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Abstract: Autobiographical memory is based on interactions between episodic memory contents, associated
emotions, and a sense of self-continuity along the time axis of one’s life. The functional neuroanatomy
subserving autobiographical memory is known to include prefrontal, medial and lateral temporal, as well as
retrosplenial brain areas; however, whether gender differences exist in neural correlates of autobiographical
memory remains to be clarified. We reanalyzed data from a previous functional magnetic resonance imaging
(fMRI) experiment to investigate gender-related differences in the neural bases of autobiographical memories
with differential remoteness and emotional valence. On the behavioral level, there were no significant gender
differences in memory performance or emotional intensity of memories. Activations common to males and
females during autobiographical memory retrieval were observed in a bilateral network of brain areas
comprising medial and lateral temporal regions, including hippocampal and parahippocampal structures,
posterior cingulate, as well as prefrontal cortex. In males (relative to females), all types of autobiographical
memories investigated were associated with differential activation of the left parahippocampal gyrus. By
contrast, right dorsolateral prefrontal cortex was activated differentially by females. In addition, the right
insula was activated differentially in females during remote and negative memory retrieval. The data show
gender-related differential neural activations within the network subserving autobiographical memory in both
genders. We suggest that the differential activations may reflect gender-specific cognitive strategies during
access to autobiographical memories that do not necessarily affect the behavioral level of memory performance
and emotionality. Hum Brain Mapp 24:313–324, 2005. © 2005 Wiley-Liss, Inc.
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INTRODUCTION

Autobiographical memory can best be defined as a complex
subsystem of episodic memory that particularly implies emo-
tion processing and provides a direct link to awareness of the
time course of one’s life [Fink et al., 1996; Tulving, 1983; Tulv-
ing and Markowitsch, 1998]. The complex neural mechanisms
subserving autobiographical memory have been assessed with
functional neuroimaging techniques by few investigators. Us-
ing positron emission tomography (PET), Fink et al. [1996]
demonstrated that emotional autobiographical memory (rela-
tive to a resting baseline) activates a preponderantly right
hemispheric network of prefrontal and temporal, as well as
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posterior cingulate/retrosplenial brain regions. In a functional
magnetic resonance imaging (fMRI) study [Piefke et al., 2003],
similar neural structures were implicated in recent and remote
autobiographical memories with positive or negative emo-
tional valence, albeit with a stronger left hemisphere prepon-
derance. Functional neuroimaging data on autobiographical
memory reported by other investigators are in accordance with
these findings [Maguire et al., 2001a,b], although no consensus
has been achieved as to the issue of hemispheric lateralization
of episodic autobiographical and nonautobiographical mem-
ory processing [Lee et al., 2003; Piefke et al., 2003].

In addition, the interesting question remains to be clari-
fied whether gender differences occur with regard to the
functional neuroanatomy subserving autobiographical
memory as has been reported for autobiographical memory
performance (e.g., females’ autobiographical recollections
were reportedly more detailed and emotionally intense than
were males’ personal memories) [Davis, 1999; Fujita et al.,
1991]. Two hypotheses have been proposed that may ac-
count for such behavioral gender differences in the memory
domain. The “affect intensity hypothesis” suggests that fe-
males have superior memory abilities as they experience
and remember life events emotionally more intensely than
males and that women may thus encode life events more
deeply than males do [Fujita et al., 1991]. By contrast, the
“cognitive style hypothesis” claims that females differ from
males with respect to their way of encoding, rehearsing, and
thinking about emotional experiences, and regarding their
strategies of generating responses during experimental
memory tasks [Seidlitz and Diener, 1998]. According to the
first model, superior memory abilities of females should be
eliminated when affect intensity of personal recollections is
experimentally controlled for. Furthermore, the affect inten-
sity hypothesis predicts that females should present with
similar neural activation patterns as males but exhibit stron-
ger activations [Canli et al., 2002], especially in those brain
areas known to be involved in emotion processing [Dolan,
2000]. Again, there should be no differences in the strength
of activations when the affect intensity of memories is con-
trolled. By contrast, the cognitive style hypothesis expects
that gender-specific differences in memory performance will
persist even if affect intensity of autobiographical recall is
experimentally controlled. Moreover, this view suggests that
males and females may show qualitative rather than quan-
titative differences in brain activation patterns associated
with emotional memory processing.

Differential performance of males and females in memory
processing, although in the nonautobiographical domain,
has also been observed repeatedly in verbal and spatial
memory. It was found that males outperformed females in
spatial memory tasks [Sandstrom et al., 1998; Vecchi and
Girelli, 1998], whereas females demonstrated superior mem-
ory abilities in the verbal domain [Halpern, 1992; Mekarski
et al., 1996; Vogel, 1990]. These findings may suggest that
gender differences in the neural mechanisms subserving
autobiographical memory can be expected specifically
within brain areas subserving spatial (e.g., hippocampus

and parahippocampal gyrus) and verbal memory (e.g., left
hemisphere inferolateral frontal and temporal cortices).

Functional neuroimaging research has not yet explicitly
addressed gender-related distinctiveness in neural mecha-
nisms subserving autobiographical memory. However, a
considerable number of studies have reported gender dif-
ferences in the neural substrates of various aspects of cog-
nition [Fitch and Bimonte, 2002; Paulson et al., 1998] and
emotion processing [Cahill et al., 2001; Killgore et al., 2001;
Lane et al., 1997]. For example, Cahill et al. [2001] investi-
gated gender-specific amygdala responses to emotionally
arousing video clips and subsequent memory for the respec-
tive stimuli using 18F-fluorodeoxyglucose (18FDG) PET.
They reported a gender-related differential lateralization of
amygdala involvement in memory storage of negatively
valenced film clips. Convergent results were reported by
Canli et al. [2002] using negatively valenced and neutral
pictures as stimulus materials. Gender specificities in the
interpretation of experimental stimulus materials resulting
from social learning and sensory processing [Fitch and Bi-
monte, 2002; Fujita et al., 1991; Paulson et al., 1998] may also
have contributed to the gender differences in neural activa-
tions reported [Adinoff et al., 2003]. The issue of whether
gender differences can be expected for amygdala function in
emotional memory thus remains unclear.

