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Aim: Inconsistent results continue to be reported in studies that examine the neural correlates of 

cognitive behavioral therapy (CBT) in patients with panic disorder. We examined the changes 

in regional cerebral blood flow (rCBF) associated with the alleviation of anxiety by CBT in 

panic patients.

Methods: The change in rCBF and clinical symptoms before and after CBT were assessed using 

single photon emission computed tomography and various clinical measures were analyzed.

Results: Fourteen subjects who completed CBT showed significant improvements in symptoms 

on clinical measures, including the Panic and Agoraphobic Scale and the Anxiety Sensitivity 

Index-Revised. After CBT, increased rCBF was detected in the left postcentral gyrus (BA 43), 

left precentral gyrus (BA 4), and left inferior frontal gyrus (BA 9 and BA 47), whereas decreased 

rCBF was detected in the left pons. Correlation analysis of the association between the changes 

in rCBF and changes in each clinical measure did not show significant results.

Conclusion: We found changes in the rCBF associated with the successful completion of 

CBT. The present findings may help clarify the effects of CBT on changes in brain activity in 

panic disorder.

Keyword: single photon emission computed tomography (SPECT), anxiety, neural correlate, 

brain activity

Introduction
Panic disorder is characterized by the presence of recurrent panic attacks along with 

the following symptoms: persistent thoughts about the possibility of future attacks; 

worry about the implications and consequences of an attack; and changes in behavior 

because of previous attacks.1 Unexpected paroxysmal bursts of severe anxiety, 

especially when complicated by agoraphobia, affect an individual’s functioning in 

a progressive, disabling pattern and reduce quality of life.2 Several psychological 

factors such as anxiety sensitivity,3 conditioned fear of internal cues,4 and catastrophic 

misappraisals of bodily sensations5 seem to play an important role in the onset and 

maintenance of panic disorder.2

Two broad categories of treatment have been accepted because of their effectiveness 

in treating panic disorder: pharmacotherapy and cognitive behavioral therapy (CBT). 

Pharmacotherapy is a very effective treatment modality for panic disorder. Selective 

serotonin reuptake inhibitors (SSRIs) are now considered to be the first-line drug, 

and benzodiazepines such as alprazolam and clonazepam have also proved effective 

for the treatment of panic disorder in controlled trials.6–8 However, pharmacotherapy 

alone seems to result in considerable relapse, regardless of the maintenance of an 
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adequate dose,9,10 and may be related to significant problems 

with long-term medication use, such as dependence and 

withdrawal symptoms.11 CBT is also an effective treatment in 

panic disorder, with 75% of patients achieving panic-free end 

states.12 In contrast to pharmacotherapy, CBT maintains its 

effect after the end of treatment and has a distinct advantage 

over pharmacotherapy in preventing relapse.12,13

Various hypotheses of neural mechanisms underlying 

panic disorder have been proposed to understand the 

effectiveness of treatments. Patients with panic disorder have 

a sensitive fear network that is centered in the amygdala, 

which is modulated by both thalamic input and prefrontal 

projections, and itself projects to several areas that are related 

to autonomic and behavioral responses.14 Serotonergic drugs 

would act by desensitization of the fear network via projec-

tion from the raphe nuclei to various brain areas, such as 

the locus coeruleus for arousal, brain stem for respiratory 

activation, hypothalamus for activation of the HPA axis, 

periaqueductal gray region for freeze/flight response, and 

possibly directly to the amygdala, inhibiting the excitatory 

pathway from both the thalamus and prefrontal cortex.14 CBT 

is thought to reduce phobic avoidance by deconditioning 

the contextual fear learned at the level of the hippocampus 

and decreasing cognitive misattributions by strengthening 

the ability of the medial prefrontal cortex to inhibit the 

amygdala.

Although many studies have been performed to further 

understanding of the neurobiology of panic disorder,15–17 

only three studies investigated the neural correlates of CBT 

in patients with panic disorder.18–20 Possible interpretation of 

these findings is that panic disorder is associated with hyper-

reactivity in emotion-generative regions, possibly because of 

an overgeneralization of fearful stimuli, and hypo-reactivity 

in emotion-regulatory regions, reflecting a failure to control 

learned fear.21 From this perspective, CBT might be nor-

malizing both emotion-generative and emotion-regulatory 

responses.21 However, the finding from each study provides 

only modest support for this hypothesis, and neural mecha-

nism underlying the effects of CBT still remains unclear.

