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Summary The results of several recent studies suggest that estrogen and testoster-
one play an important role in the modulation of mood and cognitive function in
women, and preliminary evidence indicates that these hormones may also modulate
the levels of beta-amyloid (Ab), a 4 Kilo Dalton peptide that is likely to be involved
in the pathogenesis of Alzheimer’s disease. However, the physiological and clinical
effects of reversible castration remain unclear and no systematic data is currently
available for men. We designed the present study to investigate the effects of
reversible chemical castration on the mood and cognitive performance of men
treated for prostate cancer, as well as its impact on the levels of plasma Ab. Forty
men with prostate cancer were clinically treated with androgen blockade therapy
(flutamide and leuprolide) for 36 weeks and subsequently followed up for another
18 weeks after treatment was discontinued. All subjects received a comprehensive
clinical, neuropsychological and biochemical evaluation that included the use of the
Beck Depression (BDI) and Anxiety Inventories (BAI), several subtests of the Wechs-
ler Memory and Intelligence Scales (Word Lists-WL, Verbal Paired Associates-VPA,
Visual Reproduction-VR and Block Design-BD), and biochemical monitoring of chan-
ges in estrogen, testosterone and Ab levels. Chemical castration was associated with
a rapid and marked decline in the levels of testosterone and estradiol, and signifi-
cant increase in plasma Ab levels. Treatment was associated with increased BDI (p =
0.004) and BAI scores (p < 0.001), although such changes were of questionable clini-
cal significance (i.e., few subjects had scores � 13). CAMCOG (p = 0.046) and WL
recall total scores (p < 0.001) improved significantly after androgen blockade treat-
ment was discontinued, but visuospatial abilities, as assessed by BD, was not influ-
enced by the introduction or discontinuation of treatment. There was a significant
negative correlation between changes in Ab levels and subjects’ WL total score
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change between weeks 36 and 54 (r = �0.452, p = 0.012). The results of this natu-
ralistic study indicate that chemical castration is associated with a significant rise in
the plasma levels of Ab and, clinically, with increased depression and anxiety
scores. The discontinuation of treatment is associated with better cognitive per-
formance, most noticeably of verbal memory. The performance of subjects on the
WL test was negatively correlated with plasma levels of Ab, but the clinical signifi-
cance of this finding remains to be determined.
# 2003 Elsevier Ltd. All rights reserved.
1. Introduction

The results of several recent studies suggest that
estrogen use is associated with significant clinical
effects on mood and cognitive function. We have
shown, in a randomised, double-blind, placebo-
controlled trial, that estrogen replacement is an
efficacious treatment of depression during the
perimenopause (Soares et al., 2001), confirming
and extending the results of previous observa-
tional surveys and small clinical trials (Zweifel and
O’Brien, 1997; Schmidt et al., 2000). There is also
tentative evidence that estrogen use after the
menopause improves verbal memory and decrea-
ses the risk of Alzheimer’s disease (AD) in later
life (Tang et al., 1996; Kawas et al., 1997; Balder-
eschi et al., 1998; Waring et al., 1999; Hogervorst
et al., 2002), although estrogen replacement is
not indicated for the treatment of women with AD
(Almeida and Barclay, 2001; Mulnard et al., 2000).

Testosterone is another sex hormone that seems
to influence certain aspects of mood and cog-
nition. Low testosterone levels are associated
with docile conduct, whereas high levels correlate
with impulsive and aggressive behavior (Dabs
et al., 1996; Pope et al., 2000). A large survey of
5236 Vietnam veterans found a weak but signifi-
cant inverse association between testosterone
levels and the presence of depression as assessed
by the Diagnostic Interview Schedule (Mazur,
1995). Schweiger et al. (1999) reported further
evidence supporting the existence of a relation-
ship between testosterone and depression—they
found that their 15 male patients with major
depression had significantly lower 24 hour testos-
terone secretion than 24 healthy controls. Hor-
mone replacement has also been shown to
decrease depressive scores among hypogonadal
HIV-positive men randomised to treatment with
either testosterone (up to 400 mg every other
week) or placebo (Rabkin et al., 2000), and there
is preliminary evidence suggesting that the
response of hypogonadal men to antidepressant
treatment may be significantly improved by the
introduction of testosterone replacement (Pope
et al., 2003).

A number of recent papers have also indicated
the existence of an association between testoster-
one levels and cognitive function. One of the ear-
liest clinical studies was reported by Janowsky
et al. (1994): they randomised 56 older men to
treatment with testosterone (n = 27) or placebo
(n = 29). Testosterone use was associated with
enhanced spatial abilities, as measured by the
block design test, but had no obvious effect on
delayed recall or visual reproduction abilities at
the end of 3 months. Subsequent studies confirmed
that testosterone supplementation improves cer-
tain aspects of cognitive function in both young
and older adults (Postma et al., 2000; Wolf et al.,
2000; Cherrier et al., 2001; Cherrier et al., 2002),
but it is unclear whether the cognitive effects of
testosterone only become apparent once normal
to high plasma levels are achieved.

