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Objective: Serotonin reuptake inhibitor
(SRI) medications are effective in the
treatment of both major depressive disor-
der and obsessive-compulsive disorder
(OCD), but it is unknown whether the neu-
ral substrates of treatment response for
the two disorders are the same or differ-
ent. The authors sought to identify pre-
treatment cerebral glucose metabolic
markers of responsiveness to SRI treat-
ment in patients with OCD versus major
depressive disorder and to determine
whether the pretreatment patterns asso-
ciated with improvement of OCD symp-
toms were the same as or different from
those associated with improvement of
major depressive disorder symptoms.

Method: [18F]Fluorodeoxyglucose posi-
tron emission tomography was used to
measure cerebral glucose metabolism in
27 patients with OCD alone, 27 with ma-
jor depressive disorder alone, and 17 with
concurrent OCD and major depressive
disorder, who were all then treated with
30–60 mg/day of paroxetine for 8–12
weeks. Correlations were calculated be-
tween pretreatment regional metabolism
and pre- to posttreatment changes in the

severity of OCD symptoms, depressive
symptoms, and overall functioning.

Results: While improvement of OCD
symptoms was significantly correlated
with higher pretreatment glucose metabo-
lism in the right caudate nucleus (partial
r=–0.53), improvement of major depres-
sive disorder symptoms was significantly
correlated with lower pretreatment me-
tabolism in the amygdala (partial r=0.71)
and thalamus (partial r=0.34) and with
higher pretreatment metabolism in the
medial prefrontal cortex and rostral ante-
rior cingulate gyrus (Talairach coordinates:
x=0, y=62, z=10) (z=2.91).

Conclusions: These findings suggest that,
although both OCD and major depressive
disorder respond to SRIs, the two syn-
dromes have different neurobiological
substrates for response. Elevated activity
in the right caudate may be a marker of
responsiveness to antiobsessional treat-
ment, while lower right amygdala activity
and higher midline prefrontal activity
may be required for response of depres-
sive symptoms to treatment.

(Am J Psychiatry 2003; 160:522–532)

Serotonin reuptake inhibitors (SRIs) are effective in the
treatment of several psychiatric disorders, including ma-
jor depressive disorder and obsessive-compulsive disor-
der (OCD), but the degree of response to these medica-
tions varies greatly among patients. Approximately one-
third of patients with major depressive disorder (1) and
half of patients with OCD (2) do not have an adequate re-
sponse to SRIs. Therefore, identification of reliable predic-
tors of responsiveness to SRIs could potentially save pa-
tients lengthy trials of medications that are unlikely to be
effective and steer treatment toward modalities that have
higher probabilities of succeeding. Markers of treatment
responsiveness might also provide further clues to the
pathophysiology of OCD and major depressive disorder.

Many methods have been employed to investigate neu-
robiological predictors of response to antidepressant
medications in OCD and major depressive disorder, in-
cluding neurotransmitter and receptor assays (3–8), neu-

roendocrine challenge tests (9–13), neurocognitive testing
(14, 15), auditory evoked potentials (16), quantitative elec-
troencephalography (17–20), and pharmacogenetics (21–
23). Unfortunately, few of these findings have been repli-
cated, and none have localized specific neuroanatomical
substrates for treatment response. Neuroimaging studies,
however, have identified pretreatment functional neu-
roanatomical markers of treatment responsiveness, par-
ticularly for SRIs.

Swedo et al. (24) found that OCD patients who re-
sponded to clomipramine had lower pretreatment abso-
lute glucose metabolic rates in the right orbitofrontal cor-
tex and right anterior cingulate gyrus, compared with
nonresponders. Our group found that pretreatment me-
tabolism in the left orbitofrontal cortex differentially pre-
dicted response to fluoxetine versus cognitive behavior
therapy in OCD (25). Lower pretreatment left orbitofrontal
cortex metabolism significantly correlated with response
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to fluoxetine, while higher pretreatment left orbitofrontal
cortex metabolism correlated with response to cognitive
behavior therapy. We also found that lower pretreatment
metabolism in the bilateral orbitofrontal cortex signifi-
cantly correlated with better response to paroxetine (26).
Rosenberg et al. (27) found that elevated pretreatment
glutamate concentrations in the caudate nucleus were
also associated with better response to paroxetine. Taken
together, these results suggest that OCD patients with par-
ticular patterns of brain metabolism may respond differ-
entially to SRIs versus other types of treatment.