Based on the previous studies on gender differences in
memory, cognition, and emotion processing, the present
study is guided by the hypothesis that gender-related dif-
ferences in the functional neuroanatomy of emotional auto-
biographical memory may occur primarily in parahip-
pocampal or hippocampal regions subserving spatial
memory as well as left hemisphere inferolateral frontal and
temporal brain areas engaged in verbal aspects of memory
processing. We directly assessed the issue of gender differ-
ences in neural mechanisms underlying retrieval of distinct
types of emotional autobiographical memory by reanalyzing
data from a previous fMRI experiment [Piefke et al., 2003].
In that study, which included 10 males and 10 females, we
measured changes in the regional blood oxygenation level-
dependent (BOLD) signals associated with four experimen-
tal memory conditions of interest (recent and remote auto-
biographical memory retrieval with positive or negative
emotional valence) and a low-level “baseline,” applying a
factorial blocked design with the factors TIME (recent and
remote memories) and EMOTION (positive and negative
tone). A more detailed description of the main effects of
these factors has been published previously by Piefke et al.
[2003]. A second level analysis was carried out in the present
study to analyze data for gender differences in neural mech-
anisms underlying emotional autobiographical memory.

SUBJECTS AND METHODS

Subjects

Age-matched, right-handed subjects (10 men, mean age
� SD � 26.80 � 3.39 years; 10 women, mean age � SD
� 25.50 � 2.55 years) with no history of psychiatric or
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neurologic disorders were enrolled in the experiment. Par-
ticipants were all students at the University of Bielefeld.
Most were studying psychology (n � 14), although six had
other fields of study: biology (n � 2); law (n � 3); and social
pedagogy (n � 1). The study was accomplished in compli-
ance with the Code of Ethics of the World Medical Associ-
ation (Declaration of Helsinki). Written informed consent
was obtained from all subjects before participation, and the
study was approved by the local ethics committee.

Experimental Design

The experimental design of the present study has been
described previously in detail by Piefke et al. [2003]. In the
present study, we summarize the study design referring
particularly to those aspects that are relevant in respect of
the analysis of gender differences in emotional autobio-
graphical memory. In short, individual stimuli were ac-
quired using a semistructured autobiographical interview.
Participants reported both childhood and recent memories
with positive or negative emotional valence. They were
required to provide detailed context information for each
remembered episode to allow for the preparation of verbal
stimuli describing specific situations of the respective epi-
sodes. This material was used during fMRI measurements to
trigger the associated autobiographical memories.

Individual autobiographical materials were analyzed for
spatial and temporal context information that builds up the
main characteristics of episodic nonautobiographical and
autobiographical memory. Each stimulus sentence of each
subject (20 subjects with 240 stimuli each, leading to 4,800
total stimulus sentences for the group of participants) was
judged independently (by two raters who were not involved
in the study) as to whether it contained spatial context
information, temporal context information, both types of
context information, or neither type. The stimulus sets of the
first five subjects were analyzed using a priori fixed rating
criteria. Based on these pilot ratings, criteria were revised
and complemented, resulting in a catalogue of standard
criteria used for the rating of all stimulus sets. The interrater
coefficient (Cohen’s �) was r � 0.80, indicating a satisfactory
consensus between the two raters.

For visual presentation of the verbal stimulus material
during the MR experiment, a mirror construction was used
to reflect the stimulus display. Six individual trials (i.e.,
stimuli, that each triggered different autobiographical epi-
sodes) of one of four memory conditions (recent positive,
recent negative, remote positive, and remote negative mem-
ories) were blocked together. Each trial consisted of a stim-
ulus on time (SOT) of 4.3 s and a 1-s interstimulus interval
(ISI). Each block of trials thus had a duration of 31.8 s.
Memory conditions were separated from each other by low-
level baselines (each lasting 16 s), during which the instruc-
tions for the next block of trials were presented. Instructions
were as follows: “Please remember the events and situations
of your personal life history specified in the displayed sen-
tences as vividly and emotionally as possible.”

Four whole brain volumes were acquired per baseline,
and eight whole brain volumes were acquired per block of
trials for each memory condition. A total of five experimen-
tal runs each consisting of nine baselines and eight memory
blocks were carried out, leading to the acquisition of a total
of 500 volumes per subject (100 volume images per run).
This scanning paradigm resulted in two repeats per condi-
tion per experimental run, leading to 10 repeats per condi-
tion per subject. The order of the memory conditions was
counterbalanced across runs and individuals. There was no
repeat of the individual stimulus sentences (240 stimuli for
each subject) neither within nor across the experimental
conditions to avoid any habituation effects.

To control for the subjects’ alertness during a block of
trials, we included a subordinate reaction time task into the
autobiographical memory task. Subjects were instructed to
press a button on a keypad as fast as possible upon detection
of a checkerboard presented one to four times during the ISI
of each block of trials for 500 ms. The number of times a
checkerboard was presented was kept identical across all
conditions.

To assess successful recognition and correct association of
each stimulus with the respective personal past episode
during the fMRI measurement, subjects retrospectively in-
dicated for each of the individual stimuli: (1) whether they
recognized the associated context during scanning; (2)
whether it triggered a positive or a negative emotional re-
sponse associated with the memory; and (3) whether it was
associated with a recent or a remote memory.