We designed the present study with the aim of
clarifying whether testosterone depletion and
receptor blockade are associated with changes in
mood and cognitive function in humans. We hypo-
thesised that androgen deprivation would lead to
a significant increase in depression scores and
decline of performance on tests assessing visual
memory and visuo-spatial abilities, but not verbal
skills (there is preliminary evidence that andro-
gens are directly and indirectly correlated with
visuospatial and verbal abilities respectively—see
van Goozen et al., 1995). We further hypothesized
that the discontinuation of androgen deprivation
would reverse the above-mentioned changes in
mood and cognitive function. Finally, we hypothe-
sised that hormone deprivation would increase
plasma b-amyloid levels.
2. Subjects and methods

Men with prostate cancer who were prescribed
intermittent androgen deprivation treatment with
leuprolide 22.5 mg (SC) every three months and
flutamide 250 mg (PO) tid were approached to
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join the study. Leuprolide is a LHRH agonist that
depletes men of testosterone and estradiol,
whereas flutamide is used to block testosterone
receptors. Participants commenced the hormonal
therapy using flutamide 250 mg for one week
before receiving leuprolide—this approach aimed
to prevent the flare associated with the initial use
of LHRH agonists. Androgen blockade was main-
tained for a total of 36 weeks, at which point sub-
jects with Prostate Specific Antigen (PSA) < 4 ng/
ml discontinued the therapy, but continued being
followed-up for a total of 54 weeks or until their
PSA > 4 ng/ml (whichever came first). Patients
whose PSA levels remained higher than 4 ng/mL at
the end of 36 weeks did not qualify for the ‘off-
treatment’ period. We excluded from the study
subjects who did not provide written informed
consent, lived outside the Perth metropolitan
area, were too ill to cope with the testing pro-
cedure/schedule, were from non-English speaking
background, had a Cambridge Cognitive Examin-
ation for the Elderly (CAMCOG) score < 70 (to
exclude subjects with dementia—Blessed et al.,
1991), or presented with moderate to severe vis-
ual/auditory impairment or aphasia. Participants
were recruited from the Department of Radiation
Oncology at Sir Charles Gairdner Hospital in Perth,
Western Australia. The study was approved by the
Sir Charles Gairdner Hospital Ethics Committee.
2.1. Study design

This naturalistic study was specifically designed to
investigate the psychological changes associated
with chemical castration treatment over time. Eli-
gible subjects were assessed one week prior to
the introduction of treatment (pre-baseline) and
again on the day they started flutamide (base-
line). The pre-baseline assessment was introduced
with the aim of familiarizing patients with the
study’s procedures and reducing practice effects
associated with repetitive cognitive testing (i.e.,
baseline scores took the learning effect into
account) (Benedict and Zgaljardic, 1998). Follow-
up assessments took place 4, 12, 24 and 36 weeks
after baseline. At 36 weeks, treatment was dis-
continued (the last injection of leuprolide was
given at 24 weeks) and patients were re-assessed
at 42, 48 and 54 weeks after baseline. Fig. 1 sum-
marizes the follow-up assessments and pro-
gression of participants in the study.
2.2. Procedures and assessments

Subjects were asked to fast for 10 hours prior to
each assessment. Blood was drawn every visit
(except pre-baseline) between 8:30–10:00 am
to monitor PSA, oestradiol, testosterone and b-
amyloid1–40 (Ab) plasma level. Estradiol levels
were estimated using IMMULITE 2000 (Immulite
2000 Estradiol L2KE2, Diagnostic Products Corp.,
Los Angeles, CA; Tello and Hernandez., 2000).
Eestradiol is a solid phase, chemiluminescent
competitive enzyme immunoassay. The solid
phase, a polystyrene bead coated with a poly-
clonal rabbit anti-oestradiol antibody, is intro-
duced into an Immulite test unit. Subjects’
samples and alkaline-phosphatase-conjugated-E2
are simultaneously added to the test unit, and
incubated for 60 minutes at 37

�
C with intermit-

tent agitation. During this time, E2 in the sample
competes with the enzyme-labelled-E2 for a lim-
ited number of antibody binding sites on the bead.
Unbound enzyme conjugate is removed by wash-
ing. Substrate is then added, and the test unit is
incubated for a further 5 minutes as it is trans-
ported to the photomultiplier. The chemilumines-
cent substrate undergoes hydrolysis in the
presence of alkaline phosphatase to yield an
unstable intermediate, resulting in the sustained
emission of light. The signal produced is inversely
proportional to the concentration of E2 in the
sample. Testosterone levels were determined
using a one-step chemiluminometric competitive
immunoassay. Sample, mouse monoclonal anti-
testosterone antibody coated paramagnetic
microparticles, testosterone acridinium-labelled
conjugate and assay diluent were combined to
create the reaction mixture. Testosterone present
in the sample competes with the testosterone
acridinium-labelled conjugate for binding with the
anti-testosterone antibody coated paramagnetic
microparticles, to form an antigen-antibody com-
plex. Blocking reagent is included in the mixture,
which binds to endogenous sex hormone binding
globulin present in the sample, freeing all the tes-
tosterone for the competitive reaction above.
After washing, trigger solutions, consisting of
acidification with nitric acid (pH 2.1) and oxi-
dation with hydrogen peroxide, followed by alkali-
nisation with sodium hydroxide and Triton X-100
are added to produce the light signal. An inverse
relationship exists between the testosterone in
the sample and the relative light units (RLUs)
detected by the Architect (Abbott Architect-TES;
Abbott Park, Illinois, USA; Ognibene et al., 2000).
The analysis of plasma Ab1–40 (Ab) followed the
procedures previously described by Mayeux and
colleagues (1999)—plasma was stored at �70

�
C

immediately after collection. Ab levels were
determined using a combination of monoclonal
antibody 6EI0 (specific to an epitope present on
1–16-amino acid residues of Ab) and R162 (vs Ab1-
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40) antisera in a double-antibody sandwich
enzyme-linked immunosorbent assay. The coef-
ficient of variance for this assay in our laboratory
was lower than 5%.

