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Abstract: Functional magnetic resonance imaging and echo-planar-imaging were used to investigate
affect related gender differences in regional cerebral activity. The experiment was conducted using a
standardized mood induction procedure. Blood-oxygen-level-dependent effect was measured in 13 male
and 13 female healthy subjects, during both moods of happiness and sadness, respectively. Parallel to
earlier neuroimaging findings, our results show brain activity in the amygdala of males during negative
affect. Females failed to demonstrate a similar activation pattern despite matched subjective ratings of
negative affect to males. Results point to differential regional cerebral correlates of emotional experience
in males and females, which is suggestive of a more focal and subcortical processing of sadness in men.
Hum. Brain Mapping 9:226-238, 2000.  © 2000 Wiley-Liss, Inc.
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INTRODUCTION

In general, investigations have rarely been under-
taken pertaining to gender variability, particularly in
the area of neurobiological correlates of affect. How-
ever, quite interesting gender differences are noted in
terms of the clinical manifestation of many psychiatric
disorders. Notably, the incidence of clinical depres-
sion is higher in women. An important question that
needs addressing is whether neurobiological sub-
strates of affect processing in morphology or brain
function show gender differences. In studies where
different regional cerebral activation during mood in-
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duction or discrimination [George et al., 1996; Gur et
al., 1995] were observed, a neurobiological based gen-
der difference in emotion processing has been pro-
posed. The same proposition is made for variances in
skin conductance response during viewing of emo-
tional film clips [Kring and Gordon, 1998]. Moreover,
differences between the two sexes were found in emo-
tional processing [Burton and Levy, 1989; Duda and
Brown, 1984]. Women have been noted to be more
expressive than men [Asthana and Mandal, 1998;
Kring and Gordon, 1998; McConatha et al., 1997]. Ob-
servations of varying facial expressions between men
and women [Alford, 1983; Frisch, 1995] may similarly
reflect neurobiologically based gender differences.
Nevertheless, the divergent results between both gen-
der groups with regard to behavior could be attrib-
uted to normative social sex roles as well [Grossman
and Wood, 1993].

Hence, our interest is directed toward an under-
standing of the underlying neurobiological correlates
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of gender differences in functional cerebral correlates
of emotional states in healthy men and women. Of the
studies thus far conducted on gender, differences
were reported in regional cerebral blood flow (rCBF)
during both rest and different emotional states
[George et al., 1996], and with women showing more
limbic and paralimbic activation during sadness.

There is an ongoing discussion pertaining to hemi-
spheric asymmetry in the processing of emotion, fa-
voring a right hemispheric dominance [Adolphs et al.,
1996; Davidson, 1993]. The hypothesis on emotional
valence proposes a greater right hemispheric involve-
ment for negative emotional stimuli, whereas a greater
left hemipheric involvement is associated with mate-
rial of positive valence [Heller, 1990]. A right hemi-
spheric dominance for emotional expression has been
deduced, for example, from the asymmetry found in
emotional facial expressions, especially for negative
emotions, expressed more intensively on the left side
[Asthana and Mandal, 1998; Borod et al., 1988]. Fur-
thermore, sad mood induction was associated with
decelerated left visual field processing (right hemi-
sphere) [Lavadas et al., 1984]. Hemispheric asymme-
tries have also been shown in the processing of sad vs.
happy facial expressions, with a right hemisphere ad-
vantage in processing speed for sad expressions [Mor-
etti et al., 1996]. In general, studies of facial and verbal
emotion perception have provided evidence for the
right hemispheric dominance, as well as for valence-
related asymmetries. However, some results contra-
dict predictions of the valence hypothesis. For exam-
ple, it was shown that the selective presentation of
emotional film clips to the right hemisphere (with
contact lenses) did not produce greater negative rat-
ings [Otto and Yeo, 1993]. Experiments of dichotic
listening also lend support to the assumption of the
right hemispheric dominance for emotional material,
whereas they fail to do so for the valence hypothesis
[Bulman-Fleming and Bryden, 1993; Erhan et al,
1998]. In such studies, variables as the emotional task
requirement (perception of emotion, facial expression,
emotional experience) as well as the method for inves-
tigating cerebral asymmetries (dichotic listening, con-
tact lenses, tachistoscopic procedures) exert influence
on outcome, and may thus explain the different re-
sults.

With respect to cerebral asymmetries, gender differ-
ences have also been observed. Pronounced asymme-
try was observed for negative emotions [Asthana and
Mandal, 1998] less for positive emotions [Borod et al.,
1983] in females compared to males. In the perception
of emotion, only trends for sex differences were re-
ported, with no interactions between gender of the

stimulus face and gender of the subject [Hugdahl et
al., 1993].

