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Understanding the neural substrates of anticipation is required for
a comprehensivemodel of theways inwhich anxiety in£uences in-
formation processing.While it is apparent that the insula andmed-
ial frontal cortex are involved in processing anticipation of physical
(i.e., painful) stimuli, their role inprocessing anticipation of aversive
a¡ective stimuli has yet to be determined. Twenty-eight healthy
non-phobic volunteers observed aversive a¡ective images (spiders

and snakes) that were preceded by an auditory signal. The insula,
dorsolateral prefrontal cortex, and parahippocampal gyrus
activated during anticipation of aversive a¡ective images. These
¢ndings indicate that common neural circuitry is involved in the
anticipation of (and, perhaps, the subjective experience of anticipat-
ing) aversive a¡ective and noxious physical stimuli. NeuroReport
15:2261^2265�c 2004 Lippincott Williams &Wilkins.
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INTRODUCTION
One key component of anxiety is the anticipation of future
harm [1]. In phobic individuals anxiety occurs not only
during exposure to the specific object or condition of the
phobia, but also in anticipation of experiencing the object or
condition [2]. Thus, anticipation is a critical aspect of anxiety
processing. Previous investigations have shown that sub-
jects with mood and anxiety disorders respond differently
than healthy controls to emotionally salient stimuli during
the appraisal (i.e., the time when cognitive and emotional
reactions to the stimulus occur) [3] and regulation (i.e., the
time when the individual modulates his/her reaction to the
stimulus) [4] phases. However, the anticipatory phase (i.e.,
the period of time prior to the presentation of an expected
stimulus) has been less well studied. This is somewhat
surprising as a key component of anxiety disorders is the
sensitized anticipation of harm [5].
In a PET study, transient anticipatory anxiety was induced

by the anticipation of an electric shock [6]. Decreased
regional cerebral blood flow was observed in the ventral
medial prefrontal cortex during anticipatory anxiety relative
to an eyes-closed resting condition. It was concluded that
the medial prefrontal cortex ‘is part of a networky whose
activity reflects a dynamic interplay between cognitive task
performance and emotion’ [6]. Another study found
activation in the insula, superior frontal parietal sulcus,
fusiform gyrus, and dorsal anterior cingulate during
anticipation of an electrical shock [7]. Finally, Ploghaus
et al. [8] found that the anterior insula appeared active
during the anticipation of a noxious thermal stimulus.
Several functional neuroimaging studies have implemen-

ted aversive visual stimuli (e.g., images of spiders and

snakes, known to be common phobic stimuli [9]) to probe
the neural substrates of anxious processing. Paquette and
colleagues [10] studied spider-phobic individuals and found
activation in the parahippocampal gyrus and dorsolateral
prefrontal cortex. Unlike studies looking at physical pain
[7,8,11], involvement of the insula in anxious processing was
not observed in this study.
This study aims to identify the neural circuitry involved

in anticipating aversive affective stimuli. We hypothesized
increased activation in the insula, parahippocampus, and
medial prefrontal cortex during the anticipation phase.
Moreover, if anxiety-related personality variables are related
to the increased anticipation of future harm, one would
hypothesize that these should correlate with signal activa-
tion during the anticipation phase.

MATERIALS AND METHODS
Subjects: Twenty-eight healthy non-phobic subjects (18
females and 10 males) mean (7s.d.) age 28.5711.9 years
(range 18–56) with an average education level of 13.971.2
years (range 13–18) without a life-time history of Axis I
mental disorders based on a Structured Clinical Interview
for DSM-IV [12] participated in this study, which was
approved by the University of California, San Diego School
of Medicine Human Research Protection Program. All
subjects gave written informed consent to participation.

Measures: After completion of the task (described below),
individuals rated all 30 images. Twenty-three of 28 subjects
completed computerized ratings with standardized instruc-
tions based on the IAPS normative ratings technique for
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each snake and spider picture [13]. Ratings were acquired in
three domains: happy-unhappy, calm-excited, and domi-
nant-submissive.
All subjects were asked to complete the Neuroticism

Extraversion Openness Five Factor Inventory (NEO-FFI)
[14].
Subjective fear of snakes and spiders was measured using

the following two self-ratings (using 7 point Likert scales):
‘‘If I saw a snake now, I would feel very panicky’’ and ‘‘If I
came across a spider now, I would leave the room.’’ These
two items were taken from the Fear of Spiders Ques-
tionnaire [15] and the Fear of Snakes Questionnaire
(a modified version of the Fear of Spiders Questionnaire).
In a non-published dataset of 83 college students we found
that scores on the questions above correlated very highly
with total score on the Fear of Snakes Questionnaire
(r¼0.932, po0.001) and Fear of Spiders Questionnaire
(r¼0.913, po0.001), respectively
The anticipation task combined a continuous performance

task with the intermittent presentation of aversive affective
stimuli (Fig. 1). During the continuous performance task,
subjects were asked to press a left mouse button whenever
they saw a circle and a right mouse button whenever they
saw a square on the screen. Stimuli were presented at a
visual angle of 41 at a rate of 0.5Hz. Simultaneously, a
250ms 500Hz tone was presented at a rate of 2Hz. Subjects
were instructed that during the task, the pitch of the tone
would change (from 500 to 1000Hz) 4–6 s prior to the
appearance of a picture of a spider or a snake. Thirty images
of spiders or snakes, mostly obtained from the International

Affective Picture System (IAPS), were then presented.
The total duration of the task was 512 s. Response selection
and latency data were collected during the continuous
performance task. No response was required when an
image of a snake, spider, or fixation cross was presented on
the screen.

