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Objective: The anticipation of adverse
outcomes, or worry, is a cardinal symp-
tom of generalized anxiety disorder. Prior
work with healthy subjects has shown
that anticipating aversive events recruits a
network of brain regions, including the
amygdala and anterior cingulate cortex.
This study tested whether patients with
generalized anxiety disorder have alter-
ations in anticipatory amygdala function
and whether anticipatory activity in the
anterior cingulate cortex predicts treat-
ment response.

Method: Functional magnetic resonance
imaging (fMRI) was employed with 14
generalized anxiety disorder patients and
12 healthy comparison subjects matched
for age, sex, and education. The event-re-
lated fMRI paradigm was composed of
one warning cue that preceded aversive
pictures and a second cue that preceded
neutral pictures. Following the fMRI ses-
sion, patients received 8 weeks of treat-
ment with extended-release venlafaxine.

Results: Patients with generalized anxi-
ety disorder showed greater anticipatory
activity than healthy comparison subjects
in the bilateral dorsal amygdala preced-
ing both aversive and neutral pictures.
Building on prior reports of pretreatment
anterior cingulate cortex activity predict-
ing treatment response, anticipatory ac-
tivity in that area was associated with clin-
ical outcome 8 weeks later following
treatment with venlafaxine. Higher levels
of pretreatment anterior cingulate cortex
activity in anticipation of both aversive
and neutral pictures were associated with
greater reductions in anxiety and worry
symptoms.

Conclusions: These findings of height-
ened and indiscriminate amygdala re-
sponses to anticipatory signals in general-
ized anxiety disorder and of anterior
cingulate cortex associations with treat-
ment response provide neurobiological
support for the role of anticipatory pro-
cesses in the pathophysiology of general-
ized anxiety disorder.

(Am ] Psychiatry 2009; 166:302-310)

Generalized anxiety disorder affects 5.7% of the En-
glish-speaking population in the United States (1) and can
have dramatic effects on one’s social relations, occupa-
tional functioning, and well-being. Worry is a cardinal fea-
ture of generalized anxiety disorder and is often observed
in other anxiety and mood disorders, which may in part
explain the high rates of other illnesses that are comorbid
with generalized anxiety disorder (2). Despite the high
prevalence and frequent comorbidity of generalized anxi-
ety disorder and the suffering it causes, its pathophysiol-
ogy has been relatively understudied in comparison to
other anxiety disorders (3, 4).

A theoretically sound starting place for investigating the
pathophysiology of generalized anxiety disorder is to focus
on worry and the anticipation of negative outcomes (4-8).
Research on the neural circuitry of the anticipation of aver-
sive stimuli has implicated a number of brain regions, in-
cluding the amygdala, insula, anterior cingulate cortex, and
prefrontal cortex (8-14). To facilitate work in this area, we

developed a paradigm for investigating brain activity asso-
ciated with the anticipation of aversive pictures (8, 14, 15).
The paradigm involves one warning cue (e.g., a minus sign)
that is followed by aversive pictures and a second warning
cue (e.g., a circle) that is followed by neutral pictures. Sub-
jects are instructed about the cue-picture pairings at the
outset of the experiment. Anticipatory responses in this
paradigm have been characterized in nonpsychiatric popu-
lations using both eye-blink startle (15) and functional
magnetic resonance imaging (fMRI) (8, 14).

We hypothesized that patients with generalized anxiety
disorder would show abnormalities in the circuitry norma-
tively activated by the anticipation of aversion (8, 10, 16),
particularly in the amygdala (8, 11, 14, 17-19). Findings for
amygdala function in generalized anxiety disorder have
been mixed (20-23), but no study with patients with gener-
alized anxiety disorder has disentangled stimulus anticipa-
tion and stimulus response processes (8, 14). Based on the
research reviewed above and related cognitive findings (4),
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this study was designed to test the prediction that
amygdala activation in anticipation of aversive pictures
would be greater in patients with generalized anxiety dis-
order than nonpsychiatric comparison subjects, whereas
no group differences were expected in anticipation of neu-
tral pictures. Theoretical and empirical work implicating
hyperresponsivity to both unpleasant and neutral stimuli
in patients with generalized anxiety disorder (7, 21, 24)
suggested the testable alternative hypothesis that patients
with generalized anxiety disorder would show greater an-
ticipatory amygdala activation than comparison subjects
preceding both aversive and neutral pictures. Group differ-
ences were also examined in other brain regions impli-
cated in the anticipation of aversion (8, 10, 12, 14, 16, 25).
Finally, based on prior reports of anterior cingulate cortex
activity predicting treatment response (26-29), we tested
whether pretreatment anticipatory activity in the anterior
cingulate cortex was associated with outcome following an
8-week trial of venlafaxine.

