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Abstract Rationale: The potential to improve cognition
in older women with estrogen or estrogen/progesterone
therapy is currently a matter of intense debate. Only a few
studies conducted so far have used electrophysiological
indicators of cognitive information processing as out-
come measures in randomised placebo controlled studies.
Objectives: This study was undertaken to measure
changes in event-related potentials (ERPs) after short (4
weeks) or prolonged (24 weeks) hormone treatment in
older women. Methods: A randomised, double-blind, pla-
cebo-controlled study in hysterectomized older women
(aged 58–75 years) was performed (n=51). The participants
received orally estradiol (2 mg estradiol valerate), estradiol
plus progesterone (100 mg micronized progesterone) or
placebo for 24 weeks. Using four different paradigms, early
and late ERPs were assessed at baseline and after 4 and 24
weeks of treatment. Results: Strong hormone increases
were observed in the two active treatment groups. However,
no significant effects on any of the assessed ERPs were
observed in either of the two treatment groups. Similar
non-significant findings were obtained for reaction time
and error rate. Conclusions: Estradiol or estradiol/
progesterone treatment appears to have no strong effects
on several ERP markers of information processing in older
hysterectomized women. The current negative findings

might suggest a reduced sensitivity of the aged brain to
gonadal steroids.

Keywords Event-related potentials (ERPs) . Hormone
replacement therapy (HRT) . Estradiol . Progesterone .
Postmenopausal women . Information processing

Abbreviations ADS-K: Short version of the depression
scale . ARAS: Ascending reticular activating system .
AUC: Area under the curve . BMI: Body mass index
(kg/m2) . CTR: Conditioning-testing ratio . Cz: Centro-
central Electrode position . E2: Estradiol . EEG:
Electroencephalogram . ERP: Event-related potential .
Fz: Fronto-central Electrode position . HEOG: Horizontal
electro-occulogram . MMN: Mismatch negativity .
MMSE: Mini-mental status examination . Msec:
Millisecond(s) . Nd: Negativity difference . P:
Progesterone . Pl: Placebo . Pz: Parietal-central Electrode
position . RIA: Radio immunoassay . Sec: Second . SEM:
Standard error of means . SW: Slow wave . VEOG:
Vertical electro-occulogram

Introduction

Basic neuroscience research has demonstrated that the go-
nadal steroids estradiol and progesterone can influence
multiple brain regions involved in cognitive processes,
such as attention and memory (McEwen and Alves 1999).
Based on these findings, it has been postulated that
estrogen or progesterone treatment after the menopause
might enhance cognitive performance of postmenopausal
women. However unequivocal findings of effects of hor-
mone treatment on brain functions in postmenopausal
women have been published during recent years. Epide-
miological studies repeatedly observed superior perfor-
mance in women taking estrogens or estrogens together
with progestins (see for review, Hogervorst et al. 2000;
LeBlanc et al. 2001; Rice and Morse 2003). Several mostly
small experimental placebo controlled studies resulted in
a less clear picture. Sherwin and co-workers found bene-

V. Walpurger . O. T. Wolf (*)
Department of Psychoneuroendocrinology,
University of Duesseldorf,
Universitaetsstrasse 1,
40225 Düsseldorf, Germany
e-mail: oliver.wolf@uni-duesseldorf.de
Tel.: +49-211-8111779
Fax: +49-211-8112019

R. Pietrowsky
Department of Clinical Psychology,
University of Duesseldorf,
Düsseldorf, Germany

S. Djahansouzi
Department of Obstetrics and Gynaecology,
University Hospital Duesseldorf,
Düsseldorf, Germany



ficial effects on verbal declarative memory in response to
estrogen treatment in relatively young women after sur-
gical menopause (Sherwin 1988; Phillips and Sherwin
1992). Studies in older women reported effects on atten-
tion (Fedor-Freybergh 1977) or mental rotation (Duka et al.
2000). A previous study from our group reported no dif-
ferences between subjects treated with estradiol or pla-
cebo, but the patch induced estradiol levels were relatively
low. Additional analysis observed a positive association
between verbal memory and the treatment induced estra-
diol levels within the treatment group (Wolf et al. 1999).
However, several well conducted studies failed to find any
beneficial effects using extensive cognitive test batteries
(e.g. Binder et al. 2001; Polo-Kantola et al. 1999). Pos-
sible reasons for these discrepancies are discussed in sev-
eral recent reviews (Hogervorst et al. 2000; LeBlanc et al.
2001; Rice and Morse 2003; Sherwin 2003).

