1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Behav Neurosci. 2011 October ; 125(5): 742—-752. doi:10.1037/a0025151.

Administration of Dehydroepiandrosterone (DHEA) Enhances
Visual-Spatial Performance in Post-Menopausal Women

Bethany Stangl?, Elliot Hirshman?, and Joseph Verbalis3
1 National Institutes of Health, National Institute of Alcohol Abuse and Alcoholism

2 Department of Psychology, San Diego State University

3 Department of Medicine, Georgetown University Medical Center

Abstract

The current paper examines the effect of administering Dehydroepiandrosterone (DHEA) on
visual-spatial performance in post-menopausal women (N=24, ages 55-80). The concurrent
reduction of serum DHEA levels and visual-spatial performance in this population, coupled with
the documented effects of DHEA’s androgenic metabolites on visual-spatial performance, suggest
that DHEA administration may enhance visual-spatial performance. The current experiment used
a double-blind placebo-controlled crossover design in which 50 mg of oral DHEA was
administered daily in the drug condition to explore this hypothesis. Performance on the Mental
Rotation, Subject-Ordered Pointing, Fragmented Picture Identification, Perceptual Identification,
Same-Different Judgment, and Visual Search tasks and serum levels of DHEA, DHEAS,
testosterone, estrone and cortisol were measured in the DHEA and placebo conditions. In contrast
to prior experiments using the current methodology that did not demonstrate effects of DHEA
administration on episodic and short-term memory tasks, the current experiment demonstrated
large beneficial effects of DHEA administration on Mental Rotation, Subject-Ordered Pointing,
Fragmented Picture Identification, Perceptual Identification and Same-Different Judgment.
Moreover, DHEA administration enhanced serum levels of DHEA, DHEAS, testosterone and
estrone, and regression analyses demonstrated that levels of DHEA and its metabolites were
positively related to cognitive performance on the visual-spatial tasks in the DHEA condition
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The current paper examines the effect of administering dehydroepiandrosterone (DHEA) on
visual-spatial performance in post-menopausal women . Both DHEA levels and visual-
spatial performance decline with age, raising the possibility that declines in DHEA levels
may contribute to age-related impairments in visual spatial performance. Specifically, peak
levels of DHEA occur in the mid 20s for females and by age 70, plasma levels of DHEA are
approximately 30% of their original peak levels (Sulcova, Hill, Hampl, & Starka, 1997;
Labrie Belanger, Cusan, Gomez, Candas, 1997; Orentreich, Brind, Vogelman, Andres &
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Baldwin, 1992). Similarly, performance in the mental rotation, visual search, subject-
ordered pointing and visual-spatial memory tasks decline with age (Beigneux, Plau &
Isingrini, 2007; Chaytor & Schmitter-Edgecombe, 2004; Jansen & Heil, 2010; Lorenzo-
Lopez, Amenedo and Cadaveira, 2008; West, Welch & Knabb, 2002).

DHEA’s metabolism provides possible mechanisms for a beneficial effect of DHEA
replacement on visual-spatial performance. DHEA is an adrenal steroid that can be
metabolized into its sulfated version, DHEA-S and androgens like testosterone. These
androgens, in turn, can be aromatized into estrogens such as estrone and estradiol (Barru,
Charou & Liddy, 1997). Androgens may affect performance on visual-spatial tasks through
their effects on receptors in the neo cortex (Puy, MacLusky, Becker, Karsan, Trachtenberg,
& Brown, 1995; Shaywitz., Shaywitz, Pugh, Fulbright, Skudlarski & Mencl, 1999), while
estrogens may affect neurotransmitter levels that have demonstrated effects on cognition
(e.g., dopamine (Becker, 1990), acetylcholine (Gibbs, 2000)). It has also been observed that
sex steroids support growth and survival of neurons in various brain regions involved in
cognitive processes (e.g. estrogens in the hippocampus (Woolley, Weiland, McEwen, &
Schwarthroin, 1997), androgens in the pre-frontal cortex (Kolb & Stewart, 1995)). Relevant
evidence on the experimental and observational effects of DHEA on cognitive tasks and the
effects of androgens and estrogens on visual-spatial tasks in post-menopausal women are
presented next.

Experimental and Observational Studies of DHEA

Experimental and observational studies exploring the effects of DHEA on cognitive
performance in post-menopausal women have reported mixed results, raising important
questions regarding DHEA'’s potential therapeutic benefits. Hirshman, Wells, Wierman,
Anderson, Butler, Senholzi and Fisher (2003) reported that DHEA administration improved
verbal recognition memory performance in post-menopausal women, but this improvement
only occurred when items were presented for 800 ms. or less at study. This pattern suggested
that DHEA’s beneficial effect on recognition memory might have been mediated by its
effect on item perception at study. Consistent with this view, Stangl, Hirshman and Verbalis
(2010a) found no effects of DHEA administration on recognition memory in post-
menopausal women when items were presented for 1 second during study. Similarly, Stangl,
Hirshman and Verbalis (2010b) examined the effect of DHEA administration on short term
memory tasks in this population and found no significant benefits. Wolf, Naumann,
Hellhammer, Geiben, Strasburger, Dressendorfer, Pirke & Kirschbaum (1997) observed that
DHEA administration enhanced picture recall in post-menopausal women, but a later study
revealed that this effect disappeared after a stressful event (Wolf, Kudielka, Hellhammer,
D.H., Hellhammer, J., & Kirschbaum, 1998b) Last, cognitive performance was impaired on
the Boston Naming Task, and the Judgment of Line Orientation task following
administration of DHEA in post-menopausal women (Parsons, Kratz, Thompson, Stanczyk
& Buckwalter, 2006).