Method

Subjects

The 26 subjects participating in this study were recruited
through newspaper and e-mail advertisements. All subjects were
right-handed (Edinburgh Handedness Inventory). The 14 adult
subjects (two men) with generalized anxiety disorder met DSM-
IV criteria for generalized anxiety disorder and no other current
disorder, as determined by the Structured Clinical Interview for
DSM-1V (SCID) and verified by physician interview. Multiple indi-
viduals meeting criteria for generalized anxiety disorder were ex-
cluded from participation because of axis I comorbidity: two ma-
jor depressive disorder, two dysthymia, two bipolar disorder,
three obsessive-compulsive disorder, one social anxiety disorder,
one panic disorder, and one posttraumatic stress disorder.
Matched for sex, age, and education (Table 1), the 12 healthy
comparison subjects (two men) reported no history of psychopa-
thology according to SCID. In addition, patients with generalized
anxiety disorder were required to score at least 18 on the Hamil-
ton Rating Scale for Anxiety (HAM-A) (30) with scores of 2 or more
on item 1 (anxious mood) and item 2 (tension).

Efforts were made to minimize the presence of depression in
this patient sample by excluding subjects with a major depressive
episode in the previous 6 months or with scores above 6 on the
Raskin Depression Scale (31). The presence of past depression
preceding the 6 months before study entry was assessed in 10 of
the 14 patients: five reported no history of depression, three re-
ported a single past major depressive episode, and two reported a
subthreshold single past major depressive episode. Healthy com-
parison subjects scored below 6 on the Hamilton Rating Scale for
Anxiety (HAM-A), the Hamilton Rating Scale for Depression
(HAM-D) (32), and the Raskin Depression Scale. Subjects were ex-
cluded if they had a history of seizures, diabetes, or heart prob-
lems. Other exclusion criteria included active neoplastic disease,
cancer in the prior 3 years, family history of bipolar disorder, ECT
in the prior 3 months, use of any prescription medications or
herbal remedies to treat psychiatric symptoms within 14 days of
the fMRI session, failure of adequate trial of extended release ven-
lafaxine during the current episode of generalized anxiety disor-
der, and the failure of two adequate trials of antianxiety or antide-
pressant treatments.

Subjects with generalized anxiety disorder began an 8-week
open-label trial of extended-release venlafaxine immediately
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following the fMRI session (dosage started at 37.5 mg in the
morning as needed and increased to a maximum of 225 mg as
needed in the morning per clinical indication). Both Hamilton
scales were administered at the initial screening session with the
SCID, at the fMRI session that occurred on average 18 days later,
and at clinic visits that were weekly for the first 2 weeks of treat-
ment and then biweekly for the remaining 6 weeks of the medi-
cation trial (Table 1). One patient withdrew from the study 6
weeks after the start of treatment (due to medication side ef-
fects) and therefore was not included in analyses examining
treatment response following the 8-week medication trial. Ten
of the patients with generalized anxiety disorder and 10 of the
healthy comparison subjects in the present study were also in-
cluded in our recent study on facial expressions (29) because
data collection for the two studies overlapped (data collection
for that study began and finished earlier than for the present
study). After complete description of the study to the subjects,
written informed consent was obtained, in accordance with
study approval by the Human Subjects Committee of the Uni-
versity of Wisconsin School of Medicine and Public Health. All
subjects were paid for their participation.