We employed a standardized mood induction pro-
cedure to investigate possible gender differences us-
ing functional magnetic resonance imaging (fMRI)
based on blood-oxygen-level-dependent (BOLD) con-
trast. Our aim was to explore the neurobiological cor-
relates of happy and sad mood states compared to a
control-neutral mood condition. Ecologically valid
and socially relevant emotional stimuli applicable in
functional neuroimaging studies were employed
[Schneider et al., 1994a]. The stimuli were standard-
ized and capable of obtaining reliable mood changes
in subjects. Mood changes as a result of such mood
induction per se have been confirmed in earlier stud-
ies on a behavioral level [self report and facial expres-
sion; Schneider et al., 1994a; Weiss et al., 1999]. Char-
acteristic valence specific regional cerebral and
autonomic effects of happy and sad mood induction
were demonstrated by measuring regional brain ac-
tivity with '**Xenon [Schneider et al., 1994b], H,"O-
PET [Schneider et al., 1995], and fMRI [Schneider et al.,
1997, 1998]. Together, the findings suggest a special
role of the amygdala in the processing of negative
affect during the mood induction procedure.

MATERIALS AND METHODS

Subjects

Participants (13 male and 13 female) were all
healthy subjects (males: mean age * SD, 31.69 + 7.65
years (range 20-46), education 13.38 = 3.40 years;
females: age = 30.77 * 6.78 (23-43), education 12.77 =
2.77). The protocol was approved by the Institutional
Review Board of the School of Medicine of the Uni-
versity of Diisseldorf and is in accordance with the
Code of Ethics of the World Medical Association. Fol-
lowing a complete description of the study to the
subjects, written informed consent was obtained from
each subject. The usual exclusion criteria for MRI were
applied. Participants underwent an intensive screen-
ing using comprehensive assessment procedures for
medical, neurological, and psychiatric history [similar
to Shtasel et al., 1991]. Data on the healthy male sub-
jects have been presented previously in a study that
compared normal controls to schizophrenic patients
[Schneider et al., 1998].

Mood-induction procedure

Subjects participated in a standardized mood induc-
tion procedure, described previously [Schneider et al.,
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TABLE I. Mean ratings (and SD) for the emotional self-rating scale (ESR) during the different conditions

Happiness Sadness Control

ESR Men Women Men Women Men Women

Happiness 3.53 (£1.05) 3.61 (£0.77) 1.38 (+0.65) 1.00 (=0.00) 2.46 (=1.05) 2.23 (£1.17)
Sadness 1.23 (+£0.83) 1.00 (£0.00) 3.53 (=1.05) 3.53 (*+0.88) 1.15 (£0.55) 1.07 (£0.28)
Anger 1.23 (£0.44) 1.07 (£0.28) 1.61 (£1.04) 1.46 (+0.88) 1.46 (£0.77) 1.23 (£0.60)
Disgust 1.15 (+0.55) 1.00 (£0.00) 1.07 (£0.28) 1.00 (%0.00) 1.07 (£0.28) 1.00 (%0.00)
Fear 1.15 (+0.38) 1.00 (£0.00) 1.38 (£0.51) 1.46 (£0.52) 1.07 (£0.28) 1.07 (+£0.28)
Surprise 2.23 (*=0.83) 1.92 (+0.95) 1.30 (£0.63) 1.69 (£1.25) 2.38 (+0.96) 2.61(*=1.12)

1994a]. Briefly, the task has two components, one con-
sisting of 40 happy and the other of 40 sad slides of
facial expressions, posed by professional actors and
actresses. The models were draped in black fabric and
photographed against a black backdrop to eliminate
all clothing and ambient distracters. In constructing
the stimulus set, we used 169 slides for which more
than 90% of the raters in the study of Erwin et al.
[1992] agreed upon the portrayed target emotion of
happy and sad. The slides were presented to six raters
who rated the genuineness of the expression (yes/no)
and whether only one emotion and not emotional
blends were displayed (yes/no). Additionally, they
rated the intensity of the expressed target emotion on
a 5-point Likert-type scale (1: not at all-5: most in-
tense). Only unitary and genuine facial expressions
were included in the test. No more than three different
pictures of one single actor in each of the two tasks
were allowed in the final test. These straight angle
monochromatic photographs included 10 male and 11
female actors in the sad, and 11 male and 11 female
actors in the happy condition. The slides in each of the
two tasks (happy mood induction, sad mood induc-
tion) were presented in random order with the con-
straints that no more than three slides of the same sex
and only one slide of a single actor be found in a set of
seven slides. The experiment comprised three condi-
tions (happy mood induction, sad mood induction,
control task) during which time fMRI data were ac-
quired. Stimuli consisted of happy and sad facial ex-
pressions projected onto a screen that was positioned
in front of the scanner. A mirror placed on the top of
the RF-coil made the stimuli visible to the subjects.
The three conditions were administered in counterbal-
anced order (Latin square design) with the control
condition amid the two emotional conditions to min-
imize carryover effects. Each condition included an
activation phase preceded by a resting baseline of the
same duration. With the help of a response device,
subjects moved on to the next face by pressing re-
sponse buttons using both thumbs simultaneously.

The pace for moving on to the next face was controlled
individually by subjects according to their individual
arousal level. The instructions were as follows: “Dur-
ing this task, I would like you to try to become happy
[sad]. To help you do that, I will be showing you slides
with faces expressing happiness [sadness]. Look at
each face and use it to help you to feel happy [sad].”
The control condition consisted of a gender differen-
tiation task. Subjects determined the gender of the
character in each slide by pressing the left/right re-
sponse button, respectively.

