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Abstract: Considerable studies reported that females are more susceptible to affective disturbances such
as depression, anxiety disorder, and phobia compared to males. Based on the close relation between
emotional sensitivity and liability to affective disturbances (Hofer et al. [2006]: NeuroIlmage 32, 854-862;
Spearing [2001]: Bipolar disorder, 2nd ed. Bethesda (MA): National institute of Mental Health), this
study investigated the neural mechanism underlying the females’ liability to affective disturbances by
hypothesizing that females are more susceptible to negative emotions than males. Event-related poten-
tials (ERPs) were recorded for highly negative (HN), moderately negative (MN), and neutral images in
Experiment 1, and for highly positive, moderately positive, and neutral images in Experiment 2,
whereas subjects (15 males and 15 females) performed a standard/deviant distinction task, irrespective
of the emotional valence of deviants in both experiments. In addition to the prominent emotional reac-
tions evoked by HN stimuli in both genders, Experiment 1 displayed conspicuous emotional responses
of females to MN stimuli across N2 and P3 components, which were absent in males. In contrast,
Experiment 2 demonstrated neither significant valence effect, nor significant valence by gender interac-
tion effect at these components. Thus, although both genders are sensitive to HN stimuli, females,
instead of males, are particularly susceptible to negative stimuli of lesser salience, and this female spe-
cific susceptibility does not exist to the positive stimuli. Therefore, females must be more susceptible to
negative emotions in life settings, which may be one important mechanism underlying their higher
prevalence of affective disturbances. Hum Brain Mapp 30:3676-3686, 2009.  © 2009 Wiley-Liss, Inc.
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INTRODUCTION

A growing body of studies has revealed a higher preva-
lence of affective disturbances such as depression, anxiety
disorder, and phobia in females than in males [Nolen-
Hoeksema, 1990; Scheibe et al., 2003; Simon et al., 2006]. In
early studies on epidemiology of depression, one of the
most significant findings is associated with the greater
rates of women versus men that suffer from unipolar
depression [Boyd and Weissman, 1981; Nolen-Hoeksema,
1987, 1900]. It was reported that the greater prevalence of
depression in women emerges at approximately 10 years
of age and persists until midlife [Kessler et al., 1993]. For
different cultures and ethnic groups, women in reproduc-
tive age are approximately twice more likely to suffer
from depressive syndromes than men [Nolen-Hoeksema,
1987; Weissman et al., 1996]. Furthermore, a recent study
by Scheibe et al. [2003] revealed that depressed females
experienced more anxiety and anger than their male coun-
terparts, and they also reported higher symptom severity
on self-report measures than males [Scheibe et al., 2003].
More recently, Simon et al. [2006] indicated that the gener-
alized anxiety disorder (GAD), another prevalent affective
disturbance, occurs at a much younger age in women than
in men [Simon et al., 2006]. Additionally, women are also
reported more susceptible to other affective disturbances
such as phobias, dysthymia, and panic disorder relative to
males [Altemus, 2006].

Therefore, it is clear that females are more susceptible to
various affective disturbances than males. The reasons for
this, however, are not clear enough. It has been proposed
that gender differences in response to social rejection stress
may be the reason underlying gender differences in
depression [Stroud et al., 2002]. By measuring salivary cor-
tisol responses to different types of stressors and the self-
reported affect ratings, Stroud et al. [2002] found that
females were more physiologically responsive to social
rejection stressors than males. The stronger reaction to
rejection stress was suggested to contribute to the greater
rates of depression in females than in males. However,
this study was unable to observe a similar gender differ-
ence during post-stress mood ratings. As depression is an
affective disorder characterized by enduring experience of
intense negative emotions such as sadness and pessimism
[Nolen-Hoeksema, 1991; Spearing, 2001], females” stronger
reaction to social rejection challenges alone, without corre-
sponding gender differences in emotional ratings, seems
insufficient to account for females’ greater rates of depres-
sion. More importantly, females were also demonstrated to
be more susceptible to various affective disturbances, such
as anxiety disorder, phobia, and panic disturbances other
than depression [Altemus, 2006], it is likely that there
exists a general mechanism that underlies the females’
increased susceptibility to diverse affective disturbances.