The present study was an uncontrolled investigation to 

examine changes in regional cerebral blood flow (rCBF) 

associated with the alleviation of anxiety symptoms by 

CBT using single photon emission computed tomography 

(SPECT) in patients with panic disorder. We hypothesized 

that there would be increases of activity in regions of the 

upstream circuitry from the amygdala, including the prefron-

tal cortex, as an adaptive modification after CBT. It was also 

hypothesized that the activity would decrease in any area of 

“panic neurocircuitry” (amygdala, insulae, thalamu, pons, 

etc), which may be soothed during recovery after CBT. In 

addition, we expected to find significant correlations between 

changes in the psychometric measures and the rCBF in these 

brain regions.

Methods
Subjects
The eligible subjects were patients between the ages of 18 

and 65 who met DSM-IV criteria1 for panic disorder on the 

Mini International Neuropsychiatric Interview (MINI).22,23 

The exclusion criteria were as follows: any comorbidity of 

the current psychiatric disorder, including major depressive 

disorder, bipolar disorder, schizophrenia, social phobia, 

obsessive-compulsive disorder, post-traumatic stress disor-

der, or generalized anxiety disorder; current suicide ideation 

or suicide attempt history; serious trauma history; any neu-

rological disorder such as stroke, epilepsy, or brain tumor; 

current serious or unstable medical disease such as ischemic 

heart disease or cancer, or use of prescribed medication for 

more than 6 months; alcohol and other substance abuse within 

6 months prior to the baseline; pregnancy or breast-feeding; 

and left handedness.

Nineteen participants fulfilling inclusion and exclusion 

criteria were enrolled from the Mettaa Institute, located in 

Seoul, South Korea, which specializes in CBT for anxiety 

disorder. Of a total of 19 participants, 5 subjects dropped out 

of the study (2 with withdrawal of informed consent and 3 

with follow-up loss), and finally 14 participants completed 

the study protocol and were included in the analysis (Table 1). 

Ten of them were women (71.4%), and the mean (standard 

deviation) age and duration of illness was 32.4 (9.0) years 

and 16.4 (15.4) months, respectively. Eleven subjects were 

being treated with medication, including SSRIs and ben-

zodiazepine, prior to enrollment, and their medication was 

maintained without change during the study period.

This study was approved by the Institutional Review 

Board of St Mary’s Hospital, Catholic University of Korea. 

All participants signed a written informed consent form after 

receiving a full explanation of the procedure. All research 

was undertaken in accordance with the latest version of the 

Declaration of Helsinki.

Psychometric measures
Subject assessments were performed at baseline and at the 

end of CBT by a psychology staff member who was blinded 

to the study and trained in use of the scale. The severity 

of the panic disorder was measured using the Panic and 
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Agoraphobic Scale (PAS).24 The PAS is a 13-item scale 

that was developed to assess the severity of panic disorder 

and agoraphobia. It consists of five divisions of symptoms 

to determine the severity of the panic disorder: 1) frequency 

of panic attacks; 2) agoraphobic avoidance; 3) anticipatory 

anxiety; 4) family, social, and employment impairments; and 

5) health worries. Each item is rated on a five-point scale 

(0–4), with higher scores representing greater severity. A total 

score (0–52) representing the panic severity is obtained by 

adding all of the item scores. The PAS and the Korean ver-

sion of the PAS showed good psychometric reliability and 

validity.24,25 The Cronbach’s alpha for the Korean version of 

the PAS was 0.86.25

The Anxiety Sensitivity Index-Revised (ASI-R) was 

used to assess the fear of anxiety related with the sensation 

that arises from the belief that these symptoms have harm-

ful physical, psychological, or social consequences.26 The 

ASI-R was developed by Taylor et al and retains the same 

instructions and response format as the ASI.26 The ASI-R 

has 36 items to measure fear of cardiovascular, respiratory, 

gastrointestinal, publicly observable, dissociative, neurologi-

cal, and cognitive dyscontrol anxiety symptoms. Each item 

is rated on a five-point scale (0–4) and the total score ranges 

from 0–144. The ASI-R and the Korean version of the ASI-R 

have demonstrated good psychometric properties.26,27 The 

internal consistency coefficient for the Korean version of 

the ASI-R was 0.92.27

The Brief Bodily Sensations Interpretations Question-

naire (BBSIQ) is a shortened version of the Bodily Sensations 

Interpretation Questionnaire that was developed to evaluate 

the catastrophic misinterpretation of sensations by patients 

with panic disorder.28 The BBSIQ consists of two subscales 

that contain seven ambiguous event items of panic body 

sensations and external events, respectively. The BBSIQ has 

two scales that yield a ranking and belief score for each item. 