Observational studies show a similarly mixed pattern. Yaffe, Ettinger, Pressman, Seeley,
Whooley, Schaefer & Cummings (1998) reported that DHEA-S level in post-menopausal
women was not a significant predictor of performance on the modified Mini-Mental State
Exam, Trails B, or Digit Symbol subtest. Similarly Parsons et al. (2006) demonstrated that
level of DHEA was negatively associated with backward digit span scores in post-
menopausal women. In contrast, Kalmijn, Launer, Stolk, de Jong, Pols, Hofman, Breteler &
Lamberts (1998) demonstrated that DHEA-S level inversely predicted cognitive decline on
the Mini-Mental State Examination. Thus, to date, and despite its documented physiological
effects, there is not compelling evidence that DHEA administration enhances cognitive
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performance in post-menopausal women (see also Huppert, Van Niekerk, and Herbert
(2001)).

Androgen Studies

Multiple studies (Cherrier, Craft, Asthana, Plymate, Baker, Matsumoto, Peskind, Raskind,
Brodkin, Brember, Petrova & LaTendresse, 2001; Cherrier, Matsumoto, Amory, Johnson,
Craft, Peskind and Raskind 2007;Janowsky, Chavez & Orwoll, 2000; Janowsky, Oviatt &
Orwoll, 1994) have demonstrated that testosterone administration enhances visual-spatial
performance in older men. Observational studies have raised the prospect that this effect
may also occur in women. Gouchie and Kimura (1991) and Moffat and Hampson reported
that women with higher testosterone levels had better performance on measures of spatial
ability and, spatial cognition (see also Aleman, Bronk, Kessels, Koppeschaar and van Honk
(2004) for additional results with young women).

Estrogen Studies

The effects of estrogens on visual-spatial tasks in post-menopausal women are mixed.
Janowsky, Chavez and Orowell (2000) found no benefit of estrogen on the SOPT. In
contrast, Aveleyra, Carranza-Lira, Ulloa-Aguirre & Ostrosky-Solis (2005) demonstrated
higher scores on the backwards spatial span task in post-menopausal women receiving
estrogen treatment and Duff and Hampson (2000) demonstrated better performance in
estrogen users on measures of short-term spatial memory. The protective effects of estrogen
were further described in the Baltimore Longitudinal Study of Aging which demonstrated
better performance on a measure of visual memory (Benton Visual Retention Test) with
estrogen replacement therapy (Resnick, Metter & Zonderman, 1997) (see also Janowsky,
Chavez, Zamboni & Orowell (1998) for mixed results from an observational study).

The Current Experiment

While prior studies of the effects of DHEA administration on cognitive tasks do not provide
compelling evidence that DHEA administration enhances cognition, the reported effects of
DHEA’s androgenic metabolites on visual-spatial tasks in older men and younger women
motivated the current examination of the effect of DHEA administration on visual-spatial
tasks in post-menopausal women.

Our experiment explores the effects of DHEA on tasks that reflect a range of visual-spatial
processes. We examined two tasks, the Mental Rotation Task (MRT, Shepard & Metzler,
1971; Vandenberg & Kuse, 1978) and the SOPT (Janowsky et al, 2000), which have
traditionally shown effects of androgens. We also examined the fragmented picture
identification task (Snodgrass & Hirshman, 1994), the perceptual identification task
(Hirshman & Mulligan, 1991) and the same-different judgments task (Krueger & Allen,
1987). These tasks involve elementary object recognition and comparison processes that
may also be involved in the more complex MRT and SOPT tasks. Thus, results on these
tasks will help constrain interpretations of the results on the MRT and SOPT tasks. In
addition, we used the visual search task (Treisman & Gelade, 1980) as a final task. While
similar to the other tasks in relying on elementary visual object recognition and comparison
processes, the visual search task also relies on complex attention and visual search processes
that differentiate it from simple object recognition and comparison tasks.

We chose to examine the effects of DHEA administration in post-menopausal women. We
focused on this population because declines in both estrogen and testosterone are associated
with menopause (Morales, Nolan, Nelson, & Yen, 1994; Rubino, Stomati, Bersi, Casarosa,
Luisi, Petraglia & Genazzani, 1998). In addition, these sex steroid deficiencies, in
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combination with declining DHEA levels, may sensitize this population to the effects of
DHEA. The hormone levels in this population contrast with those of younger women whose
levels are substantially higher.

In addition to examining the experimental effect of DHEA administration, we also examined
the relations between serum levels of various hormones and performance on these six tasks
in both the DHEA and the placebo condition to help identify the relationship between
hormone levels and cognitive performance. Specifically, levels of DHEA, DHEAS,
testosterone, estrone and cortisol were measured. We did not expect cortisol to be affected
by DHEA administration and we used it as a control measure.

Similarly, because we are hypothesizing that the metabolites of DHEA may have potential
effects, the time of cognitive testing is significant. Our prior work (Hirshman, Merritt,
Wang, Wierman, Budescu, Kohrt, Templin, & Bhasin, 2004) demonstrated that serum levels
of DHEA and its metabolites peaked at approximately 10am and maintained this level for
approximately 2 hours when 50 mg of DHEA was administered orally at approximately
8am. Therefore, all cognitive testing was conducted between 10am and noon in the current
study to make certain that we were testing at the maximal levels of DHEA and its
metabolites.