In the WHIMS (Women’s Health Initiative Memory
Study), a small increased risk of cognitive decline was
observed in women treated with equine estrogens and the
progestin medroxyprogesterone acetate (MPA; Rapp et al.
2003). Moreover, in this study hormone treatment was
associated with an increased risk of dementia (Schumaker
et al. 2003), which was in clear contrast to previous epi-
demiological studies suggesting that hormone treatment
can reduce the risk of dementia, especially Alzheimer’s
disease (Hogervorst et al. 2000; LeBlanc et al. 2001).

Few studies have investigated the cognitive effects of
hormone treatment in postmenopausal women with elec-
trophysiological measures. Assessing the overall brain
activity with EEG, positive effects on vigilance (increased
alpha power) were reported in women with menopausal
depression (age range 45–60 years) (Saletu et al. 1995)
and in menopausal syndrome patients with a mean age of
58 years (Saletu et al. 2002). Most recently, Krug et al.
(2003) observed a reduced dimensional EEG complexity
in postmenopausal women (mean age 58 years) in re-
sponse to short term (3 days) transdermal estradiol treat-
ment, which was accompanied by enhanced convergent
and reduced divergent thinking capacity.

Auditory brainstem potentials reflect the conduction time
in the cranial nerve and the brain stem. Auditory brainstem
potentials can be regarded as an indirect measure of the
ascending reticular activating system (ARAS, Swickert
and Gilliland 1998). Generally, a shortening of the peak
latencies of the auditory brainstem potentials is correlated
with a better performance in such tasks, which benefit
from an improvement in ARAS-regulated arousal, and
vice versa. Using these measures in observational studies,
no consistent effects of estrogens or progestins could be
observed. Elkind-Hirsch and colleagues (1992) reported
enhanced latencies in young women (29–42 years) with
premature ovarian failure during the estradiol replacement
phase and shortened latencies which were similar to
the baseline (non-replaced) values during intake of estra-
diol plus progestin. Caruso and colleagues, in contrast,
observed shortened latencies of brainstem potentials in
postmenopausal women (mean age 52 years) taking
estradiol (Caruso et al. 2000, 2003) and women taking a

combination of estradiol and progesterone (Caruso et al.
2000). Latencies of brainstem responses were shorter in
women taking estradiol only, compared with women taking
a combination of estradiol plus progestin (Caruso et al.
2000).

Measuring event-related potentials as indices of in-
formation processing in the brain, Anderer and colleagues
(2003) reported that estrogen induced a P3 latency re-
duction in women suffering from menopausal insomnia
(mean age 58 years). These changes were enhanced in
women taking a combination of estradiol and the progestin
dienogest. In addition, the authors reported reduced N1
latency and enhanced N1, P2, and P3 amplitude increases
with the combined hormone treatment.

Stimulated by the lack of ERP studies in older healthy
women not suffering from menopausal symptoms or de-
pression, the present experiment was undertaken in order
to test the effects of estradiol or estradiol/progesterone
treatment in older women. In addition emphasis was
placed on comparing short-term (occurring within weeks)
and long-term (occurring within months) effects of the
hormone treatment.

Materials and methods

Subjects

Older hysterectomized postmenopausal women (age: 58–
75 years) were recruited via different local media. The
following inclusion and exclusion criteria were screened
by phone: Previous hysterectomy; no estrogen treatment
within the past 12 months; absence of cancers, tumors,
deep vein thrombosis, metabolic diseases cardiovascular
diseases, neurological or psychiatric disorders. In addition,
subjects had to be non-smokers with a body mass index
(kg/m2) between 20 and 34. Interested potential partici-
pants fulfilling the above mentioned criteria were invited
for a visit at the university. In the first screening part
presence of dementia was tested using the Mini-Mental
Status Examination (MMSE; Folstein et al. 1975). In
addition, presence of depression was assessed with the
German short version of the center for epidemiological
studies depression scale (ADS-K; Hautzinger and Bailer
1993). Finally, verbal intelligence was assessed using the
German version of the Wechsler Adult Intelligence Scale
(WAIS-R), test of verbal comprehension. The latter test
was used to balance the three treatment Groups on verbal
intelligence (see below). The second screening part con-
sisted of a thorough medical examination consisting of a
mammography, an ultrasonic examination of the breast
and the vaginal tract and a pap smear. In addition, a
medical history was obtained. Lastly, a blood sample was
taken for the assessment of several thrombosis risk factors.
A total of 51 women was initially included into the study
after the screening procedure. All subjects provided writ-
ten informed consent and the study was approved by a
national and a local ethic committee. Subjects received
250 Euro as reimbursement.
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Hormone treatment

Subjects were allocated to one of three treatment groups
(see below), which were balanced with respect to age,
verbal intelligence, and BMI using the minimization pro-
cedure (related to the biased coin procedure) as proposed
by Pocock and Simon (1975). This procedure guarantees
appropriate randomization of subjects sequentially enter-
ing a study. Advantages of this randomization procedure
are, that Groups similar in size are obtained and that
balancing of potential confounders (in the current study
age, intelligence and BMI) is possible.