In addition, participants completed a questionnaire on
characteristic features of autobiographical memory for each
experimental memory condition. On a rating scale ranging
from 0 to 5 (0, not at all; 1, scarcely; 2, slightly; 3, fairly; 4,
intense; and 5, highly intense), subjects retrospectively rated
intensity of the memory characteristics retrieved during the
fMRI measurement with regard to the following items: pic-
ture-likeness; scene-likeness; coloredness; emotionality; re-
experience; vividness; richness of details; role of language;
olfactory perceptions; temperature; perceptions of touch;
acoustical perceptions; and gustatory perceptions.

For image processing and all statistical calculations, the
statistical parametric mapping software SPM99 (Wellcome
Department of Imaging Neuroscience, London, UK; online
at http://www.fil.ion.ucl.ac.uk) was used. After image pre-
processing (realignment, coregistration, normalization, and
smoothing), functional MR data analysis was carried out by
modeling the experimental memory conditions and the
baseline by means of reference waveforms that correspond
to boxcar functions convolved with a hemodynamic re-
sponse function [Friston et al., 1995a,b]. Accordingly, a de-
sign matrix that comprised contrasts modeling alternating
intervals of “activation” (referring to the four different mem-
ory conditions) and “baseline” was defined. Specific effects
were assessed by applying appropriate linear contrasts to
the parameter estimates of the four experimental memory
conditions and the baselines resulting in t statistics for each
voxel. These formed SPMs (SPMt) of differences between
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both memory conditions and between memory conditions
and baseline. SPMt statistics were interpreted in light of the
theory of probabilistic behavior of Gaussian random fields.

Gender-specific differences in neural substrates of emo-
tional autobiographical memory retrieval were assessed by
second-level analysis constituting a random-effects model.
For each of the simple effects (recent, remote, positive, and
negative autobiographical memories relative to baseline),
the individual contrast images of each subject describing the
corresponding effect were entered into a second-level anal-
ysis based on a two-sample t test (two groups with 10
subjects each). In addition, the gender-specific differential
activations for the contrast “all memory conditions versus
baseline” were assessed. Due to the strict character of the
analysis carried out (second-level analysis based on a ran-
dom-effects model) and the predicted small effect size, a
height threshold of P � 0.001, uncorrected for multiple
comparisons (corresponding to t � 3.61) and an extent
threshold of 10 voxels were applied. In an explorative anal-
ysis such as the present one, the use of an uncorrected
threshold is well justified to exclude that representative
group-related differential activations associated with the ex-
perimental tasks are erased by statistical correction employ-
ing the family-wise error (FWE) or false-discovery rate
(FDR). Uncorrected statistical thresholds have been applied
to second-level analyses of fMRI data by several studies
published previously [e.g., Buccino et al., 2004; Gottfried et
al., 2003; Thiel et al., 2002; Wicker et al., 2003; Zafiris et al.,
2004] that suggest this thresholding method to represent an
appropriate approach. We did not accomplish small volume
corrections (SVC), as no straightforward anatomic hypothe-
ses are available regarding gender-related differences in au-
tobiographical memory that would allow for a priori defi-
nition of regions of interest (ROIs).

To show the neural network of brain regions activated by
the conjoint memory conditions relative to baseline across
males and females, the statistical threshold was set to P
� 0.05 (corrected for multiple comparisons), with no extent
threshold [see Piefke et al., 2003].

Gender-specific differences in the postscanning behav-
ioral data (test of stimulus recognition, rating questionnaire
on imagery, emotional intensity of the memories retrieved,
etc.) were assessed using a two-sample t test.

RESULTS

Behavioral Data

Reaction times and error rates in the subordinate
alertness task during the fMRI experiment

Across males and females, statistical analysis of the sub-
jects’ reaction times and error rates in the subordinate alert-
ness task did not reveal any significant differences between
the four memory conditions, suggesting that the overall
level of attention was the same for all memory conditions.
The analysis of Gender � Condition interactions did not

show a significant gender effect on reaction times and error
rates for any of the memory types.

Postscanning debriefing procedures

Postscanning recognition of stimulus sentences and their
correct assignment to the respective personal episodes of the
subjects’ past was 97.6% across genders and the five exper-
imental runs, without statistically significant differences (P
� 0.05, corrected for multiple comparisons) between the
four memory conditions (childhood positive � 96.8 � 5.6%;
childhood negative � 96.6 � 5.5%; recent positive � 98.3
� 4.1%; and recent negative � 98.7 � 3.1%). There was a
tendency toward a higher percentage of recognition for re-
cent relative to remote memories. As a Kolmogorov–Smir-
nov test revealed a normal distribution of the data, gender
differences in the percentage of correct stimulus recognition
were assessed using a t test. This demonstrated that there
were no significant gender differences in recognition perfor-
mance for any of the experimental memory conditions, even
at more liberal statistical threshold of P � 0.001 (uncorrected
for multiple comparisons).

Mean ratings (� SD) of recent, remote, positive, and
negative memories given by the subjects (irrespective of
gender) on the postscanning questionnaire concerned
with characteristic features of autobiographical memory
are displayed in Tables I–III. The data resulting from this
questionnaire showed a normal distribution. An analysis
of variance (ANOVA) with repeated measures on one
factor (interaction Factor � Group; degrees of freedom
[df] � 1) was thus applied. To keep the significance level
for multiple comparisons between items at P � 0.05,
single comparisons’ � levels were adjusted according to
the Bonferroni inequality. For all 20 subjects (irrespective
of gender), significantly higher ratings for recent relative
to remote memories were obtained for the items picture-
likeness (F � 10.7; P � 0.004), emotionality (F � 12.0; P
� 0.003), re-experience (F � 17.3; P � 0.001), and richness
of details (F � 13.6; P � 0.002). By contrast, no statistically
significant differences in the subjects’ ratings were ob-
served for positive versus negative memories. Table II
and III show a comparison of mean ratings given by males
(n � 10) and females (n � 10) on the postscanning ques-
tionnaire for recent and remote (Table II) as well as pos-
itive and negative (Table III) memories. A t test did not
reveal statistically significant gender differences in the
ratings of memories for any items included in the ques-
tionnaire, even at a more liberal statistical threshold of P
� 0.001 (uncorrected for multiple comparisons).

