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Abstract

This study aims at answering two basic questions regarding the mechanisms with which hormones modulate functional cerebral asymn
metries. Which steroids or gonadotropins fluctuating during the menstrual cycle affect perceptual asymmetries? Can these effects b
demonstrated in a cross-sectional (follicular and midluteal cycle phases analyzed) and a longitudinal design, in which the continuou:s
hormone and asymmetry fluctuations were measured over a time course of 6 weeks? To answer these questions, 12 spontaneously cycl
right-handed women participated in an experiment in which their levels of progesterone, estradiol, testosterone, LH, and FSH were assess:
every 3 days by blood-sample based radioimmunoassays (RIAs). At the same points in time their asymmetries were analyzed with visue
half-field (VHF) techniques using a lexical decision, a figure recognition, and a face discrimination task. Both cross-sectional and longi-
tudinal analyzes showed that an increase of progesterone is related to a reduction in asymmetries in a figure recognition task by increasi
the performance of the left-hemisphere which is less specialized for this task. Cross-sectionally, estradiol was shown to have significan
relationships to the accuracy and the response speed of both hemispheres. However, since these effects were in the same direction, as)
metry was not affected. This was not the case in the longitudinal design, where estradiol affected the asymmetry in the lexical decisior
and the figural comparison task. Overall, these data show that hormonal fluctuations within the menstrual cycle have important impacts o
functional cerebral asymmetries. The effect of progesterone was highly reliable and could be shown in both analysis schemes. By contras
estradiol mainly, but not exclusively, affected both hemispheres in the same direction. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction more symmetrical functional organization during the mid-
luteal phase. The second experiment of this study yielded
Sex differences in functional cerebral asymmetries (FCA) that the FCA pattern in men and postmenopausal women
are assumed to result from differences in underlying sex remained stable over time for all these tasks and were
hormone levels. These individual and sex-related differencessimilar to those of spontaneously cycling women during
seem to be mediated by the organizing and activating effectsmenses [8]. The control of carry-over effects due to the
of sex hormones [17]. These aspects of sex hormone-relatedepeated measures design [7] as well as the validation of
modulations of FCA can best be investigated in women cycle phases using hormone assays were two important
before menopause, because their natural steroid hormongreconditions to reveal these results. Moreover, we could
levels fluctuate in relatively short time intervals during the show the progesterone level to be an important agent that is
menstrual cycle. significantly enhanced during the luteal phase, and that was
In a recent visual half-field (VHF) study [8], we could significantly related to the degree of FCA. In the figural
show concurrent shifts in FCA in a left-hemisphere dom- comparison task, progesterone had an enhancing effect on
inated verbal task (lexical decision) as well as in two the less specialized left-hemisphere, and thus, had effected
right-hemispheric non-verbal tasks (face discrimination and a reduction of the right hemisphere advantage [8].
figural comparison) in spontaneously cycling women. For  The observation that spontaneously cycling women show
all tasks, we observed a greater FCA during menses and ggreater FCA during menses compared to the high pro-
gesterone phase is supported by other studies using left
"+ Corresponding author. Tek:49-234-3224323; faxt49-234-3214377.  (dichotic listening with verbal stimuli [11]) as well as
E-mail address: markus.hausmann@ruhr-uni-bochum.de right-hemispheric tasks (face decision [10], figural compar-
(M. Hausmann). ison [14]). Other studies revealed strongest lateralization
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Table 1

Mean, standard deviation (in parenthesis), and range (in braces) of different hormone levels during different cycle phases

Hormone Menses Follicular Phase Luteal phase Premenses

P (ng/ml) 0.55 (0.16)0.20-0.70Q 0.68 (0.27){0.30-1.20 18.52 (5.73){8.90-25.70 2.49 (2.33){0.80-9.20

E (pg/ml) 30.48 (14.4015.35-52.24  167.43 (59.99{70.44-272.38  115.70 (17.57)}{90.07-153.3F  39.43 (26.58){9.34-107.4%
T (ng/ml) 0.28 (0.15){0.07-0.5% 0.40 (0.14){0.23-0.62 0.30 (0.10){0.15-0.43 0.29 (0.14){0.09-0.58