In major depressive disorder, pretreatment activity in
the midline prefrontal cortex and anterior cingulate gyrus
has repeatedly been associated with treatment outcome,
but with divergent results. Elevated pretreatment metabo-
lism in the rostral anterior cingulate gyrus was found in re-
sponders to SRIs, tricyclic antidepressants, and bupropion
(28), and higher pretreatment glucose metabolism in the
left gyrus rectus was correlated with better response to
sertraline (29). In contrast, other studies found that lower
pretreatment metabolism in the left ventral anterior cin-
gulate gyrus correlated with better antidepressant re-
sponse to paroxetine in patients with major depressive
disorder (30) and that baseline metabolism in the prefron-
tal cortex, anterior cingulate gyrus, and paralimbic struc-
tures was lower in responders to venlafaxine and bu-
propion (31). Limbic structures may also be involved in
responsiveness to antidepressant treatment, as patients
with treatment-resistant depression showed higher activ-
ity in the hippocampus-amygdala area, compared with
patients with non-treatment-resistant depression, in one
study (32).

Although these neuroimaging studies provided prelimi-
nary clues about the neurobiological diatheses of treat-
ment response in OCD and major depressive disorder, they
had important limitations. Most had a small number of
subjects, some included subjects treated with several dif-
ferent medications, and others did post hoc comparisons
of baseline brain metabolism between groups of “respond-
ers” and “nonresponders” that were identified by means of
various criteria for response (24, 28, 31). Since treatment
studies of OCD and major depressive disorder usually
show a continuous range of response to SRIs rather than a
bimodal distribution of responders versus nonresponders
(2), linear relationships between the degree of symptom
improvement and pretreatment activity in specific brain
regions may provide clearer evidence that those regions
are involved in mediating responsiveness to treatment. To
our knowledge, no study has investigated prediction of
treatment response across different disorders. Therefore, it
has remained unclear whether the neural substrates of
treatment response are the same or different among the
many psychiatric syndromes that can be ameliorated by
SRIs.

As part of a previously described study (33, 34), our
group obtained [18F]fluorodeoxyglucose (FDG) positron

emission tomography (PET) scans of the brain for 27 pa-
tients with OCD alone, 27 with unipolar major depressive
disorder alone, and 17 with concurrent OCD and major
depressive disorder, before and after 8–12 weeks of treat-
ment with 30–60 mg/day of paroxetine. Although all pa-
tients were treated with similar doses of paroxetine for sim-
ilar durations, pre- to posttreatment cerebral metabolic
changes differed significantly between diagnostic groups
and between responders and nonresponders (34). For the
present study, we analyzed pretreatment, regional glucose
metabolic data from these patients. The specific aims of
the study were 1) to identify cerebral metabolic patterns
that might predict response to SRI treatment in patients
with OCD and/or major depressive disorder occurring sep-
arately or concurrently, and 2) to determine whether the
pretreatment cerebral metabolic patterns associated with
improvement of OCD symptoms would be the same as or
different from those associated with improvement of ma-
jor depressive disorder symptoms. We hypothesized that
pretreatment glucose metabolism in the orbitofrontal
cortex and caudate would predict improvement in OCD
symptoms, while pretreatment metabolism in the midline
prefrontal cortex and anterior cingulate gyrus would pre-
dict improvement in depressive symptoms.

Method

Subjects

This study was carried out under guidelines established by the
UCLA Institutional Review Board. Subjects were recruited from
the Los Angeles area between 1994 and 1999 by using approved
advertisements in flyers, newspapers, and web sites. Written in-
formed consent was obtained from all subjects after the study
procedures were fully explained. Seventy-one subjects completed
the study: 27 patients with OCD alone, 27 with major depressive
disorder alone, and 17 with concurrent OCD and major depres-
sive disorder. Diagnostic classifications according to DSM-IV
criteria were made by means of clinical interviews and were
confirmed with the Schedule for Affective Disorders and Schizo-
phrenia—Lifetime Versions (35). Symptom severity and level of
functioning were rated with the Yale-Brown Obsessive Compul-
sive Scale (36), the Hamilton Depression Rating Scale (37), and
the Global Assessment Scale (GAS) (38), immediately before and
after treatment. All diagnostic assessments and administration of
rating scales were done by a study psychiatrist with training in
standardized assessment (S.S. or A.L.B.).

