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Objective: Increased amygdala reactivity
during processing of certain types of emo-
tional stimuli (e.g., fear, anger) has been
observed in patients with anxiety disor-
ders such as social phobia and posttrau-
matic stress disorder (PTSD). It is uncer-
tain whether this heightened amygdala
reactivity is specific to treatment-seeking
patients with anxiety disorders or is a gen-
eral feature of individuals with increased
anxiety-related temperamental traits.

Method: Thirty-two physically healthy
subjects 18-21 years old were recruited
from a large pool of college students. Of
these, 16 were chosen on the basis of
scoring in the upper-15th percentile on a
measure of trait anxiety (anxiety-prone
group), and 16 were chosen on the basis
of scoring in the normative range (40th—
60th percentile). Subjects participated in
functional magnetic resonance imaging
(fMRI) during an emotion face assessment
task that has been shown to reliably en-

gage amygdala and associated limbic
structures.

Results: Anxiety-prone subjects had sig-
nificantly greater bilateral amygdala and
insula activation to emotional faces than
did the anxiety-normative comparison
subjects. Higher scores on several mea-
sures assessing anxiety proneness (e.g.,
neuroticism, trait anxiety, and anxiety
sensitivity) were associated with greater
activation of the amygdala (predomi-
nantly left-sided) and the anterior insula
(bilateral).

Conclusions: Increased amygdala and
insula reactivity to certain types of emo-
tional processing is seen in young adults
with increased anxiety-related tempera-
mental traits. Therefore, this brain emo-
tion-processing profile may be a func-
tional endophenotype for proneness to
(certain kinds of) anxiety disorders.

(Am ] Psychiatry 2007; 164:318-327)

Anxiety disorders are the most prevalent category of
mental illness in the United States (1) and other countries
(2) and are often associated with marked decrements in
functioning and quality of life (3-5). In addition to these
direct deleterious effects, anxiety disorders—which typi-
cally have their onset early in life (6)—increase the risk for
the subsequent onset of depressive disorders (7, 8).

Given the importance of anxiety disorders, considerable
effort is being directed toward better understanding their
biological underpinnings. The amygdala plays a critical
role in normal fear conditioning (9-12) and is increasingly
being implicated in the pathophysiology of anxiety disor-
ders (13, 14). For example, impaired ability to recognize
fear from facial expressions as well as a lack of fearfulness
in social contexts and the failure to acquire conditioned
fear responses (15, 16) are observed after amygdala dam-
age in humans. Further evidence for a critical role of the
amygdala in the response to fear stems from observation
of its activation to emotional (usually fearful or angry) hu-
man faces (possibly to the eyes themselves) (17) in numer-
ous positron emission tomography (PET) and functional
magnetic resonance imaging (fMRI) studies (13, 18-20).

Exaggerated amygdala activation to emotional human
faces has been noted in several of the anxiety disorders,
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namely social anxiety disorder (21-24), and posttraumatic
stress disorder (PTSD) (25, 26) and, less definitively, in
panic disorder and generalized anxiety disorder (27). In
contrast, amygdala hyperactivity has not been observed in
either specific phobia (28) or obsessive-compulsive disor-
der (29). These differential task effects across anxiety dis-
orders serve as a reminder that the neural circuitry of all
anxiety disorders is not uniform.

Furthermore, Schwartz et al. (30) recently observed that
exaggerated amygdala responses to novel emotional faces
occur in adults identified in childhood as having the anxi-
ety-related temperamental risk factor “behavioral inhibi-
tion,” even in the absence of a current DSM-IV anxiety dis-
order diagnosis, which prompted the authors to note the
following:

[Dliscovery of a difference in brain activity between
subjects with a psychiatric diagnosis and a control
group should not always be regarded as a specific
marker of the disorder. The difference may reflect in-
stead a temperamental risk factor, or diathesis, for the
diagnostic category under study. (p. 1953)

One approach to testing the aforementioned hypothesis
would involve studying amygdala activation to emotional
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processing in nonclinical subjects (i.e., those who have
not sought treatment for anxiety disorders), yet have high
levels of anxiety-related traits that would be considered to
render them “anxiety prone.” This approach may offer the
advantage of providing insights into processes that under-
lie anxiety in both normative and pathological conditions
(31). Temperamental risk factors that would be prime can-
didates for such investigation would include neuroticism,
which is probably a nonspecific risk factor for anxiety and
depressive disorders (32-34), and anxiety sensitivity (the
fear of anxiety-related sensations) (35), which may be a
more specific risk factor for certain anxiety disorders (e.g.,
panic disorder) (36-38).