The ranking scores are established from the order of negative 

responses among the three alternative response items: one 

reflects the catastrophic misinterpretation of patients, and 

the other two are either both neutral or they are neutral or 

positive. The belief scores represent the likelihood that inter-

pretations are true for the patients on a scale from zero (not 

likely at all) to eight (extremely likely). The BBSIQ and the 

Korean version of the BBSIQ have shown good psychomet-

ric reliability and validity.28,29 The Cronbach’s alpha for the 

Korean version of the BBSIQ was within the range of 0.78 

and 0.89, excluding the ranking score for the external event 

(Cronbach’s α =0.56).29

The Anxiety Control Questionnaire (ACQ) is a 30-item 

self-report instrument that is designed to assess perceived 

control over emotional reactions and external threats.30 

Participants are instructed to respond to a six-point Likert-

type scale (0= “strongly disagree” to 5= “strongly agree”) 

by indicating the degree of agreement with a particular state-

ment (eg, “I am usually able to avoid a threat quite easily”). 

The ACQ score is the sum of all responses, with the total 

score (0–150) representing perceived control. The ACQ and 

the Korean version of the ACQ have shown good psycho-

metric properties.30,31 The internal consistency coefficient for 

the Korean version of the ACQ is 0.83.31

Cognitive behavioral therapy
The CBT provided to subjects was manual-guided group 

therapy which was based on the work of Barlow et al.12 The 

CBT was given to groups of 8–12 patients for approximately 

3 months in a 2 hours/week format. It consisted of several 

components that included psychoeducation (sessions 1–2), 

breathing retraining and muscle relaxation training (sessions 

3–5), cognitive restructuring (sessions 6–8), and interoceptive 

and in vivo exposure (sessions 9–12). The CBT was provided, 

with the assistance of one or two other psychologists, by a 

psychiatrist specialized in CBT and internationally certified 

by the Academy of Cognitive Therapy.

Table 1 Demographic and clinical characteristics of subjects who 
completed the full session of cognitive behavior therapy (n=14)

Characteristics Mean (SD) or N (%)

Age (years) 32.36 (9.02)
Onset age (years) 27.43 (10.18)
Duration of illness (months) 16.44 (15.40)
Sex
  Male 4 (28.6)
  Female 10 (71.4)
Marital status
 S ingle 5 (35.7)
  Married 7 (50.0)
  Divorced 2 (14.3)
Education
 H igh school or lower 14 (100.0)
 C ollege or higher
Occupation
 E mployed 8 (57.1)
  Unemployed 6 (42.9)
Monthly income

  ,2,000 USD 9 (64.3)

Medication history
  Benzodiazepine only 2 (14.3)
 SSRI s only 1 (7.2)

  Benzodiazepine + SSRIs 8 (57.1)

  Not used 3 (21.4)

Abbreviations: SD, standard deviation; SSRIs, specific serotonin reuptake inhibitors.
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Single photon emission computed 
tomography (SPECT) image acquisition
The SPECT was scheduled to be performed within the week 

before the beginning of CBT and within the week after the 

ending of CBT. Images were taken using a dual-head gamma 

camera (E-CAM, Siemens AG, Munich, Germany) with a 

low-energy fan-beam collimator 40 minutes after 740 MBq of 

technetium-99m-ethyl cysteinate dimer (Tc-99m-ECD) was 

infused intravenously. Post-CBT treatment brain perfusion 

SPECTs were performed under the same conditions.