Experimental Paradigm

Each 19-second trial began with a 0.5-second cue followed by a
2.5-second or 4.5-second black screen (pseudo-randomized
within valence) and then a 1.0-second picture followed by a 13-
second or 15-second black screen (Figure 1 in data supplement
available at http://ajp/psychiatryonline.org). For aversive trials,
the cue was a minus sign that was followed by an aversive picture
(e.g., mutilated bodies, attack scenes). For neutral trials, the cue
was a circle that was followed by a neutral picture (e.g., household
items). Subjects were instructed about this cue-picture pairing
prior to scanning. This trial structure was selected in an attempt to
optimize methodological parameters for effectively distinguishing
anticipation and picture reactivity periods while keeping subjects
engaged (8, 33). Trial order was pseudo-randomized, with the stip-
ulation that neither aversive nor neutral trials were presented
more than twice in a row. There were a total of four functional scan
runs, each consisting of 12 aversive trials and 12 neutral trials.
Subjects performed a task on each trial, pressing one button if
there was a match between the cue and picture (a minus sign fol-
lowed by aversive picture or circle followed by neutral picture) and
a second button if there was an obvious mismatch (minus sign fol-
lowed by pleasant picture or circle followed by aversive picture).
This task was employed to help maintain the subjects’ attention to
the cue and picture stimuli, which was verified by near-perfect ac-
curacy rates. There were only two mismatch trials in each scan
run, and they were excluded from analyses.

Data Acquisition and Analysis

Anatomical and functional data were collected on a General
Electric 3.0 Tesla system (Waukesha, Wis.) with a quadrature
head coil. Functional images consisted of 30 sagittal echo-planar
imaging slices covering the whole brain (slice thickness/gap=4/1
mm; 64x64 in-plane resolution; 240-mm field of vision; TR/TE=
2000/30 msec; flip angle=90°). These data acquisition parame-
ters were selected in part to minimize signal loss in the amygdala
and orbitofrontal cortex, areas vulnerable to the differential
magnetic susceptibility coefficients of bone/air/tissue bound-
aries (see data supplement available at http://ajp/psychiatryon-
line.org). Whole-brain T;-weighted anatomical images were also
acquired (three-dimensional spoiled gradient-recalled echo;
256x192 in-plane resolution; 240-mm field of view; 124 1.2-mm
axial slices). An Avotec Silent Vision system (Jensen Beach, Fla.)
displayed the stimuli by means of a pair of stereoscopic goggles.
Head movement was restricted using a customized bite bar,
which consisted of dental impression compound affixed to an
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TABLE 1. Individual Subject Scores for All Administrations of the Hamilton Anxiety and Depression Scales?

Hamilton Rating Scale for Anxiety

Initial
Group Sex Age Education? Screen fMRI Session Week 1 Week2 Week4 Week6 Week8
Patients
1 Female 56 3 19 19 13 11 6 6 5
2 Female 23 1 20 19 15 14 7 12 9
3 Female 29 4 18 21 13 12 8 9 12
4 Male 31 3 23 19 16 12 5 7 4
5 Female 30 3 18 19 17 13 14 10 9
6 Female 28 1 18 19 14 8 7 3 5
7 Female 30 4 22 18 13 8 9 8 13
8 Female 31 4 20 19 15 12 9 8 1
9 Female 31 4 21 18 12 12 3 5 5
10 Female 27 1 18 19 11 6 6 2 2
11 Female 41 2 18 16 13 16 13 12 —
12 Female 38 4 19 20 18 13 1 6 11
13 Male 54 5 18 19 12 8 9 7 2
14 Female 23 1 21 22 8 5 6 5 3
Mean 33.7 2.7 19.5 19.1 13.9 10.8 7.4 7.0 7.6
SD 10.2 1.4 1.7 1.4 1.9 2.6 3.0 31 3.8
Comparison Subjects
1 Female 25 1 0 0 1 0 0 0 0
2 Female 31 4 0 1 2 5 4 4 3
3 Female 29 4 0 1 2 5 4 0 3
4 Male 34 4 4 1 3 7 6 6 5
5 Female 29 5 2 1 1 2 0 0 3
6 Female 28 5 2 1 4 4 0 0 2
7 Female 27 3 2 3 3 2 6 6 3
8 Female 28 4 1 2 0 0 2 0 0
9 Female 35 3 5 3 1 3 6 6 4
10 Female 53 3 1 2 1 3 2 2 0
11 Male 55 1 0 1 — 0 — — 3
12 Female 23 1 1 1 — 0 — — 1
Mean 331 3.0 1.5 1.4 1.8 3.1 3 2.4 2.3
SD 10.3 1.5 1.6 0.9 1.2 2.2 2.5 2.8 1.8

a During the last phase of data collection, an attempt was made to decrease the burden on subjects by not administering one or both of these
instruments at some of the time points. This accounts for most of the missing data in the last 4 patients with generalized anxiety disorder
and the last two comparison subjects above. Week 8 data was only missing from one subject, who did not complete the study due to medi-

cation side effects.

b Education=education level (1: part college; 2: graduated 2-year college; 3: graduated 4-year college; 4: part professional/graduate school; 5:

graduated professional/graduate school).

acrylic plate (see data supplement Methods). Data for two addi-
tional fMRI sessions following the start of treatment and for a fa-
cial expression paradigm using a different imaging protocol that
did not involve whole-brain fMRI acquisition have or will be re-
ported in separate manuscripts that address different theoretical
questions (29).