In life settings, it appears unsurprising to see more emo-
tional involvement in females than in males. For example,
it was reported that females experience negative emotions

such as anger, fear, and sadness more frequently and
intensely than do males across nations and cultures [Breb-
ner, 2003]. It is also common that females manifest promi-
nent emotional responses to some unpredictable stimuli
which, however, evoke less emotional responses in males
[Li et al., 2008]. More noticeably, there are a growing num-
ber of neuroimaging studies that demonstrated greater
neural activations in females versus males during negative
mood induction [Hofer et al., 2006; Schirmer et al., 2004;
Wrase et al., 2003]. In an fMRI study, Wrase et al. [2003]
observed stronger anterior and medial cingulated gyrus
activations in females versus males during the presenta-
tion of negative pictures. Similarly, adopting brain map-
ping measures, a recent study demonstrated that females
elicited stronger neural activations in bilateral superior
temporal gyrus and in cerebellar vermis during the per-
ception of negative emotions relative to males [Hofer et
al., 2006]. All this evidence implies that females may be
more susceptible to emotionally negative events compared
to males.

On the basis of our previous work showing differential
sensitivity of the brain to negative stimuli of varying
valences [Yuan et al., 2007a,b], and the reported gender
differences in emotional processing [Brebner, 2003; Cam-
panella et al., 2004; Hofer et al., 2006; Li et al., 2008;
Schirmer et al, 2004, Wrase et al, 2003], this study
hypothesizes that females are more susceptible to negative
emotions than are males. Specifically, by manipulating the
valence strength of emotional stimuli, we expect to see
that: 1, both genders show pronounced emotional reac-
tions to highly negative (HN) stimuli, as predicted by the
established emotional negativity bias [Cacioppo and Gard-
ner, 1999; Huang and Luo, 2007; Li et al.,, 2008]; 2, when
the valence strength of negative stimuli decreases to a
moderate level, the emotional reactivity remains conspicu-
ous in females whereas that of males is unapparent, or
even absent if subjects are engaged in a distracting task. 3,
males and females display similar, and probably, fewer
affective responses to positive stimuli of varying valences
during the same task, as positive stimuli, regardless of va-
lence strength, are known to be smaller in adaptive values
than negative stimuli for both genders [Huang and Luo,
2007; Yuan et al., 2007a,b]. If these hypotheses are con-
firmed, it would be apparent that females are more sus-
ceptible to negative emotions than males, and negative
emotions are easier to be triggered in females than in
males in real life settings. This, to a large extent, may con-
tribute to the females’ greater rates of various affective
disturbances.

As emotional responses are often triggered by unpre-
dictable stimuli during nonemotional activities in natural
settings [Delplanque et al., 2005; Li et al., 2008; Yuan et al.,
2007a,b], this study used an implicit emotional task that
did not require subjects to evaluate valence. Instead, sub-
jects were instructed to make a standard/deviant distinc-
tion by pressing different keys, irrespective of the
emotional valence of the deviants, consequently to allow
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emotional responses in the laboratory setting to more
closely resemble nature [Li et al., 2008; Yuan et al., 2007a].
Rather than requiring a single response for the deviants,
two responses were designed to mask the true purpose of
the experiment, thus to avoid a “relevance-for-task” effect
that was repeatedly reported to obscure the effect of va-
lence on event-related potentials (ERPs) [Carretie’ et al.,
1996, 2001]. As a cultural bias for the International Affec-
tive Picture System (IAPS) has been reported in Chinese
subjects [Huang and Luo, 2004], the pictures used to elicit
emotional responses in this study were from the native
Chinese Affective Picture System (CAPS?) [Bai et al., 2005,
Yuan et al., 2007 a,b]. The CAPS was established in a simi-
lar way to IAPS to better fit our native subjects in emo-
tional inducement [Bai et al., 2005; Huang and Luo, 2007;
Yuan et al., 2007 ab]. Moreover, according to Lang’s
[1995] theory of emotional dimensions, valence (ranging
from unpleasant to pleasant) and arousal (ranging from
calm to excited) are the two primary dimensions that
should be considered in emotional studies. Thus, the emo-
tional studies that address valence effect need to control
for arousal influences, which were indicated to confound
the valence effects on ERPs non specifically [Carretie’
et al., 1997; Johnson, 1993; Lang, 1995]. Therefore, in this
study, emotional pictures were selected in such a way that
the arousal level was matched across the three valence
conditions in either experiment.