LH (mIU/ml) 3.26 (1.25){2.15-5.85 21.40 (14.56){6.59-50.10 2.91 (1.58){1.37-5.96 2.18 (1.23){0.48-4.3%
FSH (mlU/ml)  6.06 (1.88){3.50-10.80Q 8.04 (4.63){3.00-17.6Q 2.30 (1.04){1.20-4.20 2.80 (1.36){1.00-5.10

patterns in a non-lateralized chair identification task [3], While cross-sectional analysis concentrates on distinct time
and in various dichotic listening tasks [1,5,6] during cycle points, and try to elucidate relationships in these limited
phases, which are defined by high levels of sex hormones.time frames, a longitudinal analysis is able to provide ad-
However, two of these studies [1,6] found differences in ditional information on the possible effects of the rise and
FCA pattern between premenses and the follicular phase,fall of sex hormones levels on FCA. Additionally, a longi-
with greater FCA during high levels of estradiol without tudinal design enables the analysis of smaller sex hormone
a concurrent progesterone peak. These results suggest thdtuctuation effects which occur outside the most prominent
estradiol, rather than progesterone, possibly increases latereycle phases.
alization. However, direct examinations of the relationship  Firstly, hormone—asymmetry relationships were analyzed
between progesterone and estradiol levels and the degree ofross-sectionally during the follicular and the midluteal
FCA during the menstrual cycle are rarely performed since cycle phase, when women show largest variation in dif-
most studies failed to include hormone assays. ferent sex hormone levels (see Table 1). Secondary, we
One study [15] found complementary shifts in asymme- investigated the hormone—asymmetry relationships longi-
try with greater left-hemisphere advantage for the verbal tudinally over 6 weeks (15 sessions). With reference to
task during midluteal phase and greater right hemisphereour previous results [8], we expected a reduced FCA and
advantage for the music task during menses. Although a selective modulation of the task-related less special-
this study failed to include hormonal assays, it showed ized hemisphere during high progesterone levels. If peak
that phase-related shifts in FCA seem to be task-specific. progesterone levels have such effects, they should be ob-
Although the results of our previous study showed that servable in a cross-sectional as well as in a longitudinal
cycle-related modulation of lateralization pattern act in- design.
dependently of task or hemisphere, and appear in pro-
totypical left as well as in right-hemispheric tasks, the
hormone—asymmetry relationship was especially pro- 2. Methods
nounced in the figural comparison task [8]. The degree of

asymmetry [3] and the difficulty of a given task could possi-  Twelve healthy, spontaneously cycling women who re-
bly determine about the degree of cycle-related modulation ported to have a regular menstrual cycle between 27 and 29
of FCAs. days participated in this study. Post-hoc analysis of three

The aim of this study is to analyze the FCA during the in- successive cycles revealed a median cycle-length of 29 days
dividual menstrual cycle of each participating woman over (mean= 30.45; SD. = 6.25; range: 25-55 days). Although,
a period of 6 weeks (15 testing sessions) and to clarify the for one women a cycle-length of 55 days could be observed,
hormone—asymmetry relationships. To determine FCAs, we all women showed an ovulation which was detected from LH
used three VHF-field tasks which usually showed a clear surges in the hormone assays. The handedness of all subjects
left hemispheric (lexical decision task) or right-hemispheric were determined with the Edinburgh inventory [12]. The
advantage (figural comparison and face discrimination) in asymmetry-index (LQ) provided by this test is calculated by
previous studies [7,8]. Moreover, the difficulty of these tasks [(R — L)/(R 4+ L)] x 100, resulting in values betweeil00
differ. The face discrimination task is the most demand- and—100. Positive values indicate dextrality, while sinistral-
ing and strongest lateralized task [7]. Levels of proges- ity results in negative values. The mean handedness-score
terone, estradiol, testosterone, luteinizing hormone (LH), was +82.0 (SD. = 26.8; range from+9 to +100). The
and follicle-stimulating hormone (FSH) of each women were mean age of the spontaneously cycling women was 29.1
analyzed by radioimmunoassay (RIA) from blood-samples years (SD. = 4.36; range: 23—-38 years), and none of them
for each testing session. had used hormonal contraceptives or any nervous system