To be enrolled in the study, patients with OCD alone had to
meet the DSM-IV criteria for OCD but not major depressive disor-
der, have a pretreatment Yale-Brown Obsessive Compulsive Scale
score ≥16, and a 17-item Hamilton depression scale score <15. Pa-
tients with major depressive disorder alone had to meet the DSM-
IV criteria for unipolar major depressive disorder but not OCD,
have a Hamilton depression scale score ≥16 and a Yale-Brown Ob-
sessive Compulsive Scale score <10. Patients with concurrent
OCD and major depressive disorder met the full DSM-IV criteria
for both disorders occurring simultaneously and had both a Yale-
Brown Obsessive Compulsive Scale score >16 and a Hamilton de-
pression scale score ≥16. These criteria were chosen on the basis
of previous usage in several studies of OCD (39–41) and major de-
pressive disorder (42, 43). All subjects were in good physical
health. Two patients with OCD alone and three with comorbid
OCD and major depressive disorder had comorbid tic disorders.
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Subjects with other concurrent axis I diagnoses (i.e., bipolar dis-
order, psychotic disorders, other anxiety disorders, or substance
use disorders) or concurrent medical conditions affecting brain
function (i.e., Parkinson’s disease, diabetes mellitus, etc.) were ex-
cluded. All subjects were free from psychoactive medications for
at least 4 weeks before entering the study and were free from flu-
oxetine for at least 5 weeks. Only six subjects had received any
psychotropic medication within 12 weeks of entering the study.
Twenty-one of the 71 subjects (nine patients with OCD alone, six
with major depressive disorder alone, and six with concurrent
OCD and major depressive disorder) had never before been
treated with psychotropic medications.

Image Acquisition

PET methods were as detailed in our previous reports (33, 34).
Briefly, each subject received 5–10 mCi of FDG while in a supine
position with eyes and ears open. Subjects were closely moni-
tored to make sure that they remained awake and lay still without
moving or talking during the 40-minute FDG uptake period. No
cognitive task was given. PET scanning was performed with two
Siemens-CTI PET (New York) tomographs—the ECAT III 831 (15
transverse sections spaced 6.75 mm apart, with a 6-mm in-plane
spatial resolution, acquired at an angle parallel to the cantho-
meatal plane) for the first 38 subjects and the EXACT HR1 961 (47
transverse sections spaced 4.0 mm apart, with a 3.6-mm in-plane
spatial resolution) for the next 33 subjects.

Each subject also received a magnetic resonance imaging
(MRI) scan of the brain during the treatment period. The images
were obtained by using a double-echo sequence (proton density
and T2 images, TR=2000 to 2500 msec, TE=25 to 30 msec and 90 to
110 msec, 24-cm field of view, 3-mm slices with no separation).
All MRI scans were reviewed by a neuroradiologist. Any prospec-
tive subject with MRI evidence of structural CNS lesions was ex-
cluded from the study.

Treatment

After receiving their baseline PET scans, all patients were
treated openly with paroxetine titrated to a target dose of 40 mg/
day, as tolerated, for the first 8 weeks. Thereafter, paroxetine
doses were increased as tolerated up to a maximum of 60 mg/day
for up to 4 more weeks, in the absence of a satisfactory response
at lower doses. Compliance was monitored by patients’ reports
during weekly medication visits. No psychoactive medications
except paroxetine were allowed during the study period. Subjects
received no formal psychotherapy or behavioral therapy during
the treatment period. Pre- and posttreatment assessments were
performed on the days of the pre- and posttreatment PET scans.

Image Analysis

Two methods of image analysis were employed: 1) MRI-based
region-of-interest analysis, and 2) statistical parametric mapping
(44, 45). Results from the two methods were compared, given the
limitations of each (45, 46). PET data were subjected to statistical
parametric mapping analysis for two reasons. First, the drawn re-
gions of interest were relatively large; statistical parametric map-
ping allowed examination of smaller regions that might have sig-
nificant associations with treatment response. Second, selection
of regions of interest for analysis was based on previous literature,
and statistical parametric mapping could screen the rest of the
brain for unhypothesized associations.