After breakfast, subjects underwent a compre-
hensive clinical and neuropsychological assess-
ment that included the use of the following
instruments:

. Beck Depression Inventory (BDI) (Beck and Steer,
1984). The BDI is a widely used self-rating scale
that was designed to evaluate the severity of
depression in clinical and research settings. It
includes 21 questions with possible ratings ranging
from 0 to 3. The scale is particularly useful in the
assessment of negative thoughts associated with
depression. The BDI has high internal consistency
(0.86 or greater) and is sensitive to change in the
severity of depression (high scores are associated
with increasing severity of depression).

. Beck Anxiety Inventory (BAI) (Beck et al., 1998).
This self-rating scale includes 21 items describ-
ing common symptoms of anxiety that can be
rated according to their intensity from 0 to 3.
Internal consistency (alpha = 0.92) and test-ret-
est reliability ratings (r = 0.75) are high, and so
are different measures of validity.

. Cambridge Examination for Mental Disorders of
the Elderly—Cognitive Battery Revised (CAMCO-
G)(Roth et al., 1998). The CAMCOG is an instru-
ment of general cognitive assessment divided
into several subsections measuring various
ig. 1. Flow diagram of subjects’ progress through the phases of the study.
F
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aspects of cognitive functioning: orientation,
language, memory, attention and concen-
tration, praxis, perception, calculation, and
executive functions. The total score can range
from zero to 105, and is highly correlated with
the MMSE total score (which can also be com-
puted from the CAMCOG). Reported test-retest
reliability scores are greater than 0.8.

. Word Lists (WL) (WMS-III; Wechsler, 1997). WL I
measures immediate and delayed memory for
verbal material. Subjects are presented with a
list of 12 semantically unrelated words, and
then asked to recall as many words as possible.
This procedure is repeated for three additional
trials for a total of four learning trials (range 0
to 48). Then, the examiner reads a new word
list and asks the subject to recall the words on
this list and, subsequently, on the first list. In
WL II, the examinee is asked to recall the first
list or words (delayed recall). Then the exam-
iner reads a list of 24 words and asks the exam-
inee to identify each word as either one he or
she was asked to remember of a new word (rec-
ognition) (range 0 to 24). For the purposes of
this study, we computed and analyzed the
‘recall total score’ (sum of trials 1 to 4), ‘recog-
nition total score’ and ‘percent retention’
[(delayed recall/word list recall for trial 4) �
100].

. Verbal Paired Associates (VPA) (WMS-III; Wechs-
ler, 1997). The VPA uses the same test proce-
dures described for WL and produces measures
of immediate and delayed cued recall for
semantically unrelated pairs of words; i.e., dur-
ing the recall phase of the test, the examiner
reads aloud one word of the pair and the exam-
inee is asked to recall the word that was asso-
ciated with the former. As previously described
for Word Lists, the performance of subjects on
this test was summarised by the recall total
score (range 0 to 32), recognition total score
(range 0 to 24) and percent retention.

. Visual Reproduction (VR)(WMS-III; Wechsler,
1997). This is a test of visual memory that also
involves constructional abilities. Subjects are
asked to design, from memory, a complex fig-
ure immediately after presentation or after a
delay of 25–35 minutes. Performance on this
test can be evaluated by the recall total score
(sum of scores for designs A-E) (range 0 to 104)
and percent retention [(delayed recall total
score/recall total score) � 100].

. Block Design (BD)(WAIS-III; Wechsler, 1997).
This is a constructional test in which the subject
is presented with four or nine colored blocks.
The aim is to use the blocks to construct repli-
cas of 10 designs printed in a booklet. This is a
sensitive test of visuospatial organisation, with
the total possible score ranging from 0 to 68
points.
2.3. Data analysis

Data were analyzed using the statistical package
‘Stata 7.0’ (StataCorp, 2002). The data was
initially explored and summarized with descriptive
statistics. Multivariate analysis of variance for
repeated measures was used to investigate the
progression of scores over time, the number of
degrees of freedom being equivalent to the num-
ber of repeated measures minus 1. The strength
of the association between variables was assessed
with the Pearson correlation coefficient (r) or
Spearman’s rho in the case of ranked data.
3. Results

Fifty-seven patients were approached to join the
study—7 did not meet the inclusion criteria, 2
failed to provide informed consent, and 4 were
not available for testing. The follow-up data for
one other subject had to be discarded because of
missing baseline information, two withdrew con-
sent, and one man died during the active treat-
ment phase. Hence, 40 men with prostate cancer
commenced treatment and were available for fol-
low-up during the active treatment phase of 36
weeks (Fig. 1). Subjects’ age ranged from 44 to 83
years (mean = 72.4, SD = 7.5). Thirty-two men
were married. Their formal education ranged from
12 to 20 years (mean = 14.9, SD = 1.4) and
all came from English-speaking background. Their
PSA level at baseline ranged from 5.9 to 556 ng/
mL (mean = 51.6, SD = 106.7).

Fig. 2 illustrates changes in testosterone and
oestradiol levels during the follow-up period asso-
ciated with chemical castration (weeks 0 to 36)
and after the discontinuation of treatment (weeks
36 to 54) (3 subjects excluded for weeks 42, 48
and 54 because of illness relapse or non-avail-
ability for assessment). Analysis of variance for
repeated measures showed that testosterone level
varied significantly between baseline and week 36
(effect of time—F = 215.8 (df = 4), p < 0.001), as
well as from week 36 to week 54 (effect of time—
F = 30.6 (df = 3), p < 0.001). A similar pattern was
observed for plasma estradiol (F = 83.7 (df = 4),
p < 0.001 and F = 22.5 (df = 3), p < 0.001,
respectively). Data on plasma Ab was available at
all points for 30/37 of the men who completed
the 54 weeks of follow-up. Nine of the thirty-
seven cases could not be utilized because of tech-
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nical problems associated with the collection and
storage of some of the blood samples, which
resulted in missing data for some of the time-
points. Fig. 2 shows the changes in plasma Ab over
time. Ab levels increased significantly between
baseline and week 36 (F = 2.7, df = 4, p = 0.036),
but there was no obvious change between week
36 and 54 (F = 1.0, df = 3, p = 0.385).