The estradiol group (E2): subjects received orally 2 mg
estradiol (estradiol valerate, Gynokadin; Dr. Kade, Berlin,
Germany), to be taken in the mornings. In the evenings
they received a placebo pill. The estradiol/progesterone
group (E2/P): subjects received estradiol in the morning
and 100 mg micronized progesterone in the evenings
(Utrogest; Dr. Kade, Berlin, Germany). The placebo group
(Pl): subjects received placebo tablets (Dr. Kade, Berlin,
Germany) in the morning and in the evening.

Subjects included into the analysis

Fifty-one healthy elderly postmenopausal women were
initially included. Nine dropped out, three immediately
after the medical check-up because of second thoughts
about the study and six during the study because of minor
health problems in general unrelated to the treatment
(except for one subject with strong breast pain in response
to hormone treatment). In addition, seven subjects were
excluded after the completion of data collection (five due
to non-compliance with treatment and two due to psy-
chological problems occurring during the study period in
response to a critical life events (loss of a partner and
traffic accident). In addition, one subject was excluded due
to hearing problems (tinnitus). Since there were too many
artefacts in one of the postmenopausal women in the
placebo group in the ERPs, this person was also excluded
from further analyses (see below). Thus 33 women were
included in the final statistical analysis reported in this
paper. Data from 11 women in the estradiol group [age
(mean±SEM): 63.91±1.28 years; BMI: 27.09±1.38 kg/m2),
ten in the estradiol/progesterone group (age: 64.80±1.28
years; BMI: 26.00±.47 kg/m2) and 12 in the placebo group
(age: 63.83±.92 years; BMI: 26.75±1.09 kg/m2) were in-
cluded into the data analysis.

Experimental design

Subjects were given three university appointments, firstly,
a baseline test (baseline) before start of the treatment,
secondly, a test session after 4 weeks of treatment (4
weeks) to test for short-term effects of the treatment and
thirdly, after 24 weeks treatment (24 weeks) to test for
long-term effects of the treatment. Each session consisted
of two parts: in the first part ERP measures were obtained

by four auditory paradigms and in the second part the sub-
jects had to perform several cognitive tests. These results
will be published elsewhere (Wolf et al. 2005). Each sub-
ject was tested at all three appointments at the same time
of day.

The study was based on a 3 (Group)×3 (Session) plan.
In addition, for ERP parameters the factor Electrode
position was used. Physiological as well as behavioural
measures were taken. The study was undertaken in a
laboratory of the university of Duesseldorf, which con-
tained an acoustically and electrically shielded chamber
(Industrial Acoustics Company) where the experiment took
place.

Paradigms for ERP recordings

Four different paradigms were applied to measure elec-
trophysiological correlates of the cortical arousal re-
sponse and orienting and controlled processing of auditory
stimulation.

In the conditioning-testing paradigm, stimuli were pre-
sented binaurally as a series pairs of conditioning and
testing clicks (880 Hz, 75 dB SPL intensity, 100-ms du-
ration). The interval between the subsequent pairs (testing
stimulus of pair 1 to conditioning stimulus of pair 2, etc.)
was 10 s. Averaged responses to 48 pairs of stimulus pre-
sentations were obtained from subjects at a conditioning-
testing interval of 500 ms. This paradigm was applied to
measure the P50 component and the function of the sensory
gating via measuring the conditioning-testing ratio (CTR).

The habituation paradigm consisted of 200 identical
stimuli. Tones of 1 kHz and 75 dB SPL intensity and a
duration of 60 ms were presented binaurally and the
subjects had to mentally count the number of tones heard.
N1 and P2 components and the resulting measure of the
vertex potential as indicators of the cortical arousal and
orienting response were obtained in this task. To measure
the course of habituation the whole trial was divided into
four blocks consisting of 50 stimuli each.

In the oddball paradigm, subjects were presented with
two types of stimuli. Standards (background stimuli) con-
sisted of 1 kHz tones with an intensity of 75 dB SPL and a
duration of 60 ms, whereas targets had a frequency of
1200 Hz with an intensity of 75 dB SPL and a duration of
60 ms. In each of the two blocks, there were 200 tones
with 80% standards and 20% targets. Subjects had to react
to targets as fast as possible by pressing a button. This
paradigm was taken to measure the N2 and the P3 com-
ponents and the slow wave (SW) as indicators of con-
trolled processing.