MATERIALS AND METHODS
Participants

Thirty paid undergraduate students participated in the
experiments (15 females, 1822 years of age, M = 20.6; 15
males, 18-23 years of age, M = 21.1). They were right-
handed, free of any reported affective disorders, and had
normal or corrected to normal vision. The IRB of the
School of Psychology approved the experimental proce-
dures of the study. Each participant signed an informed
consent prior to the experiment.

!The standardized CAPS was developed in Key Laboratory of Men-
tal Health, Chinese Academy of Sciences to avoid the cultural bias of
emotional inducement found in Chinese participants when IAPS
was used. The CAPS introduced a number of pictures characterized
by oriental natural scenes and faces. The development method of
this native emotional picture system is similar to that of IAPS. For the
CAPS development, originators first collected over 2,000 pictures of
various contents, and finally kept 852 pictures most of which are typ-
ical of Chinese cultures for the normative ratings. Chinese college
students (gender-matched) were recruited to rate the valence,
arousal, and dominance by a self-report 9-point rating scale for the
852 pictures of the system. The pretest for this system showed that
CAPS is reliable across individuals in emotional inducement (the
between-subjects reliability scores were 0.982 for valence and 0.979
for arousal). More details about CAPS are accessible in Bai et al.
[2005].

Stimuli

This study included two modified oddball experiments.
Each experiment consisted of six blocks of 100 trials, with
each block including 70 standard and 30 deviant (grouped
into three conditions) pictures. All deviant pictures were
taken from the CAPS.

In Experiment 1, a natural scene of cup served as the
frequent standard picture and 30 pictures grouped as ei-
ther HN, moderately negative (MN), or neutral served as
the deviants. In Experiment 2, a natural scene of a bench
served as the frequent standard picture, and 30 pictures
grouped as either highly positive (HP), moderately posi-
tive (MP), or neutral served as the deviants. The sequence
of standard and deviant pictures was randomized in either
experiment. In Experiment 1, the three groups of deviant
pictures differed significantly in valence from one another
[mean: HN = 1.85, MN = 3.52, neutral = 5.46; F(2,87) =
266.19, P < 0.001; Max (HN) = 2.20, Min (MN) = 2.98] but
were similar in arousal (mean: HN = 6.08, MN = 5.88,
neutral = 5.86; F(2,87) = 149, P = 0.23). Similarly, the
deviant pictures presented in Experiment 2 were signifi-
cantly different in valence [mean: HP = 7.41, MP = 6.60,
neutral = 541; F(2,87) = 96.16, P < 0.001; Max (MP) =
6.96, Min (HP) = 7.00] but were similar in arousal (mean:
HP = 5.58, MP = 5.40, neutral = 5.37; F(2,87) = 1.29, P =
0.28). All pictures were identical in size and resolution
(15 ecm x 10 cm, 100 pixels per inch). In addition, the lumi-
nance of the pictures was matched across valence condi-
tions during either experiment, and the contrast of the
monitor was set to a constant value across experiments
and subjects.

Procedures

Subjects were seated in a quiet room at approximately
150 cm from a computer screen with the horizontal and
vertical visual angles below 6°. Prior to the experiment, all
subjects were told that the purpose of the study was to
investigate their ability to make a fast response selection,
and their ability to inhibit the prepotent response to the
frequent picture when the deviant appears. At the end of
each of the six blocks, accuracy rates for both standard
and deviant stimuli were given to the subjects as a feed-
back of their performance. Each trial was initiated by a
300 ms presentation of a small black cross on the white
computer screen for subjects to fix their gaze on the center
of the display throughout the block; subsequently, a blank
screen whose duration varied randomly between 500 and
1500 ms was followed by the onset of picture stimulus.
Each subject was instructed to press the “F” key on the
keyboard as accurately and quickly as possible if the
standard picture appeared, and to press the “J” key if
the deviant picture appeared. The stimulus picture was
terminated by a key pressing, or was terminated when it
elapsed for 1,000 ms. Therefore, each subject was informed
that their responses must be made under 1,000 ms. Each

* 3678 ¢



¢ Gender-Related Prevalence of Affective Disturbances ¢

response was followed by 1,000 ms of a blank screen. Pre-
training with 10 practice trials was used before formal
experiment to familiarize subjects with the procedure, and
the standard picture in pretraining was the same as that in
the subsequent experiment whereas the deviants for pretrain-
ing were neutral pictures that were not selected for the for-
mal experiment. During an interview session conducted
immediately after the experiment, each subject was debriefed
with respect to the characteristics of the deviant stimuli. On
the basis of their reports of the detection of emotional con-
tents, they were further required to estimate the percentage
of deviant images that were emotionally relevant amongst all
deviant stimuli. All subjects achieved 100% accuracy on 10
practice trials prior to the formal experiment. Each subject
participated in both experiments, with the order of the two
experiments counterbalanced between subjects.