Investigating subjects with anxiety proneness provides
a unique opportunity to examine the neural systems that
are important for mediating increased levels of anxiety
and enables one to understand the processes that may be
responsible for the development of anxiety disorders. It
would be inappropriate, however, to confine such investi-
gation to the amygdala. In addition to the amygdala, a net-
work of structures that includes the insula, anterior cingu-
late gyrus, and medial prefrontal cortex is important to
identify the emotional significance of a stimulus, generate
an affective response, and regulate the affective state (39,
40). The insula has afferent and efferent connections to
the medial and orbitofrontal cortices, anterior cingulate,
and amygdala (41). Although insula activation has been
frequently associated with disgust (42), there is increasing
evidence of a broader role for this brain structure in emo-
tion processing (43). Insula activation is also thought to be
involved in differential positive versus negative emotion
processing (44) and in the making of judgments about
emotions based on facial expression (45). There is thus
ample reason to consider the possibility that insula func-
tion may have been relatively neglected (i.e., compared
with amygdala function) in human studies of anxiety-re-
lated psychopathology and to include the insula within
our sphere of inquiry in this study.

The aim of this study was to use blood-oxygenation-
level-dependent fMRI in combination with performance of
an emotion-processing task known to engage limbic cir-
cuitry (46-48) to test the hypothesis that relative to sub-
jects with normative levels of anxiety proneness, high anx-
iety-prone individuals show exaggerated activation in the
amygdala and insula (but not in the fusiform gyrus, a re-
gion critical for the coding of facial stimuli) (49-51) during
an emotional face paradigm. In light of recent observations
that medial prefrontal cortex activity may be reduced in
patients with posttraumatic stress disorder (PTSD) in con-
cert with amygdala hyperreactivity, perhaps reflecting in-
adequate top-down regulation of the amygdala by the me-
dial prefrontal cortex in patients with anxiety disorders (26,
52), we also focused on task-related activation in the me-
dial prefrontal cortex and its relationship with amygdala
and insula activity in both the anxiety-prone group and the
anxiety-normative group. These analyses were expected to
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shed additional light on the role of the amygdala and insula
as key components in the neural circuits that mediate anx-
iety-related symptoms.

Method

Participants

This study was approved by the institutional review boards of
the University of California, San Diego and San Diego State Uni-
versity. All subjects provided written informed consent to partici-
pate. Initially, approximately 3,000 undergraduate students from
San Diego State University participated in screening using the
Spielberger State-Trait Anxiety Inventory (53). Subsequently, sub-
jects who scored high in trait anxiety (in the upper-15th percen-
tile of the distribution) and subjects who had normative levels of
trait anxiety (from the 40th-60th percentile of the distribution)
were selected for further screening. Of these, approximately one
in three expressed a willingness to participate in an fMRI study;
approximately one in two of those willing to participate in an
fMRI study could be contacted for further assessment; and ap-
proximately one in two of those who could be contacted proved
eligible. Of those who proved eligible, 32 subjects were able to be
studied during our available fMRI time slots: 14 women and two
men with normal-trait anxiety scores (anxiety normative) and 12
women and four men with high-trait anxiety scores (anxiety
prone [continuity corrected chi square=0.251, df=1, p=0.65]).

All subjects underwent a Structured Clinical Interview for
DSM-1V (SCID-I) (54), which was modified to enable us to docu-
ment the presence of subthreshold (i.e., did not fulfill full DSM-IV
criteria because of insufficient number of symptoms and/or be-
low diagnostic threshold for distress and/or interference) anxiety
and mood disorders. Anxiety-prone subjects could have a DSM—
IV diagnosis (full or subthreshold), but were not currently seeking
or had ever sought treatment for their anxiety symptoms in the
past. In the anxiety-prone group, seven subjects had no DSM-IV
diagnosis (six of these subjects had subthreshold generalized anx-
iety disorder and/or social anxiety disorder); five subjects had
generalized anxiety disorder only; three subjects had generalized
anxiety disorder with social anxiety disorder; and one subject had
generalized anxiety disorder, social anxiety disorder, panic disor-
der, and obsessive-compulsive disorder. Anxiety-normative sub-
jects were those who were determined to have no DSM-IV disor-
ders, even at the subthreshold level. None of the subjects had
taken any psychotropic medications in the prior 12 months. Sub-
jects habitually consumed less than 400 mg of caffeine daily. All
subjects were trained to perform the emotional face task prior to
testing during fMRI scanning. Subjects were paid to participate in
the fMRI study.