The dependent measure for the mood induction
effect was the positive and negative affect schedule
(PANAS) [Watson et al.,, 1988], a 5-point unipolar
intensity scale, which includes ratings for factor refer-
enced emotional descriptors for orthogonal positive
and negative dimensions. The scale required a rating
of “How did you actually feel in the last minutes?”
Furthermore, an emotional self-rating scale (ESR)
[Schneider et al., 1994a] was applied that included a
5-point unipolar intensity scale used as a manipula-
tion check to ascertain the specificity of the experi-
enced emotion (see Table I).

Imaging protocol

fMRI of the brain was acquired using a 1.5T Mag-
netom Vision MR scanner (Siemens). Axial slices were
measured using anatomical MRI (T1 weighted, 16
slices, slice thickness 3 mm, gap 1 mm, TR 704 msec,
TE 12 msec, matrix 256 X 256, FOV 192 mm) with the
same orientation for the acquired functional data. Slice
position was choosen parallel to the intercommissural
line (anterior commissure—posterior commissure, AC—
PC), covering mainly subcortical-limbic and associ-
ated cortical areas. Functional images were obtained
using a BOLD contrast echo-planar-imaging (EPI)
technique (slice thickness 3 mm, TR 8 sec, acquisition
time 3 sec, TE 46 msec, matrix 64 X 64, FOV 192 mm,
a 90°). Baseline and activation tasks consisted of 25
repeated measurements each. There were 3-min
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breaks between conditions. Image acquisition during
fMRI was subject to hardware and software limita-
tions at the time the study was initiated. Limited im-
mediate storage capacity at the time the study was
initiated restricted data to a minimal number of
slices X time points X conditions.

Statistical analysis

The dependent measure for quantifying the mood
induction effect was derived from the ratings of pos-
itive and negative scores of the PANAS. The positive
emotional score consisted of the sum of the ten posi-
tive emotional items and the negative emotional score
was the sum of the ten negative items. These scores
served as dependent measures in the statistical anal-
ysis (MANOVA). A repeated measures three-way
ANOVA, with task (happy, sad, control), rating scale
(happy, sad), and gender (male, female) as a between-
subject variable, was performed to check the mood
induction manipulation. The scale-by-task interaction
served as a test for the hypothesis (mood-induction
effect > 0).

Functional data were corrected for head motion.
The realignment was done with the SPM 96b software
package (University College, Department of Cognitive
Neurology, London). The tenth image in the time se-
ries was used as reference. This correction reduces
motion artifacts by a least square rigid body transfor-
mation (translation in X, y, z direction and rotation
around these three main axes). Simple linear baseline
drifts during an experimental run (baseline-stimula-
tion phase within one condition) are corrected for by
our algorithm that evaluates the signal mean values
for each phase. Averaging the signal within a partic-
ular phase renders explicit low pass filtering of the
raw data unnecessary. The anatomical slices were su-
perimposed on the mean image of the realigned data-
set of each experimental condition and coregistered
with MPITOOL 2.36 (MPI for Neurological Research,
Cologne), thus creating a corrected anatomical dataset
for each individual condition. This procedure ac-
counts for shifts present in the two datasets. Further-
more, it verified the correct identification of regions-
of-interest (ROIs) that were to be defined at a later
stage of data processing. For the superposition of both,
we determined the AC as a corresponding reference
point. Thirteen homotopic regions were defined an-
atomically with STIMULATE 5.0 (University of
Minnesota, Center of Magnetic Resonance Research,
Minneapolis, MN, USA) for each subject on several
slices of the coregistered MRI plane (Fig. 1). Data
analysis was performed initially with two addi-

tional regions, brainstem and gyrus rectus. Because
of methodological constraints of the functional data,
insufficient signal-to-noise-ratio precluded further
analysis.

ROIs were defined to convey a representative part
of the whole region (central punch biopsy) and to
contain mainly grey matter. Regions included in the
analysis were as defined, and comprised mainly grey
matter. They are the amygdala (near the outer end of
the caudatum at the tip of the inferior horn of the
lateral ventricle), hippocampus (defined as C-shaped
structure, below the corpus callosum extending with
its main part along the floor of the temporal horn of
the lateral ventricle), thalamus (egg-shaped structure,
forming the walls of the third ventricle, extending
anteriorly to the interventricular foramen and poste-
riorly overlapping the midbrain, as defined on the
three slices representing it in its greatest extent), ante-
rior cingulate (small part anterior to the corpus callo-
sum, Brodman area 32, 33) and posterior (small part
posterior to the corpus callosum, Brodman 31, 23),
orbitofrontal cortex (defined on the slice about 8 mm
above the gyrus rectus, on the medial and ventral
surface of the frontal lobe), dorsolateral prefrontal
cortex (Brodman 9, 10, 46 sparing FEF, 8 and PMC, 6),
temporal superior cortex (at the outer wall of the
lateral sulcus, Brodman 22), temporal medial cortex
(from the hippocampal head just beneath the amyg-
dala and extending posteriorly until fornix), temporal
inferior cortex (outer part between the inferior tempo-
ral sulcus and the lateral occipitotemporal sulcus,
Brodman 20), occipital cortex (caudal pole of the oc-
cipital lobe, predominantly on its medial aspects), pre-
cuneus (medial part of the parietal lobe), and cerebel-
lum (delineation of both hemispheres).