ERP Recording and Analysis

The EEG was recorded from 64 scalp sites using tin elec-
trodes mounted in an elastic cap (Brain Products), with
the references on the left and right mastoids [average mas-
toid reference, Luck, 2005] and a ground electrode on the
medial frontal aspect. The vertical electrooculograms
(EOGs) were recorded supra- and infra-orbitally at the left
eye. The horizontal EOG was recorded from the left versus
right orbital rim. The EEG and EOG were amplified using
a DC of ~100 Hz bandpass and continuously sampled at
500 Hz/channel. All inter-electrode impedance was main-
tained below 5 kQ. Averaging of ERPs was computed off-
line; trials with EOG artifacts (mean EOG voltage exceed-
ing £80 pV) and those contaminated with artifacts due to
amplifier clipping, peak-to-peak deflection exceeding
+80 pV were excluded from averaging.

EEG activity for correct response in each valence condi-
tion was overlapped and averaged separately. ERP wave-
forms were time-locked to the onset of stimuli and the
average epoch was 1,200 ms, including a 200 ms prestimu-
lus baseline. As shown by ERPs’ grand average waveforms
and topographical map (see Fig. 1 and 2), prominent cen-
tral and frontal N2 components, and broadly distributed
P3 components were elicited during all the three valence
conditions in both experiments, irrespective of gender.
Moreover, Experiment 1 exhibited clear ERP differences
during HN, MN, and neutral conditions across genders,
and these differences were largest at central and frontal
sites. Conversely, Experiment 2 showed no obvious ERP
differences between the three valence conditions in both
groups. Thus, the following 15 electrode sites [Fz, FC3,
FC4, FCz, FC1, FC2, C1, C2, Cz, C3, C4 (11 frontal and
central sites), CP3, CP4, CPz, and Pz (four central-parietal
and parietal sites)] were selected for statistical analysis of
the P3 component (350-450 ms), and N2 (230-290 ms) was
analyzed at the 11 frontal and central sites. In addition,
because clear N1 and P2 activity was observed mainly at
central and more frontal sites in both experiments, early

N1 (80-130 ms) and P2 (130-190 ms) components were an-
alyzed at the 11 anterior sites, too. A repeated measures
analysis of variance (ANOVA) on the amplitude and la-
tency of each component was conducted with Valence
(three levels: HN, MN, and neutral for Experiment 1, HP,
MP, and neutral for Experiment 2) and electrode sites as
within-subjects factors, and gender as between-subjects
factor. As this study focused on the effect of gender on
affective reactions to deviant stimuli of varying valences,
our analyses mainly focused on gender by valence interac-
tion effect. The degrees of freedom of the F-ratio were cor-
rected according to the Greenhouse-Geisser method.

RESULTS
Behavioral Performance

The false responses or responses exceeding time limits
were rare, as nearly all subjects achieved 100% accuracy
rates for both standard and deviant stimuli in both experi-
ments. A two-way ANOVA on RT data in Experiment 1
(Valence as within-subjects factor whereas Gender as
between-subjects factor) demonstrated no significant valence
effect, or valence by gender interaction effect [F(2,56) = 0.96,
P = 037, F(2,56) = 048, P = 0.58]. The averaged RTs in
females were 518.30 & 53.01 ms for HN, 519.50 £ 59.86 ms
for MN, and 504.62 + 63.77 ms for neutral conditions,
whereas those in males were 553.20 + 76.72 ms for HN,
554.08 + 78.56 ms for MN and 551.19 + 58.80 ms for neutral
conditions. Additionally, the main effect of gender was not
significant, either [F(1,28) = 2.93, P = 0.098]. Similarly, the
two-way ANOVA on RT data in Experiment 2 (valence as
within-subjects factor whereas gender as between-subjects
factor) showed no significant valence effect, or valence by
gender interaction [F(2, 56) = 1.14, P = 0.33; F(2,56) = 0.56,
P = 0.55]. The averaged RTs were 549.87 + 72.52 ms for HP,
550.544 + 74.80 ms for MP, and 547.86 + 53.62 ms for neu-
tral conditions in males and were 523.64 + 43.33 ms for HP,
526.17 4+ 47.99 ms for MP, and 511.29 + 54.96 ms for neutral
conditions in females. Also, the main effect of gender was
nonsignificant in this experiment [F(1, 28) = 2.04, P = 0.16].
Thus, behavioral response to the deviant pictures was not
affected by differences in valence in both genders. This sug-
gests that the experimental design did preoccupy subjects in
standard/deviant categorization task, thus effectively
masked the true objective of the study.