The continuous performance task provided response
accuracy and response latency information for the low tone,
high tone, and post-stimulus (Fig. 1b). By subtracting these,
we determined the effect of anticipation of (i.e., low minus
high tone) and exposure to the aversive visual stimulus
(i.e., post-stimulus minus low tone).

fMRI protocol: Blood oxygenation level-dependent con-
trast was collected using a 1.5 T Siemens scanner (T2*-
weighted echo planar imaging, TR¼2000ms, TE¼40ms,
64�64 matrix, 20 4mm axial slices, 256 scans) along with a
high resolution T1-weighted image (MPRAGE, TR¼11.4ms,
TE¼4.4ms, flip angle¼101, FOV¼256� 256, 1mm3 voxels)
for anatomical reference.

Three regressors were constructed: (1) the low tone
regressor, measuring the continuous performance task, (2)
the high tone regressor, capturing the anticipatory phase,
and (3) the stimulus regressor, for the aversive visual stimuli
(as depicted in Fig. 1b). The difference in activation between
the high and low tone was interpreted to represent the
activation due to anticipation.

Data were preprocessed and analyzed with the Ana-
lysis of Functional NeuroImages software package [16].

Fig. 1. Task time series design. (a) Visual depiction of task (low and high tones are depicted by light and dark speakers, respectively). (b) Sample of
expected hemodynamic response for time series function.
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Preprocessed time series data for each individual were
analyzed using a multiple regression model consisting of
eight regressors. Regressors of interest included three task-
related regressors and three movement-related regressors
were used to account for residual motion (in the roll, pitch,
and yaw direction). Regressors for baseline and linear
trends were used to eliminate slow signal drifts. A Gaussian
filter with full width-half maximum 6mm was applied to
the voxel-wise percentage signal change data to account for
individual variations of the anatomical landmarks. Data of
each subject were normalized to Talairach coordinates.

Statistical analyses: Voxel-wise percentage signal change
data for the whole brain were entered into a planned mixed
model ANOVA with response type as a fixed factor and
subjects as a random factor. Contrasts were obtained from
the difference between continuous task and high tone
regressors. A threshold adjustment method based on
Monte-Carlo simulations was used to guard against
identifying false positive areas of activation [17]. A prior
voxel-wise probability of po0.01 in a cluster of 512ml
resulted in an a-posteriori probability of po0.01. Finally, the
average percent signal difference was extracted from
regions of activation that were found to survive this
threshold/cluster method. All analyses for the behavioral
data were carried out with SPSS 10.0 [18].

Brain behavior analyses: First, activation levels acquired
from clustered areas of activation during the high tone
minus low tone were correlated (using a Pearson product-
moment correlation) with average image ratings in the
happy, calm, and dominant domains. Second, activation
levels acquired from areas of interest (as above) and image
ratings were correlated with three NEO-FFI scales: (1)
neuroticism, (2) openness, and (3) extraversion (t-scores).
Third, activation levels acquired from areas of interest
(as above) during the high tone and image ratings were
correlated with response accuracy and latency data.

RESULTS
Behavioral results: Subjects rated the images of snakes
(mean7s.d. 3.5771.68) and spiders (3.4672.05) similarly
(t(22)¼0.25, p¼n.s.) on a Likert scale of how unhappy (1) to
happy (8) the image made them feel. Subjects reported
similar (t(23)¼�0.57, p¼n.s.) levels of fear of snakes
(2.5872.04) and spiders (2.9272.24) on a 7-point Likert
scale. This finding supports the idea that, on average,
subjects found both types of pictures to have similar
emotional valence. Snake image ratings and fear question-
naire responses did not correlate significantly with spider
image ratings or fear questionnaire response (r¼0.279, n.s.
and r¼0.115, n.s., respectively), which indicates that the
level of discomfort was stimulus specific.
Response accuracy did not differ significantly between

low tone, high tone, and post-stimulus conditions
(F(2,25)¼1.237, n.s.). However, post-stimulus response la-
tencies were significantly longer than those during the low-
tone and high-tone phase (F(1,26)¼53.83, po0.001); the low
tone and the high tone phase response latencies did not
differ significantly (t(27)¼0.649, n.s.).

Functional results: During the high-tone condition
relative to the low tone condition, which signifies the
anticipation period, activation was observed in right inferior
frontal gyrus (BA9), right parahippocampal gyrus (BA19),
right insula, and right middle frontal gyrus (BA46) (Fig. 2;
Table 1).