ROIs were then combined three-dimensionally
before overlay with the activity-distribution image.
These anatomically defined 3D regions were trans-
ferred on to the functional dataset of lower spatial
resolution (0.75 mm vs. 3 mm). Only functional
voxels with an anatomic coverage exceeding 75%
were included in the regional analysis. As for spatial
normalization of the data, it proved impossible to
perform because the composition of 16 slices fell
short of covering the whole brain, leading to unac-
ceptable distortions during normalization. Only
voxels surviving a threshold of about 5 times above
noise level for the functional data were considered
to hold valid data, and were used for further anal-
ysis in order to avoid the problem of susceptibility
artifacts (drop-outs) close to larger cavities. Finally,
mean values for baseline and activation periods
were extracted from each 3D region individually.
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TABLE II. Significant effects for the different groupings of regions and the single ROls

Region Effect F(df), P — t(df), P
PANAS scale-by-task F(2,48) = 37.41, P < 0.0001
task F(2,48) = 4.09, P < 0.02
scale F(1,24) = 422.95, P < 0.0001
FMRI

Subcortical-limbic

Amygdala
Thalamus
Frontal-limbic

Temporal

Control

Cerebellum

Occipital cortex

gender-by-task-by-laterality
gender-by-region-by-task-by-laterality
gender-by-task-by-laterality
task

gender

region

task-by-laterality
region-by-laterality
gender-by-region

region

task

gender-by-laterality

region

task
gender-by-region-by-task
gender-by-task-by-laterality
gender-by-region-by-task-by-laterality
task

laterality
gender-by-task-by-laterality
task

control task vs. happy mood
sad mood vs. happy mood

F(2,48) = 5.59, P < 0.008
F(4,96) = 3.35, P < 0.03
F(2,48) = 5.49, P < 0.007
F(2,48) = 8.13, P < 0.003
F(1,24) = 4.46, P < 0.045
F(3,72) = 4.02, P < 0.02
F(2,48) = 3.83, P < 0.04
F(3,72) = 6881.13, P < 0.0001
F(3,72) = 3.33, P < 0.04
F(2,48) = 9.11, P < 0.004
F(2,48) = 5.43, P < 0.01
F(1,24) = 4.86, P < 0.04
F(2,48) = 24.25, P < 0.0001
F(2,48) = 5.69, P < 0.009
F(4,96) = 3.40, P < 0.046
F(2,48) = 3.90, P < 0.03
F(4,96) = 3.19, P < 0.04
F(2,48) = 4.03, P < 0.03
F(1,24) = 4.93, P < 0.04
F(2,48) = 5.40, P < 0.02
F(2,48) = 8.61, P < 0.001
#(25) = —2.33, P = 0.03
125) = —4.21, P = 0.0003

The relative signal intensity (SI) change was then
calculated from the mean values according to
[(SI—-Slg;) /Sl ], where SI, - and Sl; refer to mean
SI during activation (ACT) and baseline (BL), re-
spectively. Therefore, signal changes reflect changes
from baseline. Evaluation of only relative signal
changes (which encompasses a model of relative
scaling of a signal of interest with global blood flow)
guarantees for intersubject comparison. These rela-
tive signal changes served as dependent measures
in the statistical analysis (MANOVA).

Regions were grouped into target and nontarget
ROIs in view of anatomical relations and the differ-
ential functional importance of subcortical-limbic,
frontal-limbic, and temporal regions in emotional
processing. The grouping was also performed on
the assumption that activation will not be found in
all regions during one condition. We also aimed at
covering a representative part of the limbic system
together with related regions. The remaining areas
represented control regions. MANOVAs were done
separately for the four regional groupings because

of the hypothesized group differences occurring in
specific regions only. Factors were gender (male,
female), laterality (left, right), region (three subcor-
tical-limbic, four frontal-limbic, three temporal,
three control regions), and task (happy mood, sad
mood, control) with region, task, and laterality used
as repeated measures factors. Greenhouse-Geisser
corrections were applied. Significant group-by-re-
gion interactions were decomposed by post-hoc
tests (Scheffé) (see Table II).

To ascertain that ROI-definitions were compara-
ble between two extensively trained raters, interra-
ter-reliability on the SI change was assessed [Bartko
et al., 1976]. Hence, intraclass correlation coeffi-
cients (ICC) were calculated for each region of three
subjects. All ROIs demonstrated r;-c greater than
.95 and were used for further analysis. Furthermore,
we checked for the geometric overlap of the corre-
sponding ROIs between raters based on the low-
resolution functional images. Mean overlap ex-
ceeded 95%, rendering ROI definitions of the two
raters sufficiently reliable.
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Figure 1.

lllustration of anatomically defined regions on MRI: Subcortical-
limbic regions: AM, Amygdala; HI, Hippocampus; TH, Thalamus;
Frontal-limbic: Cingulate gyrus—anterior; Cingulate gyrus—pos-

RESULTS
PANAS

Subjective ratings demonstrated more negative af-
fect during the sad mood induction and less negative
affect during the happy mood induction. Likewise,
more positive affect was present during happy mood
induction compared to sad mood induction (Fig. 2).
The ANOVA of the PANAS data yielded the expected
scale-by-task interaction (F(2,48) = 37.41, P < 0.0001),
and a task (F(2,48) = 4.09, P < 0.02) as well as a scale
effect (F(1,24) = 422.95, P < 0.0001), without any gen-
der differences.