ERP Analysis
Experiment |

As illustrated in Figure 1, N1 and P2 activity was
observed during all three valence conditions in Experi-
ment 1. Nevertheless, no gender by valence interaction
effects were observed at these components, thus, N1 and
P2 components were not further addressed. In N2 compo-
nent, the repeated measures ANOVA conducted on the
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Figure 1.
The averaged ERPs during HN (dashed lines), MN (solid lines), and neutral (dotted lines) condi-
tions at Fz, FC3, FCz, Cz, and CPz in Experiment |. The left column: averaged ERPs for females;
the right column: averaged ERPs for males.
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Figure 2.
The averaged ERPs during HP (dashed lines), MP (solid lines), and neutral (dotted lines) condi-
tions at Fz, FCz, Cz, and CPz in Experiment 2. The left column: averaged ERPs for females; the

right column: averaged ERPs for males.

amplitudes demonstrated highly significant main effects
for Valence and Electrode [F(2,56) = 12.56, P < 0.001;
F(10,280) = 11.68, P < 0.001], and also a marginal effect of
valence by gender interaction [F(2,56) = 2.98, P < 0.07].
The pairwise comparison for the valence main effect
showed that HN condition elicited larger amplitudes than
MN [F(1, 29) = 10.86, P < 0.01], and neutral [F(1,29) =
24.28, P < 0.001] conditions while the latter two conditions
did not show significant amplitude differences [F(1,29) =
1.94, P = 0.19]. Larger amplitude was elicited in medial
frontal-central sites (FC1, FCz, and FC2) than other sites.
The simple effects analyses on the interaction effect

between valence and gender demonstrated a significant
valence effect in females [F(2,28) = 8.48, P < 0.01]. Larger
amplitudes were elicited during HN condition than during
MN condition [F(1,14) = 5.12, P < 0.05], which, in turn,
elicited larger amplitudes than neutral condition [F(1,14) =
9.06, P < 0.01]. Males also showed a significant valence
effect [F(2,28) = 4.82, P < 0.05], and HN condition elicited
larger amplitudes than MN and neutral conditions
[F(1,14) = 5.36, P < 0.05; F(1,14) = 11.86, P < 0.01]. How-
ever, in contrast with females, males showed no significant
amplitude differences between MN and neutral conditions
[F(1,14) = 0.18, P = 0.68]. Neither other significant main
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effects or interactions were found for N2 amplitudes, and
nor were the main effects or interactions for N2 latency.

The repeated measures ANOVA on P3 amplitudes
showed significant main effects at valence and electrode
sites [F(2,56) = 16.67, P < 0.001; F(14,392) = 2522, P <
0.001], and also significant gender by valence interaction
effect [F(2,56) = 3.97, P < 0.05] and electrode by valence
interaction effect [F(28,784) = 7.35; P < 0.001]. Central-pa-
rietal and parietal sites recorded larger P3 amplitudes than
central and frontal sites, and the amplitude differences
during HN, MN, and neutral conditions were largest at
central and frontal sites (Fig. 1 and 2). HN condition eli-
cited smaller amplitudes than MN and neutral conditions
[F(1,29) = 12.14, P < 0.01; F(1,29) = 37.79, P < 0.001]. In
addition, the amplitude differences during MN and neu-
tral conditions were also significant [F(1,29) = 4.32, P <
0.05]. Simple effects analyses of the interaction effect
between gender and valence demonstrated a significant
valence effect in females [F(2,28) = 16.81, P < 0.001], and
HN condition elicited smaller amplitudes than MN
[F(1,14) = 9.03, P < 0.01], which, in turn, elicited signifi-
cantly smaller amplitude than the neutral condition
[F(1,14) = 8.32, P < 0.02]. Males also showed a significant
valence effect [F(2,28) = 4.44, P < 0.05], with amplitudes
smaller in HN condition than in MN [F(1,14) = 4.69, P <
0.05], and neutral conditions [F(1,14) = 10.68, P < 0.01].
However, in contrast with females, male subjects showed
no significant amplitude differences between MN and neu-
tral conditions [F(1,14) = 0.154, P = 0.701]. Significant gen-
der effect was also observed [F(1,28) = 5.46, P < 0.05], and
the amplitudes elicited in females were larger than those
in males across the valence conditions. As the main effect
of gender signals gender differences in ERP response to
rare deviants in general, and it has been found that nov-
elty processing is modulated by gender non-specifically
[Nagy et al., 2003]. Thus, this effect probably stems from
gender differences in novelty processing and would not be
discussed later. Lastly, a main effect of latency at electrode
sites was significant [F(14,392) = 7.20, P < 0.001], and pos-
terior sites elicited longer latency than anterior sites. No
other main or interaction effects were seen at this
component.