In the dichotic-listening paradigm, subjects were pre-
sented with a set of standards and targets in one ear (stan-
dard: 1 kHz, target: 1,2 kHz; 75 dB SPL intensity, duration
of 60 ms) and an independent set of standards and targets
in the other ear (standard: 600 Hz, target: 800 Hz; 75 dB
SPL intensity, duration of 60 ms). The participants were
instructed to only focus their attention on the set of stimuli
in one ear and to react to the targets in this set. Each
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possible combination of set and attended ear was pre-
sented to the subjects resulting in four different trials. This
paradigm was used to obtain the mismatch negativity
(MMN) and the negativity difference (Nd) waves as mea-
sures of conscious and unconscious analyses.

In the habituation, the oddball, and the dichotic-lis-
tening paradigm, there were randomised interstimulus
intervals of 1, 2 or 3 s. The order of the four paradigms
was permuted and randomised between the subjects.

Behavioural measures

Reaction times (RT) to target stimuli in the oddball and
dichotic-listening paradigm as well as incorrect responses
(IR) were measured. Reaction times were only analysed if
they occurred within a 200- to 1000-ms interval after a
target.

EEG recordings and data analysis

For ERP determination, the eletroencephalogram (EEG)
was recorded from Ag/AgCl electrodes (diameter 8 mm;
Falk Minow Services, Germany) attached at midline
positions (Fz, Cz, Pz) according to the 10–20 system.
The reference electrodes were placed at each mastoid
and the ground electrode on the forehead. Additionally, a
vertical electro-oculogram (VEOG) and a horizontal elec-
tro-occulogram (HEOG) were obtained by placing two
electrodes sub- and supraorbitally and at the temples,
respectively. The subjects were instructed to refrain from
blinking as much as possible and to keep their eyes on a
fixation mark during the main trials. The Electrode po-
sitions were cleaned with the abrasive paste “Grasspaste”
and the electrodes filled with the electrode paste “Elefix”
(Nihon Khoden Europe). The skin impedance was kept
below 5 kΩ for each electrode.

A SynAmps-amplifier (Neuroscan, USA) was used to
amplify EEG and ocular potentials. The recordings were
digitalised with a sampling rate of 250 Hz and were
continuously recorded. The low-pass filter was set to 30
Hz and as high-pass filter a DC correction was used. The
recordings were stored for later analysis.

Hormone analyses

Serum estradiol and progesterone levels were determined
using commercially available RIAs (radio immunoas-
says; ESTR-CTK-4 and PROG-CTK-4 from DiaSorin,
Saluggia, Italy) with a sensitivity of 3 pg/ml (estradiol)
and 30 pg/ml (progesterone) respectively. Inter- and intra
assay variations were below 15% for both assays. Ex-
pected hormone levels for postmenopausal women with
those assays as provided by the manufacturer are below 55
pg/ml for estradiol and below 1.6 ng/ml for progesterone.

ERP analysis

ERP data analysis was undertaken with the “Brainvision”
software (Brain Products, Germany). The off-line analysis
consisted of a segmentation for each tone (100 ms pre-
stimulus until 900 ms post-stimulus), an ocular correction,
a baseline correction (post-stimulus potentials referred to
the level of 100-ms pre-stimulus interval) and an artefact
rejection (±50 μV). Afterwards, each trial and each elec-
trode position were averaged separately. The peaks of the
different components were defined as the maximal neg-
ativity or positivity in an a priori defined time interval.

In the conditioning-testing paradigm, the P50 peak
amplitude was measured relative to the preceding negative
peak (Nb), which was defined as the negative peak within
0–80 ms post-stimulus. The P50 peak amplitude to the
conditioning stimulus was defined as the positive peak
within 30–120 ms post-stimulus, whereas the P50 peak
amplitude to the testing stimulus was defined as the pos-
itive peak at Cz within ±20 ms of the P50 peak amplitude
to the conditioning stimulus at Cz. The CTR was ex-
pressed as a percentage of the P50 amplitude to the test
stimulus divided by the P50 amplitude to the conditioning
stimulus For data analysis, conditioning-testing paradigm
ratios above 200% were truncated to 200% to prevent
outliners from having a disproportionate effect on group
means (see also Nagamoto et al. 1991).

In the habituation paradigm, the vertex potential was
determined as peak-to-peak amplitude between the N1 (N1
peak amplitude: negative peak within 90–190 ms post
stimulus) and P2 (P2 peak amplitude: positive peak within
190–290 ms post stimulus) peak amplitudes.

In the oddball paradigm, the N2 peak amplitude was
defined as the negative peak within 230–370 ms post
stimulus and the P3 peak amplitude as the positive peak
within 270–600 ms post stimulus. Since the area under the
curve (AUC) of the SW was calculated for each electrode
position separately, it was determined between 540–840
ms post stimulus at Fz, between 515 and 900 ms post
stimulus at Cz, and between 465 and 900 ms post-stimulus
at Pz.