FMRI

For the subcortical-limbic region group, the statisti-
cal analysis of the fMRI data showed a significant
gender-by-task-by-laterality (F(2,48) = 5.59, P < 0.008)
and gender-by-region-by-task-by-laterality interaction
(F(4,96) = 3.35, P < 0.03). This interaction enabled
further analysis to be performed for each region sep-
arately. An ANOVA for the amygdala revealed only a
gender-by-task-by-laterality interaction (F(2,48) =

terior; Dorsal lateral prefrontal; OF, Orbito frontal; Temporal: Tl,
Inferior temporal; Mid-temporal; TS, Superior temporal; Control:
CE, Cerebellum; OC, Occipital cortex; Precuneus.

5.49, P < 0.007). Post-hoc comparisons showed a sig-
nificant gender difference only for the right amygdala
activation during sadness (Diff_;, = 1.25; Fig. 3). Male
subjects demonstrated a right amygdala activation
compared to baseline during negative mood that was
not present in females.

Controlling for the possible influence of differences
in ROI size between men and women, volume size of

M5 - —a— ESR-HAPPY

—v— ESR-SAD
4 -

T 1 1 T 1 T

HAPPY SAD CONTROLHAPPY SAD CONTROL
MEN WOMEN

Figure 2.
Emotional self-ratings assessed with the ESR (mean * SE) of 13
healthy males and 13 healthy females for happy and sad mood
induction and a cognitive, nonemotional control task.
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Figure 3.

Effect of sad mood induction on cerebral activation (signal inten-
sity = SE) in 13 men and |3 women. The abscissa shows the three
experimental conditions, the ordinate shows the relative SI
changes for the right amygdala.

the amygdala was calculated and yielded comparable
volumes between genders (women, 1.13 = 0.20 cm?;
men, 1.13 = 0.40 cm®), without any asymmetries. This
analysis relied on the volume information provided
by the anatomical slices (T1), on which the amygdala
was identified. Therefore, our approach represents
only an approximate volume of the actual volume of
the amygdala. To determine an exact volume, a 3D
dataset would have been required, which would pro-
vide information of the whole structure.

In the hippocampus, no differential cerebral activa-
tion effects were observed, whereas tasks produced
only a different activation pattern in the thalamus
(F(2,48) = 8.13, P < 0.003). No further significant main
effects or interactions could be observed in these or
any other region of the subcortical-limbic region
group.

For frontal-limbic areas, a main effect for gender
(F(1,24) = 4.46, P < 0.045), region (F(3,72) = 4.02, P <
0.02), and a task-by-laterality (F(2,48) = 3.83, P < 0.04),
region-by-laterality (F(3,72) = 6881.13, P < 0.0001),
and gender-by-region interaction (F(3,72) = 3.33, P <
0.04) emerged.

Analysis for temporal regions yielded main effects
for region (F(2,48) = 9.11, P < 0.004), task (F(248) =
5.43, P < 0.01), and a gender-by-laterality interaction
(F(1,24) = 4.86, P < 0.04).

For control regions, significant effects were ob-
served for region (F(2,48) = 24.25, P < 0.0001), task
(F(2,48) = 5.69, P < 0.009), and the interactions gen-
der-by-region-by-task (F(4,96) = 3.40, P < 0.046), gen-
der-by-task-by-laterality (F(2,48) = 3.90, P < 0.03), and

gender-by-region-by-task-by-laterality (F(4,96) = 3.19,
P < 0.04). Therefore, a similar decomposition of a
meaningful interaction (gender-by-region-by-task),
like that for subcortical regions, was possible only for
control regions. For the cerebellum, a main effect for
task (F(2,48) = 4.03, P < 0.03) and laterality (F(1,24) =
493, P < 0.04) and a gender-by-task-by-laterality in-
teraction (F(2,48) = 5.40, P < 0.02) emerged. Females
exhibited a stronger cerebellar participation during
the control task than males (Diff.;, = 0.73). A task
effect was seen in the occipital cortex (F(2,48) = 8.61,
P < 0.001). The control task produced more activation
in the occipital cortex than the happy mood induction
(t(25) = —2.33, P = 0.03). In the same region sad mood
elicited more activation than the happy mood induc-
tion (#(25) = —4.21, P = 0.0003). No significant effects
were seen for the precuneus.

Correlation analysis

Amygdala activation could be interpreted as an im-
portant neurobiological substrate of sadness, a finding
that was supported by correlation analysis of subjec-
tive ratings and signal changes (Fig. 4). In male sub-
jects, signal intensities in the right amygdala increased
with intensified subjective experience of sadness (r =
0.64, P < 0.02). The same could not be confirmed for
women (r = 0.14, n.s.) and also not for the left amyg-
dala.

25
@ [ ]
320 - V ® o
> 15 - b e o
= o e
b %
2 10 | -
E A4 ° °
z 57 s .
I 0+ ° b .
z °
© 54
5 °
10 -
T T T T T T T T T T T T T T
2 1 0 1 2 3 4 2 1 0 1 2 3 4
PANAS
MEN WOMEN
Figure 4.

