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Abstract: Previous research showed that the processing of overt threat cues formed by evolutionary ex-
perience such as snake or angry face induced automatic increased responses of the emotion-related sys-
tem consisting of the amygdala, the anterior cingulate, and the orbitofrontal cortex. The present study
used functional magnetic resonance imaging (fMRI) to investigate brain circuits involved in perception
of threat cues that lack obvious emotion contents but are potentially dangerous in a particular social
situation. Subjects were scanned while watching images showing a person in either a safe or a poten-
tially dangerous situation and being asked to detect threat signals or to evaluate the degree of threat.
We found that, in contrast with gender identification, threat detection and evaluation were under-
pinned by a neural network, shared by both male and female subjects, consisting of the medial and lat-
eral frontal cortex, superior parietal lobes, posterior middle temporal cortex, and cerebellum. In addi-
tion, detection of threat cues was associated with stronger posterior parietal activation for males than
females. Our findings suggest that neural processing of evolutionary unprepared threat cues in social
environments does not necessarily involve the emotion-related neural system and is influence by evolu-
tionary pressure on sex differences. Hum Brain Mapp 29:945–957, 2008. VVC 2007 Wiley-Liss, Inc.
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INTRODUCTION

The perception of danger is a primitive cognitive ability
that is crucial for humans to survive in both natural and

social environments. It is also an ability that may differ
across males and females. Evolutionary pressure biases
men toward hunting and women toward gathering
[Ardrey, 1976; Dahlberg, 1981]. Hunters are more likely to
be confronted with dangerous situations than gatherers,
and this may lead to disparities in the processing of threat
signals in males and females. Indeed, relative to males,
females have a lower threshold for fear when faced with
the same level of objective physical danger [Campbell
et al., 2001] and show greater perceived risks when faced
with a potential dangerous social situation [Harris and
Miller, 2000] or when assessing physical risks to health
[Weber et al., 2002]. These differences may partially reflect
the lesser physical strength of females [Hines and Fry,
1994; Thompson et al., 1992], along with an evolutionary
bias for females to behave in a more cautious and less
aggressive fashion [Campbell, 1999; Hines and Fry, 1994].
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Stimuli and Procedure

The stimuli were presented through an LCD projector
onto a rear-projection screen located at a subject’s head.
The screen was viewed with an angled mirror positioned
on the head-coil. Visual stimuli consisted of photos taken
from two males and two females in nine different scenes.
The person in each scene showed neutral facial expression
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gyrus, and the temporal-occipital junction. Increased acti-
vation was also found in both the right and left hemi-
spheres of the cerebellum.

Females similarly showed activation increases in bilat-
eral superior parietal cortex (Fig. 4 and Table II), the left
middle and inferior frontal gyrus, the right superior and
middle frontal gyrus, the superior medial prefrontal cor-

tex, bilateral posterior middle temporal gyrus, and the
temporal-occipital junction. Females also showed increased
activation in both hemispheres of the cerebellum.

Two-sample t-tests were also conducted to examine gen-
der differences in neural activity related to threat evalua-
tion. However, no differential activity in any brain areas
was observed between males and females.

TABLE I. Brain areas showing increased activity in danger detection relative to gender identification

in Experiment 1

Region Voxel no. BA X Y Z Z value P value

Males

Medial/left superior parietal cortex 1,453 7 210 257 54 4.76 0.01
Right superior parietal cortex 89 7 38 266 40 4.05 0.05
Left inferior parietal cortex 251 40 248 241 43 4.54 0.01
Dorsal medial prefrontal cortex 477 8 0 16 49 4.63 0.01
Left inferior frontal gyrus 234 46 244 39 5 4.51 0.01
Left superior/middle frontal gyrus 482 6/44 238 6 40 4.37 0.01
Right middle/inferior frontal gyrus 612 9/45 42 24 14 4.10 0.01
Left posterior middle/inferior temporal gyrus 161 21/37 252 262 3 3.98 0.01
Cerebellum 545 34 270 220 3.80 0.01

Females

Right superior parietal gyrus 433 7 22 264 51 4.44 0.01
Left superior parietal gyrus 327 7 216 262 51 3.39 0.01
Dorsal medial prefrontal cortex 451 8 6 33 44 3.91 0.01
Left middle/inferior frontal gyrus 584 9/46 244 27 26 4.03 0.01
Right middle/inferior frontal gyrus 721 9/46 50 30 26 3.53 0.01
Left posterior middle/inferior temporal gyrus 490 21 253 252 3 3.89 0.01
Right posterior middle/inferior temporal gyrus 857 21/39 55 265 16 3.85 0.01
Cerebellum 1,277 224 261 224 4.05 0.01

Voxel no. 5 number of voxels in a cluster; BA 5 Brodmann area.
The P-values at the cluster-level were corrected for multiple comparison.