Experiment 2

The ERP averages of Experiment 2 were displayed in
Figure 2. Similar to those in Experiment 1, clear N1 and
P2 components were observed during each of the three va-
lence conditions in Experiment 2, and again, there were no
significant interaction effects between valence and gender
at these early components (Fig. 2). In N2 component, the
repeated measures ANOVA on the amplitudes demonstra-
ted a significant main effect of electrode sites [F(10,280) =
14.27, P < 0.001], and larger amplitude was elicited in
medial frontal-central sites (FC1, FCz, and FC2) than in
other sites. However, the main effect of valence [F(2,56) =
0.48, P = 0.51], as well as the interaction effect between

valence and gender [F(2,56) = 0.28, P = 0.63], was non-
significant. No other main or interaction effects were
observed at this component. Moreover, the repeated mea-
sures ANOVA on P3 amplitudes demonstrated no signi-
ficant main effect of valence [F(2,56) = 1.81, P > 0.1] or
significant interaction effect between valence and gen-
der[F(2,56) = 2.09, P>0.1]. In addition, there were signifi-
cant main effects of amplitudes at gender [F(1,28) = 5.31,
P < 0.05] and electrode sites [F(14,392) = 3798, P <
0.001].Females elicited larger amplitudes than did males
across valence conditions, and P3 amplitudes were larger
at posterior-parietal sites than at central and more frontal
sites. No other significant main effects or interactions were
found at this component.

Therefore, although both genders elicited prominent
emotional reactions during HN condition, females, instead
of males, exhibited increased brain responses to MN stim-
uli than to neutral stimuli across N2 and P3 components
in Experiment 1. On the other hand, this gender difference
was absent during the processing of positive stimuli of
varying valences. Specifically, males and females were
similar in emotional reactions during HP condition, and so
were their emotional reactions during MP condition
(Experiment 2). The MN minus neutral difference wave in
females displayed conspicuous negative deflections at 250
500 ms interval, which covers both N2 and P3 components
(Fig. 3). Additionally, the voltage amplitudes of the differ-
ence wave distributed broadly over central and frontal
cortical areas (Fig. 3b).

Post-Experiment Debriefing
Experiment |

In the post-experiment interview session, all subjects
reported that they detected some emotionally salient
scenes during the deviant condition, and they just ignored
the emotionality of these stimuli and focus on the stand-
ard/deviant  distinction. Typically, female subjects
reported that a number of deviant pictures were aversive;
whereas males reported that some deviant images were
unpleasant. Moreover, in response to the question “what
percentage of the deviant stimuli in your impression were
unpleasant?,” the averaged estimation was higher in
females than in males [F(1,28) = 40.7, P < 0.001]. The aver-
aged estimation value was 61.5% in females and 38.9% in
males. This suggests that females must have elicited more
affective reactions than males in the experiment.

Experiment 2

The post-experiment debriefing indicates that all subjects
in this experiment focused on the standard/deviant dis-
tinction, and it took more time for them to respond to
deviant versus standard stimuli. However, to our surprise,
rare subjects, irrespective of gender, reported that they
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Figure 3.