We examined women ages 55-80 years old (N = 24). All participants were volunteers
recruited by newspaper advertisement and were paid $300.00 for their participation.
Participants met the World Health Organization’s criterion for post-menopausal status of
one year’s absence of menses or bilateral ovariectomy that preceded the study by at least one
year. The participants were not using any form of hormone replacement therapy. Approval
to use human participants was granted by the Institutional Review Board of the Georgetown
University Medical Center.

Participants were excluded if a pre-enroliment medical evaluation revealed contraindications
to DHEA, estrogen or androgen treatment (e.g., personal history of, or active, breast cancer
or other estrogen-dependent neoplasms,history of clotting disorders,). Women whose pre-
enrollment assays of DHEAS, estradiol or testosterone were above the normal post-
menopausal women’s range or whose body mass index (BMI) exceeded 35 were excluded.
Use of substances that influence cognition (e.g., amphetamines, benzodiazepines, nicotine)
was also grounds for exclusion, as was a serious physical illness within the last year. All
women enrolled had a normal mammogram within the prior year and a normal Pap smear
within the prior three years.

Tests were presented on a Dell Latitude D820 laptop computer. All tasks were created using
E Prime (Schneider, Eschman & Zuccolotto, 2002.). All data were analyzed using SPSS
16.0 version.

Experimental Design

Type of Drug (DHEA vs. Placebo) was manipulated within subject in a crossover design.
Participants received DHEA for one 4-week period and placebo for the other 4-week period
with a 1-week “washout” period between treatments. Order of treatments was
counterbalanced across participants.
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DHEA Doses and Placebos

We administered 50 mg of oral DHEA daily. This dose was selected because it is safe in
short-term clinical trials, can alter levels of estrogens and androgens, and can affect
cognitive performance (Hirshman et al., 2003; Morales Haubricht, Hwangt, Asakura, &
Yen, 1998). DHEA was compounded by Belmar Pharmaceutical (Lakewood, CO), the
source of DHEA for numerous clinical trials (e.g., Casson, Lindsay, Pisarksa, Carson &
Buster, 2000). Placebos consisted of lactose and were identical in appearance to DHEA
capsules. The number of pills dispensed was greater than the number needed for purposes of
retrospective verification of compliance.

Measures of Sex Steroids

Procedure

Serum levels of DHEA, DHEAS, estrone, testosterone and cortisol were measured at each
cognitive testing time. Each appointment required 0.25 mL of serum. Samples were
collected in red top tubes without a serum separator. Blood was allowed to clot for 20
minutes. Afterward the blood samples were placed in a centrifuge at 4000 rpm for 5
minutes. The serum was then separated and frozen at —80C. Assays were all conducted on
site at the General Clinical Research Center of Georgetown University Medical Center by
Dr. Soldin’s laboratory. Researchers at Georgetown University (Guo, Chan & Soldin, 2004)
had recently developed a variant of liquid chromatography tandem mass spectrometry
relying on stable isotope dilution to measure steroid hormone levels. These methods have
the significant advantage of providing rapid simultaneous quantitation of multiple steroids in
a single blood sample. The lower limit of detection for the steroids ranged from 1.5 to 10 pg/
ml and the coefficients of variation (between-day results) ranged from 7.6% to 12.2% at low
concentration levels and 5.8% to 9.5% at high concentration levels (Guo, Taylor, Singh &
Soldin, 2006).

Participants who responded to newspaper advertisements underwent a 5-minute telephone
interview by the Study Coordinator. Individuals who met the entry criteria were set up for a
pre-enrollment evaluation at the General Clinical Research Center at Georgetown University
Hospital. The evaluation began with an informed consent form. If the participant agreed to
participate in the study, the evaluation was conducted. It began with a history, including
review of illnesses, medications, and contraindications to steroid hormone administration. A
physical exam was performed and blood was drawn for a complete blood count (CBC),
CHEM 7 (including electrolytes, blood urea, nitrogen and creatinine), as well as baseline sex
steroid assays (DHEA, DHEAS, testosterone, estrone and cortisol). The Symptom Checklist
90-R (SCL 90-R) (Derogatis & Savitz, 2000) and the Mini-Mental State Exam (Folstein ,
Folstein, & McHugh, 1975) were administered to supplement information obtained by
history.

Participants were assigned to receive DHEA or placebo in a block-randomization scheme.
All investigators and participants were blind to treatment status. Upon receipt of the
appropriate pillbox, participants were instructed to take one pill each morning with breakfast
and to write any significant adverse events on a provided diary sheet.

Cognitive testing occurred in 28 days and the participant was given a reminder call on the
day prior to testing. Participants were instructed to fast after midnight and to not consume
any caffeine. On the test day, pills were counted as a measure of compliance. At 7:30am the
participant was expected to arrive and was given a breakfast. At 8:00am the participant
ingested either 50 mg of DHEA or the placebo. A blood draw was performed at 9:50 am.
Cogpnitive testing occurred between 10am and noon on each testing day. Each cognitive task
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was presented once during each testing session. At 12:30pm, the Beck Depression Inventory
and the SCL-90 tests were administered.

At the end of the first test day, participants were given appropriate pills, an appointment for
the second testing session, and new diary sheets. Participants were instructed to begin taking
the pills in one week and a reminder call was made prior to the second testing day. Testing
procedures were identical on the second test day, except participants were debriefed at the
end of this day.

Cognitive Measures

We tested participants on cognitive tasks designed to measure visual-spatial processes.
Order of task presentation was randomized across participants.