All fMRI data processing was done with AFNI, version 2.41. Data
processing included slice-time correction, motion correction, and
application of a high-pass temporal Fourier filter (0.0143 Hz). The
time series was modeled with a least-squares general linear model
(GLM) fit to an ideal hemodynamic response function for the an-
ticipation period and picture period separately, and the resultant
beta-weights were converted to percentage signal change. Unlike
the area under the curve, these beta-weights are not influenced by
baseline differences at the start of an epoch. During the GLM fit,
the time-to-onset of response was allowed to vary independently
for each voxel from 0 to 4 seconds, and the time lag selected was
used for both periods. This variable onset allowed for sensitivity to
the varying blood perfusion rates across the brain, while fixing the
time lag as the same for both the anticipation and picture periods
ensured that the two responses are properly separated and esti-
mated (8, 13). Although the independence of anticipatory activity
and picture response activity is difficult to ensure in our paradigm
owing to the short interstimulus interval relative to hemodynamic
lag (13), the employed statistical modeling procedures minimized
the possibility of variance due to the picture being misattributed
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to the anticipation period and vice versa. Moreover, inspection of
the time series plots corroborated the effects reported here. The
percentage signal change maps from the GLM were Gaussian-
blurred (full width at half maximum=4 mm), resampled to 1 mm3
voxels, and transformed into standardized space using the Talair-
ach atlas.

To examine hypothesized group differences during the antici-
pation of aversive pictures, we conducted a voxelwise group (pa-
tients, comparison subjects) by period (anticipation, picture) by
valence (aversive, neutral) repeated-measures analysis of vari-
ance (ANOVA). Since the amygdala was the primary focus of study
hypotheses, we applied a small volume correction for multiple
comparisons using Monte Carlo simulations, as implemented by
AlphaSim in AFNI. These simulations were run to correct for mul-
tiple comparisons within a region of interest defined by the ana-
tomical boundaries of the amygdala (8, 14). The spatial correla-
tion of the input data and an uncorrected p value threshold of
0.005 resulted in a minimum cluster size of 66 mm? to achieve a
corrected p<0.05. Specificity of group differences to the amygdala
were assessed by examining other primary regions—insula, ante-
rior cingulate cortex, prefrontal cortex, and hippocampus—iden-
tified in our earlier reports and elsewhere (8, 10, 12, 14, 16, 25) in
the voxelwise ANOVA above.

To assess whether pretreatment anticipatory activity was asso-
ciated with treatment response following the 8-week open-label
trial of venlafaxine, voxelwise regressions were implemented by
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Hamilton Rating Scale for Depression

Initial
Screen fMRI Session Week 1 Week 2 Week 4 Week 6 Week 8
13 14 12 9 6 5 4
12 12 14 13 7 9 7
15 15 12 11 8 9 6
16 12 11 9 3 5 2
10 9 10 9 9 9 6
10 9 7 4 5 1 1
11 6 8 5 6 5 5
7 6 9 7 8 1 7
10 9 5 4 3 3 4
7 8 6 5 3 4 1
10 — — — — — —
14 12 13 8 — — 8
8 7 — — — — 1
16 13 — 9 — — 7
11.4 10.2 9.4 7.6 5.8 5.1 43
3.0 3.0 29 3.1 23 3.1 23
0 0 0 0 0 0 0
0 2 1 2 2 2 1
0 1 1 0 0 0 0
3 1 1 4 5 5 4
0 0 1 0 0 0 2
1 0 2 2 0 0 1
2 1 0 1 2 2 0
0 0 0 1 1 1 0
5 1 0 1 3 3 3
1 0 0 0 2 2 1
0 2 — 1 — — 3
1 0 — 0 — — 1
1.1 0.7 0.6 1.1 1.5 1.5 1.3
1.6 0.8 0.7 1.3 1.7 1.7 1.4
regressing pretreatment anticipatory activation on scores on the Results