In the dichotic-listening paradigm, the MMN was de-
termined as AUC of the difference curve between the
ERP to the unattended targets and the ERP to unattended
standards (at Fz and Cz between 150- and 590-ms post
stimulus, and at Pz between 150- and 390-ms post stim-
ulus). The Nd (difference curve between the ERP to at-
tended standards and the ERP to unattended standards) was
divided into two component. The early component was
determined as the area under the curve between 215 and
340 ms post stimulus at Fz, and between 140- and 490-ms
post-stimulus at Cz and between 140- and 390-ms post-
stimulus at Pz. The late component was calculated of the
area between the Nd curve and the baseline between
490 and 900 ms post-stimulus at Fz and Cz, and between
680 and 900 ms post-stimulus at Pz. Additionally the
latencies for the P50 (in the conditioning-testing para-
digm), the N1 and P2 (in the habituation paradigm) and the
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N2 and P3 peak amplitudes (in the oddball paradigm) were
determined.

After automatic peak detection, the individual averaged
curves were manually inspected and rejected if the
peaks were not clearly visible. Since there were too many
artefacts in one of the postmenopausal women in the
placebo group the data of only 33 participants were further
analysed. Additionally, the measures of some other sub-
jects were not included if the maxima or minima could
not be identified correctly. In this case all the data in the
particular paradigm of the subject was taken out of further
analyses, so that there were some differences in the number

of participants between the four paradigms. Additionally,
some subjects had excessive artefacts in various paradigms
and could not be used in analyses involving this paradigm.
Thus, data from 11 (E2 group), nine (E2/P group), and ten
(Pl group) postmenopausal women were compared in the
conditioning-testing paradigm. In the oddball paradigm
data from 11 (E2 group), ten (E2/P group), and ten (Pl group)
postmenopausal women could be obtained. The data from
all participants could be analysed in the habituation par-
adigm and dichotic-listening paradigm (11 (E2 group), ten
(E2/P group), and 12 (Pl group) postmenopausal women).

Table 1 Hormone concentration of the three experimental groups [mean±(SEM)]

Group Estradiol (pg/ml) Progesterone (ng/ml)

Baseline 4 weeks 24 weeks Baseline 4 weeks 24 weeks

Estradiol 20.52 (3.99) 133.77* (9.33) 139.67* (13.40) 0.14 (0.02) 0.13 (0.03) 0.12 (0.02)
Estradiol/progesterone 22.91 (3.46) 135.26* (14.47) 135.08* (16.90) 0.15 (0.03) 3.95* (0.54) 4.45* (0.68)
Placebo 23.13 (5.35) 31.82 (6.05) 27.75 (3.74) 0.20 (0.05) 0.20 (0.05) 0.18 (0.04)

* P<0.05 compared to baseline and compared to the respective placebo condition

Fig. 1 Grand averages of ERPs in the estradiol group (solid line), in
the estradiol/progesterone group (dashed line) and the placebo group
(dotted line) during the habituation paradigm at baseline (left row)

and after 24 weeks of treatment (right row). The first line shows the
grand averages at the electrode position Fz, the middle line at Cz and
the last line at Pz
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Statistical analysis

An ANOVA with the factors Group (estradiol, estradiol/
progesterone, placebo) and Session (baseline, 4 and 24
weeks of treatment) was performed to test for the presence
of a significant Group by Session interaction for hormonal
and behavioural data. For the ERP data analysis a third
factor, Electrode position (Fz, Cz, Pz), was introduced.
Greenhouse–Geisser corrected F- and P-values are re-
ported. Follow up analysis of significant interactions were
done using Bonferroni corrected ANOVAs and t-tests.

Results

Hormones

Estradiol and progesterone concentrations during the
course of the study are summarized in Table 1. An
ANOVA revealed a significant interaction Session by
Group for estradiol [F(4,60)=22.85, P<0.001] and for
progesterone (F(4,60)=39.03, P<0.001]. Further analyses

for each session separately revealed that estradiol levels
were significantly elevated in both treatment groups at
both sessions (4 and 24 weeks). Progesterone levels were
significantly increased in the combined treatment group
at both sessions (4 and 24 weeks). No hormonal changes
occurred in the placebo group.

ERPs

Figures 1 and 2 show grand-averaged ERPs to the stimuli
in the habituation paradigm and to the targets in the
oddball paradigm, respectively, in the three groups at
baseline and after 24 weeks of treatment and at each
Electrode position.