All previous studies tested women only twice or three affecting medication during the last 6 months. All subjects
times. Thus, the individual cycle-length was only marginally had normal or corrected-to-normal visual acuity and were
considered. We aimed to perform cross-sectional and lon- naive as to the hypothesis. They were recruited by announce-
gitudinal analyzes of the relation between FCA and hor- ment and were paid for their participation. Subjects of this
mone levels over the entire length of a complete cycle. study also participated in a study investigating the influence
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of sex hormones on spatial abilities during the menstrual changed in a balanced order. We tested all subjects with two
cycle [9]. parallel versions of each task in a balanced and alternate
Prior to the first experimental session, one meeting was order. Additionally, the order of VHF tasks was balanced
appointed to inform each woman about the general proce-over all testing sessions. Frequency of correct answers and
dure of the study, to measure handedness and visual acuitymedial response times (RT) for both VHFs were used as
and to collect data about the menstrual cycle. Subjects startedlependent variables for all tasks.
with their first testing session at a time independent of their ~ Photographs for the face recognition task were taken from
actual individual cycle day. They agreed to inform us about an US college album from the 1950s. The students on these
the first day of their actual and following cycles. To mini- pictures were all male, clean shaven, short haired, without
mize the influence of the circadian rhythm in each subject, glasses and in their early 20s. To avoid further non-facial
all experimental sessions of each subject were performed atcharacteristics, all photographs were framed with an ovoid
the same time of the day over the course of the complete overlay which covered the background and the clothes, with
study. All 12 female participants completed 15 testing ses- exception of the collar. After presentation of a fixation cross
sions with an inter-test interval of 3 days over a period of for 2s, the stimuli appeared lateralized pseudo-randomly
6 weeks (180 sessions in total). Blood-samples were col- either in the left or the right VHF, while an empty frame was
lected immediately after each testing session. Serum sam-presented in the other VHF. The subjects were instructed
ples were stored at22°C until all subjects had completed to indicate as quickly and as correctly as possible whether
all tests. Estradiol (E), progesterone (P), testosterone (T),the faces they saw were unchanged, ‘normal’ faces of male
LH and FSH levels were assessed with radioimmunoassaycollege students or altered, ‘monster’ faces by pressing a
(RIA) by an independent professional hormone analysis lab- key with the fingers of their right- or left-hand. For the
oratory, with commercially available RIA kits (DPC Bier- latter stimuli some facial characteristics were translocated.
mann GmbH, Bad Nauheim, Germany). The assessment ofFor example, the position of one eye and the mouth were
the serum sex hormone levels of each woman over a period ofswapped or everything was deleted except the nose, etc. All
6 weeks allowed a nearly perfect validation of the menstrual faces had the same orientation and an unemotional, neutral
cycle phases, independent of the individual cycle-length.  expression [7]. In previous studies [7,8], results of this task
Based on the hormone data of the serum samples, menshowed typically a very strong advantage for the left visual
strual, follicular, midluteal, and premenstrual cycle phase field (LVF), corresponding to the right hemisphere.
were defined by a distinct point in time within each cy- A pool of 120 German nouns was used for the lexical de-
cle phase for each woman. We used these distinct pointscision task. The words consisted of at least four letters up to
in time to analyze cycle-dependent mood differences and maximum of seven. The stimuli were selected for a high de-
to define points of interest for the cross-sectional analysis gree of abstraction [2] to maximize the left-hemisphere ad-
of the hormone-lateralization relationship. The menses werevantage. Sixty stimuli were used for the first version, and the
defined by the first testing session of a new cycle with low remaining 60 stimuli for the parallel version of the VHF pro-
levels of estradiol and progesterone, and by reports of eachcedure: the order of these two blocks of words was balanced
woman about the onset of menstruation, while the premen-amongst subjects. Each trial started by presentation of a fix-
strual cycle phase was defined as the last testing sessioration cross for 2 s. Next, a word appeared in the center of the
before menses. The follicular cycle phase was defined by monitor for 185 ms. Then, a fixation cross was presented for
highest estradiol levels before ovulation, which is particu- 2 s again, followed by a word for 185 ms pseudo-randomized
larly indicated by a clearly recognizable LH peak, while the in the LVF or RVF. A subsequent question-mark instructed
midluteal phase is indicated by highest progesterone lev-the subject to decide by key press, if both words were the
els with concurrent high concentrations of estradiol after same or different. In the mismatching trials, words were
ovulation. identical with regard to the initial letter and to the number
The VHF procedure was identical to previous studies of letters. In previous studies [7,8] results of this task typ-
[7,8]. The experiment started by placing the head of a sub- ically showed a better performance for words presented in
ject to a chin rest at a distance of 68 cm from a monitor. the RVF, corresponding to the left-hemisphere.
All subjects were instructed to keep their head and body For the figural comparison condition 120 (60 per version)
still during the whole test and to fixate a cross in the cen- black irregular polygons with at least eight edges were con-
ter of the screen. Thus, we ensured that lateralized stimulusstructed with the Paintsh@psoftware with the two stimulus
presentation was more thah @sual angle to the left orto  plocks again being balanced. The procedure and timing was
the right of the fixation cross. We used an exposure time of jdentical to the lexical decision task. Subjects had to decide
185 ms for all stimuli due to the more difficult face discrim- by finger key press as fast and as correctly as possible if
ination task [7]. All stimuli were presented within a frame  both polygons were the same or different. Normally, an ad-
of 4.8cm wide and 4.5cm high, 4.0 and 3\8sual angle,  vantage for the LVF, corresponding to the right hemisphere