HAM-A, HAM-D, and Penn State Worry Questionnaire (34). In ad-
dition to conducting regressions for each instrument indepen-
dently, we were particularly interested in examining the relation-
ship of pretreatment brain activity to the improvement of anxiety
and worry symptoms in the patients with generalized anxiety dis-
order. This was implemented by calculating residualized HAM-A
and Penn State Worry Questionnaire scores for each subject by
partialing out depression as measured by the HAM-D, consistent
with our earlier work carefully measuring and accounting for co-
occurring anxiety and depression symptoms (4, 6, 15, 35). Inter-
correlations among these clinical measures are provided in the
data supplement Table 1. Treatment response was operational-
ized by calculating a second residualized score for each subject by
partialing pretreatment scores from the posttreatment scores ob-
tained at the end of the 8-week medication trial. Based on prior
studies implicating pregenual anterior cingulate cortex in pre-
dicting treatment response (26, 27), applying the aforementioned
procedure to correct for multiple comparisons resulted in a min-
imum cluster size of 126 mm?3 for the anterior cortex anterior to
the genu of the corpus collosum at y=29, well within the bound-
aries of the pregenual anterior cingulate cortex (36). For clusters
meeting the corrected p value criterion identified in the voxelwise
ANOVAs and regressions above, post hoc analyses of the extracted
image data were conducted in SPSS 14.0 (Chicago). All reported
statistics are two-tailed.

Am | Psychiatry 166:3, March 2009

Anticipatory Amygdala Activity Differentiating
Patients With Generalized Anxiety Disorder and
Healthy Comparison Subjects

Hypothesized group differences in amygdala activation
to the anticipatory cues were assessed with a voxelwise
group by period by valence ANOVA (p<0.05, corrected).
The absence of a group by period by valence interaction in
the amygdala fails to confirm the prediction of group dif-
ferences in anticipation of aversive but not neutral pic-
tures. However, a group by period interaction was ob-
served for bilateral dorsal amygdala areas extending into
the substantia innominata (Figure 1).

A follow-up voxelwise group by valence ANOVA for the an-
ticipation period resulted in a group main effect also in the
bilateral dorsal amygdala, with 72% of the right amygdala
area overlapping with the corresponding group by period
cluster above (Table 2). Patients showed greater activation
than healthy comparison subjects in anticipation of both
aversive and neutral pictures (Figures 1 and 2 in the data
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FIGURE 1. Anticipatory Amygdala Activity Differentiating Patients With Generalized Anxiety Disorder and Healthy Compar-
ison Subjects?
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a Patients with generalized anxiety disorder showed greater bilateral amygdala activation than healthy comparison subjects during the antici-
pation of both aversive and neutral pictures, as indicated by a group main effect (red) for a voxelwise group by valence analysis of variance
(ANOVA) for the anticipation period only (N=26, p<0.05, corrected, Table 2). Depicted in blue are bilateral amygdala areas showing a group
by period interaction for a voxelwise group by valence by period ANOVA (N=26, p<0.05, corrected, Table 2). In a more medial area of the
amygdala, all subjects showed greater bilateral amygdala activation on aversive than neutral trials across both anticipation and picture peri-
ods, as indicated by a valence main effect (green) for a voxelwise group by valence by period ANOVA (N=26, p<0.05, corrected; Table 2, data
supplement Figure 3). Bar graphs of the circled clusters for the group main effect illustrate average percentage signal change for the antici-
pation period. The data depicted in the brain images and bar graphs are beta-weights indicating fit to an ideal hemodynamic response. These
beta-weights were used for analyses on the anticipation period indicated by the shaded area for the time series, which were derived from
deconvolved estimates for display purposes only. Time series plots of the circled clusters illustrate average percentage signal change across
all time points of the aversive (red) and neutral (blue) trials for patients with generalized anxiety disorder (solid lines) and healthy comparison
subjects (dotted lines) separately. The onset of the 1-second picture (P) occurred 3 seconds after cue (C) onset on half of the trials and 5 sec-
onds after cue onset on the other half.

supplement), consistent with findings of hyperresponsivity defined anatomical boundaries (8) resulted in a valence ef-

to both unpleasant and neutral stimuli (7, 21, 24). The loca-
tion of this amygdala group effect was lateral to the dorsal
amygdala regions showing a main effect of valence across
periods both here (Figure 1 and in the data supplement Fig-
ure 2) and in previous reports (8, 14). A group by period by
valence by hemisphere ANOVA for percent signal change
values extracted from the entire amygdala using Talairach-
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fect (p<0.03) but no effects involving group (all p>0.19), sug-
gesting the specificity of group effects to the dorsal subre-
gions illustrated in Figure 1.