Cognitive Tasks

Mental Rotation Task

Each trial showed a target figure consisting of adjoining cubes (see Vandenberg & Kuse,
1978). Four similar figures were presented next to the target drawing and the participant’s
task was to identify two figures that represented a rotation of the target figure. Participants
were presented with 1 set of 10 trials on each test day and were given 3 minutes to complete
the 10 trials. The dependent measure was the number of figures correctly identified.

Subject-Ordered Pointing Task

Each trial in the SOPT (Petrides & Milner, 1982) presents a set of 12 images on a display
with the arrangement of images varying from trial to trial. On each trial, the participant’s
task is to, within 10 seconds, point to an item which they had not pointed to on a previous
trial..The dependent measures include the following: errors (pointing to an item that has
been previously pointed to), percent correct, response latency, the number of time outs (did
not click on an image within the 10 second time frame), and rule breaks (clicking on a space
2 consecutive times).

Fragment Completion Task

On each trial, the participant was presented with a succession of eight progressively more-
complete line drawings of an object (Snodgrass & Hirshman, 1994). For each line drawing,
the participant’s task is to identify the object by typing in the name of the object. The
dependent measure was the degree of fragmentation at which pictures were correctly
identified (i.e., 1,2,3 ...8 with higher numbers representing identification of more complete
drawings). There was a training phase and a testing phase. Items presented in the testing
phase included items presented during the training phase, referred to as “old” items and new
items not presented during the training phase. Scores were recorded for training items, old
items and new items.

Perceptual Identification Task

On each trial, a word was presented for 33 ms. on a computer monitor and then covered by a
backward pattern mask (i.e., a row of Xs). The presented word, as well as a distracter, were
then shown and the subject was asked to identify the presented word. The dependent
measures were the proportion of trials (out of 70) in which the presented item was identified
and the latency of correct responses.

Behav Neurosci. Author manuscript; available in PMC 2013 July 19.
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Same-Different Judgment Task

On each trial, two letters were presented and the participants judged whether the letters were
the same or different.The presented letters were the same on half of the trials All the letters
of the alphabet except for I, VV, and W were used. The dependent measures were the
proportion of trials (out of 92) on which the judgment was correct and the latency of correct
judgments..

Visual Search Task

Each trial of the visual search task (Treisman & Gelade, 1980) began with the presentation
of a fixation cross for 1000 ms. A 4 x 4 matrix consisting of 16 colored letters was then
presented. The participant’s task was to determine if a pre-specified target letter (e.g., a red
“QO”) was present in the matrix. There were three conditions (color search, letter search,
conjunctive search). In the color search condition, the target letter was presented in a
different color from the distracter letters. For example, if the target was a red “O”, it would
be placed in a matrix of orange “O”s. In the letter search condition, the target was a different
letter from the distracters. For example, if the target was a red “Q”, it was placed in a matrix
of red “Q”s. In the conjunctive search condition, the target letter could differ from the
distracters on the dimensions of color, letter or both color and letter. For example, if the
target was a red “O”, it was placed in a matrix consisting of red “Q”s, orange “O”s, and
orange “Q’s.

Trials in the three Type of Search conditions were presented in 12 blocks of 32 trials with
the target being presented on half of the trials in each block (i.e., 4 in each Type of Search
condition) for a total of 384 trials. Prior to each block, instructions appeared alerting the
participant to the Type of Search required in the block. Two letters (e.g., “O”, “Q”) and two
corresponding colors (orange, red) were used in each block and letter-color combinations
were counter-balanced across blocks so that each letter-color combination was assigned to
each Type of Search condition equally often. The dependent measures were the proportion
of correctly identified targets and the latency of correct identifications.

Affective Measures
Mini-Mental State Exam
During the pre-enrollment period, participants were given the Mini-Mental State Exam.

Beck Depression Inventory

The Beck Depression Inventory (Steer, Cavalieri, Leonard & Beck, 1999) was used to
measure whether DHEA affected depression. This self-report inventory consists of 21
questions examining a participant’s hedonic state and physiological functioning. Scores less
than 10 do not generally motivate clinical inquiries.

Symptom Checklist 90-R

The Symptom Checklist 90-R (SCL 90-R) (Derogatis & Savitz, 2000) was administered
during the pre-enrollment period, Test Day 1 and Test Day 2. It consisted of 90 questions
about physical and mental ailments that may have bothered them in the past week including
that day. The test was then scored in 9 different scales for somatization, obsessive
compulsive, interpersonal sensitivity, anxiety, depression, hostility, phobic anxiety, paranoid
ideation, and psychoticism.

Hormone Variables
Serum levels of DHEA, DHEAS, testosterone, estrone and cortisol were also measured.
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Statistical Analysis

Results

For the hormone measures, a paired sample t test compared levels in the DHEA and placebo
conditions and correlations among the measures were computed in the DHEA and placebo
conditions.

For the cognitive tasks, all reaction times that were more than 2 standard deviations above
the mean were removed to provide a more accurate measure of reaction time. A paired
samples t test was used to compare accuracy on the Mental Rotation task between the drug
condition and placebo condition.

The measures of the SOPT were accuracy, latency to make a decision, the number of errors,
the number of rule breaks (clicking on a space two consecutive times in a row), and the
number of time outs (did not make a decision within the 10 second frame). A paired samples
t test compared each of these measures from the drug condition and the placebo condition.