Measures

Subjects completed the NEO Five Factor Inventory (55), a
widely used 60-item self-report measure of personality, grouped
into the following five major domains: neuroticism (N), extrover-
sion (E), openness to experience (0O), conscientiousness (C), and
agreeableness (A). Subjects also completed the Anxiety Sensitivity
Index, a 16-item self-report measure of the fear of anxiety-related
sensations (35), and the Retrospective Self-Report of Behavioral
Inhibition, a 30-item measure in which items were chosen to rep-
resent a broad range of behaviors associated with behavioral inhi-
bition (56). The Alcohol Use Disorders Identification Test (57) and
the Drug Abuse Screening Test (58) were also included.

Task

During fMRI, each subject was tested on a slightly modified
(47) version of the Emotion Face Assessment Task (46, 48). During
each 5-second trial, a subject was presented with a target face (on
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TABLE 1. Group Characteristics (N=32)

Anxiety-Normative Group

Anxiety-Prone Group

(N=16) (N=16) Analysis
Variables t dfa p
Mean SD Mean SD
Sociodemographic
Age (years) 18.4 1.1 18.8 0.7 -0.77 30 0.45
Education (years) 13.3 0.7 13.5 0.8 -0.70 30 0.49
Anxiety proneness
Trait anxiety 40.6 3.7 54.8 5.8 -8.21 30 0.000
Neuroticism 46.1 7.5 58.6 7.3 -4.78 30 0.000
Anxiety sensitivity 15.1 7.6 27.0 13.3 -3.09 29 0.004
Retro-behavioral inhibition 66.4 14.6 72.0 8.6 -1.25 28 0.23
Anxiety and mood symptoms
State anxiety 35.3 9.0 44.2 11.4 -2.19 23 0.04
Social interactional anxiety 19.4 7.8 32.9 13.0 -3.50 29 0.002
Beck Depression Inventory 7.2 3.8 16.7 9.7 -3.22 25 0.004
Other personality traits
Extraversion 50.8 129 46.9 9.0 0.99 30 0.33
Openness 48.4 7.5 51.2 11.8 —-0.81 30 0.43
Agreeableness 47.8 12.1 48.6 9.7 -0.21 30 0.84
Conscientiousness 49.1 8.2 51.8 5.8 -1.07 30 0.29
Drug/alcohol
Alcohol Use Disorders Identification Test 5.6 3.4 7.3 3.8 -1.28 30 0.21
Drug Abuse Screening Test 1.4 1.5 0.9 0.9 1.29 30 0.21

a Degrees of freedom (df) differ because of missing data for some variables.

the top of the computer screen) and two probe faces (on the bot-
tom of the screen) and was instructed to match the probe with the
same emotional expression to the target by pressing the left or
right key on a button box. A block consisted of six consecutive tri-
als where the target face is angry, fearful, or happy. During the
sensorimotor control task, subjects were presented with 5-second
trials of either wide or tall ovals or circles in an analogous config-
uration and instructed to match the shape of the probe to the tar-
get. Each block of faces and of the sensorimotor control task was
presented three times in a pseudorandomized order. A fixation
cross lasting 8 seconds was interspersed between each block pre-
sented at the beginning and end of the task (resulting in 14 fixa-
tion periods). For each trial, response accuracy and reaction time
data were obtained. There were 18 trials (three blocks of six trials)
for each face set as well as for shapes. The whole task lasted 512
seconds (matching the scan length).