MRI-based region of interest analysis involved coregistering
each subject’s FDG PET scans with his/her MRI scan (47), then
outlining regions of interest on horizontal planes of the MRI scan,
as previously described (33, 34). Cerebrospinal fluid and white
matter were excluded from the outlines of all gray matter regions
of interest. Regions of interest were drawn by technicians who
were blind to the subject’s identity and diagnosis and were re-

viewed by one of the authors (S.S. or A.L.B.) to ensure interrater
reliability (48). Nine bilateral regions of interest were selected a
priori on the basis of previous associations with OCD symptoms,
major depressive disorder symptoms, or response to treatment:
dorsolateral prefrontal cortex, ventrolateral prefrontal cortex, or-
bitofrontal cortex, dorsal anterior cingulate gyrus, ventral ante-
rior cingulate gyrus, caudate, thalamus, amygdala, and hippo-
campus (Figure 1). The dorsolateral prefrontal cortex consisted of
the dorsal half of the middle frontal gyrus, and the ventrolateral
prefrontal cortex consisted of its ventral half (49). The orbitofron-
tal cortex region of interest included the medial and lateral orbital
gyri, the orbital part of the inferior frontal gyrus, and the most in-
ferior part of frontal pole, but excluded the gyrus rectus. The an-
terior cingulate gyrus was divided evenly into dorsal and ventral
portions. The superior boundary of the dorsal anterior cingulate
gyrus was the base of the body of the cingulate gyrus, while the in-
ferior boundary was parallel to the middle of the body of the cau-
date. The caudate region of interest included the entire head but
excluded the body and tail of the caudate nucleus. The amygdala
and hippocampal regions of interest excluded the mesial tempo-
ral cortex and the parahippocampal gyrus. Both supratentorial
hemispheres were also drawn.

Regions of interest drawn on each subject’s MRI were trans-
ferred onto his/her coregistered PET scans. The mean level of ac-
tivity in each region of interest volume and the ratios of each re-
gion of interest normalized to ipsilateral hemispheric glucose
metabolism were calculated as previously described (33, 34). Ab-
solute glucose metabolic rates could not be calculated accurately
or reliably for many PET scans in this study because of errors in
gamma counter calibration and blood glucose measurement (33).
Therefore, only regional metabolic data normalized to each sub-
ject’s ipsilateral hemisphere were used for the MRI-based region
of interest analysis. This also made the region of interest and sta-
tistical parametric mapping analyses more congruent, as statisti-
cal parametric mapping data were also normalized and propor-
tionally scaled to group means.

Statistical parametric mapping analysis of PET data employed
the software package SPM 96 (50). PET images were coregistered
and spatially normalized to the standardized coordinate system
of Talairach and Tournoux (51). Global normalization by propor-
tional scaling was used. A 16-mm full-width at half-maximum,
three-dimensional Gaussian smoothing filter was applied to all
images (52). To determine the location of statistical parametric
mapping findings, MRIs of all study subjects were transformed
into Talairach space, and clusters with significant correlations
were mapped onto the group-averaged MRI so obtained. Voxel
coordinates were also located in the standard atlas (51).

Statistical Analyses

To determine associations between pretreatment regional glu-
cose metabolism and response to treatment, both region of inter-
est based and whole-brain, voxel-by-voxel statistical parametric
mapping analyses were performed. For the MRI-based region of
interest analysis, partial correlation coefficients were calculated
between the pretreatment region of interest normalized to ipsilat-
eral hemispheric glucose metabolism values and pre- to post-
treatment change in scores on the three symptom rating scales
(Yale-Brown Obsessive Compulsive Scale, Hamilton depression
scale, and GAS), with age, gender, and scanner type (the ECAT III
831 versus the EXACT HR1 961) as covarying parameters. Partial
correlations were performed for the following subject groups: 1)
the 27 patients with OCD alone, 2) the 27 patients with major de-
pressive disorder alone, 3) the entire group of 44 OCD patients
(with and without concurrent major depressive disorder), and 4)
the entire group of 71 paroxetine-treated patients.

For the statistical parametric mapping analyses, linear regres-
sion was performed with pretreatment glucose metabolic rates as
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dependent variables and pre- to posttreatment changes in scores
on the three symptom rating scales as independent variables.
Scanner type (831 versus 961) was forced into the model as an in-
dependent variable to account for possible differences between
groups scanned with different scanners. The statistical paramet-
ric mapping program performed a separate linear regression for
every voxel, in which the data were the normalized voxel meta-
bolic rates for every scan. In the regressions, the variance of the
voxel normalized metabolic rate was taken to be independent of
scan and voxel. Separate analyses were performed for each of the
three symptom rating scales and for each of the four subject
groups listed in the previous paragraph. Voxels with linear rela-
tionships between normalized glucose metabolism and change
in symptom severity were considered significant at a level of un-
corrected p<0.01 if they fell within our a priori, hypothesized re-
gions of interest. These thresholds for significance were similar or
identical to those of other PET reports (53–55). To scan the brain

for significant effects in regions outside of the regions selected a
priori, any voxel associated with symptom change at a threshold
of p<0.001 was also considered significant. This method of scan-
ning for hypothesized and unexpected regional correlations with
different thresholds for significance was based on prior reports
(56–58).