For the Fragmented Pictures task, training, old and new items were compared in a paired
samples t test across the drug and placebo conditions. A priming measure (new - old) was
also computed and compared across the drug and placebo conditions.

A paired samples t test was used to compare measures from the drug condition and placebo
condition for the Perceptual Identification task (accuracy, reaction time, median reaction
time).

For the Same-Different task, a within participants two-way analysis of variance (ANOVA)
was conducted using the factor of Type of Drug (DHEA vs. Placebo) and Type of
Comparison (Same vs. Different), using the measures of accuracy, reaction time, and
median reaction time. For the Visual Search task, a 2 x 2 x 3 ANOVA was conducted using
the factor of Type of Drug (DHEA vs. Placebo), Target Presence (present vs. absent) and
Type of Stimulus (color vs. letter vs. 2 features). This was conducted on the measures of
accuracy, reaction time, and median reaction time.

We also conducted regression analyses in the DHEA and placebo conditions for each
cognitive task that demonstrated significant effects of DHEA administration. These analyses
used the cognitive outcome measures of each task as the dependent variable and the
following hormone measures as our predictor variables: DHEA, DHEA-S, testosterone,
estrone, and cortisol. These analyses determined the relation between hormone levels and
cognitive performance for those cases in which DHEA administration affected performance.

Demographic Data

Per our selection criteria, participants were aged (M= 65.25, SD = 7.89). The participants
performed well on the Mini-Mental State Exam (M = 28.79, SD =1.47) and did not have
extreme Body Mass Indices (M = 27.70, SD = 3.85). As indicated in Table 1, baseline
hormone levels at the pre-enrollment evaluation were in the normal range for post-
menopausal women.

Circulating Levels of Steroid Hormones

Table 1 represents circulating levels of DHEA, DHEAS, testosterone, estrone and cortisol as
a function of Type of Drug (DHEA vs Placebo). DHEA administration affected serum levels
as indicated by the substantially higher levels of circulating DHEA (t(23) = 5.48, p < .001).
While there is substantial variability among participants, DHEA levels in the DHEA
condition are in the range of physiological values among younger adults (Sulcova et al.,
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1997). The results with DHEAS, testosterone and estrone provide support that DHEA was
metabolized into these related hormones (t(23) = 10.45, p <.001, t(23) = 4.85, p < .001, and
t(23) = 5.54, p < .001, respectively). Levels of cortisol did not differ significantly across the
conditions (p > .5). The increase in serum levels of DHEA provides strong evidence of the
efficacy of our manipulation. In contrast, cortisol, another adrenal product, was not affected
by DHEA administration.

Table 2 represents the correlations (Pearson r’s) between the hormones in the DHEA and
placebo conditions. The changes in these patterns of correlations across the DHEA and
placebo conditions provide a secondary measure of the effects of DHEA administration.

In the placebo condition, there is a very strong correlation between DHEA and DHEAS.
There are also significant correlations between estrone and DHEA/DHEAS. In contrast, in
the DHEA condition, the correlations between testosterone and DHEAS/DHEA become
substantially larger, while the correlations betweens estrone and DHEA/DHEAS diminish.
Presumably, these changes reflect DHEA’s direct androgenic metabolism, a process that is
enhanced with increasing levels of DHEA.

An additional and unexpected result is that while cortisol levels were not correlated with
levels of the other hormones in the placebo condition, substantial correlations between
cortisol and DHEAS/testosterone emerge in the DHEA condition. Since cortisol levels did
not differ between the drug conditions, this difference may reflect participant differences in
which participants with higher levels of cortisol were able to metabolize greater amounts of
DHEAS and testosterone from the ingested drug.

Affective Measures

A paired samples t test revealed that the Beck Depression Inventory (BDI) scores were not
significantly different (p > .5) between the DHEA condition (M= 2.08, SD = 2.04) and the
placebo condition (M = 2.63, SD = 2.93). The Symptoms Checklist 90 (SCL-90) and its nine
sub-scales (Somatization, Obsessive Compulsive, Interpersonal Sensitivity, Anxiety,
Depression, Hostility, Phobic Anxiety, Paranoid Ideation, and Psychoticism) did not differ
between the DHEA and the placebo conditions. These null effects may reflect our selection
criteria that precluded enrollment of participants with extreme scores on these measures.

Mental Rotation Task

SOPT

A paired samples t test was used to compare the number of items correct in the DHEA and
placebo conditions on the Mental Rotation task. Participants scored significantly higher in
the DHEA condition than the placebo condition (Mean DHEA = 8.50, SD = 2.63, Mean
Placebo = 5.83, SD = 3.07, t(23) = 5.88, p < .001) .

Table 3 presents the mean accuracy, latency, number of errors, number of rule breaks
(clicking on a space two consecutive times in a row), and number of time outs (did not make
a decision within the 10 second frame) in the DHEA and placebo conditions on the SOPT.
Each measure demonstrated better performance in the DHEA than the placebo condition. A
paired samples t test compared the DHEA and placebo conditions on each of these
measures. Accuracy significantly improved in the DHEA condition, while the number of
errors significantly decreased in the DHEA condition (t(23) = 3.11, p =.005, and t(23) =
-2.56, p = .02, respectively).
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Fragmented Pictures Task

Figure 1 presents mean performance in the DHEA and placebo conditions for training, old
and new items on the fragmented pictures task. Lower values indicate superior performance.
Measures from the DHEA and placebo condition were compared in paired samples t tests.
Performance in the DHEA condition was superior to performance in the placebo condition
for training, old and new items (t(23) = 6.09, p <.001, t(23) = 6.76 , p < .001, t(23) = 7.27,
p < .001, respectively). A 2 x 2 ANOVA using the factor of Type of Drug (DHEA vs.
Placebo) and Type of Task (old vs. new) demonstrated that there was a significant priming
or learning effect. Participants identified old pictures better than new pictures (F(1,23) =
256.47, p < .01). Priming was not significantly different between the DHEA and placebo
conditions (p > .1) for the interaction of Type of Task and Type of Drug).