Correlation between subjective mood-induction effect (PANAS:
positive score minus negative score) during sad mood induction
and cerebral activation (A % = percent change in signal intensity)
in the amygdala during sadness for I3 men and 13 women, re-
spectively. The abscissa shows the PANAS difference scores, the
ordinate shows the relative S| changes for the right amygdala.
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DISCUSSION
Gender differences

Our results suggest the presence of gender differ-
ences in regional cerebral signal changes for negative
affect. Amygdala activation, which was associated
with the subjective experience of sadness, corre-
sponded to sad mood in males. Women, on the other
hand, showed no corresponding signal changes, de-
spite similar ratings of experienced sadness. In view of
our results, we speculate that sad mood in women
produces less concentrated and less lateralized brain
activation compared to men. This is in line with results
found for the cerebral processing of language [Shay-
witz et al., 1995]. Similarly, in PET studies, women
during induced sadness showed bilateral activation
without asymmetries [George et al., 1995; Lane et al.,
1997; Pardo et al., 1993]. An effect of mood induction
during the control task as a result of recognizing emo-
tional facial expressions can be ruled out in this study.
The failure of the control condition to produce the
same subjective mood changes as mood induction,
along with any comparable regional cerebral activa-
tion, in spite of consisting of the same stimuli used for
the mood induction condition, serves to confirm it as
a nonemotional cognitive task.

A greater cerebellar participation during the control
task was observed in our female sample compared to
the male group. Higher brain metabolism in the cere-
bellum of women was likewise demonstrated during
baseline measurements in an earlier PET study
[Volkow et al., 1997]. Other findings corroborate the
results from our male subjects. Gur et al. [1995], using
PET, demonstrated in men relative to women a greater
relative glucose metabolism in temporo-limbic re-
gions, as well as a greater absolute metabolism in the
amygdala and the hippocampus during resting states.
In women, they detected a higher relative metabolism
in the middle and posterior cingulate gyrus. The re-
ported variances may explain differences in the cere-
bral correlates of emotional processing in both the
gender groups, as the two regions (amygdala, cingu-
late cortex) are involved in emotional processing and
are part of the limbic network. However, the findings
of gender differences with regard to regional cerebral
glucose metabolism have not always been consistent
[Miura et al., 1990].

Behavioral differences could also account for the
gender differences we detected. Women may opt for
strategies in achieving sadness that differ from men,
involving more cognitive strategies and internal cues.
Men may focus more on external visual stimulus ma-

terial, which seems to suggest more amygdala partic-
ipation. Women are also said to be more emotional,
and behaviorally more emotionally expressive [Kring
and Gordon, 1998] (e.g., the presentation of socially
stressful situations have been shown to elicit more
tension, distress, and fear in women than in men
[Morris-Prather et al., 1996]). One could speculate that
men had to exert a greater effort into experiencing
sadness and consequently demonstrated increased
amygdala involvement.

A recent study applying photic stimulation also re-
ported lower BOLD responses in women than in men.
Contributing to much of the differences was a prevail-
ing lateralization to the right hemisphere in men
[Levin et al., 1998]. The authors point to a possible
influence of baseline hemoglobin concentration in
blood on the BOLD effect (e.g., altering hemoglobin
concentration alters BOLD signal). Considering the
particular amygdala activation characteristics (amyg-
dala participation, especially at the very early stages of
processing, along with weaker signal increases ob-
served in subcortical regions), it may be that, particu-
larly in this region, the hemoglobin plays an influen-
tial role on BOLD effects. The lower baseline
hemoglobin concentration of women could release a
greater and earlier signal increase compared to men to
compensate, resulting in an early amygdala response
not detected with our temporal resolution. Our lim-
ited temporal resolution presumably allowed us to
map only the delayed activation in men.

Amygdala activation and the subjective
experience of emotion

Because of the multiple connections between the
amygdala and various cortical and subcortical areas,
and the fact that the amygdala receives processed
input from all the sensory systems, amygdala partici-
pation is essential during the initial phase of stimulus
evaluation. The appraisal function of the amygdala,
combining external cues with an internal reaction,
reflects the starting point for a differential emotional
response including the subjective experience of an
emotion. Hence, as suggested from our previous re-
sults, the subjective feeling also seems released and
modulated by the amygdala. This response character-
istic of the amygdala has been demonstrated in animal
studies [Gaffan, 1992; Rolls, 1992]. It is also supported
by neuroimaging findings in humans. The initial stim-
ulation of the amygdala has been demonstrated to
release an orienting reflex with attention increases and
autonomic reactions relevant for producing a shift in
attention for ecologically valid stimuli. In this func-
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tional context, the response to stimuli irrespective of
their valence becomes clear [Hamann et al.,, 1999].
Only following a longer stimulus duration have full
emotional reactions been observed in different ani-
mals [Gloor, 1986], lending support to the hypothesis
of an amygdala participation during the subjective
experience of emotion in humans.