Table 1 summarizes the results of mood and
cognitive assessments from baseline to week 54.
The complete follow-up data set was not available
for 8 subjects for the following reasons: one sub-
ject had to recommence treatment between week
48 and 54 due to relapse of illness, three subjects
were unavailable for one assessment, two were
too unwell to reliably complete all the tasks, one
subject did not discontinue treatment after week
36, and one subject refused to complete all the
assessment battery on several visits. Analysis of
variance for repeated measures showed that the
total CAMCOG score improved significantly
between week 36 and 54 (p = 0.046), although
such a change lacked any obvious clinical mean-
ing. Similarly, we observed that the Word List
total recall score, as well as the Verbal Paired
Associates total recall score, improved signifi-
cantly once androgen deprivation therapy was dis-
continued (p < 0.001 and p = 0.002, respectively)
(Table 1). Yet again, the improved cognitive per-
formance could not be explained by changes in
the BDI (r = 0.123, p = 0.454; r = 0.137, p = 0.406
respectively) and BAI scores (r = 0.104, p = 0.529;
r = �0.241, p = 0.139 respectively).

Contrary to our prediction, subjects’ perform-
ance on the Visual Reproduction and Block Design
tests was not influenced by the introduction or
discontinuation of hormonal treatment, although
percent retention of material on the Visual Repro-
duction test seems to have increased progressively
throughout the trial (Table 1).

There was no obvious association between chan-
ges in testosterone levels and the performance of
subjects on the CAMCOG (r = �0.07, p = 0.665),
WL total score (r = �0.05, p = 0.773), and VPA
total score (r = �0.124, p = 0.472). A similar
association pattern was found for estradiol levels
(r = �0.06, p = 0.713; r = 0.172, p = 0.315; r =
�0.135, p = 0.432 respectively).

Ab levels were available for 30 study parti-
cipants at week 36 and 54. There was a significant
negative correlation between changes in Ab levels
and subjects’ WL total score change between
weeks 36 and 54 (r = �0.452, p = 0.012; p = 0.036
after Bonferroni correction for multiple compar-
isons). However, this association was not notice-
able for VPA (r = 0.09, p = 0.641) or CAMCOG total
score (r = �0.02, p = 0.934). Likewise, the associ-
ation between change in Ab level and VR percent
retention between week 36 and 54 was not signifi-
cant (r = 0.125, p = 0.509). The correlation
between change in Ab and estradiol (r = �0.03,
p = 0.858) and testosterone levels (r = 0.19,
p = 0.319) between weeks 36 and 54 was not
significant.

Changes of cognitive scores for the CAMCOG,
WL, VPA and VR tests between weeks 36 and 54
Fig. 2. Plasma testosterone (top), estradiol (middle)
and b-amyloid1–40 (Abeta) (bottom) levels of men
receiving hormonal deprivation therapy. The blue lines
indicate mean plasma levels during the period of chemi-
cal castration (baseline to week 36), red lines indicate
the mean plasma levels during the ‘off treatment’ per-
iod (weeks 36 to 54). The vertical bars represent the
standard deviation.
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were not significantly associated with changes in
the BDI (r = �0.01, p = 0.940; r = 0.12, p = 0.454;
r = 0.14, p = 0.406 and r = 0.23, p = 0.151 respect-
ively) or BAI scores (r = 0.06, p = 0.702; r = 0.10,
p = 0.529; r = �0.24, p = 0.139 and r = 0.15, p =
0.376 respectively).

BDI scores increased significantly during the initial
36 weeks of active treatment (F = 4.1, df = 4, p =
0.004) and declined somewhat thereafter (F = 1.8,
df = 3, p = 0.149) (Table 1). Three participants had
BDI scores greater than 12 at baseline, which is
suggestive of clinically significant depression. This
number increased to 7/40 at week 24 and declined
to 4/40 at the end of follow-up. A similar pattern
was observed for BAI scores: they rose from a mean
level of 4.3 at baseline to 8.3 at week 36 (F = 8.5,
df = 4, p < 0.001), but subsequently failed to return
to baseline (F = 1.4, df = 3, p = 0.238) (Table 1).
Only 2/40 subjects had BAI scores greater than 12,
suggestive of clinically significant anxiety, but this
rate went up to 10/40 at week 24 and did not
change substantially until the end of follow-up. The
Pearson correlation between change in BDI and BAI
scores from baseline to week 36 was 0.45 (p =
0.003). The correlation between change in BDI and
BAI scores from week 36 to week 54 was 0.30 (p =
0.068). There was no association between changes
in BDI or BAI scores between baseline and week 36
with changes in Ab levels (p � 0.1).
4. Discussion

The results of the present study indicate that hor-
monal suppression and testosterone receptor
blockade are associated with a significant rise in
Ab plasma level. It may be argued that such an
association lacks statistical support, as we were
unable to demonstrate a significant inverse corre-
lation between changes in amyloid and hormone
levels over time. However, it is worth noting that
there was a clear temporal relationship between
hormonal castration and the rise in Ab levels
(Fig. 2), and the lack of statistical association
between these variables can be explained by
marked floor effect of hormone levels associated
with treatment. In other words, there was not suf-
ficient change in testosterone and estradiol levels
over time to produce a statistical correlation with
Ab. Clinically, these changes were related to an
increase in depression and anxiety scores. In
addition, we found that discontinuation of treat-
ment was linked to an improvement on a general
measure of cognitive function (CAMCOG), as well
as on recall total scores for the Words List and the
Verbal Paired Associates tests. The percentage
retention for the Visual Reproduction test also
increased after treatment discontinuation, but
treatment use or withdrawal had no obvious
effect on the scores of the Block Design test.
Taken together, these results suggest that marked
decline in estradiol and testosterone levels are
associated with significant changes in mood and
memory, but not visuospatial abilities. We should
also consider the possibility that the cognitive and
mood changes observed in the present study might
be due to the direct effect of leuprolide. However,
this seems an unlikely explanation for our findings,
as previous studies have clearly shown that the
mental effects of leuprolide treatment are com-
pletely reversed by estrogen supplementation
(Berman et al., 1997; Sherwin and Tulandi, 1996).