The voxelwise group by valence ANOVA for the picture
period (p<0.05, corrected) revealed no amygdala effects in
response to the pictures. Significant effects involving
group were not observed for any of the above ANOVAs in

Am | Psychiatry 166:3, March 2009
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FIGURE 2. Pretreatment Anticipatory Anterior Cingulate Cortex Activity in Patients With Generalized Anxiety Disorder Pre-

dicting Treatment Response 8 Weeks Later?
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a For patients with generalized anxiety disorder, greater pretreatment anterior cingulate cortex activation during the anticipation of both aver-
sive and neutral trials predicted better treatment response on the HAM-A (A) and Penn State Worry Questionnaire (B), as indicated by voxel-
wise regression analysis for the anticipation period only (N=13, p<0.05, corrected, Table 2). Values on the x axis indicate posttreatment scores
after statistical control was added for pretreatment scores and for depression as measured by the HAM-D, with lower values indicative of bet-
ter treatment response. The magnitude of the correlations for the HAM-A (r=-0.82) and the Penn State Worry Questionnaire (r=—0.84) was not
appreciably affected by excluding the individual with the highest pretreatment anterior cingulate cortex activity and best treatment response

in each scatterplot (r=—0.76 and r=-0.74, respectively).

the insula, the anterior cingulate cortex, the prefrontal
cortex, or the hippocampus using a liberal threshold of 50
mm? at p<0.005 (uncorrected), confirmed by analyses on
regions previously identified with this anticipation para-
digm (Table 3 in data supplement) (8).

Anticipatory Anterior Cingulate Cortex Activity
Associated With Treatment Response in Patients
With Generalized Anxiety Disorder

Pretreatment anticipatory activity in the anterior cingu-
late cortex was associated with response to venlafaxine 8
weeks later. A voxelwise regression on anticipatory brain
activity preceding both aversive and neutral pictures
(p<0.05, corrected) revealed a pregenual anterior cingu-
late cortex area that was strongly associated with the re-
duction of posttreatment HAM-A scores when statistically
controlling for pretreatment HAM-A and for depression as

Am | Psychiatry 166:3, March 2009

measured by the HAM-D (Figure 2A, Table 2). Consistent
with prior reports (26-29), increased pretreatment ante-
rior cingulate cortex activity was associated with better
treatment response. As shown in data supplement Figure
2B, the same anterior cingulate cortex area was observed
for the analogous voxelwise regression for posttreatment
Penn State Worry Questionnaire scores (when there was
control for pretreatment Penn State Worry Questionnaire
and depression as measured by the HAM-D). No anterior
cingulate cortex areas were observed for voxelwise regres-
sions on pretreatment anticipatory activity for posttreat-
ment HAM-A or Penn State Worry Questionnaire without
statistically accounting for the HAM-D. There were no an-
terior cingulate cortex associations with the HAM-D.

The association between posttreatment HAM-A and the
anterior cingulate cortex remained significant after also par-
307
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TABLE 2. Heightened Anticipatory Activation in Generalized Anxiety Disorder and Prediction of Treatment Response?

Talairach Coordinates

Predictive Effect X y z Size (mm3) Statistic
ANOVA group main effect?
Right dorsal amygdala 26 -4 -8 213 F=11.46
Left dorsal amygdala -28 -6 -12 118 F=11.25
ANOVA group by period effect®
Right dorsal amygdala 22 -5 -11 659 F=12.73
Left dorsal amygdala -17 -8 -1 210 F=11.16
ANOVA valence main effectd
Right dorsal amygdala 14 -6 -10 558 F=12.34
Left dorsal amygdala -14 -2 -14 328 F=11.75
Left dorsal amygdala -22 -9 -14 166 F=19.23
Response per posttreatment measure®
HAM-A -1 32 19 367 r=-0.82
Penn State Worry Questionaire -3 32 20 207 r=—0.84

a All listed clusters significant at p<0.05 (corrected). F and r values are for entire cluster.

b Amygdala regions circled in Figure 1 that showed a group main effect for a voxelwise group (generalized anxiety disorder, comparison sub-
jects) by valence (aversive, neutral) ANOVA on the anticipation period only (N=26). Patients with generalized anxiety disorder showed greater
bilateral amygdala activation than healthy comparison subjects in anticipation of both aversive and neutral pictures.