The averaged ERPs for MN (dotted lines) and neutral (solid lines) conditions in Experiment I,
and the MN minus neutral difference waveform (bold lines) at Cl and C2 in females. Bottom:
topographical maps of voltage amplitudes for the MN-neutral difference waveform during 250—
450 ms post stimulus. [Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]

detected the appearance of deviant images that were emo-
tionally arousing in this experiment.

DISCUSSION

Though clear N1 and P2 components were evoked dur-
ing each valence condition in Experiment 1, no interaction
effects between gender and valence were found at these
components. This suggests that the early visual and per-
ceptual processes, as indexed by N1 and P2 respectively,
were similar between genders [Mangun, 1995; Thorpe et
al., 1996], and gender differences in affective reactions to
negative stimuli of varying valences may occur at later
time points. Central-frontal N2 are accepted to index atten-
tional orientation to novel, potentially salient events [Nagy
et al., 2003; Yuan et al., 2007a]. Experiment 1 showed an

interaction effect between gender and valence on N2
amplitudes. As predicted by the established emotional
negativity bias [Cacioppo and Gardner, 1999; Huang and
Luo, 2007; Li et al., 2008], both genders elicited greater
amplitudes during HN versus neutral conditions, probably
because HN stimuli are biologically important [Yuan et al.,
2007a,b]. Despite similar emotional reactions in females
and males during HN condition, only females exhibited
increased neural activity for MN stimuli than for neutral
stimuli at this component. This suggests that females,
instead of males, detected the emotional negativity of MN
stimuli, and probably allocated more attentional resources
to MN stimuli than to neutral stimuli at this stage. There-
fore, females displayed clear emotional reactions to mild
negative stimuli at the early stage. This contrasts with the
absence of an attentional bias for MN stimuli in males (see
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Fig. 1), suggesting that males, different from females, eli-
cited no affective reactions to MN stimuli at this stage.

The gender differences in affective reactions to negative
stimuli of varying valences, however, were most noticeable
during P3 interval. This study observed a significant gen-
der and valence interaction effect on P3 amplitudes in
Experiment 1. Previous literature has revealed that the P3
signals cognitive evaluation of stimuli’s meaning. The cog-
nitive evaluation is a deliberate controlled process in
which the significance of emotional information is eval-
uated. Probably, the stimuli with different emotional val-
ues could be discriminated clearly during this stage [Ito
et al., 1998; Yuan et al., 2007a]. In this study, despite
similar emotional effects elicited in males and females dur-
ing HN condition, females, instead of males, exhibited
increased negativity during MN versus neutral conditions
at P3 interval. Thus, at the higher cognitive stage, although
males and females showed similar emotional reactivity to
HN stimuli, a gender-related dimorphism arises as the
emotional salience of negative stimuli decreases to a mod-
erate level. Females still displayed conspicuous emotional
responses to MN stimuli (Figs. 1 and 3) which, however,
elicited fewer responses in males.

Thus, whether at early attentional or later evaluative
stages, females exhibited conspicuous affective reactions to
MN stimuli. Conversely, being engaged in the standard/
deviant distinction, male subjects exhibited little emotional
reactivity to MN stimuli throughout the information proc-
essing stream, without additional resources devoted for
emotional processing of MN stimuli whose valence inten-
sity is distinct from that of neutral stimuli [Bai et al., 2005;
Yuan et al., 2007a]. Therefore, females exhibited prominent
emotional reactivity during both HN and MN conditions,
whereas males exhibited emotional responses only during
HN condition. Apparently, females elicited more emo-
tional reactions than males in the present experiment (pre-
sumably, twice as often as those in male subjects), which
is in agreement with the results of post experiment
debriefing that suggests more emotional involvement in
females versus males.

On the other hand, Experiment 2 demonstrated neither
significant main effect of valence nor significant valence
by gender interaction effect. This indicates that both HP
and MP stimuli elicited similar neural activity as neutral
stimuli in this experiment, where subjects were engaged
in the standard/deviant distinction. Therefore, positive
stimuli, irrespective of valence strength, elicited fewer
affective reactions across genders, probably because posi-
tive stimuli are harmless to individual survival and
smaller in adaptive values [Yuan et al., 2007a]. More
importantly, there were no gender differences in affective
reactions to positive stimuli of varying valences, suggest-
ing that both groups manifested similar, and fewer
responses to the emotional loads of positive stimuli dur-
ing HP and MP conditions. Obviously, females are not
more susceptible to mild positive stimuli than males.
This, together with results of Experiment 1, suggests that

females are not more reactive to moderately emotional
stimuli in general; instead, they are only more suscepti-
ble to negative stimuli of lesser saliency compared to
males.