An obvious and expected effect of chemical
castration is the rapid decline in the plasma levels
of estradiol and testosterone. We observed a
marked fall in the levels of sex hormones during
the initial four weeks of therapy, which was only
partly reversed during the follow-up period of four
months after treatment was discontinued (Fig. 2).
The cognitive effects of such dramatic hormonal
changes were inconsistent, with the scores for
some of the tests improving, but remaining the
same for others (Table 1). Two opposing forces
may have influenced the cognitive performance of
our subjects throughout the study: decline in hor-
monal levels and repetitive testing. We had hypo-
thesized that chemical castration would be
associated with a significant deterioration of
visuospatial abilities (as measured by the Block
Design test) and visual memory (as measured by
the Visual Reproduction test), and that treatment
cessation would reverse such changes. Our results
indicate that neither the introduction nor the
cessation of treatment influenced visuospatial
scores, suggesting that hormone levels and learn-
ing had no obvious impact on performance after
baseline. Other studies have reported that testos-
terone supplementation improves the total score
(Janowsky et al., 1994) as well as the mean time
required to complete the Block Design task (Cherrier
et al., 2001), but such effects were equivocal
and only became apparent once supra-physiologi-
cal levels of testosterone were achieved in those
experiments. Moreover, we are unable to dismiss
the possibility that Block Design scores would
have improved once testosterone levels had
returned to baseline (most subjects remained
hypogonadal at the end of the follow-up). In
contrast, the performance of participants on the
Visual Reproduction Test suggests that the study
procedures were not associated with total
immediate recall scores, but had a significant
impact on delayed recall (as measured by the
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percentage retention). Learning is likely to have
played an important role in this regard, parti-
cularly during the ‘on treatment’ period. The
correlation between sex hormone levels and sub-
jects’ cognitive performance was not obvious,
although this may be partly explained by marked
floor effect of hormonal levels (i.e., levels could
not get any lower after 4 weeks and recovery
was protracted and incomplete after treatment
was discontinued). We also acknowledge that the
performance of our men in some of the cogni-
tive subscores investigated (e.g., recognition for
Words) may have been subject to ceiling effect
and, for this reason, no obvious change could be
observed at follow-up.

A similar rationale could be used to explain the
steady improvement in subjects’ performance on
the Verbal Paired Associates task, but this would
not be sufficient to account for the results
observed for the Word List test. There is no evi-
dence that subjects’ total scores were being influ-
enced by learning during the ‘on treatment’ phase
or, if they were, they were being counterbalanced
by deteriorating performance due to other factors
(i.e., the learning effect associated with repetitive
testing in our study may have been of the same
magnitude as the negative cognitive consequences
associated with lack of sex hormones). The signifi-
cant increase in recall total scores during the ‘off
phase’ suggests that one or more treatment factors
were contributing to improve performance. For
example, the changes in cognitive function
observed after 36 weeks may have become appar-
ent partly because the learning effect became dissi-
pated and enabled the cognitive effects of sex
hormones to come to the forefront. Changes in the
WL total score were not significantly correlated
with changes in hormone levels, or BDI and BAI
scores. Interestingly, however, we found that such
cognitive changes were significantly associated with
changes in the plasma levels of Ab.

There is currently substantial evidence indicat-
ing that Ab is a key-component of the pathophy-
siological pathway that leads to the development
of AD. Several studies have shown that high con-
centrations of Ab are neurotoxic and that the
presence of both estradiol and testosterone reduce
its production and attenuates its toxicity in vitro
and in vivo (Gouras et al., 2000; Petanceska et al.,
2000; Pike, 2001). We had previously shown, in a
case-series of 6 subjects, that chemical castration
was associated with increased plasma Ab levels
(Gandy et al., 2001), and that this form of treat-
ment might be associated with rapid cognitive
decline in patients with AD (Almeida et al., 2001).
Furthermore, a recently published randomized,
placebo-controlled clinical trial of estradiol ther-
apy for women with Alzheimer’s disease showed
that active treatment was associated with a sig-
nificant reduction of plasma Ab40 at the end of 8
weeks, although this effect was only apparent for
women who had never used hormone replacement
therapy before (Baker et al., 2003). These results
are consistent with our own findings and suggest
that estradiol and testosterone are directly or
indirectly involved in the metabolic pathway of Ab
in humans.