Evidence for the special role of the amygdala in the
processing of negative emotional material is also pro-
vided by a number of experiments [Ketter et al., 1996;
Phillipps et al., 1997]. Amygdala activation was ob-
served during the viewing of fearful faces using PET
[Rowland et al., 1996] (four males, one female) and
fMRI [Irwin et al., 1996] (six females). The emotion of
fear, however, may implicate a differential response
pattern than the subjective experience of sadness.
Amygdala activation was similarly found for presen-
tation of sad faces using PET [Blair et al., 1999] (13
males). With respect to the neurobiological substrates
of the subjective component of affect following more
direct mood induction methods, investigations on nor-
mal males and females using H,'?O PET showed in-
creased activity in the left amygdala during procaine-
induced fear [Ketter et al., 1996] (17 males, 15 females).
Amygdala activation was also detected in our male
subjects, which corroborates our earlier findings
[Schneider et al., 1995, 1997]. Previously, we described
blood flow increases in the left amygdala during sad
mood in a mixed group of males (n = 11) and females
(n = 5) in an H,"”O PET study [Schneider et al., 1995].
These changes correlated with shifts toward negative
affect. Assessment of fMRI changes in blood oxygen-
ation level dependent (BOLD) contrast in seven men
and five women indicated similar results to the PET
findings [Schneider et al., 1997]. Moreover, left amyg-
dala activation was also found during happy mood
induction.

More evidence for the role of amygdala during the
subjective experience of negative affect comes from
PET studies. In them, greater blood flow was shown in
the left amygdala of depressed patients [Drevets et al.,
1992]. In such patients, a correlation emerged between
resting regional cerebral metabolic rate in the right
amygdala and the dispositional negative affect as well
[Abercrombie et al., 1998].

However, in spite of describing associated subjec-
tive experiences of emotion, amygdala activation was
not always reported in neuroimaging studies applying
various mood-induction techniques. Instead, those ex-
periments consistently found an anterior cingulate
cortex and prefrontal cortex involvement [Mayberg et
al., 1999; Teasdale et al., 1999]. There are a number of
possible reasons for these discrepancies. One critical

point are the various methods of mood induction that
are applied. Mayberg et al. [1999] tried to dissociate
the induction phase from the affect phase by investi-
gating healthy subjects during mood induction, and
by comparing the results to depressed patients prior to
and following recovery. Interestingly, results showed
increased activity in limbic-paralimbic regions (sub-
genual cingulate, anterior insula) as well as decreased
activity in neocortical regions in chronic and transient
negative mood, with a reverse pattern seen during
recovery from depression. However, visual material
for mood induction was not used in their study. In-
stead, the task required recalling of sad personal ex-
periences, thus leading to different activation patterns
compared to our results. As has been shown in a
number of findings, divergent brain regions may be
implicated in externally and internally generated
moods [Reiman et al., 1997]. Lane et al. [1997] found,
for example, different regional rCBF changes because
of film- (amygdala) or recall-induced (anterior insula)
mood. However, even with externally induced emo-
tion (sad film clips), amygdala activation could not
always be demonstrated in healthy and depressed
subjects [Beauregard et al., 1998].

This methodological consideration also applies to a
more recent study of Teasdale et al. [1999], who em-
ployed picture caption pairs that evoked positive and
negative feelings, and other caption pairs eliciting less
emotion. FMRI data analysis of the investigated six
healthy subjects (three male and three female), re-
vealed a medial prefrontal activation, and an activa-
tion in the anterior cingulate, predominantly right-
sided, for negative or positive picture caption pairs
compared to the nonemotional irrelevant pairs. Evi-
dence of amygdala activation did not surface. The lack
of amygdala participation in the latter study com-
pared to our study may be because of the fact, that in
our mood-induction procedure, we combined a more
direct mood-induction technique of perceptual emo-
tional stimuli (emotional faces) along with cognitively
elicited emotions (recall of personal events). Teasdale
et al. [1999], on the other hand, relied only on an
essentially cognitive and a more indirect method of
emotion elicitation. Hence, this would support the
hypothesis of amygdala activation reflecting only its
participation during the initial phase of emotional
processing (i.e., encoding and evaluation of visual
emotional material). However, this pattern of amyg-
dala activation seems to habituate very rapidly [Brei-
ter et al 1996; Biichel et al., 1998; LaBar et al., 1998].
Our results of amygdala activation during longer-last-
ing periods of externally triggered mood states point
alternately to amygdala involvement not only in the
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initial process of stimulus evaluation but also during
the subjective experience of induced mood. A compar-
ison between the studies of Ketter et al. [1996] and
Javanmard et al. [1999] are yet another example of the
different findings as a consequence of differing mood
induction methods. The method used by Javanmard et
al. [1999] comprised panic-induction in healthy volun-
teers by cholecystokinin-4 injections, which failed to
elicit amygdala activation. Ketter et al. [1996], on the
other hand, found amygdala activation in those per-
sons only that reported fear following procaine injec-
tions.