Results

Treatment Response

The groups did not differ significantly in age, male-fe-
male ratio, duration of treatment, or final paroxetine dose
(Table 1). As previously reported (34), the group with OCD
alone had significant pre- to posttreatment decreases in
Yale-Brown Obsessive Compulsive Scale scores but did

FIGURE 1. Brain Regions of Interest Drawn on Magnetic Resonance Imagesa

a Images are horizontal 3-mm-thick adjacent sections.
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not have significant changes in Hamilton depression scale
scores. The group with major depressive disorder alone
had significant pre- to posttreatment decreases in Hamil-
ton depression scale scores but did not have a significant
change in Yale-Brown Obsessive Compulsive Scale scores.
The group with concurrent OCD and major depressive
disorder had significant decreases in both Yale-Brown Ob-
sessive Compulsive Scale scores and Hamilton depression
scale scores. GAS scores increased significantly in all three
patient groups.

MRI-Based Region of Interest Analyses

A higher level of pretreatment glucose metabolism in the
right caudate was associated with greater improvement of
OCD symptoms and overall functioning with paroxetine
treatment. In the 27 patients with OCD alone, normalized
pretreatment glucose metabolism in the right caudate
nucleus had a significant negative correlation with change
in Yale-Brown Obsessive Compulsive Scale scores (partial
r=–0.53, df=21, p=0.009) (Figure 2). Normalized pretreat-
ment glucose metabolism in the right caudate nucleus also
had a significant negative correlation with change in Yale-
Brown Obsessive Compulsive Scale scores in the entire
group of 44 OCD patients (with and without concurrent
major depressive disorder) (partial r=–0.40, df=37, p<0.02).
In this group, there was a significant positive correlation
between normalized pretreatment glucose metabolism in
the right caudate nucleus and change in GAS scores (par-
tial r=0.41, df=37, p=0.01). In contrast, caudate metabolism
was not associated with improvement in major depressive
symptoms. There were no significant correlations between
normalized pretreatment glucose metabolism in the right
caudate nucleus and change in Hamilton depression scale
scores in any subject group. No other brain region except
the right caudate showed correlations with change in Yale-
Brown Obsessive Compulsive Scale scores. No additional

correlations emerged when the five OCD patients with co-
morbid tics were excluded.

Lower normalized pretreatment glucose metabolism in
the right amygdala was strongly associated with improve-
ment in depressive symptoms and overall functioning. In
the 27 patients with major depressive disorder alone, nor-
malized pretreatment glucose metabolism in the right
amygdala significantly correlated with change in Hamilton
depression scale scores (partial r=0.71, df=20, p<0.001)
(Figure 3) and was negatively correlated with change in
GAS scores (partial r=–0.61, df=20, p=0.003). Further, nor-
malized, pretreatment glucose metabolism in the right
amygdala significantly correlated with change in Hamilton
depression scale scores in the combined group of all 71
paroxetine-treated patients (partial r=0.25, df=64, p<0.04).

Lower normalized pretreatment activity in the thalamus
was also associated with improvement in depressive symp-
toms. In the 44 patients with OCD (with and without co-
morbid major depressive disorder), normalized pretreat-
ment activity in the thalamus correlated with change in
Hamilton depression scale scores (partial r=0.34, df=38,
p<0.04). However, similar correlations were not significant
in the 27 patients with major depressive disorder alone or
in the entire group of 71 paroxetine-treated patients.

Statistical Parametric Mapping Analyses

In the entire group of paroxetine-treated patients,
decline in Hamilton depression scale scores was strongly
associated with lower pretreatment glucose metabolism
in the left amygdala (Talairach coordinates: x=–12, y=–8,
z=–24) (z=2.51, p=0.006) and left dorsal thalamus (Talair-
ach coordinates: x=–16, y=–22, z=18) (z=2.62, p=0.004), but
with higher pretreatment metabolism in a large region of
midline prefrontal cortex, just rostral to the anterior cin-
gulate gyrus (Talairach coordinates: x=0, y=62, z=10) (z=
2.91, p=0.002) (Figure 4), a small locus in the right dorso-
lateral prefrontal cortex (Talairach coordinates: x=44, y=

