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Brief Report

Use of fMRI to Predict Recovery From Unipolar Depression With 
Cognitive Behavior Therapy

Greg J. Siegle, Ph.D.
Cameron S. Carter, M.D.
Michael E. Thase, M.D.

Objective: In controlled treatment trials, 40%–60% of unmedi-
cated depressed individuals respond to cognitive behavior ther-
apy (CBT). The authors examined whether pretreatment neural
reactivity to emotional stimuli accounted for this variation.

Method: Unmedicated depressed individuals (N=14) and
never depressed comparison subjects (N=21) underwent fMRI

during performance of a task sensitive to sustained emotional
information processing. Afterward, depressed participants com-
pleted 16 sessions of CBT.

Results: Participants whose sustained reactivity to emotional
stimuli was low in the subgenual cingulate cortex (Brodmann’s
area 25) and high in the amygdala displayed the strongest im-
provement with CBT.

Conclusions: The presence of emotion regulation disruptions,
which are targeted in CBT, may be the key to recovery with this
intervention.

(Am J Psychiatry 2006; 163:735–738)

Cognitive behavior therapy (CBT) is a common em-
pirically supported intervention (1) that is effective in
40%–60% of patients with unipolar depression (2). Know-
ing which patients are likely to benefit from CBT could in-
crease the response rate and, through targeted referrals,
decrease costs. CBT involves, among other skills, learning
to interrupt automatic sustained emotional processing
(e.g., elaboration, rumination) with controlled processing.
As a preliminary step toward prediction, this study exam-
ined the association of the neural substrates of sustained
emotional processes pretreatment with posttreatment re-
covery. Sustained emotional reactivity was examined be-
cause it is specifically addressed in CBT and because de-
pressed individuals display increased and sustained
reactivity in brain regions that subserve emotional pro-
cessing, particularly the amygdala (3–5). Unmedicated pa-
tients with unipolar depression underwent functional
magnetic resonance imaging during an emotional infor-
mation processing task before initiating CBT. Analyses
identified brain regions in which sustained reactivity to
emotional information was associated with symptom
change. Activity in these regions was then compared with
that of healthy subjects.

Method

Study participants were 14 individuals (seven men and seven
women; 79% Caucasian [N=11]) with unipolar major depressive
disorder (mean age=45.2 years [SD=9.3, range=23–55]; mean Beck
Depression Inventory score=24 [SD=11.7]) and a comparison
group of 21 healthy subjects (nine men and 12 women; 57% Cau-
casian [N=12]) with no current or lifetime axis I disorder (mean
age=31.3 [SD=8.6]; mean Beck Depression Inventory score=3.7).
Participants passed a cognitive screen, had a verbal IQ score
equivalent >90, and described no history of psychosis, manic or
hypomanic episodes, or antidepressant use within 2 weeks of
testing (6 weeks for those receiving fluoxetine). Participants also

reported no health problems, eye problems, or psychoactive drug
or alcohol abuse in the preceding 6 months.

After signing consent forms approved by an institutional review
board, participants underwent an examination that included a di-
agnostic interview (6), vision test, and psychophysiological mea-
sures. Upon completion of this examination, participants under-
went fMRI in which a 3-T scanner (GE Medical Systems,
Milwaukee) acquired T2*-weighted images depicting BOLD con-
trast using a reverse spiral pulse sequence (TR=1500 msec, TE=5
msec, field of view=24 cm, flip angle=60°). Thirty or 34 3.2-mm
slices parallel to the anterior commissure-posterior commissure
line were obtained, at a rate of 8 volumes per 12-second trial. In the
scanner, participants rated as quickly and accurately as possible
the personal relevance of 60 emotional words by pushing buttons
on a response box according to whether each word was relevant,
somewhat relevant, or not relevant to them. As previously de-
scribed (3), the emotional valences of the 60 words were positive
(N=20), negative (N=20), or neutral (N=20); half of the words were
normed, and half were idiosyncratically generated. Normed words
were balanced for affective intensity, arousal, word length, and
word frequency. Trials entailed a 1-second fixation cue followed by
a word (200 msec), followed by a mask of 13 x’s (10.8 seconds).
Stimuli were displayed in black on a white background via a back-
projection screen (0.88o visual angle). Mappings of buttons to re-
sponses were counterbalanced across participants.