Conditioning-testing paradigm

No significant Group by Session or Group by Session by
Electrode position interaction occurred for the P50 am-

Fig. 2 Grand averages of ERPs in the estradiol group (solid line), in
the estradiol/progesterone group (dashed line) and the placebo group
(dotted line) to the target stimuli during the oddball paradigm at

baseline (left row) and after 24 weeks of treatment (right row). The
first line shows the grand averages at the electrode position Fz, the
middle line at Cz and the last line at Pz
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Table 2 Amplitudes (μV) and latencies (ms) of four ERP components [mean±(SEM)] in the three hormone groups across the sessions

ERP component Baseline 4 weeks 24 weeks

Fz Cz Pz Fz Cz Pz Fz Cz Pz

N1 amplitudes
(μV)

E2 −9.55
(1.34)

−9.58
(1.35)

−5.46
(0.87)

−10.12
(1.11)

−10.52
(1.43)

−5.90
(1.11)

−10.36
(0.84)

−10.77
(1.11)

−6.27
(0.84)

E2/P −7.57
(1.11)

−7.79
(1.22)

−5.04
(0.95)

−7.00
(1.18)

−6.96
(1.13)

−4.41
(0.95)

−7.77
(1.15)

−7.96
(1.26)

−5.06
(0.96)

Pl −9.47
(0.94)

−9.08
(0.89)

−5.51
(0.63)

−9.21
(0.78)

−8.81
(0.64)

−5.39
(0.44)

−9.92
(0.95)

−9.80
(1.00)

−6.13
(0.67)

N1 latencies
(ms)

E2 124.36
(2.38)

128.36
(2.56)

127.64
(2.05)

125.82
(2.55)

126.91
(2.02)

126.55
(1.89)

124.73
(3.18)

124.36
(2.77)

124.36
(1.98)

E2/P 127.20
(2.22)

134.00
(4.63)

128.80
(2.85)

131.60
(2.10)

132.80
(1.77)

132.80
(1.96)

127.60
(3.84)

129.60
(3.64)

131.60
(3.24)

Pl 121.33
(2.33)

122.67
(2.89)

120.00
(2.74)

126.00
(3.70)

127.00
(3.69)

129.00
(3.20)

121.67
(1.89)

125.67
(2.12)

128.00
(3.48)

P2 amplitudes
(μV)

E2 5.57
(0.82)

7.68
(0.83)

5.28
(0.67)

4.57
(0.83)

6.98
(1.12)

4.83
(0.87)

5.43
(0.72)

8.19
(0.93)

6.36
(0.90)

E2/P 4.64
(0.79)

7.51
(1.04)

5.97
(0.83)

4.92
(1.00)

7.19
(1.15)

5.72
(0.83)

4.50
(1.21)

6.46
(1.37)

4.82
(0.89)

Pl 5.99
(0.65)

8.54
(0.78)

6.26
(0.70)

5.26
(0.94)

8.00
(0.97)

6.05
(0.55)

5.84
(0.72)

8.55
(1.00)

7.02
(0.91)

P2 latencies
(ms)

E2 243.64
(5.77)

238.18
(6.13)

229.45
(7.80)

244.36
(9.49)

245.09
(8.73)

244.73
(11.00)

237.45
(5.66)

240.00
(5.42)

236.36
(5.27)

E2/P 228.80
(7.18)

233.60
(5.47)

237.60
(6.09)

245.20
(6.61)

244.40
(6.18)

244.00
(9.69)

240.80
(8.90)

244.80
(6.90)

245.20
(7.23)

Pl 242.00
(7.36)

244.33
(5.62)

233.00
(7.50)

235.67
(7.71)

237.00
(6.57)

232.67
(7.01)

239.00
(6.50)

237.00
(8.05)

229.33
(8.01)

N2 amplitudes
(μV)

E2 −0.13
(1.14)

−3.71
(1.48)

−1.65
(1.31)

0.10
(1.77)

−3.44
(1.75)

−2.28
(1.22)

0.05
(1.53)

−4.20
(1.51)

−2.06
(0.57)

E2/P −0.77
(1.37)

−3.09
(1.74)

−0.89
(1.19)

−2.27
(1.35)

−5.22
(1.66)

−2.63
(1.16)

−1.18
(1.42)

−4.90
(1.87)

−2.99
(1.07)

Pl −2.10
(1.61)

−5.31
(2.33)

−0.57
(0.99)

−1.75
(2.25)

−5.77
(2.40)

−1.80
(1.37)

−2.04
(2.23)

−6.63
(2.78)

−3.28
(1.72)

N2 latencies
(ms)

E2 305.45
(5.82)

311.64
(6.98)

309.09
(6.15)

304.36
(12.19)

326.55
(8.15)

309.45
(8.82)

314.91
(7.85)

317.82
(10.91)

321.09
(7.97)

E2/P 328.00
(8.82)

326.80
(8.66)

323.60
(8.48)

309.60
(8.58)

317.20
(8.43)

318.40
(7.23)

314.80
(8.20)

329.20
(5.99)

318.40
(7.94)

Pl 296.40
(11.80)

301.60
(10.70)

300.00
(9.96)

300.80
(9.52)

304.80
(9.29)

303.20
(8.98)

308.80
(14.38)

314.40
(9.03)