TABLE 1. Characteristics of Patients With Obsessive-Compulsive Disorder (OCD), Major Depressive Disorder, and Concurrent
OCD and Major Depressive Disorder Treated With Paroxetine

Characteristic
Patients With OCD 

Alone (N=27)

Patients With Major 
Depressive Disorder 

Alone (N=27)

Patients With Concurrent 
OCD and Major Depressive 

Disorder (N=17)
N % N % N %

Female 9 33 9 33 8 47

Mean SD Mean SD Mean SD

Age (years) 37.5 12.6 38.1 11.3 34.1 9.2
Treatment duration (days) 69.2 14.8 68.1 19.3 76.9 17.5
Final paroxetine dose (mg/day) 40.0 10.6 36.8 9.9 44.0 9.9
Yale-Brown Obsessive Compulsive Scale score

Before paroxetine treatment 25.8 5.1 2.3 5.2 28.3 4.6
After paroxetine treatment 20.2 7.4 1.3 3.2 18.8 8.2

17-item Hamilton Depression Rating Scale score
Before paroxetine treatment 9.8 3.5 20.3 5.0 20.5 5.3
After paroxetine treatment 8.3 5.0 9.2 6.5 11.7 7.1

Global Assessment Scale score
Before paroxetine treatment 50.3 7.9 48.2 5.9 44.4 6.5
After paroxetine treatment 55.8 11.8 67.7 11.6 59.8 9.5
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54, z=12) (z=3.22, p=0.001), a small locus in the left dorso-
lateral prefrontal cortex (Talairach coordinates: x=–32, y=
60, z=20) (z=2.39, p=0.008), the right superior temporal
cortex (Talairach coordinates: x=62, y=0, z=8) (z=3.33,
p<0.001), and the left inferior parietal cortex (Talairach co-
ordinates: x=–66, y=–32, z=30) (z=3.32, p<0.001). In the 44
patients with major depressive disorder (with or without
comorbid OCD), improvement in depressive symptoms
was strongly associated with higher pretreatment glucose
metabolism in the midline prefrontal cortex (Talairach co-
ordinates: x=0, y=64, z=6) (z=3.20, p=0.001) and the right
superior temporal/opercular cortex (Talairach coordi-
nates: x=64, y=0, z=12) (z=3.41, p<0.001). In the 27 patients
with major depressive disorder alone, there were no signif-
icant correlations between pretreatment glucose metabo-
lism and change in Hamilton depression scale scores
found by statistical parametric mapping. There were no
significant correlations between pretreatment cerebral
metabolism and change in Yale-Brown Obsessive Com-
pulsive Scale scores found by statistical parametric map-
ping in any subject group.

Discussion

The primary finding of the present study was that differ-
ent patterns of pretreatment brain activity correlated with
the response of different neuropsychiatric syndromes to
the same medication, paroxetine. While improvement of
OCD symptoms was uniquely associated with higher pre-
treatment glucose metabolism in the right caudate nu-

cleus, improvement of major depressive disorder symp-
toms was associated with lower pretreatment glucose
metabolism in the amygdala and higher metabolism in
the medial prefrontal cortex and rostral anterior cingulate
gyrus. These findings suggest that, although both OCD
and major depressive disorder respond well to the same
SRI medications, the two syndromes have quite different
neurobiological substrates for response.

In this study, higher pretreatment metabolism in the
right caudate correlated with the degree of improvement
of OCD symptoms with paroxetine treatment. Higher glu-
cose metabolism in the right caudate appears to reflect
greater release of glutamate (27, 59), and our findings
closely parallel the association between higher pretreat-
ment glutamate concentration in the right caudate and re-
sponse to paroxetine found by Rosenberg et al. (27). The
right caudate is one of the brain regions most consistently
associated with OCD and its response to treatment. Nu-
merous prior neuroimaging studies of OCD patients have
found higher levels of activity in the right caudate at base-
line (see reference 60 for review) that decrease in respond-
ers to a variety of treatments (61, 62) and increase with
symptom provocation (63). Our group previously reported
that treatment-responsive OCD patients were character-
ized by significant, pathological correlations between glu-
cose metabolic rates in the right caudate, orbitofrontal
cortex, anterior cingulate gyrus, and thalamus that were
not present in OCD nonresponders, comparison subjects,
or patients with major depressive disorder (61, 62). Thus,
higher levels of activity in the right caudate and abnor-
mally strong functional interconnectivity between this
structure and other structures along limbic and paralim-