Depressed participants then received 16 sessions of CBT over
12 weeks following the guidelines of Beck (1). At each session,
participants completed the Beck Depression Inventory II to as-
sess depressive severity.

To examine change in severity not confounded by initial sever-
ity, residual change in depressive severity was computed from a
regression of initial Beck Depression Inventory scores on final
Beck Depression Inventory scores.

fMRI data were preprocessed via motion and outlier-correc-
tion, linear trend removal, temporal smoothing (5-point filter),
linear cross-registration to a reference brain, and 6-mm full width
at half maximum spatial smoothing. Whole-brain voxelwise re-
gressions of residual severity on mean fMRI signal 6–10.5 seconds
after presentation of negative words minus a prestimulus base-
line were used to detect regions in which activity was associated
with recovery. Type I error was controlled by selecting only large
clusters of significant voxels. To test a priori hypotheses, signifi-
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cant clusters in the amygdala (boundaries as described in our
previous study [3]; small-volume correction) were examined.
Group differences were tested in identified regions via a priori
contrasts on sustained activity and exploratory group-by-va-
lence-by-scan mixed effects analyses using an AR1 covariance
structure to account for temporal autocorrelation. Type I error
was controlled for simple-effects tests via Bonferroni correction.

Results

For those who completed CBT, response as determined
by change in Beck Depression Inventory scores was vari-
able but generally successful (pretreatment: mean=24.5,
SD=12.0; posttreatment: mean=9.4, SD=8.1; change:

FIGURE 1. fMRI Analysis of Sustained Emotional Information Processing as a Predictor of Cognitive Behavior Therapy Response

a Images show regions in which sustained (6–10 seconds) BOLD signal changes following presentation of negative words covaried significantly
with residual depressive severity following cognitive behavior therapy (CBT) in the whole brain (left image: 23 contiguous voxels; uncorrected
p<0.005, corrected p<0.05) and amygdala (circled in right image: 2 contiguous voxels with small volume correction, p<0.05).

b Improved response was associated with lower pretreatment reactivity in the subgenual cingulate cortex and higher pretreatment reactivity
in the amygdala.

c Shaded regions depict significant differences between CBT responders and nonresponders (subgenual cingulate cortex) and between de-
pressed patients and healthy subjects (amygdala).

2 4 6 8 10 12
Duration of Signal (seconds)

2 4 6 8 10 12
Duration of Signal (seconds)

A. Region Examineda

B. Relationship Between Regional Reactivity to Negative Words and Residual Depressive Severity Following Treatment
    With Cognitive Behavior Therapyb

C. Regional Reactivity to Negative Words in Patients With Unipolar Depression, by CBT Response Status, 
    Relative to Healthy Comparison Subjectsc

–0.05

–0.15

–0.10

0.00

0.05

0.10

0.15

0.20

0.25

C
h

a
n

ge
 i
n

A
m

yg
d

a
la

 A
ct

iv
it

y 
(%

) 

–0.05

–0.10

0.00

0.05

C
h

a
n

ge
 i
n

 S
u

b
ge

n
u

a
l

C
in

g
u

la
te

 C
o

rt
e
x 

A
ct

iv
it

y 
(%

) 

Less improvement Less improvement

–10

–5

0

5

R
e
si

d
u

a
l 
Se

ve
ri

ty

10

15

20

–10

–5

0

5

R
e
si

d
u

a
l 
Se

ve
ri

ty

10

15

20

–20 –10 0 10 20 30

Sustained Signal in Subgenual Cingulate
Cortex Following Negative Words (MR units)