Brain–behavior interactions: Increased activation in the
right parahippocampal gyrus, including the amygdala,
during the anticipation period, was associated with an
increased negative appraisal of the spider and snake images
(Table 2). Parahippocampal gyrus activation was signifi-
cantly related to the combined and spider ratings, but not
the snake ratings (Fig. 3). However, activation in the four
regions activated during the anticipation phase (Table 1) did
not correlate significantly with personality measures,
phobia questionnaires, or behavioral performance data.

DISCUSSION
This investigation focused on the neural network pertinent
to anticipation of aversive affective stimuli and yielded two
main results. First, increased activation in the right anterior
insula and parahippocampal gyrus was observed when
subjects were presented with a stimulus that predicted the
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Fig. 2. Activation changes during the high tone^low tone (a) activation
for signi¢cant clusters in each task condition (b) solid circle: Right BA9;
dotted circle:Right BA46; (c) solid circle: BA19; dotted circle:Right Insula.
Note x intercept is at ^1percentage signal change.

Table1. Signi¢cant activation clusters for high tone^low tone.

Location (Brodmann Area) Side Volume x y z

Inferior frontal gyrus (9) Right 1536 38 5 28
Parahippocampal gyrus (19) Right 1152 26 �54 �4
Insula Right 1152 38 �5 �3
Middle frontal gyrus (46) Right 576 42 20 20
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future onset of aversive emotional stimuli. Second, the
degree of activation during the anticipation period in the
parahippocampal gyrus was related to the ratings of image
aversiveness. These results support the hypothesis that a
network of limbic regions including the anterior insula and
parahippocampus is critically involved in the anticipation of
aversive emotional stimuli.
Previous investigations have shown that the anterior

insula is involved in the anticipation of physical pain [8,19].
However, its involvement in anticipating aversive emotional
stimuli has not been previously studied. This study
provides evidence that the anterior insula is a key structure
for anticipating emotionally aversive, as well as physically
painful stimuli. Although viewing these images did not
result in the subjects rating themselves as more than
moderately unhappy, responses to post-task questionnaires
indicated that the images were experienced as unpleasant
and aversive. Price [20] has suggested that physical
pain and emotional distress involve many of the same
brain pathways including the anterior insula and anterior
cingulate. He suggests that the neural circuitry for
physical pain differs from pain-related affect as the former
includes sensory-motor and posterior parietal cortex in-
volvement. The current study provides complementary
evidence and supports the notion that anticipation of
emotionally aversive stimuli involves brain structures
that are also implicated in the anticipation of physically
painful stimuli. Consistent with these conclusions, a
recent study by Eisenberger and colleagues [21] found
that social rejection shares similar pathways with physical
pain.
Paradigms looking at the reactions of phobic individuals

to both spiders and snakes have found activation of the
amygdala, insula [22], and anterior cingulate [23]. Paquette
and colleagues [10] presented pictures of spiders and
butterflies to pretreatment spider phobic patients. They
subtracted these two conditions and found the parahippo-
campal gyrus and dorsal lateral prefrontal cortex activated
uniquely to the phobic stimulus. This activation decreased
after successful treatment for the phobic condition. This may
suggest that the parahippocampal gyrus and dorsolateral
prefrontal cortex are activating due to fear or fear
conditioning. In the current study, activation in the para-
hippocampal gyrus correlated significantly with ratings of
image adversity (i.e., on the unhappy to happy dimension).
This correlation may be due to an interaction between
negative appraisal and anticipation, where greater negative
appraisal increases the emotional anticipatory effect. Inter-
estingly, personality variables did not appear to relate to
levels of activation, suggesting that this system is highly
context specific.

The current study has several limitations. First, the task
design did not allow for the subtraction of the activation
related to a change in tone from the activation due to
anticipation of a negative image. Any directly cued design
must have a sensory cue that is tied to the initiation of the
anticipatory period, which provides a common confound in

Table 2. Pearson correlations for image rating and functional activation
during high tones.

Area of activation Side Snake Spider Combined

Inferior frontal gyrus (9) Right 0.313 0.113 0.253
Parahippocampal gyrus (19) Right �0.062 �0.564** �0.421*

Insula Right �0.213 �0.114 �0.198
Middle frontal gyrus (46) Right 0.219 0.072 0.173

n¼23;
*po0.05;
**po0.005.
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studying anticipation. In the current study, the anticipatory
cue, unlike the image, does not appear to be a significant
distractor, as the response accuracy and latency do not
change during the high tone in contrast to the low tone. A
second limitation of the current study was the lack of
information about image aversiveness. Individuals were
asked to rate their subjective happiness or unhappiness as a
result of viewing the image, and not how aversive the
images were perceived. By asking about subjective impact
on mood, rather than how aversive the images were judged
to be, we hoped to more directly capture the affective
impact of the image in a way that a rating of aversiveness
might not. Future studies in this area should capture
measures of image aversiveness as well as the subjective
impact of these aversive stimuli on mood.

CONCLUSION
This study provides qualified support for the idea that
common neural substrates, including the anterior insula,
underlie the anticipation of emotionally aversive and
physically painful stimuli.
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