Image Acquisition

During the task, one blood-oxygenation-level-dependent fMRI
run was collected for each subject using a 1.5-Tesla Siemens (Er-
langen, Germany) scanner (T2-weighted echo planar imaging,
TR=2000 msec, echo time=40 msec, 64x64 matrix, 20 4-mm axial
slices, 256 repetitions). During the same experimental session, a
T1-weighted image (MPRAGE, TR=11.4 msec, echo time=4.4
msec, flip angle=10°, field of view=256x256, 1 mm?3 voxels) was
obtained for anatomical reference. For preprocessing, voxel time
series were interpolated to correct for nonsimultaneous slice ac-
quisition within each volume and corrected for three-dimen-
sional motion.

Image Processing and Analysis

All structural and functional image processing was done with
the Analysis of Functional Neuroimages software package (59).
Echo planar image intensity images were coregistered to the
128th image using a three-dimensional-coregistration algorithm.
The time series of the alignments in the x, y, z and roll, pitch, yaw
directions was used to obtain motion regressors for each subject.
Because small motion corrections are similar in angle (e.g., roll)
and displacement (e.g., X), we used only three motion parameters
(roll, pitch, yaw) as nuisance regressors to account for motion ar-
tifacts. The four orthogonal regressors of interest were 1) happy, 2)
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angry, 3) fearful, and 4) circle/oval (i.e., shape) sensorimotor con-
dition. These regressors were convolved with a modified gamma
variate function to account for the delay and the dispersion brain
response of the blood-oxygenation-level-dependent fMRI signal
because of hemodynamics (60, 61). Additional regressors were
used to model residual motion in the roll, pitch, and yaw direc-
tions as well as baseline and linear tendencies. The Analysis of
Functional Neuroimages program three-dimensional deconvolve
was used to calculate the estimated voxel-wise response ampli-
tude. A Gaussian filter with full width at half maximum 4 mm was
applied to the voxel-wise percent signal change data to account
for individual variations in the anatomical landmarks.

Data for each subject were normalized to Talairach coordi-
nates. Whole brain analyses were followed by a priori analysis of
regions of interest using masks (defined by the Talairach demon
atlas) (62) in the bilateral amygdala, insula, ventromedial pre-
frontal cortex (ventromedial prefrontal cortex; consisting of ante-
rior cingulate, subgenual cingulate, and medial frontal gyrus, cor-
responding to Brodmann’s areas 24, 25, and 32) and primary
visual cortex. Based on these areas of interests, it was determined
via simulations that a voxel-wise a priori probability of 0.05 would
result in a corrected cluster-wise activation probability of 0.05 if a
minimum volume of 128 pl and two connected voxels (in the
amygdala, which is a very small structure) or 512 ul and eight con-
nected voxels (in all other regions of interest) were considered.
The areas of interest were superimposed on each individual’s
voxel-wise percent signal change brain image. Only activations
within the areas of interest, which also satisfied the volume and
voxel connection criteria, were extracted and used for further
analysis. The corrected voxel-wise probabilities are as follows:
amygdala, p<0.01; insular cortex, p<0.00007; medial prefrontal
cortex, p<0.0001; and visual cortex, p<0.00007. These corrected
voxel probabilities are based on Monte Carlo simulations using
Analysis of Functional Neuroimages program AlphaSim with the
filtered data and the a priori defined regions of interest.

Statistical Analysis

All behavioral analyses were carried out with SPSS 11.01. A be-
tween-subjects multivariate analysis of variance (MANOVA) was
used to analyze the behavioral measures and neural activation
patterns. For the imaging analyses, the voxel-wise percent signal
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change data were entered into a mixed-model analysis of vari-
ance (ANOVA) with task contrast (face type-shape comparison
condition) and group (anxiety-prone or anxiety-normative condi-
tion) as fixed factors and subjects as a random factor. We con-
ducted correlational analyses to examine the relationship be-
tween self-rating scales of anxiety proneness and other traits and
activation (as a percentage change from the baseline, shape-only
condition) in the amygdala and insula during viewing of angry,
fearful, and happy faces. We also conducted correlational analy-
ses of the task-related activation in the ventromedial prefrontal
cortex with that in the amygdala and insula; these analyses were
conducted for anxiety-prone and anxiety-normative groups sepa-
rately and for both groups combined.

Results

Group Characteristics

The two groups were significantly different on several
indices of anxiety proneness (Table 1), including trait anx-
iety (which was the group selection criterion), neuroti-
cism, and anxiety sensitivity, but not on retrospective be-
havioral inhibition. They also differed significantly on
several measures of anxious and depressive symptomes.
However, they were not significantly different in terms of
age or years of education, nor did they differ on other
measures of personality or drug and alcohol use.