A t-test comparing the training and the new condition was also conducted to ascertain
whether there were general practice effects on the fragmented pictures task. This comparison
indicated that performance on new items was superior to performance on the training items
(t(23) = 35.91, p <.001), demonstrating general effects of practice on the fragmented
pictures task.

Perceptual Identification Task

Mean accuracy of perceptual identification was near the performance ceiling (DHEA = .95,
Placebo = .95). Figure 2 presents the mean and median reaction times in the DHEA and
placebo conditions on the Perceptual Identification task. A paired samples t test was used to
compare each measure in the DHEA and placebo conditions. Both reaction time measures
were significantly faster in the DHEA than the placebo condition (t(23) = 3.01, p < .01,
t(23) = 2.95, p < .01, respectively).

Same-Different Judgment Task

Table 4 presents accuracy and reaction times for the DHEA and placebo conditions for same
and different letter pairs. Accuracy was near the performance ceiling and did not differ
between the DHEA and placebo conditions. A within participants 2 x 2 ANOVA using the
factor of Type of Drug (DHEA vs. Placebo) and Type of Comparison (same vs. different)
was carried out on the reaction time measures. Reaction times were faster in the DHEA than
the placebo condition (F(1,23) = 13.04, p < .01; F(1,23) = 9.07, p < .01, respectively).
Moreover, while there was no significant difference in reaction time between the same and
different conditions, Type of Drug and Type of Comparison interacted so that the reaction
time advantage of DHEA was larger in the same than the different condition ((F(1,23) =
5.43, p <.05).

As discussed earlier, we used the visual search task (Treisman & Gelade, 1980) as a final
control task. While similar to the other tasks in relying on elementary visual object
recognition and comparison processes, the visual search task also relies on complex
attention and visual search processes that differentiate it from simple object recognition and
comparison tasks.

Visual Search Task

Table 5 presents accuracy and reaction time (mean) measures for the visual search task in
our experimental conditions. (Mean and median reaction time measures produce identical
conclusions so we only present the former analysis here for ease of exposition.) We
conducted a 2 x 2 x 3 ANOVA using the factor of Type of Drug (DHEA vs. Placebo),
Target Presence (present vs. absent) and Type of Stimulus (color vs. letter vs. conjunction)
on the accuracy and reaction time measures. Critically, there was no effect of Type of Drug
or any interaction involving this variable on any of the performance measures. Thus, even
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though we have demonstrated repeated beneficial effects of DHEA administration on visual-
spatial tasks, these effects do not occur on the visual search task.

Importantly, we replicated traditional findings in the visual search task. There was an effect
of target presence on accuracy in that participants were less accurate on trials when the
target was present than on trials when the target was absent (F(1,23) = 10.04, p < .01). There
was also an effect of stimulus type in that participants had the highest accuracy in the color
condition, followed by the letter condition, and the conjunction condition, (F(2,46) = 25.16,
p <.001).

Reaction time measures also showed traditional effects. Participants were faster when the
target was present (F(1,23) = 207.84, p < .001). There was also an effect of stimulus type
(F(2,46) = 204.28?, p < .001) showing faster reaction times in the color condition than in the
letter condition which, in turn, was faster than the conjunction condition. An interaction
between target presence and stimulus type (F(,2,46) = 56.00, p < .001) showed the
traditional finding that the negative effects of searching in the letter and conjunction
conditions were more pronounced when the target was absent.

Regression Results

Table 6 presents the results of the regression analyses that use hormone measures to predict
cognitive performance in the DHEA and placebo conditions. Consistent with our results
demonstrating that DHEA administration enhances cognitive performance, the table
demonstrates a substantial number of relatively large relationships in which higher DHEA/
DHEAS levels are associated with better cognitive performance in the DHEA condition.
These relationships occur on both accuracy and reaction time measures and across multiple
tasks and conditions. Moreover, these relationships do not generally occur in the placebo
condition where the level of DHEA and its metabolites are substantially lower. The one
exception to this latter generality is the positive relationship between estrone levels and
fragment completion performance, a relationship that holds in both the placebo and the
DHEA conditions.

Measures of Effect Size (Cohen’s d)

Table 7 presents Cohen’s d for each of the significant results reported here. Using
conventional interpretations, the results demonstrate large effect sizes in Mental Rotation,
Fragment Completion and Same-Different Judgment and medium effect sizes in SOPT and
Perceptual Identification.