¢ Amygdala regions depicted in blue in Figure 1 that showed a group by period interaction effect for a voxelwise group (generalized anxiety
disorder, comparison subjects) by valence (aversive, neutral) by period (anticipation, picture) ANOVA (N=26).

d Amygdala regions depicted in green in Figure 1 (see also data supplement Figure $3) that showed a valence main effect for a voxelwise group
(generalized anxiety disorder, comparison subjects) by valence (aversive, neutral) by period (anticipation, picture) ANOVA (N=26). These dor-
sal amygdala regions showed greater activation for aversive than neutral trials across anticipation and picture periods.

€ Anterior cingulate cortex regions depicted in Figure 2 where greater anticipatory activation preceding aversive and neutral pictures predicted

treatment response after statistically controlling for the HAM-D (N=13).

tialing out variance associated with posttreatment Penn
State Worry Questionnaire and activity during the picture
period in that same anterior cingulate cortex area (rp,=—0.65,
p<0.03). The analogous partial correlation for posttreatment
Penn State Worry Questionnaire and the anterior cingulate
cortex was also significant (1p=—0.66, p<0.03). Furthermore,
voxelwise regressions on activity during the picture period
revealed no anterior cingulate cortex areas associated with
treatment response (see data supplement Results).

No amygdala areas met statistical thresholds for analy-
ses testing relations with treatment response, as deter-
mined by voxelwise regressions or correlations for the ac-
tivation values extracted from the amygdala areas
identified in the ANOVAs. Consistent with the results of
the voxelwise ANOVAs above, there were no significant ef-
fects involving group for ANOVAs on the activation values
extracted from the anterior cingulate cortex areas identi-
fied in the voxelwise regressions.

Discussion

Anticipatory amygdala responses differentiated pa-
tients with generalized anxiety disorder and healthy com-
parison subjects. Specifically, the subjects with general-
ized anxiety disorder showed greater anticipatory activity
in the bilateral dorsal amygdala preceding both aversive
and neutral pictures than did the comparison subjects.
These group differences for the right amygdala during an-
ticipation were not present during picture viewing. This
increased and indiscriminate response to anticipatory sig-
nals in the amygdala of subjects with generalized anxiety
disorder may reflect a pathophysiological mechanism as-
sociated with the anticipatory anxiety and worry that are
308
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cardinal features of the disorder. In addition, anticipatory
anterior cingulate cortex activity prior to the start of treat-
ment was associated with response to venlafaxine.

Preclinical and clinical research has consistently shown
that the amygdala preferentially responds to aversion
across a variety of paradigms (8, 11, 14, 17-19). We did not
find support for the hypothesis that amygdala activity in
patients with generalized anxiety disorder was exclusively
heightened in anticipation of aversion. Instead, subjects
with generalized anxiety disorder showed anticipatory hy-
perresponsivity preceding both aversive and neutral pic-
tures in amygdala regions lateral to the dorsal amygdala
areas that respond preferentially to aversion (Figure 1) (8,
14). These findings lend neurobiological support to the
conclusion drawn by Hoehn-Saric et al. (21) that “GAD pa-
tients overreact to both pathology-specific and non-spe-
cific cues.” The mere onset of any anticipatory cue pre-
sented in the context of cues that signal aversion may
result in an initial indiscriminate amygdala response that
alerts the GAD patient to the possibility of a negative out-
come. Future research could address whether this putative
pathophysiological mechanism in generalized anxiety dis-
order also extends to positive stimuli.