Group Differences in Response Latency or Accuracy

There were no significant group differences in response
latency or accuracy (Figure 1).

Group Differences in Functional MRI Blood-
Oxygenation-Level-Dependent Activity

Whole brain analysis revealed significant task-related
differences between anxiety-prone and anxiety-normative
subjects in several regions (Table 2). Among these regions
was the bilateral anterior insular cortex (Figure 2), with
anxiety-prone subjects having significantly greater activa-
tion for contrasts between emotional faces and shapes; in
fact, anxiety-prone subjects tended to activate, while anx-
iety-normative subjects showed deactivation for this con-
trast (whereas there was no significant main effect of task
in the insular cortex). Whole brain analysis revealed task-
specific activation in the amygdala in both groups, but sig-
nificant differences between groups were evident only in
the amygdala region-of-interest analyses, which detected
significantly greater bilateral (although more pronounced
on the left side) amygdala activation in anxiety-prone sub-
jects compared with anxiety-normative subjects (Figure
3). Different face types (angry, fear, or happy) did not dif-
ferentially activate insular cortex or amygdala, nor was
there a significant interaction between-group and face
type in these structures. There were no significant differ-
ences in fusiform activation between anxiety-prone and
anxiety-normative subjects.

Am | Psychiatry 164:2, February 2007

STEIN, SIMMONS, FEINSTEIN, ET AL.

FIGURE 1. Response Latency and Accuracy in Anxiety-
Prone Subjects Compared With Anxiety-Normative Subjects
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Relationships Between Measures of Anxiety
Proneness and Limbic Activation

We examined correlations between the measures of
anxiety proneness and the extent of task-related activa-
tion in the amygdala and insula (and, for comparison pur-
poses, with the fusiform gyrus, where we did not expect to
see significant correlations). For both structures, mean ac-
tivation (emotional faces, shapes, percentage) was ex-
tracted from regions of activation (coordinates shown in
Figure 2 and Figure 3); correlations with other measures of
activation (e.g., angry faces, shapes, percentage yielded
very similar results.

Insula Activation

Greater task-related insula activation in the bilateral in-
sular cortex was associated with higher levels on the mea-
sures of anxiety proneness that differentiated the groups
(Spielberger State-Trait Anxiety Inventory, right insula: r=
0.41, df=31, p=0.02; left insula: r=0.54, df=31, p=0.001; NEO
Neuroticism, right insula: r=0.41, df=31, p=0.02; left insula:
r=0.59, df=31, p<0.0005; Anxiety Sensitivity Index [Figure
4], right insula: r=0.55, df=30, p=0.001; left insula: r=0.54,
df=30, p=0.002).

Amygdala Activation

Greater bilateral task-related amygdala activation was
associated with higher Spielberger State-Trait Anxiety
Inventory (right amygdala: r=0.42, df=31, p=0.018; left
321
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FIGURE 2. Insula Activation?
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showing significantly increased activation in bilateral insula for anxiety-prone subjects. Talairach coordinates for left insula center of mass (x,
Y, 2): =27, 16, =7 (volume 1408 pl); right insula: 27, 22, 3 (volume 1152 pl).

amygdala: r=0.45, df=31, p=0.010), unilaterally with NEO
Neuroticism (right amygdala: r=-0.030, df=31, p=0.87; left
amygdala: r=0.391, df=31, p=0.027), but not with Anxiety
Sensitivity Index (right amygdala: r=0.095, df=30, p=0.61;
left amygdala: r=0.274, df=30, p=0.14).

Fusiform Activation

There was no relationship between task-related fusi-
form gyrus activation and any of the measures of anxiety
proneness.

Relationship With Activation in Ventromedial
Prefrontal Cortex

In order to determine whether task-related limbic and
paralimbic activations in the amygdala and insular cortex
were associated with top-down modulatory areas, we ex-
amined correlations between task-related activation in an
anatomical region of interest in the ventromedial prefron-
tal cortex (Brodmann’s areas 24, 25, 32, including the ante-
rior cingulate, subgenual cingulate, and medial frontal gy-
rus) and activation in the insula and amygdala (Table 3).
Most correlations were positive, and there were several
(Table 3) where the correlation with the ventromedial pre-
frontal cortex in anxiety-normative subjects was more
than twice as strong as in anxiety-prone subjects. This dif-
ference in magnitude of correlations reached statistical
significance (p=0.04) only for the correlation of the left in-
sula with the ventromedial prefrontal cortex.