Image processing and statistical analysis
The software for image manipulation included Matlab 

version 6.5 (Mathworks, Inc., Natick, MA, USA) and Statistical 

Parametric Mapping 2 (SPM2: Institute of Neurology, Univer-

sity College of London, London, UK). Each SPECT scan was 

then spatially normalized using a 12-parameter affine warp and 

sinc-linear interpolation to the SPECT template brain from the 

Montreal Neurological Institute (reformatted to a 16-bit image 

having 79 × 95 × 68 voxels, each 2 × 2 × 2 mm in size). These 

images were spatially smoothed using a Gaussian filter of 

16 mm full width at half maximum. Normalized rCBF values 

were calculated by dividing the CBF at each voxel by the global 

CBF in each individual. As no comparisons reached significance 

when the corrected P-value (family-wised error) for multiple 

comparisons was made, the uncorrected P-value threshold and 

voxel of interest (VOI) analysis were applied. A paired t-test 

model was fitted, and a t-statistic image was constructed and 

then thresholded at t.3.14, corresponding to an uncorrected 

P,0.01 in conjunction with a cluster filter of 100 voxels in 

the reformatted template imaging space. In the exploratory 

analyses, a statistical probabilistic anatomic map (SPAM) of 

the International Consortium for Brain Mapping was applied to 

objectively draw VOIs.32 A SPAM consists of 98 VOIs in a single 

image, in which each voxel has the probability of belonging to 

a specific VOI. After spatial normalization, the counts of each 

SPECT image were normalized using proportional scaling, with 

the mean counts of the cerebellum set at 50. The normalized 

counts were multiplied by the probability of the SPAM and 

were determined as the count of each VOI. The cerebral lobar 

counts were then calculated by averaging the counts of the 

VOIs that had been reclassified into each lobe. We assessed the 

intercorrelations between the clinical measures and the rCBF 

for regions that differed significantly. To compare the scores 

from each psychometric measure before and after CBT, the data 

were analyzed using a paired t-test. Statistical significance was 

defined at a level less than 0.05 using two-tailed tests.

Results
Clinical improvement after CBT
A significant reduction of symptoms was observed in patients 

who completed the full sessions of CBT (n=14) (Table 2). 

The total and several subscale scores for the PAS, including 

panic attack, anticipatory anxiety, disability, and worries about 

Table 2 Changes of clinical measures before and after cognitive behavior therapy (n=14)

Clinical variables Before CBT After CBT t P

(Mean ± SD) (Mean ± SD)

PAS
  Total score 24.86±11.98 14.86±6.93 4.55 0.001*
  Panic attack 1.57±1.34 0.74±0.92 2.52 0.026*
 A goraphobic avoidance 2.33±1.18 1.83±0.76 1.99 0.068
 A nticipatory anxiety 2.25±1.12 1.43±0.87 3.30 0.006*
  Disability 1.64±1.06 0.67±0.63 3.97 0.002*
  Worries about health 1.86±0.93 1.14±0.69 3.82 0.002*
ASI-R
 C ardiovascular 12.07±4.94 6.57±4.31 2.80 0.013*
 R espiratory 17.79±6.34 11.00±5.68 6.44 0.001*
  Public anxiety 15.43±6.14 11.00±8.94 2.71 0.015*
 C ognitive dyscontrol 8.93±5.25 5.21±4.06 2.83 0.011*
 AC Q 68.71±10.87 78.86±18.55 -2.85 0.014*
BBSIQ
  Panic body sensation rank scores 2.46±0.55 1.63±0.52 5.33 0.000*
 E xternal event rank scores 1.62±0.33 1.24±0.21 2.55 0.024*
  Panic body sensation belief scores 4.54±1.28 2.76±1.62 5.33 ,0.001*
  External event belief scores 3.21±1.62 2.48±1.08 1.80 0.096

Note: *P,0.05.
Abbreviations: CBT, cognitive behavior therapy; PAS, Panic and Agoraphobic Scale; ASI-R, Anxiety Sensitivity Index-Revised; ACQ, Anxiety Control Questionnaire; BBSIQ, 
Brief Body Sensation Interpretation Questionnaire; SD, standard deviation.
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health, were significantly improved after CBT. The total, as 

well as all subscale scores of ASI-R and BBSIQ, except the 

external event belief scores for BBSIQ, decreased significantly, 

whereas the ACQ scores increased significantly after CBT.

Changes in regional cerebral  
blood flow after CBT
When the rCBF of the subjects before and after CBT were 

compared, significant increases in the rCBF were detected 

in the left postcentral gyrus (Brodmann’s area [BA] 43), left 

precentral gyrus (BA 4), and inferior frontal gyrus (BA 9, 

BA 47). Significant decreases were detected in the left pons 

(Table 3 and Figure 1).

Relationship between regional cerebral 
blood flow and clinical measures
When correlation analysis was performed between changes 

in rCBF and clinical measures, no significant correlation was 

found between the changes in rCBF in VOIs and changes in 

total and subscale scores on the clinical measures.