301.20
(11.67)

P3 amplitudes
(μV)

E2 5.82
(1.14)

3.61
(1.41)

7.68
(1.19)

7.28
(1.79)

5.27
(2.09)

9.00
(1.42)

5.88
(1.66)

3.32
(1.85)

6.87
(1.11)

E2/P 7.02
(1.02)

5.54
(1.79)

10.79
(1.11)

7.07
(.86)

5.67
(1.62)

10.86
(0.85)

8.62
(1.15)

6.25
(2.21)

10.93
(1.42)

Pl 4.50
(1.96)

3.13
(2.59)

10.29
(1.62)

6.56
(2.53)

4.07
(3.13)

11.17
(1.87)

5.36
(1.85)

2.45
(2.59)

9.29
(1.67)

P3 latencies
(ms)

E2 401.45
(16.72)

421.45
(15.37)

444.73
(16.87)

402.18
(21.58)

441.82
(9.08)

464.00
(10.80)

416.73
(15.20)

422.91
(17.31)

436.73
(14.83)

E2/P 446.80
(15.94)

456.40
(17.43)

479.20
(13.84)

453.20
(14.21)

496.60
(11.09)

480.00
(10.70)

449.20
(11.78)

466.80
(11.87)

474.80
(10.73)

Pl 405.20
(18.77)

420.40
(28.67)

445.20
(18.30)

405.60
(9.82)

422.80
(15.66)

472.00
(15.25)

411.60
(20.24)

439.60
(16.30)

449.20
(15.47)

N1 and P2 values are from the habituation paradigm whereas N2 and P3 values are from the oddball paradigm (target tone)
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plitudes to the conditioning and testing stimulus and the
CTR (data not shown).

Habituation paradigm

No significant Group by Session or Group by Session by
Electrode position interaction occurred for the N1, P2, and
the vertex-potential amplitudes. N1 and P2 values are
presented in Table 2.

Oddball paradigm

No significant Group by Session or Group by Session by
Electrode position interaction occurred for the N2 and the
P3 amplitudes and the SW. N2 and P3 values are presented
in Table 2.

Dichotic-listening paradigm

No significant Group by Session or Group by Session by
Electrode position interaction occurred for the MMN and
the early and late component of the Nd (data not shown).

Behaviour

No significant Group by Session interaction occurred for
incorrect responses (sum of missed hits and false alarms)
and the reaction times. Results are presented in Table 3.

Additional statistical analysis combining the two
hormone groups

Similar non-significant findings were obtained when all
analysis described above (ERP as well as behaviour) were
re-run with the data of the two hormone groups pooled
together (n=21).

Power analysis

We calculated the power of the present study to detect a
large or a medium effect as suggested by Cohen (1977).
The Group by Session interaction of the repeated mea-
surement ANOVAs was the effect of interest. The software
package G*power was used (Erdfelder et al. 1996) and
all necessary parameters were estimated from the data for
the P3 amplitude, since this was one of the primary
outcome measures. Power analysis was done for the three-
group design (E2, E2/Prog, Placebo) as well as for the two-
group design (hormones (n=21) against placebo). The
study was sufficiently powered to detect a large effect (0.80
and 0.90 respectively). The power to detect a medium
effect was 0.41 and 0.53, respectively.

Discussion

In the current study, hormonal treatment led to strong
estradiol and progesterone increases resulting in plasma
levels typically observed in young women. Despite the
effective hormonal replacement no changes in several ERP
components measured 4 and 24 weeks after initiation
of the treatment were detected. Similar non-significant
findings were observed in the cognitive tests (see Wolf
et al. 2005). All study participants had a previous hys-
terectomy thus allowing to compare the effects of estradiol
mono-therapy with the effects of estradiol/progesterone
combination therapy in a truly double blind fashion. Par-
ticipants in this study were healthy older asymptomatic
women (i.e. women without menopausal symptoms), who
had not been taking hormone replacement therapy for at
least 12 months. In fact most of the participants had not
taken any estrogens for more than a decade. Therefore, the
negative results of the current study cannot be extrapolated
to younger women or women without such a long period
of estrogen depletion.