Patients with generalized anxiety disorder with in-
creased anticipatory activity in the pregenual anterior cin-
gulate cortex had better responses to venlafaxine 8 weeks
later. Based on evidence pointing to the importance of the
pregenual anterior cingulate cortex for detecting conflict
in the emotional domain and recruiting cognitive control
processes to resolve the conflict (37, 38), we believe that
heightened activity in the anterior cingulate cortex is in-
dicative of preserved top-down regulation and volition in
patients with better outcomes (27, 28, 38). This finding is
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consistent with multiple other reports of pretreatment ac-
tivity in the anterior cingulate cortex predicting better
clinical outcome in depressed patients (26-29). Our previ-
ous report on generalized anxiety disorder (29) found that
larger pretreatment anterior cingulate cortex responses to
facial expressions were associated with better clinical out-
come in a region that overlaps with the anterior cingulate
cortex areas shown in Figure 2. With 10 of the same pa-
tients participating in both studies (see Method), this
marks the first time that the association between pretreat-
ment anterior cingular cortex activity and treatment re-
sponse has been demonstrated using different paradigms
in the same subjects. The similar findings for generalized
anxiety disorder and depression suggest commonalities in
the neural predictors of treatment response. Further re-
search is needed to determine the extent to which the rela-
tion between treatment response and anterior cingulate
cortex activity is shared with other anxiety disorders, as
has been found for other sources of overlap between gen-
eralized anxiety disorder and depression (39, 40).

The present study further adds to this literature by dem-
onstrating that anticipatory brain processes are associated
with treatment response. This association was found for
both a general measure of anxiety (HAM-A) and a specific
measure of worry (the Penn State Worry Questionnaire),
but only after control was added for depression as mea-
sured by the HAM-D. Indeed, the analytic tools employed
to statistically account for co-occurring depression symp-
toms represent a methodological contribution to this liter-
ature (35). Our findings suggest that research on neural
predictors of treatment response will benefit from efforts
to carefully address co-occurring depression and anxiety
symptoms in sample recruitment and statistical testing.
Moreover, the anterior cingulate cortex association with
posttreatment HAM-A remained even after control was
added for the Penn State Worry Questionnaire, and the an-
terior cingulate cortex association with posttreatment
Penn State Worry Questionnaire remained even after con-
trol was added for the HAM-A, suggesting that anticipa-
tory anterior cingulate cortex activity is independently as-
sociated with decreases in worry and other anxiety
symptoms. Finally, the pregenual anterior cortex area
found here and in previous studies (28, 29) is dorsal to the
area implicated in other works (26, 27). Anatomic specific-
ity deserves attention in future research investigating the
anterior cingulate cortex in treatment response, especially
in light of recently reported cytoarchitecture data for pre-
genual anterior cingulate cortex (36).

In contrast to the amygdala findings, group differences
were not observed for other key brain areas activated by our
anticipation paradigm in healthy volunteers in this study
(data supplement Tables 2 and 3) and previously (8, 14). In
a recent report, “anxiety-prone” subjects (nine of 13 met
DSM-IV criteria for generalized anxiety disorder) showed
greater insula responses than “anxiety-normative” subjects
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(no DSM-1V disorders) during the anticipation of snake and
spider pictures (25). The differences in sample and stimuli
may explain why we found no group differences anywhere
in the insula at p<0.05 corrected (or at p<0.005 uncorrected)
for the voxelwise analyses or for analyses using the anterior
insula regions previously identified with this anticipation
paradigm (data supplement Table 2) (8). To address con-
cerns about type II error, larger samples are needed to fur-
ther assess group effects. Another limitation is the absence
of online behavioral or autonomic data for examining rela-
tions with the neural findings. Of relevance, however, are
the associations of brain data with treatment response, a
valid and important behavioral criterion.

Using a paradigm that capitalized on anticipatory ab-
normalities as a key feature of anxiety disorders, we found
that anticipatory amygdala hypersensitivity in a lateral re-
gion of the dorsal amygdala is a pathological signature of
generalized anxiety disorder, whereas greater anticipatory
activity in the pregenual anterior cingulate cortex may
have adaptive benefits. This association of anterior cingu-
late cortex activity with treatment response to venlafaxine
builds on prior reports indicating promise for neuroimag-
ing as a prognostic tool (26-29). Crossover studies and
double-blind designs involving placebo controls are im-
portant next steps for extending the findings from this ini-
tial open-label study that implicated amygdala-based an-
ticipatory processes in the pathophysiology of generalized
anxiety disorder and anterior cingulate cortex-based antic-
ipatory processes in treatment response.
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