More improvement

–20 0 20 40 60 80

Sustained Signal in Amygdala
Following Negative Words (MR units)

More improvement

Healthy comparison subjects (N=21)

CBT nonresponders (N=7)
CBT responders (N=7)

Significant difference
Healthy comparison subjects (N=21)

CBT nonresponders (N=7)
CBT responders (N=7)

Significant difference

AmygdalaSubgenual Cingulate Cortex



Am J Psychiatry 163:4, April 2006 737

BRIEF REPORTS

ajp.psychiatryonline.org

mean=15.1, SD=11.8 [t=4.8, df=13, p<0.0005]). Initial se-
verity accounted for 13.7% of variation in final severity.

Whole-brain analyses revealed only that low sustained
reactivity to negative words in the subgenual cingulate
cortex (Brodmann’s area 25) was strongly associated with
reduced depression severity following CBT (Figure 1). Sub-
genual cingulate cortex activity accounted for 56.7% of
variation above and beyond initial severity (total R2=0.65;
F=22.4, df=1, 12, p<0.0005) and was unrelated to initial se-
verity (R2=0.001, p=0.79). Logistic regression further re-
vealed that subgenual cingulate cortex activity predicted
recovery defined as final Beck Depression Inventory score
<8: recovery was correctly predicted in seven of nine pa-
tients, and lack of recovery was correctly predicted in four
of five patients (χ2=5.3, df=1, p=0.02). When the one out-
lier was removed, pretreatment subgenual cingulate cor-
tex activity accounted for nearly all variation in CBT re-
sponse (R2=0.91; F=124.9, df=1, 11, p<0.0005).

An a priori analysis of amygdala voxels exclusively re-
vealed a region of the right amygdala (circled in Figure 1)
for which high sustained reactivity to negative words was
associated with improved treatment response above and
beyond initial severity (R2=0.30; F=5.24, df=1, 12, p=0.04)
and unrelated to initial severity (R2<0.001, p=0.98).
Amygdala activity marginally predicted recovery status
(χ2=2.8, df=1, p=0.10).

A median-split divided participants with low and high
residual Beck Depression Inventory scores following CBT.
Low scorers were effectively asymptomatic (scores <7) af-
ter treatment.

 A priori contrasts revealed that during the period 9–10.5
seconds after exposure to negative words, those who even-
tually responded to CBT had low subgenual cingulate cor-
tex activity relative to nonresponders; the difference was
marginally significant (t=2.03, df=12, p=0.06; d=1.10). Ex-
ploratory group-by-scan-by-valence mixed-model analy-
sis suggested that group differences were apparent for all
valences (group-by-scan: F=1.78, df=14, 423.3, p=0.04) and
were not qualified by valence.

A priori contrasts revealed that during the period 3–10.5
seconds after exposure to negative words depressed indi-
viduals had significantly higher amygdala activity than did
healthy subjects (t=3.42, df=33, p<0.005; D=0.18, d=1.18).
Exploratory analysis confirmed group differences (group-
by-scan: F=2.0, df=14, 456.3, p<0.02). Exaggerated re-
sponses were present for negative words (t=3.3, df=25, p=
0.003) but not positive or neutral words in responders; fol-
low-up tests were not significant for nonresponders
(group-by-valence: F=6.65, df=4, 704, p<0.0005). 

No tested effects were diminished with age as a covariate.