For the analysis of gender-related differences in spatial
and temporal context information included in all 4,800 stim-
ulus sentences, a two-sample t test was applied. Males and
females did not differ from each other with respect to spatial
and temporal aspects of the autobiographical materials pro-
vided during the prescanning interview, even at an uncor-
rected statistical threshold of P � 0.001.
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TABLE I. Mean rating of recent, remote, positive, and negative personal memories across males and females

Item Remote Recent
P (recent

vs. remote) Positive Negative
P (positive

vs. negative)

Picture-likeness 3.55 � 0.83 4.15 � 0.93 0.004* 3.90 � 0.58 3.75 � 0.72 0.267
Scene-likeness 2.90 � 1.41 3.40 � 1.57 0.034 3.10 � 1.29 3.00 � 1.30 0.494
Vividness 2.85 � 0.99 3.40 � 1.10 0.066 3.25 � 0.79 3.25 � 0.97 1.000
Coloredness 3.40 � 1.35 3.20 � 1.47 0.340 3.40 � 1.50 3.05 � 1.50 0.069
Language 2.15 � 1.53 2.65 � 1.63 0.013 2.40 � 1.67 2.55 � 1.82 0.545
Emotionality 2.85 � 1.35 3.60 � 1.23 0.003* 3.35 � 1.04 3.55 � 1.28 0.214
Re-experience 3.20 � 1.01 4.10 � 0.91 0.001* 3.60 � 0.88 3.95 � 0.76 0.015
Details 2.60 � 1.19 3.35 � 1.23 0.002* 3.10 � 1.21 3.10 � 1.07 1.000
Olfactory 0.65 � 0.88 0.70 � 0.80 0.754 1.05 � 1.28 0.70 � 0.92 0.049
Temperature 1.40 � 1.31 1.85 � 1.63 0.045 1.45 � 1.57 1.63 � 1.74 0.250
Touch 1.70 � 1.56 2.00 � 1.89 0.092 2.00 � 1.72 1.80 � 1.67 0.297
Acoustical 2.00 � 1.49 2.45 � 1.67 0.017 2.15 � 1.57 2.20 � 1.58 0.666
Gustatory 0.80 � 1.28 0.85 � 1.09 0.777 1.00 � 1.30 0.55 � 0.89 0.070

Mean ratings � standard deviation given by the subjects irrespective of gender (n � 20) on items (picture-likeness, scene-likeness,
coloredness, emotionality, re-experience, vividness, richness of details, role of language, olfactory perceptions, temperature, perceptions of
touch, acoustical perceptions, gustatory perceptions) included into the postscanning debriefing questionnaire on characteristics of the
autobiographical episodes retrieved during fMRI measurement. Subjects rated their memories on a five-point rating scale (0, not at all; 1,
scarcely; 2, slightly; 3, fairly; 4, intense; and 5, highly intense). For the contrast between recent and remote memories (irrespective of
emotional valence), statistically significant differential ratings were observed for the items picture-likeness, emotionality, reexperience, and
details whereas positive and negative memories (irrespective of remoteness of memories) did not obtain significant differential ratings on
any items.
* P � 0.05, for multiple (13) comparisons (corrected � � 0.004).

TABLE II. Male and female mean rating of recent and remote memories irrespective of emotional valence

Item

Males Females
P Time �

GenderRecent Remote P Recent Remote P

Picture-like 4.40 � 0.70 13.60 � 0.70 0.022 3.90 � 1.10 3.50 � 0.97 0.104 0.288
Scene-like 3.40 � 1.65 2.60 � 1.58 0.070 3.40 � 1.58 3.20 � 1.23 0.343 0.187
Vividness 3.80 � 1.03 3.10 � 1.20 0.153 3.00 � 1.05 2.60 � 0.70 0.269 0.600
Colored 3.00 � 1.25 3.30 � 0.95 0.468 3.40 � 1.71 3.50 � 1.72 0.343 0.630
Language 3.20 � 1.48 2.30 � 1.42 0.019 2.10 � 1.66 2.00 � 1.70 0.591 0.040
Emotionality 3.60 � 1.58 2.80 � 1.62 0.053 3.60 � 0.84 2.90 � 1.10 0.025 0.824
Re-experience 4.00 � 0.94 3.10 � 1.20 0.054 4.20 � 0.92 3.30 � 0.82 0.001* 1.000
Details 3.60 � 1.17 2.70 � 1.34 0.019 3.10 � 1.29 2.50 � 1.08 0.051 0.476
Olfactory 0.60 � 0.84 0.50 � 0.71 0.591 0.80 � 0.79 0.80 � 1.03 1.000 0.754
Temperature 1.40 � 0.71 1.20 � 1.40 0.591 2.30 � 1.49 1.60 � 1.26 0.010 0.247
Touch 1.70 � 2.16 1.40 � 1.71 0.193 2.30 � 1.64 2.00 � 1.41 0.279 1.000
Acoustical 2.90 � 1.60 2.60 � 1.43 0.081 2.00 � 1.70 1.40 � 1.35 0.081 0.391
Gustatory 1.00 � 1.41 1.00 � 1.49 1.000 0.70 � 0.67 .60 � 1.07 0.678 0.777

Mean ratings � standard deviation for recent and remote memories (irrespective of emotional valence) given by males (n � 10) and females
(n � 10) on the items included into the postscanning debriefing questionnaire (see legend to Table I). The data show that there were no
statistically significant gender-related differences in the postscanning ratings of recent and remote autobiographical memories. Due to the
loss of statistical power, three items rated significantly higher for recent relative to remote memories in the statistical analyses across all 20
subjects (picture-likeness, emotionality, and details) were nonsignificant with respect to the factor TIME when ANOVA was calculated for
males and females separately. The item reexperience was rated differentially for recent vs. remote memories (statistically significant at P
� 0.05, corrected for multiple comparisons) by females but not by males; however, this result depends on the relatively higher standard
deviation in ratings for this item in the male group.
* P � 0.05, for multiple (13) comparisons (corrected � � 0.004).
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Neuroimaging Data