respectively. could be revealed in this task [7,8].
All three tasks included 70 trials. The first 10 practice-trials  In order to control potential influences of mood which

were eliminated. After 40 trials, the responding hand was may influence cognitive performance, a German mood scale
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was applied to each of the 15 testing sessions [18]. Mood

scores could range between 0 (euphoric) and 56 (extremely
depressive). Scores are grouped into five mood classes: 0-6
(euphoric), 7-16 (well-balanced), 17-26 (depressed), 27-41
(moderately depressive), and 42-56 (extremely depressive).

3. Results

In the first step of the analysis, hormone data were stan-
dardized with respect to their mean and their variance. The
results of the VHF tasks were first de-trended and then stan-
dardized accordingly. Plots of the results of the tasks showed
acleartrend, indicating a practice effect for all three tasks. To
analyze the results independently of practice, we de-trended
the data according to Schlicht [16], decomposing the indi-
vidual time series of task-related results into a smooth trend
curve and differences from this curve. Then, we took these
differences as the data of interest, again standardizing them
to guarantee their comparability (see Fig. 1).

Evaluating the data by means of an analysis of vari-
ance (with repeated measures) would mean working with a
three-way random effects model including interaction terms,
where the factors are given by cycle phase (three levels),
VHF (two levels) and type of processed task (three lev-
els). Such an analysis clearly is not adequate for a sam-
ple size of 12. Hence, in contrast to previous investigations
(cited above), we rejected this type of evaluation and ana-
lyzed our data using correlation statistics and non-parametric
tests.

3.1. Cross-sectional analyzes of hormoneateralization
relationships

In the following, we present the correlation coefficients
for the relationships between different sex hormones and
the degree of asymmetry as well as the VHF-related perfor-
mance during different cycle phases for each of the three
tasks. At distinct hormonal points in time, the lateralization
data (degree of FCA, and performance for each VHF) and
the sex hormone levels were correlated using Pearson’s
product-moment-correlation statistics. During menstrual
and premenstrual cycle phases estradiol and progesterone
levels are very low and show only small individual vari-
ations. We therefore did not investigate the relationship
between sex hormones and FCA data during these cycle
phases. The largest individual variations in estradiol levels
appear during the follicular and the midluteal cycle phases,
when estradiol levels are significantly elevated. Proges-
terone levels show their largest variations only midluteally.

For this reason, we focused on the cross-sectional lateral-

ization/hormone relationship analyzes in these two cycle
phases.

Identically to our previous study [8], we calculated per-
formance differences between the RVF and the LVF (RVF
minus LVF) as an indicator for the degree of FCA. With
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Fig. 1. De-trending procedure. Example data of one subject (no. 12) in
the lexical decision task for the RVF over 15 sessions. Response times are
getting faster from session 1-15. Firstly, the trend representing the prac-
tice effect is computed according to Schlicht [16] (step 1). Secondly, the
raw data were de-trended by subtracting trend from raw data (step 2)
and were then standardized (step 3). For the cross-sectional analysis, data
from only session 11 (follicular phase) and session 14 (luteal phase) were
selected. For the longitudinal analysis, data of all sessions were used
and were cross-correlated with standardized estradiol level (time lag 0)
(step 4).
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Table 2

Correlation coefficients of the relationships between accuracy (%), and response times (RT) and progesterone (P) as well as estradiol (E)dextls and m
in women during follicular as well as midluteal cycle phase (cross-sectional analyzes). Due to the directed hypothesis, one-tailed statistich favere

the progesterone—lateralization relationships

Task P (luteal) E (follicular) E (luteal) Mood (follicular) Mood (luteal)