Discussion

Using an emotion-processing task previously demon-
strated to engage limbic circuitry (46, 47), we found in-
creased amygdala and insula activation in young adult
anxiety-prone nonpatients relative to subjects with nor-
mative levels of anxiety proneness. We also found that the
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magnitude of activation in these limbic regions correlated
moderately with several measures of anxiety proneness,
such as anxiety sensitivity and neuroticism. Thus, al-
though increased amygdala responsiveness has been seen
in several groups of patients with anxiety (and depressive)
disorders, our findings suggest that it extends to individu-
als with subthreshold symptoms and/or traits, such as
neuroticism or anxiety sensitivity, that can be considered
to characterize them as anxiety prone. This interpretation
is consistent with observations from other research
groups that reported amygdala activation to emotional
(e.g., fearful) faces to be associated with individual varia-
tion in anxiety-related personality traits, such as threat
sensitivity (63) or social anxiety (64).

The increased amygdala activation to emotional face
processing, which has been observed in many studies of
patients with anxiety disorders (13), sets the stage for our
finding that this phenomenon extends to our nonclinical
cohort of anxiety-prone persons and is, in fact, echoed in
another recent report of persons described as “phobia-
prone” (65). The finding of increased insula activation in
anxiety-prone subjects, however, may not have been as ex-
pected, based on the extant literature on anxiety disorders.
It is difficult to know whether anxiety disorder studies
have failed to find differential insular activation (with the
exception of a study of specific phobia, where increased
right insular activation was seen) (28) or whether this has
not been adequately explored. However, in addition to the
considerable preclinical literature that posits a role for the
insula in the recognition of emotion in faces (45, 66, 67)
and human functional neuroimaging work that demon-
strates insular activation during the processing of salient
emotional images (68), human studies strongly suggest
that the insula is instrumental in the detection and inter-
pretation of certain internal bodily states (69, 70). The
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FIGURE 3. Amygdala Activation?
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TABLE 2. Regions of Task-Related (faces-shapes) Differential Activation for Anxiety-Normative and Anxiety-Prone Subjects

Coordinates

Area Brodmann’s Area Right/Left Volume (ul) X y z
Middle frontal gyrus 10 right 2112 32 36 9
Middle frontal gyrus 10 left 1920 —24 64 21
Insula 13 left 1408 27 16 -7
Insula 13 right 1152 27 22 3

right insula, in particular, has been associated with the ex-
tent of “interoceptive awareness” of and discomfort with
one’s own physiological (heart rate) response to emotion-
ally valent pictures (71). This construct of interoceptive
awareness shares many features with anxiety sensitivity,
which as we already noted is elevated in persons prone to
anxiety disorders and is correlated with insula activity in
our study. We hope that these observations will lead to
more careful scrutiny of insular activity in future studies of
psychopathology so that the role of this structure in emo-
tion processing and its functional relationship to other el-
ements of anxiety-related circuitry can be more fully elab-
orated (72).

Given recent observations in patients with PTSD that
there may be deficient reciprocal inhibitory control of
amygdala activation by the ventromedial prefrontal cortex
(26, 52), we evaluated relationships between task-related
activation in the ventromedial prefrontal cortex with that
in the insular cortex and amygdala. Contrary to expecta-
tion, we did not find negative correlations between the
ventromedial prefrontal cortex activity and activity in the
insula and/or amygdala. However, we did find that anxi-
ety-normative subjects tended to have stronger correla-
tions between the ventromedial prefrontal cortex and bi-
lateral insula (and left-sided amygdala) than did anxiety-
prone subjects, supporting the notion of increased func-
tional “connectivity” in the anxiety-normative group. This
increased amygdala ventromedial prefrontal cortex cou-
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pling, as indexed by increased correlated activity, may be
consistent with emerging literature suggesting that in-
creased integration of these functional connections re-
flects a more adaptive (e.g., less anxious) emotional phe-
notype (73, 74). We must emphasize, however, that
statistical power to test for significant differences in the
strength of correlations between groups was low and,
hence, these results must be considered preliminary. We
do intend to conduct more extensive functional connec-
tivity analyses (75) in this data set to permit a more de-
tailed exploration of cortical-limbic relationships; these
data will be published separately.