Brain activity associated with the conjoint memory
conditions relative to baseline across males and
females

Across genders, significant increases in neural activity (P
� 0.05, corrected for multiple comparisons) related to all
memory conditions (irrespective of remoteness and emo-
tional tone) relative to baseline were observed bilaterally in
the posterior cingulate/retrosplenial cortex, medial and lat-
eral temporal cortex, temporal-occipital cortex, and dorsal-
occipital cortex extending into the fusiform gyrus, the para-
hippocampal and hippocampal regions, and bilaterally
although predominantly left hemispheric in the ventrolat-
eral and dorsolateral prefrontal cortex (see Table IV). Fur-
ther areas of significant activation were observed in the
premotor areas, right cerebellum, and left superior parietal
cortex.

Gender differences in brain activity associated with
all memory conditions relative to baseline

Analysis of gender-specific differences in neural activa-
tions associated with combined memory conditions
showed that males (relative to females) differentially ac-
tivated left parahippocampal gyrus (P � 0.001, uncor-
rected), whereas females (relative to males) differentially
activated the right insula and the right dorsolateral pre-
frontal cortex (P � 0.001, uncorrected). Figure 1 and Table
V display the brain regions with gender-related differen-
tial activations during autobiographical memory retrieval
(irrespective of remoteness and emotional valence of
memories).

Gender differences in brain activity associated with
the simple effects of memory type relative to baseline

In males (relative to females), the observed gender-
related differential activity in the left parahippocampal
gyrus was contained in each type of memory (compared
to baseline). Correspondingly, differential right dorsolat-
eral prefrontal cortex activation was observed in all types
of autobiographical memory in females (relative to
males), whereas the right insular cortex was activated
differentially mainly in the negative and the remote mem-
ory conditions (see Table V). Although this finding sug-
gests an interaction of the two experimental factors of
interest (TIME; EMOTION) for the insular cortex, appro-
priate statistical tests showed that the interaction was not
significant. However, we found several small significant
activations (P � 0.001, uncorrected for multiple compar-
isons; extent threshold 10 voxels) related to interactions
between the group variable (GENDER) and the two ex-
perimental factors (TIME; EMOTION) and to the main
effects of TIME and EMOTION, which were located in
brain regions within the memory network activated in
both genders. These relative changes in neural activity
related to the complex contrasts (interactions; main ef-
fects) cannot be interpreted easily with reference to the
group variable GENDER. Indeed, they are not indicative
of basal differences in the neural networks supporting
autobiographical memory in males and females. We
therefore do not refer to the complex contrasts here, but
rather focus on the simple effects of both the conjoint
memory conditions and each memory type (compared to
baseline), which provide a more transparent view on pu-
tative gender-related differences in the neural mecha-
nisms of autobiographical memory.

TABLE III. Male and female mean rating of positive and negative memories irrespective of emotional valence

Item

Males Females
P Emotion �

GenderPositive Negative P Positive Negative P

Picture-like 4.10 � 0.57 3.70 � 0.67 0.037 3.70 � 1.06 3.80 � 0.79 0.591 0.054
Scene-like 3.10 � 1.45 2.80 � 1.40 0.297 3.10 � 1.20 3.20 � 1.23 0.343 0.169
Vividness 3.40 � 0.84 3.50 � 0.85 0.343 3.10 � 0.74 3.00 � 1.05 0.780 0.588
Colored 3.20 � 1.23 2.70 � 1.35 0.138 3.60 � 1.78 3.40 � 1.71 0.343 0.424
Language 2.70 � 1.70 3.00 � 1.94 0.560 2.10 � 1.66 2.10 � 1.66 — 0.552
Emotionality 3.40 � 1.26 3.60 � 1.58 0.443 3.30 � 0.82 3.50 � 0.97 0.343 1.000
Re-experience 3.50 � 0.85 3.90 � 0.74 0.104 3.70 � 0.95 4.00 � 0.82 0.081 0.714
Details 3.40 � 1.26 3.40 � 1.07 1.000 2.80 � 1.14 2.80 � 1.03 1.000 1.000
Olfactory 0.90 � 1.29 0.60 � 0.97 0.193 1.20 � 1.32 0.80 � 0.92 0.168 0.773
Temperature 1.10 � 1.45 1.56 � 2.01 0.065 1.80 � 1.69 1.70 � 1.57 0.780 0.100
Touch 1.70 � 2.06 1.30 � 1.70 0.223 2.30 � 1.34 2.30 � 1.57 1.000 0.295
Acoustical 2.70 � 1.57 2.60 � 1.58 0.591 1.60 � 1.43 1.80 � 1.55 0.168 0.196
Gustatory 1.30 � 1.57 0.50 � 0.71 0.087 0.70 � 0.95 0.60 � 1.07 0.591 0.140

Mean ratings � standard deviation for positive and negative memories (irrespective of the remoteness of memories) given by males (n � 10)
and females (n � 10) on the items included into the postscanning debriefing questionnaire (see legend to Table I). The data show that there
were no statistically significant gender-related differences in the postscanning ratings of positive and negative autobiographical memories.
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DISCUSSION