Figural comparison task ASY (%) 0.55 0.15 0.23 —-0.61* 0.12
LVF (%) 0.11 0.59 0.55 —0.03 -0.22
RVF (%) 0.5 0.51 0.66 -0.24 —0.10
ASY (RT) 0.11 0.43 0.14 —0.40 -0.44
LVF (RT) -0.21 0.83* -0.17 0.54 0.55
RVF (RT) -0.15 0.76* —0.08 0.42 0.23

Lexical decision task ASY (%) 0.02 -0.13 -0.18 —0.58 0.65
LVF (%) 0.37 0.15 0.51 0.63 -0.16
RVF (%) 0.32 0.11 0.27 0.34 0.37
ASY (RT) —0.06 0.35 0.15 -0.25 —0.48
LVF (RT) -0.27 0.64 —0.26 0.25 0.25
RVF (RT) -0.30 0.58 -0.19 0.15 0.02

Face discrimination task ASY (%) -0.14 -0.14 —-0.20 0.55 -0.19
LVF (%) 0.42 —0.36 0.39 —0.59 0.05
RVF (%) 0.22 —-0.44 0.14 0.17 -0.16
ASY (RT) —0.03 —0.02 0.25 —0.03 —0.42
LVF (RT) -0.31 0.67 —0.50 0.36 0.41
RVF (RT) -0.27 0.65 —0.26 0.34 0.09

Mood scale T-score 0.27 0.20 -0.24

* P < 0.05.
** P < 0.01.

reference to the results of this study, we expected a re-3.1.1.2. Estradiol. In contrast, estradiol showed signifi-
duced FCA and a selective modulation of the task-related cant, or at least marginally significant, correlations with the
less specialized hemisphere due to high progesteroneaccuracy in the figural comparison task during the follic-
levels. Because of these directed hypotheses, we usedilar as well as during the midluteal phase. Since estradiol
one-tailed statistics when progesterone was analyzed inaffected the accuracy of both VHFs in the same direction,
a cross-sectional design. All other statistical tests were estradiol levels were not correlated with the degree of FCA
two-tailed. Altogether, the correlation coefficients between (follicular: » = 0.15, n.s.; midluteal: = 0.23, n.s.) (see Ta-
five sex hormones (progesterone, estradiol, testosteroneple 2). A similar result is present in the RT analysis of cor-
LH, and FSH) and the asymmetry data (L and R differences rect answers. Despite these highly significant positive cor-
and performance of the LVF and RVF) were evaluated for relations between follicular estradiol and RVF £ 0.83;

all three tasks (figural comparison, face discrimination and P = 0.001) as well as LVF performance & 0.76; P <
figural comparison). Correlation coefficients for estradiol 0.01), no concomitant changes in degree of FCA could be
and progesterone are shown in Table 2. observed (Table 2).

3.1.1. Figural comparison task 3.1.1.3. Other hormones. Additionally, the accuracy of the
figural comparison task FSH showed high negative relation-

3.1.1.1. Progesterone. Inthe accuracy data, we found sig-  ships with accuracy in the LVFr(= —0.59; P < 0.05)

nificant results only for the figural comparison task. As ex- and RVF ¢ = —0.57; P = 0.055), but this result was only

pected, progesterone showed a significant correlation with present during the follicular cycle phase. No further signif-

the degree of FCA in the figural comparison task =£ icant linear relationships appeared.

0.55; P < 0.05). This result appeared as a consequence

of the expected progesterone-modulated increase of accu3.1.2. Lexical decision task

racy in the RVF (left-hemisphere) (= 0.52; P < 0.05),

while no relationship between progesterone and the domi-3.1.2.1. Progesterone. Accuracy as well as RT data were

nant right hemisphere could be revealed= 0.11, n.s.). not significantly related to progesterone.

The RT analysis of correct answers revealed no signifi-

cant correlation coefficients of progesterone and the perfor-3.1.2.2. Estradiol. Similarly to the RT data of the figural

mance of either VHF as well as the degree of FCA (see comparison task, estradiol showed positive correlations with

Table 2). LVF (r = 0.64; P < 0.05) and RVF £ = 0.58; P <
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0.05) during the follicular phase. Consequently, FCA was 027 - -
not affected (Table 2). Wilcoxon =68, p =0.021
3.1.2.3. Other hormones. Testosterone was positively cor-
related with the degree of FCA in the RT of the lexical deci-
sion task during the midluteal phase=£ 0.63; P < 0.05).

No significant linear relationships between any other sex
hormones and FCA data appeared.