In a longitudinal study, higher plasma levels of
Ab42 at entry predicted subsequent development
of AD after multivariate analysis allowing for age,
education, APOE genotype and ethnic group (Mayeux
et al., 1999). In addition, Mehta et al. (2001)
found that patients with AD have higher plasma
levels of Ab than controls, but were unable to
show an association between Ab plasma level
and cognitive performance as measured by the
MMSE. Our results confirm that there is no
association between changes in Ab plasma level
and performance on the CAMCOG (which is a
measure of general cognitive function like the
MMSE), but indicate the presence of a significant
inverse correlation between changes in the con-
centration of plasma Ab and verbal memory
scores. Preliminary evidence from animal studies
shows that the infusion of Ab into the cerebral
ventricle decreases the activity of soluble pro-
tein kinase C in the hippocampus and produces
memory deficits (Olariu et al., 2002). At
present, however, there is no direct evidence
that the concentration of Ab in the plasma is
associated with the concentration of Ab in the
brain. Furthermore, the lack of a clear associ-
ation between improved memory performance
after the discontinuation of androgen blockade
therapy and plasma Ab would suggest that, in
humans, plasma levels of Ab do not directly
drive cognitive performance. The long-term clini-
cal implications of such a change of plasma Ab
are less clear and will require further research
(for example, would the menopause lead to a
sustained increase in plasma Ab and risk of AD?).

The results of the Women’s Health Initiative
Study (WHIS), however, have shown that the risks
associated with hormone replacement therapy
(estrogen plus progestin) outweigh its potential
benefits (Rossouw et al., 2002). In addition, the
cognitive performance of postmenopausal women
aged 65 years or older treated with HRT does not
improve when compared to women treated with
placebo for 4.2 years. In fact, significant cognitive
decline (deterioration of 8–10 points on the Modi-
fied Mini-Mental State Examination score) was
more likely to occur in women treated with estro-
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gen plus progestin than placebo (Rapp et al.,
2003). The results of the arm of the WHIS that
used estrogen replacement only (as opposed to
estrogen plus progestin) are not as yet available
and we are not aware of any large trials designed
to investigate the cognitive effects of testoster-
one replacement in humans. As a consequence, it
remains unclear whether estrogen and testoster-
one replacement treatment will ever be con-
sidered a practical preventative strategy to reduce
the burden of cognitive impairment in later life.

We have also found that BDI scores increased
significantly during the ‘on treatment’ period and
tended to decline after the chemical castration
was discontinued. However, the number of people
with clinically significant depressive symptoms did
not change significantly throughout the study.
A similar pattern was observed for anxiety scores.
A large survey of 5236 Vietnam veterans found a
weak but significant association between testos-
terone levels and depression, as assessed by the
Diagnostic Interview Schedule (DIS)(Mazur, 1995).
There is also preliminary evidence that testoster-
one secretion is lower in depressed than non-
depressed men (Schweiger et al., 1999) and that
testosterone supplementation increases response
to antidepressant therapy in patients with treat-
ment-resistant depression (Pope et al., 2003;
Seidman and Rabkin, 1998). Animal studies indi-
cate that estrogen increases the uptake and syn-
thesis of serotonin (5-HT), upregulates 5-HT1 and
downregulates 5-HT2 receptors. The hormone also
increases the turnover of noradrenaline, decrea-
ses noradrenaline uptake from the synaptic cleft,
inhibits monoamino oxidase activity and enhances
beta-adrenoreceptor binding. Taken together,
these findings suggest that, like most anti-
depressant medications, estrogen acts as a ser-
otonergic and noradrenergic agonist (see Almeida
& Barclay, 2001 for review). Clinical evidence for
the mood-regulating effect of estrogen is rela-
tively robust for women (Schmidt et al., 2000;
Soares et al., 2001), but is less well established
for men. Our study may have lacked the necessary
power to detect clinically significant changes in
mood associated with chemical castration, but its
results are consistent with the hypothesis that sex
hormones modulate certain aspects of mood.

In summary, the results of this naturalistic study
indicate that chemical castration is associated
with a significant rise in the plasma levels of Ab
and, clinically, with increased depression and
anxiety scores. The discontinuation of treatment
is associated with changes in cognitive perform-
ance, most noticeably of verbal memory, but the
clinical implications of such preliminary findings
remain to be determined.
Acknowledgements

The authors gratefully acknowledge the contri-
bution of Tammy Corica with the recruitment of
subjects, as well as the helpful support from
Georgia Martins, David Lim, Justin Fonte with the
biochemical analyses. We also wish to thank Prof.
Sam Gandy for his enthusiastic advice and support
with the technical aspects of this project and the
anonymous reviewers for their constructive com-
ments. The authors are also very grateful to the
men who agreed to take part in the study. This
project was supported by a grant from the Raine
Medical Research Foundation, Australia.
References

Almeida, O.P., Barclay, L., 2001. Sex hormones and their
impact on dementia and depression: A clinical perspective.
Expert. Opin. Pharmacother. 2, 527–535.

Almeida, O.P., Waterreus, A., Spry, N., Corica, T., Martins,
G., Martins, R.N., Flicker, L., 2001. Effect of testosterone
deprivation on the cognitive performance of a patient with
Alzheimer’s disease. Int. J. Geriatr. Psychiatry. 16, 823–824.

Baldereschi, M., Di Carlo, A., Lepore, V., Bracco, L., Maggi, S.,
Grigoletto, F., Scarlato, G., Amaducci, L., 1998. Estrogen-
replacement therapy and Alzheimer’s disease in the Italian
longitudinal study on aging. Neurology 50, 996–1002.

Baker, L.D., Sambamurti, K., Craft, S., Cherrier, M., Raskind,
M.A., Stanczyk, F.Z., Plymate, S.R., Asthana, S., 2003. 17b-
estradiol reduces plasma Ab40 for HRT-naı̈ve post-
menopausal women with Alzheimer disease. Am. J. Geriatr.
Psychiatry 11, 239–244.

Beck, A.T., Epstein, N., Brown, G., Steer, R.A., 1998. An
inventory for measuring clinical anxiety: psychometric
properties. J. Consult. Clin. Psychol. 56, 893–897.

Beck, A.T., Steer, R.A., 1984. Internal consistencies of the
original and revised Beck Depression Inventory. J. Clin. Psy-
chol. 40, 1365–1367.