Our data show evidence for both common and differential
neural mechanisms subserving emotional autobiographical
memory retrieval in males and females. Across the genders,
activations were observed bilaterally in the posterior cingu-
late cortex, and medial and lateral temporal areas extending
into the parahippocampal and hippocampal regions. Fur-
thermore, bilateral although predominantly left hemispheric
activations in the ventrolateral and dorsolateral prefrontal
cortices were common to both males and females. These
brain areas are known to be part of the neural network
supporting episodic nonautobiographical and autobio-
graphical memory retrieval [see e.g., Nadel and Moscovitch,
1997; Squire, 1992; Tulving and Markowitsch, 1998]. More
importantly, with regard to the purpose of the study, we
observed gender-related differential activations in the left
parahippocampal region (with males showing more activa-

tion than females) and in the right dorsolateral prefrontal
cortex (with females showing greater activation than males)
in all memory conditions. In addition, females showed dif-
ferential activation during the retrieval of remote and neg-
ative memories in the right insula. To clarify the issue of
whether the gender-related differences in relative BOLD
signal change associated with the memory tasks reflected
activation rather than deactivation of the respective brain
areas, the conjoint memory conditions were compared to the
baseline for males and females, separately. Brain areas with
gender-related differential activity were included into the
network showing activation in this comparison for both
males (left parahippocampal gyrus) and females (right dor-
solateral prefrontal cortex and right insula), although the
gender-specific peak coordinates were located peripherally
in the activated network. Inclusion into this network sug-
gests that the gender-related differential neural activity ob-
served in the present study reflected activations, but not
deactivations.

We suggest that these gender-related differences in the
neural mechanisms underlying emotional autobiographical
memory retrieval are likely to reflect the use of gender-
specific cognitive strategies when assessing autobiographi-
cal memories.

A considerable number of studies indicated that there
may exist gender differences in the hemispheric lateraliza-
tion of cognitive functions. Specifically, estrogen is sup-
posed to modulate functional hemispheric lateralization
[McEwen et al., 1998; Williams, 1998; Wisniewski, 1998]
yielding differences in neuropsychologic task performance
between males and females and variation in cognitive per-
formance across the menstrual cycle in females. In the
present study, we did not control for different phases of the
menstrual cycle and blood level concentrations of 17�-estra-
diol and testosterone. Our data thus cannot contribute to the
long-standing debate on the issue of whether and how es-
trogen may influence brain functions. Males differentially
relied on a left hemisphere area (parahippocampal gyrus)
during emotional autobiographical memory retrieval,
whereas females showed differential right hemisphere acti-
vations of the dorsolateral prefrontal cortex and the insula.
Our data are thus consistent with the notion of gender-
related differences in the hemispheric lateralization of brain
functions. Nevertheless, some caveats should be considered
when assessing gender differences in functional neuroimag-
ing data. Grabowski et al. [2003] pooled PET data from five
experiments on blood flow correlates of naming concrete
entities to reanalyze the data for effects of gender. They
reported a differential hemispheric lateralization in males
and females, which is in line with that observed in the
present study; however, the authors emphasized that gen-
der-specific activations such as these can be interpreted in at
least three ways. They may actually indicate stronger left
lateralization in males and stronger right lateralization in
females. They may also reflect a gender-related differential
magnitude of increases or decreases in neural activity. Fi-

TABLE IV. Relative increases in brain activity common
to all experimental memory conditions across males

and females

Brain region Side

Coordinates

tx y z

Superior frontal gyrus Left �10 	62 	28 7.2
Inferior frontal gyrus Left �50 	32 �10 11.8
Ventral premotor cortex Right 	40 	18 	20 7.0

Left �46 	22 	20 14.4
Dorsal premotor cortex Left �42 	6 	52 10.6
Medial premotor cortex Left �2 	12 	56 11.7
Temporal pole Right 	54 	16 �32 8.0

Left �52 	14 �34 11.3
Middle temporal gyrus Right 	60 0 �24 6.0

Left �56 	2 �24 12.35
Hippocampus Left �24 �20 �18 8.6
Superior parietal cortex Left �30 �54 	48 5.6
Retrosplenial cortex Left �6 �56 	4 12.0
Fusiform gyrus Right 	36 �64 �24 16.2

Left �28 �66 �18 13.0
Extrastriate cortex Right 	46 �82 	2 9.7

Left �42 �78 	4 9.7
Right cerebellum Right 	14 �82 �42 10.7

Joint effect of all memory conditions vs. baseline (CP 	 CN 	 RP
	 RN 
 BL). All activations significant at P � 0.05, corrected for
multiple comparisons across the whole brain volume. Brain regions
showing relative significant BOLD signal increases (across all 20
subjects, irrespective of gender) associated with all memory condi-
tions vs baseline. For each region of activation, the coordinates in
standard stereotactic space are given referring to the maximally
activated focus within an area of activation as indicated by the
highest t-value. Coordinates (in mm): x, distance to right (	) or left
(�) of midsagittal plane; y, distance anterior (	) or posterior (�) to
vertical plane through the anterior commissure; and z, distance
above (	) or below (�) the intercommissural (AC-PC) plane.
CP, positive childhood events; CN, negative childhood events; RP,
positive recent events; RN, negative recent events; BL, baseline.
From Piefke et al., Brain, 2003. Reproduced by permission of Oxford
University Press.
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nally, it has to considered that they mirror gender differ-
ences in the degree of effort or engagement in the task.

Moreover, the functional and behavioral significance of
gender-specific differences in the brain remains to be clari-
fied. The “dual-function hypothesis” proposed by De Vries
[2004] should be considered in this context. In brief, this
hypothesis suggests that neuronal gender differences can be
assumed to serve at least two functions. They may induce
gender-related differences in cognitive processing and overt
behavior, but may also prevent emergence of gender differ-
ences in cognitive functions and behavior in that they com-
pensate for distinct physiologic conditions depending, for
example, on gender-related differential gonadal hormone
levels [see also De Vries and Boyle, 1998].