FIGURE 2. Correlation Between Pretreatment Glucose
Metabolism in the Right Caudate Nucleus and Change in
Yale-Brown Obsessive Compulsive Scale Score for 27 Par-
oxetine-Treated Patients With OCD and No Concurrent
Disordersa

a Partial r=–0.53, df=21, p=0.009, with age, sex, scanner type, and
Hamilton depression scale score covaried.
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bic frontal-subcortical circuits (64) may represent the
neural substrate for treatment-responsive OCD. We and
others have postulated that overactivity along these cir-
cuits may be due to an imbalance of direct versus indirect
striatopallidal pathway tone (60, 65).

We did not fully replicate previous findings of a signifi-
cant association between pretreatment orbitofrontal cor-
tex metabolism and better response of OCD symptoms to
treatment (24–26). In the 27 patients with OCD alone in
this study, lower normalized pretreatment activity in the
orbitofrontal cortex was weakly associated with a decline
in Yale-Brown Obsessive Compulsive Scale scores (partial
r=0.30, df=21, p=0.16) and an increase in GAS scores (par-
tial r=–0.35, df=21, p=0.10), but these correlations did not
reach statistical significance. In all 44 patients with OCD
(with and without comorbid major depressive disorder),
normalized pretreatment activity in the orbitofrontal cor-
tex was associated with an increase in GAS scores (partial
r=–0.32, df=37, p=0.04) but not with a change in Yale-
Brown Obsessive Compulsive Scale scores. Methodologi-
cal differences could account for the discrepancy in re-
sults between the present study and prior studies. Most
previous studies either analyzed regions of interest drawn
on PET scans or did whole-brain searches by using statis-
tical parametric mapping, rather than employing struc-
tural MRI-based localization of cerebral cortical regions of
interest, as in this study. Symptomatic differences be-
tween the subject pools of different studies and differ-
ences in the medications used might also contribute to the
differences in findings (60).

Our results add to evidence indicating that higher pre-
treatment activity in midline prefrontal cortex and anterior
cingulate gyrus is a reliable marker of responsiveness to
antidepressant treatment. In this study, pretreatment glu-
cose metabolism in a region encompassing the most ros-
tral, affective subdivision of anterior cingulate gyrus (66)
and the medial prefrontal cortex immediately anterior to it
was strongly correlated with the degree of improvement of
depressive symptoms after paroxetine treatment. A higher
level of activity in this same brain region has been associ-
ated with eventual response to antidepressant treatment in
at least six separate studies that used different treatment
and imaging modalities (28, 29, 67–70). The medial pre-
frontal cortex and the rostral anterior cingulate gyrus are
thought to mediate affective responses (71) and cognitive/
emotional interactions (72). These regions have heavy con-
nections with the amygdala, hypothalamus, and auto-
nomic brainstem nuclei, as well as with the dorsal and sub-
genual anterior cingulate gyrus (71). Mayberg et al. (28)
speculated that adaptive hypermetabolic changes in the
rostral anterior cingulate gyrus might be required to facili-
tate response to treatment. Dopaminergic input to the an-
terior cingulate gyrus and the medial prefrontal cortex may
also modulate response to treatment. Anterior cingulate
gyrus metabolism is closely related to dopamine D2 recep-
tor binding (73), which was found to increase after SRI
treatment of major depressive disorder in responders but
not in nonresponders (74).

Lower pretreatment activity in the right amygdala was
strongly associated with improvement in depressive symp-

FIGURE 4. Significant Correlations Between Higher Pretreatment Brain Glucose Metabolism and Decrease in Hamilton
Depression Scale Score for 71 Paroxetine-Treated Patients With OCD, Major Depressive Disorder, and Concurrent OCD and
Major Depressive Disordera