Benedict, R.H.B., Zgaljardic, D.J., 1998. Practice effects during
repeated administrations of memory tests with and without
alternate forms. J. Clin. Exp. Neuropsychol. 20, 339–352.

Berman, K.F., Schmidt, P.J., Rubinow, D.R., Danaceau, M.A.,
Van Horn, J.D., Esposito, G., Ostrem, J.L., Weinberger,
D.R., 1997. Modulation of cognition-specific cortical activity
by gonadal steroids: a positron-emission tomography study
in women. Proc. Natl. Acad. Sci. U.S.A 94, 8836–8841.

Blessed, G., Black, S.E., Butler, T., Kay, D.W., 1991. The diag-
nosis of dementia in the elderly. A comparison of CAMCOG
(the cognitive section of CAMDEX), the AGECAT program,
DSM-III, the Mini-Mental State Examination and some short
rating scales. Br. J. Psychiatry 159, 193–198.

Cherrier, M.M., Anawalt, B.D., Herbst, K.L., Amory, J.K., Craft,
S., Matsumoto, A.M., Bremner, W.J., 2002. Cognitive effects
of short-term manipulation of serum sex steroids in healthy
young men. J. Clin. Endocrinol. Metab. 87, 3090–3096.

Cherrier, M.M., Asthana, S., Plymate, S., Baker, L., Matsu-
moto, A.M., Peskind, E., Raskind, M.A., Brodkin, K., Brem-
ner, W., Petrova, A., LaTendresse, S., Craft, S., 2001.
Testosterone supplementation improves spatial and verbal
memory in healthy older men. Neurology 57, 80–88.

Dabs, J.M., Hargrove, M.F., Jurkovic, G.J., 1996. Testosterone
differences among college fraternities: well-behaved vs
rambunctious. Personal. Individ. Diff. 20, 157–161.



1081Effects of hypogonadism on mood and memory
Gandy, S., Almeida, O.P., Fonte, J., Lim, D., Waterreus, A.,

Spry, N., Flicker, L., Martins, R., 2001. Chemical andro-

pause and amyloid-b peptide. JAMA 285, 2195–2196.
Gouras, G.K., Xu, H., Gross, R.S., Greenfield, J.P., Hai, B.,

Wang, R., Greengard, P., 2000. Testosterone reduces neu-
ronal secretion of Alzheimer’s beta-amyloid peptides. Proc.
Natl. Acad. Sci. U.S.A 97, 1202–1205.

Hogervorst, E., Yaffe, K., Richards, M., Huppert, F., 2002. Hor-
mone replacement therapy for cognitive function in post-
menopausal women. Cochrane Database Syst. Rev.,
CD003122.

Janowsky, J.S., Oviatt, S.K., Orwoll, E.S., 1994. Testosterone
influences spatial cognition in older men. Behav. Neurosci.
108, 325–332.

Kawas, C., Resnick, S., Morrison, A., Brookmeyer, R., Corrada,
M., Zonderman, A., Bacal, C., Lingle, D.D., Metter, E.,
1997. A prospective study of estrogen replacement therapy
and the risk of developing Alzheimer’s disease: The Balti-
more Longitudinal Study of Aging. Neurology 48, 1517–1521.

Mayeux, R., Tang, M.X., Jacobs, D.M., Manly, J., Bell, K., Mer-
chant, C., Small, S.A., Stern, Y., Wisniewski, H.M., Mehta,
P.D., 1999. Plasma amyloid beta-peptide 1–42 and incipient
Alzheimer’s disease. Ann. Neurol. 46, 412–416.

Mazur, A., 1995. Biosocial models of deviant behavior among
male army veterans. Biol. Psychiatry 41, 271–293.

Mehta, P.D., Pirttila, T., Patrick, B.A., Barshatzky, M., Mehta,
S.P., 2001. Amyloid beta protein 1–40 and 1–42 levels in
matched cerebrospinal fluid and plasma from patients with
Alzheimer disease. Neurosci. Lett. 304, 102–106.

Mulnard, R.A., Cotman, C.W., Kawas, C., van Dyck, C.H., Sano,
M., Doody, R., Koss, E., Pfeiffer, E., Jin, S., Gamst, A.,
Grundman, M., Thomas, R., Thal, L.J., 2000. Estrogen
replacement therapy for treatment of mild to moderate
Alzheimer disease: a randomized controlled trial. Alzhei-
mer’s Disease Cooperative Study. JAMA 283, 1007–1015.

Ognibene, A., Drake, C.J., Jeng, K.Y., Pascucci, T.E., Hsu, S.,
Luceri, F., Messeri, G., 2000. A new modular chemilumi-
nescence immunoassay analyser evaluated. Clin. Chem.
Lab. Med. 38, 251–260.

Olariu, A., Yamada, K., Mamiya, T., Hefco, V., Nabeshima,
T., 2002. Memory impairment induced by chronic intra-
cerebroventricular infusion of beta-amyloid (1–40)
involves downregulation of protein kinase C. Brain Res.
957, 278–286.

Petanceska, S.S., Nagy, V., Frail, D., Gandy, S., 2000. Ovari-
ectomy and 17beta-estradiol modulate the levels of Alz-
heimer’s amyloid beta peptides in brain. Neurology 54,
2212–2217.

Pike, C.J., 2001. Testosterone attenuates b-amyloid toxicity in
cultured hippocampal neurons. Brain Res. 919, 160–165.

Pope, Jr., H.G., Kouri, E.M., Hudson, J.I., 2000. Effects of
supraphysiologic doses of testosterone on mood and
aggression in normal men: a randomized controlled trial.
Arch. Gen. Psychiatry 57, 133–140.