This study has a number of other important limitations.
Although the cohort size was sufficient to clearly demon-
strate differences in the extent of amygdala and insula ac-
tivation between the anxiety-normative and anxiety-
prone groups, these region-specific comparisons were
predicated on a priori hypotheses, and it is possible that
other regional differences went undetected. Similarly, al-
though we found significant correlations between
amygdala and insula activation and various measures of
anxiety proneness, it is possible that cryptic confounders
(i.e., other individual differences that we did not think to
measure) better explain these relationships. The data are
cross-sectional, and some of the individuals identified as
“anxiety prone” already showed evidence of having an
anxiety disorder; thus, prospective data will be needed to
definitively separate future risk from current symptoms.
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FIGURE 4. Scattergram and Regression Analysis of Relationship Between Magnitude of Insula Activation (left- and right-

sided) and Ratings of Anxiety Sensitivity
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TABLE 3. Pearson Correlations of Task-Related (face-shape) Activation in Regions of Interest in Anxiety-Prone, Anxiety-Nor-

mative, and Both Groups

Ventromedial

Region of Interest Group Left Amygdala Prefrontal Cortex Right Insula Left Insula
Right amygdala Both 0.528:: —-0.066 0.175 0.416%
Anxiety-normative 0.760%x* 0.389 0.169 0.571%
Anxiety-prone 0.152 -0.237 0.170 0.281
Left amygdala Both 0.347 0.595:: 0.658:#
Anxiety-normative 0.713s:x% 0.576% 0.706%:x
Anxiety-prone 0.346 0.545%* 0.552x*
Ventromedial prefrontal cortex Both 0.249 0.123
Anxiety-normative 0.609%* 0.605%*
Anxiety-prone 0.191 -0.122
Right insula Both 0.795%x*
Anxiety-normative 0.757 3
Anxiety-prone 0.639%

#p<0.05; **p<0.005.

The predominance of women in this study—although re-
flecting the increased prevalence of anxiety disorders in
women in the community—may mean that the findings
cannot be generalized to men. Each of these limitations
necessitates that our results be replicated. When such rep-
lications occur, it will be important to document charac-
teristics of the functional neuroimaging task, such as test-
retest reliability, and to include other tasks that engage the
same (and disparate) emotion-processing circuits.
Findings from this study highlight some of the limits of
our understanding of the relationship between anxiety-re-
lated psychopathology and brain circuitry and pose sev-
eral questions that can only be answered with further
research. It seems clear from these data that altered
amygdala functioning is not disorder specific, nor is it
necessarily indicative of psychopathology per se. Thus,
attempts to cross-validate our current anxiety disorder di-
agnostic categories with evidence of functional alterations
in specific circuits are unlikely to prove feasible. On the
other hand, it may be possible to start with the observa-
324
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tion of functional differences in amygdala and/or insula
functioning in certain individuals and then determine
what other characteristics they share (e.g., longitudinal
course, treatment outcome). In other words, exaggerated
amygdala and insula hyperactivity to certain types of
emotional processing could tentatively be considered an
endophenotype that may transcend our current diagnostic
categories and serve as the cornerstone for further empir-
ical nosological investigations.

In fact, there is already evidence amassing that the
amygdala response to emotional face processing is moder-
ated by genetic factors such as functional variation in the
serotonin transporter, (46, 48, 65, 73, 74) raising the possi-
bility that this particular endophenotype may well lend it-
self to further biological characterization. The question,
then, remains, “What is the nature of this endophenotype?”
Is it a prototype for anxiety proneness, for mood- and anxi-
ety-related psychopathology more generally, or for some
even broader construct, such as emotional resilience? In or-
der to answer this question, functional neuroimaging will
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need to be conducted on an epidemiological scale, with
close attention to issues of cohort frame, generalizability,
confounders, and reliability. Only under such rigorous con-
ditions will it be possible in the future to use neurobiologi-
cal measures in general, and functional neuroimaging find-
ings in particular, as the basis for a diagnostic system for
anxiety- and mood-related psychopathology.
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