Figure 2.

Brain activation associated with danger detection in Experiment

1 shown in the random effect analysis. (a) Brain activations asso-

ciated with danger detection in males; (b) brain activations asso-

ciated with danger detection in females; (c) stronger posterior

parietal activity was observed in the posterior parietal cortex in

males than females during danger detection; (d) stronger cere-

bellar activity was observed in the cerebellum in females than

males during danger detection; (e) percent signal changes of ac-

tivity in the right parietal cortex was larger for males than

females; (f) The time course of signal changes of the ROI in the

right parietal cortex. The x-axis of the time course is for the

whole session of Experiment 1. Each local segment of the time

course contains one 60-s epoch in the scan corresponding to

danger detection or gender identification. The time courses

were averaged from raw fMRI signals. LPS 5 the superior parie-

tal lobe, MFG 5 middle frontal gyrus; MPFC 5 medial prefrontal

cortex, MTG 5 middle temporal gyrus; CerebH 5 cerebellum.

Figure 3.

Functional connectivity between the right parietal cortex and

the medial prefrontal cortex. (a) The results of the group analy-

sis of the male participants. The medial prefrontal area showed

increased activity when the right parietal cortex showed

increased activation; (b) regression of the medial prefrontal acti-

vation on the right parietal activation for a representative male



Comparison across experiments 1 and 2

The conjunction analysis identified brain activations





and decreased activity in the amygdala associated with
determining whether affect pictures goes with the word
‘‘angry’’ or ‘‘afraid’’ [Hariri et al., 2000, 2003].

Across both male and female subjects, we found evi-
dence for a shared neural network engaged in detection
and evaluation of evolutionary unprepared threat cues.
This network includes the medial and lateral frontal lobes,



abilities [Silverman and Eals, 1992; Silverman et al., 2000],
which posits that males should out-perform females in spa-
tial skills (i.e., orienting oneself in relation to objects and
places or assessing spatial relations between objects and
places) that would facilitate successful hunting. Our results
suggest that these enhanced spatial abilities may also be
recruited when responding to the presence of threat sig-
nals. The spatial processing involved, however, appears to
be different from the visuospatial navigation ability that is
associated with stronger activity in right inferior parietal
cortex (BA 40) in females than in males [Grön et al., 2000].

The precuneus also shows activation during tasks
requiring memory retrieval. In particular, the increased ac-
tivity of precuneus has been associated with retrieval of in-
formation from episodic memory [Cavanna and Trimble,
2006]. Given that males report being exposed to violence
more than females [Barkin et al., 2001], it may be proposed
that, when detecting the presence of threat signals in the
stimuli, past experience of exposure played a stronger role
for males relative to females. The additional spatial analy-
sis and memory retrieval might take more time and result
in longer reaction times to threat detection in males than
females. Another interpretation, however, is that females
were superior at responding to threat signals relative to
males, and therefore had less need to recruit explicit mem-
ory retrieval and spatial processing in order to decide that
a given situation was dangerous. This would fit with work
showing that females are more cautious and sensitized to
danger, relative to males [Campbell, 1999; Hines and Fry,
1994], and with the behavioral evidence for females having
faster RTs to detect threat in Experiment 1 here. The one
area that showed the opposite pattern across the genders,
with more activation for females compared to males, was
the cerebellum. However, the cerebellum activity was only
observed with a relatively lax threshold, and this result
needs to be confirmed in future work.

Interestingly, the increased posterior parietal activity in
males relative to females was evident only when the task
required discrimination between dangerous and safe situa-
tions, and no gender difference was observed when sub-
jects were asked to evaluate the degree of danger in scenes
already selected as being dangerous. This suggests that
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