Pope, Jr.., H.G., Cohane, G.H., Kanayama, G., Siegel, A.J.,
Hudson, J.I., 2003. Testosterone gel supplementation for
men with refractory depression: a randomized, placebo-
controlled trial. Am. J. Psychiatry 160, 105–111.

Postma, A., Meyer, G., Tuiten, A., van Honk, J., Kessels, R.P.,
Thijssen, J., 2000. Effects of testosterone administration on
selective aspects of object-location memory in healthy
young women. Psychoneuroendocrinology 25, 563–575.

Rabkin, J.G., Wagner, G.J., Rabkin, R., 2000. A double-blind,
placebo-controlled trial of testosterone therapy for HIV-
positive men with hypogonadal symptoms. Arch. Gen. Psy-
chiatry 57, 141–147.
Rapp, S.R., Espeland, M.A., Shumaker, S.A., Henderson, V.W.,
Brunner, R.L., Manson, J.E., Gass, M.L., Stefanick, M.L.,
Lane, D.S., Hays, J., Johnson, K.C., Coker, L.H., Dailey, M.,
Bowen, D., 2003. WHIMS Investigators. Effect of estrogen
plus progestin on global cognitive function in post-
menopausal women: the Women’s Health Initiative Memory
Study: a randomized controlled trial. JAMA 289, 2663–2672.

Rossouw, J.E., Anderson, G.L., Prentice, R.L., LaCroix, A.Z.,
Kooperberg, C., Stefanick, M.L., Jackson, R.D., Beresford,
S.A., Howard, B.V., Johnson, K.C., Kotchen, J.M., Ockene,
J., 2002. Writing Group for the Women’s Health Initiative
Investigators. Risks and benefits of estrogen plus progestin
in healthy postmenopausal women: principal results From
the Women’s Health Initiative randomized controlled trial.
JAMA 288, 321–333.

Roth, M., Huppert, F.A., Mountjoy, C.Q., Tym, E., 1998. The
Revised Cambridge Examination for Mental Disorders of the
Elderly. Cambridge University Press, Cambridge.

Schmidt, P.J., Nieman, L., Danaceau, M.A., Tobin, M.B., Roca,
C.A., Murphy, J.H., Rubinow, D.R., 2000. Estrogen replace-
ment in perimenopause-related depression: a preliminary
report. Am. J. Obstet. Gynecol. 183, 414–420.

Schweiger, U., Deuschele, M., Weber, B., Korner, A., Lam-
mers, C.H., Schmider, J., Gotthardt, U., Heuser, I., 1999.
Testosterone, gonadotropin, and cortisol secretion in
male patients with major depression. Psychosom. Med.
61, 292–296.

Seidman, S.N., Rabkin, J.G., 1998. Testosterone replacement
therapy for hypogonadal men with SSRI-refractory
depression. J. Affect. Disord. 48, 157–161.

Sherwin, B.B., Tulandi, T., 1996. ‘‘Add-back’’ estrogen rever-
ses cognitive deficits induced by a gonadotropin-releasing
hormone agonist in women with leiomyomata uteri. J. Clin.
Endocrinol. Metab. 81, 2545–2549.

Soares, C.N., Almeida, O.P., Joffe, H., Cohen, L.S., 2001. Effi-
cacy of estradiol for the treatment of depressive disorders
in perimenopausal women. A double-blind, randomized,
placebo-controlled trial. Arch. Gen. Psychiatry 58, 529–534.

StataCorp., 2002. Stata Statistical Software: Release 7.0. Col-
lege Station, TX: Stata Corporation.

Tang, M.X., Jacobs, D., Stern, Y., Marder, K., Schofield, P.,
Gurland, B., Andrews, H., Mayeux, R., 1996. Effect of oes-
trogen during menopause on risk and age at onset of Alzhei-
mer’s disease. Lancet 348, 429–432.

Tello, F.L., Hernandez, D.M., 2000. Performance evaluation of
nine hormone assays on the Immulite 2000 immunoassay
system. Clin. Chem. Lab. Med. 38, 1039–1042.

Van Goozen, S.H., Cohen-Kettenis, P.T., Gooren, L.J., Frijda,
N.H., Van de Poll, N.E., 1995. Gender differences in behav-
iour: activating effects of cross-sex hormones. Psychoneur-
oendocrinology 20, 343–363.

Waring, S.C., Rocca, W.A., Petersen, R.C., O’Brien, P.C., Tan-
galos, E.G., Kokmen, E., 1999. Postmenopausal estrogen
replacement therapy and risk of AD: a population-based
study. Neurology 52, 965–970.

Wechsler, D., 1997a. Wechsler Memory Scale-III. The Psycho-
logical Corporation, San Antonio, TX.

Wechsler, D., 1997b. Wechsler Adult Intelligence Scale-III. The
Psychological Corporation, San Antonio, TX.

Wolf, O.T., Preut, R., Hellhammer, D.H., Kudielka, B.M., Schur-
meyer, T.H., Kirschbaum, C., 2000. Testosterone and cog-
nition in elderly men: a single testosterone injection blocks
the practice effect in verbal fluency, but has no effect on
spatial or verbal memory. Biol. Psychiatry 47, 650–654.

Zweifel, J.E., O’Brien, W.H., 1997. A meta-analysis of the
effect of hormone replacement therapy upon depressed
mood. Psychoneuroendocrinology 22, 189–212.


	One year follow-up study of the association between chemical castration, sex hormones, beta-amyloid, memory and depression in m
	Introduction
	Subjects and methods
	Study design
	Procedures and assessments
	Data analysis

	Results
	Discussion
	Acknowledgements
	References