Discussion
This study was performed to investigate neural correlates 

of the effects of CBT in patients with panic disorder. In the 

current study, we observed increased rCBF in the left inferior 

frontal gyrus, left postcentral gyrus, and left precentral gyrus, 

and decreased rCBF in the left pons after CBT. However, no 

significant correlation was found between changes in rCBF 

and in scores on the clinical measures.

Surprisingly, only a few studies using functional neuroim-

aging have been performed to investigate neural mechanisms 

underlying the effects of CBT in patients with panic disorder. 

Table 3 Changes in regional cerebral blood flow in subjects after 
cognitive behavior therapy (n=14)

Brain region Brodmann 
area

x y z Z score

Area of increase after CBT
 � Left parietal lobe,  

postcentral gyrus
43 -64 -12 20 5.11

 � Left frontal lobe,  
precentral gyrus

4 -60 -6 24 4.05

 � Left frontal lobe,  
inferior frontal gyrus

9 -58 6 24 3.74

 � Left frontal lobe,  
inferior frontal gyrus

47 -50 24 -2 4.59

Area of decrease after CBT
 � Left brain stem, pons -16 -24 -26 3.97

Abbreviation: CBT, cognitive behavior therapy.

Figure 1 (Continued)
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Figure 1 Brain areas with changes in regional cerebral blood flow (rCBF) after 12 weekly sessions of group cognitive behavioral therapy in patients with panic disorder 
(n=14). (A) 3D-rendered images of rCBF changes. Red, increased rCBF; green, decreased rCBF. (B) Red, areas of increased rCBF, postcentral gyrus of left parietal lobe, 
precentral gyrus of left frontal lobe and inferior frontal gyrus of left frontal lobe; blue, areas of decreased rCBF, sub-gyral white matter of left limbic lobe and pons.
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Prasko et  al19 found that patients with panic disorder 

demonstrated metabolic increases in 18F-fluorodeoxyglucose 

(18FDG) PET (positron emission topography) after CBT in 

the right middle frontal gyrus, left inferior frontal gyrus, 

middle temporal gyrus, and insula, as well as metabolic 

decreases in the right inferior temporal gyrus, right inferior 

and superior frontal gyri, and left medial frontal gyrus. Sakai 

et al20 investigated metabolic changes using 18FDG PET in 

11 patients with panic disorder who showed improvement 

after the completion of CBT. They found decreases in 

glucose utilization in the right hippocampus, left anterior 

cingulate, left cerebellum, and the pons, and increases in 

the bilateral medial prefrontal cortices (mPFC). Recently, 

Kircher et al18 tested this issue in a randomized controlled 

trial in 42 medication-free patients with panic disorder using 

fMRI (functional magnetic resonance imaging). They found 

reduced activation for the conditioned response in the left 

inferior frontal gyrus after CBT, and this activation reduction 

was correlated with reduction in agoraphobic symptoms. 

They also found increased connectivity between the inferior 

frontal gyrus and other regions including amygdalae, insulae, 

and the anterior cingulate cortex.