Cross correlation coefficient

RVF minus LVF
02 03 04 05 06 07 08 09 10 11 12 13
Subject number

3.1.3. Face recognition task

3.1.3.1. Progesterone. Accuracy and RT data were not sig-
nificantly related to progesterone.

—_
©
=

£ 04T — —
3.1.32. Estradiol. In agreement with the RT data of both & g.3]"iieoxonT=12p=0.034 RVF (LH)
other VHF tasks, estradiol showed positive correlations with % .2
LVF (r = 0.67; P < 0.05) and RVF { = 0.65; P < 0.05) S 0.1
during the follicular phase. Again, the degree of FCA was § 0
not affected (Table 2). < 0 1'
s =V.1q
3.1.3.3. Other hormones. No significant linear relation- o -0-2-
ships appeared. S -0.3.
Coal .
3.2. Longitudinal analyzes of hormone-lateralization 02 03 04 05 06 07 08 09 10 11 12 13
relationships (b) Subject number
To analyze female FCAs in relation to the individual g'z)_WilcoxonT=37, ns. LVF (RH)

fluctuations of hormone concentrations, all data were con-
sidered in the second part of this study. Cross-correlations
were calculated between hormone levels and the results
of the VHF tasks during corresponding sessions. For each

0.3 4
0.2
0.1

Cross correlation coefficient

subject, we calculated separate Pearson’s product-moment 0 -
correlations between FCA data and hormone levels for time 0.1
lags 0. For each of the three tasks, we then performed a one- @ -0.24
sample two-sided Wilcoxon signed rank test to decide 0.3

whether the mean correlation between the FCA results and -0,4

. . . . 02 03 04 05 06 07 08 09 10 11 12 13
the hormone under consideration differs significantly from © Subject number

0. This was done for the degree of FCA and for the per-

formance for each VHF. Contrary to the cross-sectional Fig. 2. Separate cross-correlations between progesterone levels and re-

analysis, we had no clear hypothesis for the direction of sponse times asymmetry (a), RVF (left-hemisphere) response times (b),

and LVF (right hemisphere) response times (c) of all 12 subjects in the

the effect of progesterone levels in the longitudinal design. figural comparison task at time lag 0. These 12 individual correlations

Thus, we performed the two-sided tests throughout. were then analyzed with a one-sample two-sided Wilcoxon signed rank
test to decide whether the mean correlation between the lateralization re-
3.2.1. Figural comparison task sults and progesterone levels differed significantly from 0. While there was

no significant relation between progesterone levels and right hemisphere

. speed (c), progesterone decreased left-hemisphere speed (b), resulting in
3.2.1.1. Progesterone.  For the RT of this task, the mean a reduced response times asymmetry during high progesterone levels (a).

cross-correlation between progesterone and the degree of

FCA was significantly different from 0 at time lag O/(=

68; P < 0.05). The individual correlation values of the to a modulation of the performance of the less specialized
women were mainly positive, indicating that high levels of left-hemisphere (RVF). Although RT were affected here, the
progesterone reduced FCA, whereas low levels resulted inresults correspond with the cross-sectional analysis and to
a larger right hemisphere advantage (see Fig. 2a). Addi-our previous study [8].

tionally, we found a significant correlation for progesterone

for the RVF only W = 12; P < 0.05) (see Fig. 2b and  3.2.1.2. Estradiol. The degree of FCA in accuracy data
¢). These results suggest that the degree of FCA is signif-was significantly related to estradiol levels at time lag O
icantly decreased during high levels of progesterone due(W = 66; P < 0.05). This is in contrast to the results of the
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Table 3

T-scores (Wilcoxon signed rank test for one-sample) for longitudinal analyzes of the relationships between fluctuations of hormones, mood, and VHF
performances

Task P E T LH FSH Mood

Figural comparison task ASY (%) 50 33 55 38 49 38
LVF (%) 52 56 38 52 46 34
RVF (%) 49 52 23 58 32 41
ASY (RT) 68 66" 42 63 58 52
LVF (RT) 37 32 41 44 57 60
RVF (RT) 12 19 38 23 42 40

Lexical decision task ASY (%) 37 13 37 29 32 42
LVF (%) 45 20 24 20 21 24
RVF (%) 37 48 31 43 30 39
ASY (RT) 53 61 43 35 24 25
LVF (RT) 35 41 28 38 54 35
RVF (RT) 32 24 36 48 59 53