As in the study by Grabowski et al. [2003] and previous
functional neuroimaging studies on distinct aspects of lan-

guage processing [Jaeger et al., 1998; Kansaku et al., 2000;
Pugh et al., 1996], we observed no gender differences at the
behavioral level of task performance. Neither the subordi-
nate reaction time task included in the autobiographical
memory experiment nor the postscanning debriefing re-
vealed any gender differences in memory performance or
emotional intensity of memories. The percentage of recog-
nition of the autobiographical stimulus sentences, the correct
assignment to the respective personal past episodes, and the
ratings of the memories retrieved during the fMRI measure-
ment did not differ significantly between genders. The gen-
der-specific neural activations associated with autobio-
graphical memory retrieval thus cannot be ascribed to
differential task performance, suggesting that males and
females may resort to differential but comparably effective
cognitive strategies when assessing memories of their per-

Figure 1.
Gender-specific relative increases in neural activity (for 10 males
and 10 females) associated with the joint experimental memory
conditions versus baseline. The local maxima of areas of statisti-
cally significant relative increases in neural activity (P � 0.001,
uncorrected) are superimposed on MRI sections of the male and
the female group mean 3-D structural image normalized into the
standard stereotactic space defined by Talairach and Tournoux

[1988] to depict the functional anatomy of the activations and their
relationship to the underlying structural anatomy. In males (rela-
tive to females), there is increased neural activity in the left
parahippocampal gyrus (A). By contrast, females exhibit greater
activation in the right dorsolateral prefrontal cortex (DLPFC) and
insular cortex than do males (B). R, right; L, left; A, anterior; P,
posterior.
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sonal past. For further clarification of this issue, a qualitative
comparison between the retrieval strategies employed by
the male and female subjects would be required. The design
of the present study does not allow for such an analysis and,
thus, we cannot provide additional evidence for our hypoth-
esis of equally effective retrieval strategies in males and
females.

Our findings are in good accordance with a previous
18FDG PET study on nonautobiographical emotional mem-
ory by Cahill et al. [2001], who reported that ratings of
emotional reactions to emotional and neutral film clips were
highly similar across males and females, despite gender-
specific differential memory-related activations observed.

The present results as well as previous functional neuro-
imaging data on neural mechanisms of memory and lan-
guage processing may suggest gender-specific patterns of
brain function to be neurobiologically rather than socially
determined [e.g., Killgore and Yurgelun-Todd, 2001], as dif-
ferential activation patterns observed had no correlate on
the behavioral level of task performance [Cahill et al., 2001;
Grabowski et al., 2003; Jaeger et al., 1998; Kansaku et al.,
2000; Pugh et al., 1996]. It is reasonable to assume that
neurobiological gender differences may include differential
hemispheric lateralization and differential involvement of
cortical and subcortical pathways in cognitive and emo-
tional processing that do not necessarily become manifest in
behavior and experimentally measurable aspects of cogni-
tive and emotional processing. However, it has been shown

that the development of autobiographical memory is likely
genetically, neurobiologically, and socially determined
[Davis, 1999]. In addition, it has been shown that brain
plasticity and persistent developmental interactions among
neurophysiologic and environmental factors are likely to
have induced genetically determined global differences be-
tween the functional organization of the male and female
central nervous system [Buss, 2003]. Although environmen-
tal factors may also induce changes in neuronal structure
and functional brain development [Grossman and Wood,
1993], socially determined differences in brain structure and
function between males and females should also be mir-
rored on the performance level because influences of the
social environment directly address the behavior of individ-
uals. Neuroimaging evidence for gender-related differential
neural responses during emotional memory and language
processing that have no behavioral correlate therefore sug-
gests that these gender-specific neural mechanisms may de-
pend on some kind of neurobiologically (rather than
socially) determined sexually dimorphic functional organi-
zation of the human brain.

Contrary to some previous reports of superior emotional
memory ability in females [Davis, 1999; Fujita et al., 1991],
the current behavioral data do not indicate that females have
emotionally more intense memories than males do. Our
finding of gender-related differential neural activation pat-
terns associated with comparable performance and emo-
tional intensity of autobiographical memory retrieval may

TABLE V. Gender-specific relative increases in brain activity associated with conjoint experimental memory
conditions and simple effect of each type of memory

Activations vs. baseline Region Side

Coordinates

tx y z

Males 
 females
CP 	 CN 	 RP 	 RN Parahippocampal gyrus Left �12 �38 �14 5.46
CP 	 CN Parahippocampal gyrus Left �14 �36 �16 4.14
RP 	 RN Parahippocampal gyrus Left �14 �38 �14 5.12
RP 	 CP Parahippocampal gyrus Left �12 �38 �16 5.65
RN 	 CN Parahippocampal gyrus Left �14 �38 �14 3.74

Female 
 males
CP 	 CN 	 RP 	 RN DLPFC Right 	48 	44 	8 4.78

Insular cortex Right 	44 	2 	4 5.37
CP 	 CN DLPFC Right 	48 	44 	8 4.72

Insular cortex Right 	44 	2 	4 4.84
RP 	 RN DLPFC Right 	48 	42 	6 4.09
RP 	 CP DLPFC Right 	46 	44 	10 4.30
RN 	 CN DLPFC Right 	48 	44 	8 4.97