In this study, the onset sequence of standard and devi-
ant pictures was randomized in both experiments. As
well, deviant pictures of which valence condition to be
presented was determinedly randomly throughout the
experiments. Thus, the occurrence of emotional stimuli in
each condition (HN and MN in experiment 1, HP and MP
in experiment 2) could not be predicted before stimulus
onset. On the other hand, as the presentation of deviant
stimuli was rare (30%), and deviant stimuli was composed
of three valence conditions in either experiment, the occur-
rence of emotional events in each condition is rare (10%).
This manipulation made emotional responses in current
experiments closely resemble those in natural settings,
where emotional reaction often occurs unpredictably and
is triggered by some accidental stimulations during activ-
ity irrelevant to affective assessment [Delplanque et al.,
2005; Yuan et al., 2007a].

Because both genders exhibited similar reactions to emo-
tional loads of MP stimuli, and MN images elicited con-
spicuous emotional responses only in females during a
task where emotional activity closely resemble nature, it is
highly likely that females are more susceptible to negative
emotions than males in life settings. As indicated by this
study, females, instead of males, are particularly liable to
negative emotions because of their increased susceptibility
to mild negative events in life situations. Obviously, the
majority of negative life events we meet are MN rather
than extremely negative. For instance, the occurrence of
daily hassles must be more frequent than that of traffic
accidents. Thus, females must be suffering from negative
emotions more frequently relative to males in life settings,
which coincides with the behavioral report that females
experience more frequent negative emotions across cul-
tures [Brebner, 2003]. In previous studies, gender differen-
ces in neural response to emotional stimuli were
suggested to be associated with the gender-related preva-
lence of affective disturbances [Hofer et al., 2006; Kemp
et al., 2004]. Similarly, with this gender-specific vulnerabil-
ity to negative events of lesser saliency, females would be
more prone to affective disturbances relative to males, as
frequent and intense negative emotions were implicated in
the occurrence of affective disturbances [Hofer et al., 2006;
Nolen-Hoeksema, 1991; Spearing, 2001; Kemp et al., 2004].
Thus, it is not surprising to see higher prevalence of vari-
ous affective disturbances in females when compared with
those in males.

However, females” higher prevalence of affective distur-
bances is a complex phenomenon whose development is
modulated by both biological and sociocultural variables
[Altemus, 2006; Kornstein, 2000 and 2003]. It has been sug-
gested that culturally determined behaviors and experien-
ces such as dieting and sexual abuse may promote
development of affective disorders such as depression and
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anxiety disorder in women [Altemus, 2006]. In addition,
females are subject to more fluxes in reproductive hor-
mones across life span than males [Altemus, 2006; Roca et
al., 2003], and the brain neurochemical systems that modu-
late anxiety and fear are functionally altered during preg-
nancy and lactation [Altemus, 2006; Altemus et al., 2004].
All these factors may contribute to the higher prevalence
of affective disturbances in females. Therefore, the present
finding that females are more susceptible to negative
events of lesser saliency should not be considered as the
sole mechanism underlying this phenomenon. Neverthe-
less, the subjects recruited in the present study were col-
lege students during their early adulthood (18-23 years
old) whose ages were matched across genders, and all
subjects were physiologically and psychologically healthy
and free of history of affective disorders. As well, no
female subjects were in pregnancy, lactation or had trau-
matic experiences such as sex abuse. Thus, the female sus-
ceptibility to negative emotions should be regarded as a
general mechanism underlying the liability of females to
various affective disturbances throughout the life develop-
ment, rather than only during some specific periods [e.g.
pregnancy, lactation, or menopausal periods; Kessler et al.,
1993; Nolen-Hoeksema and Girgu, 1994, Angold et al.,
1999].

CONCLUSION

This study observed that, in addition to pronounced
affective reactions of both genders to HN stimuli, females,
instead of males, are particularly susceptible to negative
stimuli of lesser saliency. In contrast, males and females
reacted similarly to emotionally positive stimuli, irrespec-
tive of valence intensity. This indicates that females are
more susceptible to negative emotions, which may be an
important mechanism underlying their increased liability
to affective disturbances.
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