Discussion

The current results on the mental rotation, SOPT, fragment completion, perceptual
identification and Same-Different tasks present the first systematic and compelling evidence
that administration of DHEA substantially enhances visual-spatial cognition in post-
menopausal women. These results occur on both accuracy and latency measures, across
multiple experimental conditions, and on tasks of varying cognitive complexity (e.g., Mental
rotation vs Same-Different letter judgment). The results of regression analyses,
demonstrating multiple relationships between serum levels of hormones and cognitive
performance in the DHEA condition, provide converging evidence of DHEA’s influence on
cognition. Moreover, conventional interpretations of measures of effect size indicate the
effects reported here are medium-to-large

Multiple lines of evidence suggest that DHEA’s beneficial effect in the current studies are
specific to a subset of visual-spatial processes. First, prior studies in our laboratory
(Hirshman et al., 2003; Hirshman et al., 2004; Stangl et al., 2010a; Stangl et al., 2010b),
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using the same methodology as the current study, failed to provide systematic evidence that
DHEA administration enhances episodic or short-term memory performance on measures of
accuracy or reaction time. Moreover, these studies tested double the number of participants
as the current study, suggesting that differences in the experimental power to detect effects
are not responsible for the differing results of the two sets of studies. The current finding
that DHEA administration did not affect priming in fragment completion is also consistent
with the view that DHEA administration does not affect learning. Second, there is no
evidence that DHEA substantially influenced affective processes as measured by the BDI or
SCL-90. Thus, the observed effects on visual-spatial tasks are not due to changes in the
affective processes measured by these tests.

Third, DHEA administration did not enhance visual search in the current experiment. Thus,
while it is clear from the overall pattern of findings that DHEA administration enhances
some aspects of visual-spatial performance, the null effect on visual search suggests that all
visual-spatial processes are not enhanced. The larger effect of DHEA in the same than the
different condition on the same-different task is also consistent with the view that DHEA’s
effect is specific to selected visual-spatial processes. Without speculating excessively, we
note that this effect suggests that DHEA may enhance processes that involve the comparison
of multiple representations of (purportedly) the same object. This is a provocative
hypothesis for further exploration given the central role mental comparisons of object
representations play in the tasks that demonstrate beneficial effects here. In mental rotation,
the target object is compared to objects that may be rotated versions of the target. In self-
ordered pointing, objects in the presented array on a trial are being compared to objects in
short-term memory that were pointed to on a prior trial. In picture fragment completion and
perceptual identification, representations of presented visual objects (pictures, words) are
being compared to representation in semantic memory to identify the object’s name.

The finding that DHEA administration does not enhance visual search provides a potential
boundary condition for the hypothesis that DHEA may enhance processes for the
comparison of multiple representations. Visual search, by the definition of the task, must
involve such comparison processes, but complex attention and visual search processes may
be the predominant influences on this task and DHEA administration may not affect these
attention and visual search processes. Thus, the current results suggest the hypothesis that
administration of DHEA will enhance performance only on visual-spatial tasks in which the
comparison of multiple representations is a dominant influence on task performance.

The current study raises a number of questions for further study. Given that the study
participants have a broad range of ages, one can ask whether beneficial effects of DHEA are
more pronounced in women who are younger (i.e., is the benefit larger if DHEA
replacement is provided closer to menopause?). Unfortunately, the number of participants
tested in the current study (24) is not sufficiently large to provide a definitive answer to this
question.

A second important question concerns whether DHEA and/or its androgenic/estrogenic
metabolites are responsible for the enhancements observed here. The regression analyses
(see Table 7) suggest that DHEA is the predominant influence. Similarly, while prior
observational studies have demonstrated stronger association with the ratio of DHEA to
cortisol than DHEA alone (e.g., Kalmijn et al., 1998), cortisol did not change between the
DHEA and placebo conditions in the current study, making it impossible for variation in
cortisol levels to produce the current effects. Nonetheless, the relatively high correlation
between DHEA and testosterone (see Table 2) means we can not rule out the possibility that
testosterone is an important influence. Moreover, given the possibility of local steroid
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conversion, correlations involving serum levels of hormones are suggestive, but not
conclusive.

In conclusion, the current experiments demonstrate important effects of DHEA
administration on visual-spatial performance and raise important questions about the
cognitive and hormonal mechanism mediating these effects.
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Mean level of Identification for Fragmented Pictures as a Function of Type of Drug (DHEA

vs. Placebo) and Prior Exposure (Training vs. Old vs. New)

Behav Neurosci. Author manuscript; available in PMC 2013 July 19.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Stangl et al.

CODHEA
H Placebo

Mean RT Median RT

Figure 2.
Perceptual Identification Performance (mean reaction time, median reaction time) as a
Function of Type of Drug (DHEA vs. Placebo)
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Table 1

Circulating levels of DHEA, DHEAS, Testosterone, Estrone and Cortisol (means with standard deviations in
parentheses)

Type of | DHEA DHEAS Testosterone Estrone Cortisol

Drug (ng/dL) (ug/dL) (ng/dL) (pg/dL) (ug/dL)

Baseline | 120.62 (68.55) 51.58 (29.04) 17.51(11.08) | 17.93(7.63) | 9.85(3.35)

DHEA | 29579 (191.99) * | 237.71 (89.43) * | 29.86 (19.49) * | 23.19 (7.75) * | 10.45 (4.11)

Placebo | 114.87 (78.54) 49,83 (29.49) 15.45 (10.55) | 15.62 (5.74) | 10.64 (5.28)

*

indicates p < .001 for the comparison of hormone levels in the DHEA and Placebo onditions. Hormone levels did not differ between the Baseline
and Placebo conditions.
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Table 2

Correlations (Pearson r’s) Between Serum Levels of Hormones as a Function of Type of Drug (DHEA vs.

