did not modulate cortisol

concentrations during daily living or the cortisol

response to sustained stress. This resonates with

previous research suggesting that DHEA may not alter

cortisol concentrations per se (Labrie et al. 1997) but

rather may counteract glucocorticoid function at the

receptor level (Karishma and Herbert 2002). In

contrast, other research suggests that DHEA directly

alters cortisol concentrations. For example, one study

revealed an effect of 7 days of DHEA treatment

(300 mg per day) on reduced evening (trough) cortisol

levels in healthy young men (Alhaj et al. 2006).

Another study of perimenopausal women showed

decreases in cortisol concentrations after 3 months of

daily 50 mg DHEA treatment (Barnhart et al. 1999).

Evidently, a full understanding of the DHEA–cortisol

interface and resultant net effects awaits further study.

The present findings show that DHEA supplemen-

tation augments anabolic balance and thus may

enhance neuroprotection during intense stress.

Specifically, DHEA supplementation led to higher

DHEA(S)–cortisol ratios after 5 days, during mock-

captivity and recovery, as well as higher testosterone–

cortisol ratios during mock-captivity. Cross-sectional

research has shown relationships between DHEAS–

cortisol and metabolic syndrome in veterans from the

war in Vietnam such that higher DHEAS level relative

to cortisol appears to be protective against the disease.

In addition, a prospective study in this same cohort

found that DHEAS–cortisol ratios were protective

against all-cause disease mortality (Boscarino 2008).

Clearly, anabolic balance is an important biomarker of

stress, illness, and disease. These data suggest that

DHEA supplementation fortifies anabolic balance not

only during daily living but also in response to intense

stress in healthy young men.

Military stress resulted in notable increases in

dissociative symptoms and most subjects still experi-

enced some psychological effects of mock-captivity

24 h after the conclusion of SERE training. This

corroborates prior findings in similar contexts

(Morgan et al. 2004; Eid and Morgan 2006; Taylor

et al. 2007). Contrary to expectation, however,

DHEA treatment did not alter these effects. These

findings were essentially unchanged when the analyses

were repeated excluding nonresponders, which

indicate robustness of the result. In previous work,

Morgan et al. (2004) studied endogenous DHEA

concentrations during SERE training and found

inverse relationships to dissociative symptoms. Taylor

et al. (2007) observed no link between salivary

DHEAS concentrations and dissociative symptoms,

but did show an inverse relationship between DHEAS

and psychological impact of mock-captivity. It is

important to recognize that neither the salivary

DHEAS level nor the dissociative response to military

stress in the current study was as pronounced as that

shown in Morgan et al. (2004) or Taylor et al. (2007).

Therefore, subjects in this current study may not have

been exposed to an identical stress load as that

observed in prior work. Also, some authors have

suggested that overt subjective/psychological benefits

of DHEA administration may take up to several

months to develop (Balieu et al. 2000). However, in a

double-blind, controlled crossover study of healthy

young men receiving a 7-day course of oral DHEA (at

a relatively high dose of 300 mg), improvements were

observed in episodic memory and mood (Alhaj et al.

2006). Other controlled studies, though, have shown

no discernible benefits of DHEA supplementation
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even when the interventions are long term (Barnhart

et al. 1999; Nair et al. 2006). It is quite possible that

the low dose and/or brief regimen utilized in the

present study were inadequate to appreciably affect

subjective distress. Future studies are warranted to

examine the effects of higher DHEA doses on

subjective stress indices both during daily living and

in response to stress.

This study has several limitations which should be

considered. As noted above, the DHEA dose was

relatively low (50–75 mg) and the treatment regimen

was brief. However, these data assist in the quest to

deduce effective dose ranges that may elicit behavioral

effects in this unique setting. For example, if an

inverted-U or catastrophe model is hypothesized, the

current findings provide support for the left (low dose)

side of the models. Also, the study was conducted in a

field setting which precludes the experimental control

typically conferred by laboratory settings. This is

counter-balanced to some degree by the ecological

validity afforded by the military survival training

context. In addition, direct oversight of DHEA

administration was not provided by research staff for

some portions of the DHEA regimen. Finally, logistical

constraints associated with the SERE curriculum

prevented our ability to perfectly match T3 data

collection times to T1, T2, and T4. However, all T3

data were collected across a 5-h time frame on the same

day. Although hormonal concentrations may normally

be sensitive to discrepant sampling times during free

living, current research suggests that sustained military

stress tends to extinguish the normal diurnal rhythm

(Opstad 1992). More research is needed to better

understand the effects of DHEA supplementation on

the human stress response, ideally in ecologically valid

settings with dependent measures that capitalize on

advances in basic science (Maninger et al. 2009).

Undoubtedly, dosing is a critical issue given that

inverted-U relationships of DHEA supplementation to

neuroprotection have been observed. Although low

concentrations can be neuroprotective, high concen-

trations have been shown to be ineffective or

neurotoxic (Bologa et al. 1987; Kimonides et al.

1999). Similarly, more work is needed to determine

whether there is a threshold at which subjective stress

effects of DHEA supplementation appear. Also, it

would be of interest to examine 7-keto DHEA as well as

other compounds which do not convert to testosterone

and thus may not carry the health risks associated with

increased concentrations of that steroid.

In this randomized controlled field study, DHEA

treatment resulted in higher salivary concentrations of

DHEA(S) during daily living, mock-captivity stress

and at 24 h recovery in military men undergoing

survival training. Protective effects were also observed

for key biomarkers of anabolic balance. Although

survival training led to subjective distress, DHEA

supplementation did not influence this effect. It may

well be that the dose was too low to permit an impact

on subjective reports. Future studies, then, are needed

to fully characterize the effects of DHEA on both

physiological and subjective stress indices in this

unique setting, along with the moderating effects of

dose and length of intervention.
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