Face discrimination task ASY (%) 46 37 32 33 31 56
LVF (%) 56 36 28 30 24 45
RVF (%) 43 44 33 38 41 26
ASY (RT) 28 29 44 42 34 34
LVF (RT) 32 30 45 41 43 58
RVF (RT) 34 41 40 49 47 66

Mood scale T-score 61 56 56 26 19

* P < 0.05.

cross-sectional analysis, where we found no such relation-3.2.2.3. Other hormones.  Again, no significant hormone—
ship. The individual correlations of the women were mainly asymmetry relationship appeared (Table 3).

positive, and the differences characterizing the degree of

FCA were mainly negative. This means that for high levels 3.2.3. Face discrimination task

of estradiol, the degree of FCA was reduced. Changes in the

degree of FCA would suggest a differential effect of estra- 3-2.3.1. Progesterone/estradiol/other hormones. No sig-

diol on VHFs. However, this was not the case. Although a hificant hormone—asymmetry relationships  appeared
stronger estradiol-mediated modulation of the less special-(Table 3).

ized right hemisphere (LVF) appeared, this effect did not

reach significanceW = 19; P = 0.13). 3.3. Cycle-dependent mood differences

3.2.1.3. Other hormones. We did not find a significant ~ 3-3.1. Cross-sectional

hormone—asymmetry relationship (Table 3). To investigate potential mood changes during the men-
strual cycle, we compared mood scale values (T-scores)

3.2.2. Lexical decision task during menstrual, follicular, midluteal, and premenstrual

cycle phases (see Table 4). This analysis, using the
3.2.2.1. Progesterone. No significant cross-correlations non-parametric Friedman two-way analysis of variance by
could be shown at either time lags (Table 3). ranks, did not yield a significant difference between cycle
phases 2 = 3.21; N = 12, df. = 3, n.s.). Moreover, cor-
3.2.2.2. Edradiol. For the accuracy data, the only signif- relation statistics between mood scores and sex hormones
icant effect was the relation between estradiol and the de-
gree of FCA in the lexical decision task/(= 13; P < Table 4
0.05). Since the correlations as well as the differences be-Means and standard deviations of mood scores for women during different
tween LVF and RVF were mostly negative, higher levels of menstrual cycle phases
estradiol corresponded to a larger FCA for this left hemi- cycle phase Mean T-scores SD.
spheric task. An increase of FCA would suggest a differen-

. . . . Menstrual 17.17 13.11
tial effect of estradiol on the hemispheres. Th|$, howeyer, Follicular 12.83 1023
was not the case: although a stronger estradiol-mediatedwidiuteal 17.42 10.86
modulation of the less specialized right hemisphere (LVF) Premenstrual 18.17 11.68