Discussion

Stronger recovery with CBT was associated with de-
creased pretreatment reactivity to negative words in the
subgenual cingulate cortex (Brodmann’s area 25) and in-

creased pretreatment reactivity in the amygdala. Both the
amygdala and subgenual cingulate cortex display abnor-
mal activity in depression (3–5), and their activity normal-
izes upon treatment, particularly with antidepressants (5,
7, 8). The subgenual cingulate cortex has been implicated
in regulating limbic activity (9). Sustained amygdala activ-
ity occurred in all depressed individuals, consistent with
increased emotional reactivity. Decreased pretreatment
reactivity in the subgenual cingulate cortex was specific to
CBT responders, which suggests deficient regulation.
These data could suggest that CBT is most useful to those
who demonstrate increased emotional reactivity and who
cannot engage regulatory structures. CBT may potentially
help these individuals regain emotional control. Those
who have neither sustained amygdala reactivity nor dis-
rupted emotion regulation (especially subgenual cingu-
late cortex function) may not benefit as much from CBT. 

Sustained amygdala and subgenual cingulate cortex re-
activity to emotional stimuli were hypothesized to reflect
an elaborative or ruminative coping style. Indeed, al-
though patients’ percent change in sustained amygdala
activity was not related to initial severity, it was correlated
with a self-report rumination scale (10) that assesses a
tendency to think repetitively about one’s symptoms of
depression (for depressed subjects: r=0.58, p=0.03; for the
depressed and comparison subjects together [N=32]: r=
0.51, p=0.003). This relationship was also present in our
previous study (3). Rumination was also related to percent
change in sustained subgenual cingulate cortex activity in
the depressed participants (r=0.54, p=0.04) but not to re-
sidual symptoms (r=–0.24, p=0.40). Thus, sustained
amygdala and subgenual cingulate cortex reactivity po-
tentially reflect clinically relevant substrates of rumina-
tion. 

The small study group size and use of a strongly hypoth-
esis-guided task and analysis path could limit the general-
izability of these results and may underestimate the po-
tential  predictive strength of imaging emotional
information processing. Upon larger replications, imaging
of emotional information processing could aid in recom-
mending CBT to individuals for whom it appears most ap-
propriate or for recommending other interventions to in-
dividuals for whom benefit is less strongly predicted.
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Objective: A previous laboratory-based study found elevated
cortisol levels in anxious children susceptible to CO2-induced
panic, but the effects of parent diagnosis were not considered.
The current home-based study tested the hypothesis that pa-

rental panic disorder and offspring response to CO2 are associ-
ated with elevated cortisol levels in juvenile offspring.

Method: A total of 131 offspring (ages 9–19) of parents with
panic disorder, major depression, and no mental disorder under-
went CO2 inhalation. Parent and child diagnoses were assessed.
Salivary cortisol was assayed before and after CO2 inhalation.

Results: Neither parents with panic disorder, parents with major
depression, or offspring anxiety predicted offspring cortisol levels.
Independent of parent and child diagnoses, anxiety response to
CO2 predicted elevated cortisol levels in offspring.

Conclusions: As in adults, anxiety response to CO2 in juveniles
is associated with elevated cortisol levels, but elevated cortisol
levels are not related to parent or child diagnoses.

(Am J Psychiatry 2006; 163:738–740)

Considerable literature relates developmental pertur-
bation in stress regulation to later diagnosis of anxiety or
major depression (1, 2). However, little is known about
stress regulation in children with anxiety disorders. In a lab-
oratory paradigm that exposed anxious and normal chil-
dren to 5% CO2, patients with anxiety disorders experienc-
ing CO2-induced panic symptoms exhibited elevations in
cortisol levels before and after CO2 exposure relative to pa-
tients and healthy subjects not experiencing panic symp-
toms. Cortisol levels did not increase further during CO2 ex-

posure, even in subjects who developed panic (3). These
results, consistent with data in adults (4), suggest a relation-
ship in juveniles between anticipatory anxiety and hypo-
thalamic-pituitary-adrenal (HPA) axis function.

With a family-based design, the present study addressed
whether parental panic disorder relates to HPA activity in off-
spring during exposure to CO2 inhalation. The study also ex-
amined whether the previously noted positive relationship
between anxiety response to CO2 and HPA activity could be
replicated in a nonclinical group that was studied at home.