1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Placebo)

gm; of Hormone DHEA (ng/dL) (I?E/%ﬁ)s &egs/tgls_t)erone Estrone (pg/dL) | Cortisol (ug/dL
DHEA | DHEA (ng/dL) 1 60" .38 19 .36
DHEAS (ug/dL) 1 46 32 48
Testosterone (ng/dL) 1 .38 66"
Estrone (pg/dL) 1 .04
Cortisol (ug/dL) 1
DHEA (ng/dL) (Duglgﬁ)s ;I;]egs/té)ls_t)erone Estrone (pg/dL) &%'}SSL(;I
Placebo a;/%ﬁ) 1 73" -.03 47" 17
DHEAS (ug/dL) 1 -20 53* -20
Testosterone (ng/dL) 1 .10 13
Estrone (pg/dL) 1 -.06
Cortisol (ug/dL) 1
*= p<.05
**z p<.01
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SOPT Accuracy, Latency, Number of Errors, Number of Rule Breaks, and Number of Time Outs as a
Function of Type of Drug (DHEA vs. Placebo) (means with standard deviations in parentheses)

Type of Drug DHEA Placebo
Measure

Accuracy 87 (10) ¥ | 83 (.09)
Latency (s) 4.79 (1.17) 4.97 (1.20)
Number of Errors 1.38 (1.10) | 1.71(91)
Number of Rule Breaks | .25 (.44) .38 (.49)
Number of Time Outs .17 (.38) .29 (.46)

*
p<.05

*:

*
p<.01
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Page 22

Performance on the Same-Different Letter Comparison Task (Accuracy, Mean Reaction Time, and Median

Reaction Time) as a Function of Type of Drug (DHEA vs. Placebo) (means with standard deviations in

parentheses)
Type of Drug DHEA Placebo
Measure
SAME
Accuracy .95 (.05) .95 (.07)
Reaction Time (ms) 682.88 (134.73) ** | 816.81 (194.59)
Median Reaction Time (ms) | 660.35 (134.60) ** | 789.06 (205.07)
DIFFERENT
Accuracy .98 (.03) .97 (.04)
Reaction Time (ms) 687.87 (151.84) ** | 790.76 (183.71)
Median Reaction Time (ms) | 664.52 (158.34) ™ | 742.42 (174.75)

*:

*
p<.01
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Visual Search Task Accuracy, Reaction Time, and Median Reaction Time as a Function of Type of Drug
(DHEA vs. Placebo) Target Presence (present vs. absent) and Type of Stimulus (color vs. letter vs. 2 features)
(means with standard deviations in parentheses)

Type of Drug DHEA PLACEBO
Color Letter 2 Feature Color Letter 2 Feature

Target Present
Accuracy 99(02) .97(03) .90 (09) .98(.04) .96(04) .88 (.13)
- 91097 116445 166273  891.19 1100.95 167117
Reaction Time (Ms)  357'57)  (207.73)  (46143) (277.32) (28428)  (373.28)
Median Reaction 805.85 1003.65  1499.65 79633 96623  1527.10
Time (ms) (214.10) (235.24)  (410.19) (194.97) (20052)  (323.55)

Target Absent
Accuracy 99(02) .99(01)  .94(09) .97(03) .99(03)  .94(.11)
- 1126.84 1703.89 275226 1099.28 162051  2753.99
Reaction Time (M) 175 71y (464.95)  (695.31) (304.28) (400.39)  (876.49)
Median Reaction 97279 1608.81  2634.94  947.92 1528.02  2645.89
Time (ms) (20456) (452.74)  (642.17) (222.01) (404.80)  (855.63)
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Intercepts and Regression Coefficients for Regression Model Predicting Cognitive Performance as a Function

of Hormone Levels

Model Intercept DHEA DHEA-S | Testosterone | Estrone | Cortisol R2
DHEA
.56
MRT Total (6551) (00™* - - - - 32
423 -.51 —42
SOPT E - ok - * - A41; .57
rrors (57) (.002) (02)
. 6.15 -.51 -38 :
Fragpix Train (38) (.001) ok - - (02) * - .34; .47
) 5.22 -.39 —44
F | - - - 27, .41
ragpix Old (:49) (.oo1)™* (02)” '
. -.51
Fragpix New 5.9 (.50) - - - (02) * - .26
PID Mean Reaction 1079.22 -43 ) ; ; B 18
Time (11151) | (32)* '
PID Median Reaction | 1021.71 -41 ) B 3 . 17
Time (108.05) | (31)* '
S-D Mean Reaction 783.89 -49 ) ) 3 . 24
Time_Same (45.80) (13)" '
S-D Mean Reaction 812.33 -.53 . i} ; N 28
Time Different (50.03) (.14) * ’
S-D Median Reaction | 791.89 =52 ) ; ; B 27
Time Different (52.55) | (15)™ '
Placebo - - B
. . -.48
Fragpix Train (645;) - - - (.03) * N 23
Fragpix Old 597 - - - —60" - 36
(:49) (.03)
) 6.35 -62
Fragpix New (34) - - - (02) * - .38
*
=p<.05
*Kk
=p<.01

R2 presented as measure of model fit (standard error in parentheses)
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Table 7

Measures of Effect Size (Cohen’s d) For Significant Effects Reported

Cognitive Task

Effect Size

Mental Rotation

.94

SOPT-Accuracy

42

SOPT-Errors

.33

Frag. Comp.Train

.99

Frag. Comp. Old

.88

Frag. Comp. New

.80

Percept.ld. RT-
mean

40

Percept.IdRT-
median

.37

Same-Different-

.80

SameCondition-
RT mean

Same-Different-

.61

Diff. Condition-RT
mean

Same-Different-

.75

SameCondition-
RT median

Same-Different-

.46

Diff. Condition-RT

RT median
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