Using the same electrophysiological paradigms we
previously investigated young women during the course
of the menstrual cycle and observed changes in early as
well as late ERP components (Walpurger et al. 2004).
Moreover, when data of the above-mentioned group of

Table 3 Behavioural data (mean±SEM) in the three hormone groups across the sessions. IR Incorrect responses, RT reaction time

Behavioural data Baseline 4 weeks 24 weeks F(4,62)
valuesE2 E2/P Pl E2 E2/P Pl E2 E2/P Pl

IR (Oddball) 7.91
(3.38)

3.50
(1.42)

5.54
(1.68)

5.45
(1.90)

2.50
(.56)

4.00
(1.31)

5.55
(2.47)

2.60
(0.91)

3.38
(0.92)

F=0.23
P=0.91

RT in ms (Oddball) 547.64
(18.28)

543.96
(12.64)

515.06
(10.56)

543.18
(18.49)

552.09
(15.16)

518.26
(13.36)

549.52
(20.94)

538.18
(15.95)

530.18
(10.80)

F=0.62
P=0.63

IR (Dichotic listen-
ing)

32.18
(10.53)

21.60
(5.49)

18.62
(4.72)

21.36
(6.68)

10.70
(2.00)

14.46
(2.63)

17.18
(5.54)

15.10
(3.10)

11.77
(1.89)

F=1.64
P=0.20

RT in ms (Dichotic
listening)

608.02
(17.78)

626.68
(11.92)

586.72
(13.00)

604.27
(20.38)

625.77
(13.98)

599.22
(14.90)

597.65
(19.74)

623.50
(15.73)

578.05
(13.07)

F=0.72
P=0.57

F- and P-values are for the Group by Session interaction
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young women were compared with baseline data from the
older subjects of the current study, the ‘typical’ age asso-
ciated alterations were observed (e.g. reduction in latency
of the late ERP components; see for review Kügler et al.
1993; Polich 1996). These two observations demonstrate
that the ERP paradigms used in the current study are sen-
sitive to hormonal fluctuations as well as to aging.

The relatively small sample size of the present study
certainly raises the issue of statistical power. Power anal-
ysis revealed sufficient power to detect a large effect,
while the power to detect a mediun effect was limited.
However, large beneficial effects on memory have been
reported in studies with young women tested immediately
after surgical menopause (Phillips and Sherwin 1992).
Moreover, we observed one medium and one large effect
in a menstrual cycle study using the same paradigms
(Walpurger et al. 2004). Data in older postmenopausal
women in contrast are more mixed, with non-significant
findings in cognitive test batteries being reported in about
50% of the studies (Hogervorst et al. 2000; LeBlanc et al.
2001; Rice and Morse 2003; Sherwin 2003).

Another aspect worth considering when discussing the
current negative findings is the length of the treatment.
Several recent studies observed rather rapid effect of
estradiol on some aspects of cognitions, with the earliest
changes being reported after 3 days of treatment (e.g.
Duka et al. 2000; Krug et al. 2003). Since in the present
study the first treatment effects were assessed after 4
weeks, the possibility that some temporary favourable ef-
fects had already disappeared again can not be ruled out.

Some previous electrophysiological studies revealed
effects of estrogen or estrogen/progesterone treatment on
brain activity measured with EEG or ERPs. Subjects in
those studies were either symptomatic women, suffering
from menopausal insomnia (Anderer et al. 2003) or
depression (Saletu et al. 1995, 2002) or younger women
(mean age 58 years), when compared to subjects in the
present study (Krug et al. 2003). In addition, two obser-
vational studies reported that brainstem potentials were
modified by gonadal hormones in asymptomatic post-
menopausal women aged 47–55 years (Caruso et al. 2000,
2003). Taken together, these studies might suggest that
only women suffering from menopausal symptoms and/
or women of younger age respond to estradiol or estradiol/
progesterone treatment.

Behavioural studies in aged rodents have observed that
the brain loses its sensitivity for estradiol after surgically
induced estradiol depletion within a period of several
months (e.g. Gibbs 2000), even though “estrogen priming”
with repeated injections might be able to overcome some
of these effects (Markowska and Savonenko 2002). In
addition, long-term estrogen deprivation leads to changes
in receptor density as well as to structural changes in the
brain (Toran-Allerand 2000). However, recent research in
rodents has also suggested that an age associated decrease
in the number of hippocampal synapses containing es-
trogen receptors might cause a reduced sensitivity of these
synapses to estradiol (Adams and Morrison 2003). Less is

known about similar alterations in other brain regions
involved in cognition.

These findings in rats as well as some of the previous
electrophysiological findings in humans seem to suggest
that higher age per se or prolonged estrogen depletion
leads to a blunted or absent response of the brain to go-
nadal steroids. One line of future experimental studies in
humans could be to look for the existence of a “critical
time window” for beneficial effects of estrogens (Resnick
and Henderson 2002). These studies would focus on youn-
ger women during or immediately after the menopausal
transition.

In sum, the present small study conducted in healthy
older postmenopausal women suggests that oral treat-
ment with either estradiol or estradiol/progesterone has no
strong effects on several electrophysiological measures of
cognitive processing. The absence of beneficial effects
was apparent after both a short (4 weeks) and a more
prolonged (24 weeks) treatment period. The current study
is in contrast to some previous studies in younger or
symptomatic women, which might suggest that beneficial
effects of gonadal steroid treatment are restricted to these
cohorts.
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