Similar to previous findings, we found increased activity 

in the left inferior frontal gyrus (BA 9 and BA 47) after 

CBT. Lesions in this area are suggested to enhance fear 

reactivity to both the conditioned and contextual stimuli, 

and the efferent projections from this area are suggested to 

target the periaqueductal gray matter and hypothalamus, 

to attenuate related autonomic responses and emotional 

behaviors.2 This region is also associated with perceptive 

changes in motivational value of stimuli, and activation of 

this region is found when participants must inhibit or select 

from among competing responses.33 The insular cortex, 

which has bidirectional connections to the amygdala and 

prefrontal cortex and which relays information on interocep-

tive states to the prefrontal cortex, serves as an internal alarm 

center that alerts the individual to potentially distressing 

stimuli.34 Functional neuroimaging studies have shown that 

activity changes develop in the insula during panic attacks 

induced by lactate or CCK-4.35,36 It has been suggested that 

panic disorder develops partly because panic attacks cause 

the conditioning of anxiety to exteroceptive and interoceptive 

cues.4 Some portion of CBT for panic disorder focuses on 

eliminating this conditioning by desensitizing somatic and 

physical cues for panic attack.37 Therefore, the increased 

activation in inferior frontal gyrus in the current study might 

reflect continuous attempts to reverse previous learning of 

a reinforced response to stimuli and the down-regulation of 

negative emotions from these exteroceptive and interoceptive 

cues via cognitive reappraisal.38

However, there were negative findings, such as the lack 

of rCBF change in regions of “fear network” (amygdalae, 

insulae, thalamus, etc) and correlations between rCBF and 

symptom severity. The reason for these negative findings is not 

clear. Eleven of the 14 subjects in the current study were being 

treated with medications prior to the onset of CBT, although 

their medication was maintained without change during the 

study period. Medications, especially SSRIs, change the activ-

ity of various brain stem nuclei such as the locus ceruleus, 

periaqueductal gary, and hypothalamus with their treatment 

effects.39 Besides, SSRIs may affect the central nucleus of the 

amygdala itself and modulate excitatory input from the thal-

amic and cortical pathway.40 Gorman et al14 suggested that 

there could be distinct pathways through which medication 

and psychotherapy can exert their therapeutic effects in panic 

disorder. They hypothesized that medications could reduce 

panic attacks by decreasing the activity of the amygdala and 

its ability to stimulate projection sites in the hypothalamus 

and brainstem. On the other hand, psychotherapy such as CBT 

might operate upstream from the amygdala, reducing phobic 

avoidance by deconditioning contextual fear learned at the 

level of the hippocampus and decreasing cognitive misat-

tribution and abnormal emotional reactions by strengthening 

the ability to inhibit the amygdala. Prior use of medication 

in the current study may have influenced the limbic area 

independently of CBT, and may have affected the finding 

of no significant activity change in these areas. This result 

also suggests that CBT might be effective through inducing 

adaptive consolidation of the prefrontal cortex which exerts 

inhibitory control over the amygdala, rather than affecting it 

directly.14,41,42 CBT is a multicomponential intervention, but 

because clinical presentations vary considerably between 

patients, it is difficult to determine which component may 

be responsible for observed effects.18 Previous findings from 

intervention studies have shown the difficulty of directly link-

ing their findings to prevailing models of underlying neural 

mechanisms. Prasko et al19 found no significant changes in 

brain metabolism in limbic regions after symptom allevia-

tions by CBT and failed to detect different neural correlates 

between the treatment with CBT and with antidepressants. In 

the study by Kircher et al,18 there was a negative correlation 

between symptom severity and connectivity of the inferior 

frontal gyrus to the medial frontal cortex and anterior cingu-

lated cortex after CBT. There was no significant interaction 
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of group and time, suggesting that CBT might not have a 

specific impact on connectivity. These findings suggested that 

behavioral effects of treatment do not always correspond to 

neural findings.21

This study also has other limitations. The sample size 

was small, which restricts the statistical power and gener-

ality of the results. The results could not be confirmed as 

exact treatment effects of CBT because of the lack of proper 

control subjects such as a waiting list and/or nonspecific 

nonpharmacological treatment group. Lack of a control group 

could further limit the interpretation of the current negative 

findings for the correlation analysis between rCBF and each 

clinical measure. Because many subjects had been treated 

with medication prior to the CBT sessions, and although 

their medication was maintained without change during the 

study period, our results might represent not only the added 

effects of medication, but also novel results arising from the 

combination of both treatments. Although all subjects were 

in a resting state and tolerated the SPECT scanning well, 

anxiety during scanning was not assessed, and anticipatory 

anxiety may have affected the results of rCBF in the current 

study. The uncorrected P-value threshold of 0.01 was applied 

in the present study. When the P-value of 0.005 was tried, 

no significant rCBF change was found. Fundamental limita-

tions, such as small sample size, maintenance of medication, 

imaging data acquisition during resting state but not during 

fear conditioning paradigm, and the lower resolution power 

of SPECT compared to MRI or PET are suggested to limit 

the detectability of the current study for the impact of CBT. 

Although threshold P,0.01 uncorrected has been applied in 

several SPECT studies,43,44 the low statistical power might 

increase the risk of false positive results.

Future imaging studies should investigate functional 

changes in a placebo group, subjects treated only with 

medication, and subjects treated only with CBT, along 

with subjects receiving both treatments with high statistical 

power. Additionally, any correlations between the functional 

changes in the brain and different clinical measures for 

each treatment group and the changes by CBT for each of 

the drug-naïve subjects and the drug-discontinued subjects 

should be investigated.
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