Insular cortex Right 	44 	2 	4 4.48

All activations significant at P � 0.001, uncorrected. Extent threshold 10 voxels. Brain regions showing significant gender-specific relative
BOLD signal increases associated with all memory conditions vs. baseline (CP 	 CN 	 RP 	 RN 
 BL) and the simple effect of each
memory type (recent, remote, positive, and negative) vs. baseline. For each region of gender-related activation, coordinates in standard
stereotactic space are given referring to the maximally activated focus within an area of activation as indicated by the highest t-value.
Corodinates (in mm): x, distance to right (	) or left (�) of midsagittal plane; y, distance anterior (	) or posterior (�) to vertical plane
through the anterior commissure; and z, distance above (	) or below (�) the intercommissural (AC-PC) plane.
CP, positive childhood events; CN, negative childhood events; RP, positive recent events; RN, negative recent events; BL, baseline; DLPFC,
dorsolateral prefrontal cortex.
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thus support the cognitive style hypothesis rather than the
affective intensity hypothesis, given that the use of distinct
cognitive memory styles by males and females does not
necessarily become manifest in behavioral aspects of auto-
biographical memory. In support of this hypothesis, the
three brain areas exhibiting gender-related activations in the
present study have been implicated in memory processing
and cognitive strategies rather than in emotion [Epstein et
al., 2002; Leube et al., 2001; Rossi et al., 2001]. The dorsolat-
eral prefrontal cortex was suggested to be involved in mon-
itoring and manipulation of information in working mem-
ory [Veltman et al., 2003], in motor response selection
[Buccino et al., 2004], and in episodic memory encoding and
retrieval strategies [for review, see Lee et al., 2003]. In addi-
tion, the dorsolateral prefrontal cortex has been implicated
in temporal order memory by lesion studies in animals
[Petrides, 1991], neuropsychologic assessment of patients
with frontal brain damage [Milner et al., 1991; Shimamura et
al., 1990], and in recent functional neuroimaging studies
[Cabeza et al., 2000; Suzuki et al., 2002]. Suzuki et al. [2002]
demonstrated that right dorsolateral prefrontal cortex is en-
gaged primarily in temporal context memory and serial
ordering between distinct episodes whereas left dorsolateral
prefrontal cortex mediates recall of temporal context within
a single episode. Our finding of gender-related differential
right dorsolateral prefrontal cortex activations in females
(relative to males) during the retrieval of all types of emo-
tional autobiographical memory may thus indicate that fe-
males rely more strongly than males do on serial ordering of
personal past events when recollecting emotionally laden
autobiographical experiences. One can assume that females
(compared to males) are more engaged in the temporal
sequencing of events, presumably yielding higher monitor-
ing demands on working memory, which have also been
associated with dorsolateral prefrontal cortex function [e.g.,
Veltman et al., 2003].

The parahippocampal gyrus, which was differentially acti-
vated in males (compared to females) in the present study has
been reported primarily to support spatial learning and spatial
navigation [Maguire et al., 1996; Malkova and Mishkin, 2003],
as well as spatial context memory [Tsukiura et al., 2002], al-
though it may also play a more general role in memory func-
tion [Cabeza et al., 2002; Strange et al., 2002]. In particular,
Epstein and Kanwisher [1998] suggested the “parahippocam-
pal place area” to be involved in processing of scenes and
landmarks [see also Weiss et al., 2000]. Given that autobio-
graphical memory is likely to depend extensively on spatial
cognition (e.g., during scene memory), the observed gender-
related activations of the parahippocampal gyrus in males may
indicate that males rely more comprehensively than females do
on spatial cognition when assessing memories of their personal
past. Our data also largely comply with the hypothesis that
males have better spatial memory abilities than females do, as
suggested by behavioral data [Sandstrom et al., 1998; Vecchi
and Girelli, 1998]. Interestingly, a recent study showed evi-
dence that males’ superior spatial memory performance is
highly selective. Postma et al. [2004] demonstrated that gender

differences in spatial memory processing with more accurate
male performance occurred only for precise metric positional
information in a wayfinding and an object location memory
task whereas no gender-related differential performance was
observed in a memory task requiring the processing of topo-
logical information (object-to-position assignment). Based on
these findings and our current data, one can speculate that
males may rely preponderantly on spatial context memory
when “navigating” through their personal past whereas fe-
males primarily depend on temporal context memory, i.e.,
strategies of generating temporal links between separate epi-
sodes during autobiographical recollection. Given the gender-
related hemispheric lateralization of activations observed in the
present study (left in males, right in females), this presumption
is in good accordance with the finding that the right hemi-
sphere may be engaged specifically in the processing of tem-
poral information [Nenadic et al., 2003; Numminen et al., 2004].
In addition, some evidence supporting our hypothesis comes
from a neuropsychologic experiment on temporal order mem-
ory using the Rey Auditory Verbal Learning Test (AVLT),
which demonstrated that incidental memory for the temporal
order of items was sensitive to both age and gender of subjects
[Vakil and Blachstein, 1994].

The insular cortex, which was activated differentially in
females during the processing of remote and negative auto-
biographical memories, has not only been implicated in
memory and cognition, but also in emotion processing. For
example, previous functional neuroimaging studies suggest
that the insula is involved predominantly in negative emo-
tional states such as pain and distress [Derbyshire et al.,
1997; Iadarola et al., 1998], anger and disgust [Phillips et al.,
1997], as well as hunger and thirst [Tataranni et al., 1999].
The insular cortex was reported to subserve rather cognitive
aspects of emotion processing, particularly when some kind
of reflection on personal distress or disadvantage is required
[Carr et al., 2003; Lévesque et al., 2003; for review, see Wager
et al., 2003]. In an fMRI study on neural representations of
emotional states that may guide human economic decision
making, for example, Sanfey et al. [2003] implicated the
(anterior) insula in representation and evaluation of specific
negative emotional states [see also Calder et al., 2001]. This
hypothesis is in line with our present finding of insular
cortex activation during the recollection of negatively va-
lenced childhood memories, a task that is likely to involve
evaluative processing of early negative experiences.

We conclude that our current and previous studies sup-
port the hypothesis that gender differences in emotional
memory depend on differential cognitive styles of encoding,
rehearsing, and thinking about emotionally laden personal
experiences in males and females [Killgore et al., 2001; Kill-
gore and Yurgelun-Todd, 2001; Seidlitz and Diener, 1998].
Specifically, males may differentially draw upon spatial
context memory during autobiographical remembering
whereas females may differentially use strategies of tempo-
ral context memory to assess their personal past. Such gen-
der-related differences in brain function do not necessarily
affect the behavioral level of emotional memory perfor-
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mance and are therefore likely to be neurobiologically rather
than socially determined.
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