appeared, this effect did not reach significande £ 48; aMood scale values range between euphoric (0) and extremely de-
P =0.151). pressive (56).
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showed no significant cross-sectional (Table 2) or longitu- VHFs during the follicular and the midluteal cycle phase.
dinally relationship (Table 3). By contrast, analyzes of the These effects were independent of concurrent progesterone
linear relationships between mood and asymmetry data re-levels. Since estradiol affected both VHFs, estradiol levels
vealed some significant results in both designs (see Tables did not show any relationship with the degree of FCA dur-
and 3). These effects strongly support controlling mood- ing these distinct cycle phases. Instead, estradiol was found
related effects in future studies. However, in this study the to affect the degree of FCA in the longitudinal design. For
relation between mood and asymmetry data were partly the response times of the figural comparison task estradiol
contradictory in direction and highly task-specific. Addi- reduced the degree of FCA, whereas, for the accuracy data
tionally, hormone—asymmetry relationships seem not to be of the lexical decision task estradiol, enlarged lateralization.
affected by mood, because significant effects appeared inThe latter result corresponds to the findings of other studies,
different dependent variables. which showed greater FCA during follicular phase, com-
pared to menses [1,6]. Similarly to our lexical decision task,
where this result appeared, both studies used verbal stimuli.
4. Discussion However, although Hampson [6] used hormone assays, she
did not find a relationship between serum estradiol levels
The most important result of this study is the relationship and asymmetry measures. Estradiol-related complementary
between progesterone and the FCA. In agreement with ourchanges in lateralization detected by the longitudinal design
previous results [8], high levels of progesterone were related of this study, with an enlarged FCA in the left-dominated lex-
to a reduction of FCA at least in the figural comparison task ical decision task and a reduced FCA in the right-dominated
due to a performance enhancement in the less specializedigural comparison task correspond to the results of a di-
left-hemisphere. Despite the limitation due to the small sam- chotic listening study [15] and support an alternative expla-
ple size, but with a very accurate validation of the individual nation of cycle-related modulations of FCAs, as suggested
cycle phases, the result of the progesterone—asymmetry relaby these authors. It is possible that similar task-related com-
tionship reported here, appears in the cross-sectional as welplementary shifts in FCAs during the midluteal phase (com-
as in the longitudinal design. Although in the latter case, the pared to menses), reported by this study, were due mainly
relationship between progesterone and FCA was small forto the activating effects of estradiol rather than modulated
each individual, they are in the same direction for most par- only by progesterone. These results make it likely that not
ticipants, and were thus, significant. It is still unclear why only progesterone, but to some degree, also estradiol mod-
the significant correlation with progesterone is again only ulates FCA, although the detailed mechanisms have to be
found for the figural comparison task, since cycle-dependentelucidated.
changes in FCA are, in principal, observable in all tasks Effects of other sex hormones on FCA during the men-
used here [8]. However, it is known that the figural compar- strual cycle were until now unknown. In the present study, we
ison task and other visuo-spatial lateralization experiments were unable to show that testosterone and gonadotropins dis-
reveal especially pronounced interactions between VHF andplay any significant relationships with the asymmetry data.
sex [4,7,13]. The same is present in the relationship between mood and
The results related to progesterone fit to the hypothesis FCA. Hormone-related effects on mood could not be found.
of the progesterone-mediated interhemispheric decoupling A number of previous studies have encountered cycle
[8]. According to this assumption, progesterone reduces phase-related lateralization differences in the analysis of ac-
cortico-cortical transmission by suppressing the excitatory curacy data (e.g. [3,8,11,15]). This is in agreement with the
responses of neurons to glutamate as well as by enhancingross-sectional results in this study. However, in the longitu-
their inhibitory responses to GABA. The combined effect dinal analysis, hormonal fluctuations were primarily visible
would result, via a decrease of transcallosal neuronal acti-in the analysis of the response times. The reason could be
vation, in a functional hemispheric decoupling, and thus, to that, due to the use of extensive repeated measures, prac-
a temporal reduction in FCA. According to this theoretical tice effects resulted in a nearly perfect performance in terms
background, we expected and could show again that, if pro- of accuracy, especially during the last sessions. As a result,
gesterone fluctuations during the menstrual cycle are relatedhormonal performance fluctuations are primarily visible in
to changes in FCAs, it is particularly the less specialized response times when analyzing the data with a longitudinal
hemisphere for a given task which is affected. design. Thus, ceiling effects in accuracy are capable of influ-
The activating effects of estradiol on FCA seem to be encing the hormone-lateralization relationship in response
rather complex. In the cross-sectional analysis, estradiol re-times.
vealed highly significant and task-independent influences on  Overall, fluctuations in sex hormones levels are related
response times for both VHFs during the follicular cycle to changes in FCAs. During the prenatal ontogenetic de-
phase. According to these data, high levels of estradiol cor-velopment, this is mainly mediated by the organizing ef-
respond with slower response times in LVF and RVF. For the fects of testosterone (e.g. [17]). However, once the brain
accuracy data, high levels of estradiol enhanced the amounteaches a mature status, it seems to be mainly progesterone
of correct answers during the figural comparison task in both which modulates lateralization. Although highly significant
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activation effects of estradiol on performance in both VHFs over phases of the menstrual cycle: a preliminary investigation. Brain
occur, asymmetry patterns, as such, are affected to a much  and Cognition 1989;11:18-36.
smaller extent. Of course. this does not mean that estra- [5] Hampson E. Variations in sex-related cognitive abilities across the

. . . menstrual cycle. Brain and Cognition 1990;14:26—-43.
diol has no effects on cognition (e'g' [6’9])' but the impact [6] Hampson E. Estrogen-related variations in human spatial

of estradiol on perceptual asymmetries are not as clear-cut  ang articulatory-motor skills. Psychoneuroendocrinology 1990:15:
as those of progesterone, which seems to be a key agent 97-111.
of the dynamic asymmetry Changes during the menstrual [7] Hausmann M, Gintirkin O. Sex differences in functional cerebral
cycle. asymmetries in a repeated measures design. Brain and Cognition
1999;41:263-75.
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