Pardo et al. [1993] and George et al. [1995] similarly
did not report any amygdala involvement during sad
mood in females, supporting in part our finding of
lack of amygdala activation in this gender group. Ev-
idence for primary participation of the inferior and
orbitofrontal cortex [Pardo et al., 1993], the anterior
cingulate, medial prefrontal, and mesial temporal cor-
tex, as well as for the brainstem, thalamus, caudatum,
and putamen [George et al., 1995] was yielded in those
studies. Whereas, yet again, others reported a partic-
ipation of the middle and posterior temporal cortex,
cerebellum, midbrain, caudatum, and putamen [Lane
et al., 1997]. It is understood that complex emotional
states require more than only the participation of one
region. A complex network interaction is involved in
all emotional experience. It may be that these results
demonstrate the possibility of experiencing negative
emotions, yet without amygdala activation.

Finally, the differing outcomes may, last but not
least, be influenced correspondingly by methodologi-
cal differences (e.g., PET vs. fMRI), different depen-
dent variables (BOLD, rCBF, metabolism), temporal
resolutions of the measurement techniques, and the
various analysis techniques.

Cerebral asymmetry in emotional processing

In this study, amygdala activation was restricted to
the sad mood induction with signal changes demon-
strated only on the right side. There is an ongoing
discussion with respect to laterality in relation to neg-
ative affective processes and amygdala activity, rang-
ing from unilateral left or right sided to bilateral acti-
vation. Moreover, a hemispheric lateralization of
emotional processing is, as yet, not fully understood.
Reports so far indicate a greater right hemispheric
involvement [Davidson et al., 1990]. Our current re-
sults extend these findings to subcortical processes. In
contrast, and as described previously, a predomi-
nantly left-sided activation was found using 'O-PET
and MRI in healthy subjects during two preceding

mood induction studies [Schneider et al., 1995, 1997].
The methodological differences may account for these
results. On the other hand, it may be that there are
activation shifts from one side of the hemisphere to
the other during mood induction because of arousal
changes, or as a reflection of different stages of pro-
cessing. Because of different temporal resolutions of
the methods, the left- or right-sided activation maxi-
mums may reflect results measured at different time
points during different stages of processing. Because
gender seems to play a role in these results, gender
effects may also have contributed to the different find-
ings with respect to laterality. The smaller sample
sizes of our previous studies inhibited us from inves-
tigating gender differences to the extent that it was
performed in this study. The lateralized response
found here may also reflect the strategy subjects em-
ployed for a change in mood. A more language-based
strategy would account for a modulation of the left
hemisphere in the amygdala [Blair et al., 1999]. The
complexity of lateralization effects had been demon-
strated in an fMRI study [Phillipps et al., 1997], where
the intensity of emotional material influenced the side
of activation. The processing of intense fearful facial
expressions indicated a greater right amygdala in-
volvement, which shifted to a greater left-sided par-
ticipation for the processing of less intense expres-
sions. Besides the influence of arousal, a recent fMRI
study confirmed the effect of valence on hemispheric
lateralization [Canli et al., 1998]. A prevailing right-
sided activation (inferior frontal, gyrus rectus) was
observed for negative, relative to positive, emotional
material, which was controlled for arousal, and a
greater left-sided activation for positive relative to
negative material (middle frontal, middle, and supe-
rior temporal). This finding is in line with many pre-
vious clinical and EEG results. However, the activa-
tion is never completely lateralized. New studies have
to address the question of laterality with more ade-
quate paradigms in greater detail.

A possible contributing factor to the lateralized ef-
fect and gender-specific findings in the amygdala
could be because of possible asymmetries found in
amygdala volume. A slightly larger right amygdala
had been reported [Filipek et al., 1994] in healthy
subjects. This observation is, however, contradicted by
other reports, showing the reverse [Convit et al., 1999]
or a lack of asymmetry [Mu et al., 1999]. In our volu-
metric analysis, we could not find any asymmetries
regarding amygdala volume, neither for the male nor
for the female group. Furthermore, gender differences
in volume have not been described previously [Giedd
et al., 1999; Mu et al., 1999; Murphy, 1986]. Our anal-
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ysis of amygdala volume confirmed this lack of gen-
der differences.

Our results support the importance of the role of the
amygdala in experiencing negative emotions such as
sadness. However, in light of our data, this finding has
to be limited to the male gender, because females
produced a different response pattern. Influences re-
sulting from biological differences (between gender)
such as hemoglobin concentration need to be taken
into account during future investigations and have to
be set in relation to the BOLD effect. The restricted
number of measurements (only few slices and data
points) and the conservative method for image anal-
ysis relying on predefined MRI-based and standard-
ized ROIs adds a further limitation to our study. A
conventional fMRI data is sensitive to large vessel
effects. Finally, global changes in cerebral perfusion as
a result of the different mood states [Schneider et al.,
1994b] could not be addressed with our regional ap-
proach. Furthermore, a better temporal resolution al-
lows for an event-related analysis of activation, which
may address gender differences in greater detail.

CONCLUSIONS

We conclude from these results that brain activity in
subcortical-limbic regions, and in particular the amyg-
dala, represent some of the neurobiological correlates
of sadness in healthy males. Lacking similar activa-
tion, females may have different neurobiological sub-
strates in affective processing, with brain activation
seeming less focal and less lateralized. These differ-
ences are observed despite corresponding sad affect
on a behavioral level. Females may, on the other hand,
depend on alternative behavioral strategies that could
likewise be reflected in the gender differences in neu-
robiological correlates of different mood states.
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