a Decline in Hamilton depression scale score was strongly associated with higher pretreatment metabolism in a large region of the midline pre-
frontal cortex, just rostral to the anterior cingulate gyrus (Talairach coordinates: x=0, y=62, z=10) (z=2.91, p=0.002), a small locus in the right
dorsolateral prefrontal cortex (Talairach coordinates: x=44, y=54, z=12) (z=3.22, p=0.001), a small locus in the left dorsolateral prefrontal
cortex (Talairach coordinates: x=–32, y=60, z=20) (z=2.39, p=0.008), the right superior temporal cortex (Talairach coordinates: x=62, y=0, z=
8) (z=3.33, p<0.001), and the left inferior parietal cortex (Talairach coordinates: x=–66, y=–32, z=30) (z=3.32, p<0.001).
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toms in this study, both in patients with major depressive
disorder and those with OCD. A large body of evidence
points to the central role of the amygdala in the perception
of threat, fear, reward conditioning, the assignment of
emotional significance to stimuli, and the initiation of
emotional responses to those stimuli (see references 75
and 76 for review), as well as in mediating the symptoms of
major depressive disorder (77). The right amygdala shows
an ability to habituate rapidly to emotionally valenced
stimuli (78–80). This decrease of activity in the amygdala is
thought to be due to greater inhibition of this structure by
the medial prefrontal cortex, an adaptive process by which
emotional responses are attenuated and modulated (81).
Thus, lower activity in the right amygdala and higher ac-
tivity in the medial prefrontal cortex at baseline might rep-
resent an ability to inhibit or habituate to emotional re-
sponses, allowing an individual to recover eventually from
negative emotional states. This may be a neural substrate
required for successful response of depressive symptoms
to treatment.

Moreover, it has been suggested that abnormally high
levels of activity in the amygdala could drive the propen-
sity to relapse or recurrence of depression (82, 83). During
depressive episodes, metabolism in the amygdala corre-
lates positively with both negative affect and plasma corti-
sol levels (84), so higher metabolism in the amygdala may
indicate a lesser ability to normalize glucocorticoid func-
tion during antidepressant treatment, resulting in less im-
provement in depressive symptoms. Previous findings of
higher levels of activity in the amygdala (32) and abnormal
hypothalamic-pituitary-adrenal axis activity (85) in pa-
tients with treatment-resistant depression support this
hypothesis. Higher levels of activity in the amygdala may
also be related to lower levels of serotonin (5-HT) 1A re-
ceptor binding (86), which in turn could result in poorer
response to antidepressants.

Some of the relationships found between pretreatment
regional activity and response of major depressive disor-
der versus OCD symptoms to treatment appear to hold
true across diagnostic boundaries. Significant correlations
between change in Hamilton depression scale scores and
pretreatment glucose metabolism in the amygdala and
midline prefrontal cortex were present not only in patients
with major depressive disorder alone but also in patients
with comorbid OCD and major depressive disorder. Simi-
larly, significant correlations between normalized pre-
treatment activity in the right caudate and change in Yale-
Brown Obsessive Compulsive Scale scores were found in
both depressed and nondepressed subjects with OCD.
Thus, higher activity in the midline prefrontal cortex/
anterior cingulate gyrus and lower activity in the right
amygdala appear to reflect the responsiveness to treat-
ment of brain systems mediating depressive symptoms,
regardless of primary diagnosis. In contrast, higher levels
of baseline activity in the right caudate may reflect the re-
sponsiveness of brain systems mediating OCD symptoms

to SRI treatment, regardless of the presence or absence of
comorbid mood disorders.

Both region of interest and statistical parametric map-
ping analyses revealed a significant association between
lower pretreatment thalamic metabolism and greater im-
provement in depressive symptoms in patients with OCD
(with and without comorbid major depressive disorder)
but not in patients with major depressive disorder alone,
suggesting that pretreatment thalamic activity may influ-
ence treatment response in OCD but not in major depres-
sive disorder. This result is consistent with our previous
finding that depression severity was associated with
lower thalamic metabolism in patients with OCD, but
with higher thalamic metabolism in patients with major
depressive disorder alone (38). Thus, both the severity
and responsiveness to treatment of depressive symptoms
appear to be mediated differently in patients with OCD
than in patients with major depressive disorder.

The present study had several methodological limita-
tions. Because prediction of response was not this study’s
original objective, the overall study design did not lend it-
self to a definitive determination of cerebral metabolic
predictors of response, only associations between pre-
treatment metabolism and treatment response. Therefore,
these correlations were secondary analyses, and their re-
sults must be interpreted with caution. A more definitive
determination of cerebral metabolic predictors of treat-
ment response would require a randomized, prospective,
placebo-controlled design with a larger number of sub-
jects. Correction for multiple comparisons was used for
the statistical parametric mapping analyses but not for the
MRI-based region of interest analyses because the regions
of interest were selected on the basis of a priori hypothe-
ses. The large number of correlations performed could po-
tentially have led to type I error in the MRI-based region of
interest analyses. However, the statistical parametric map-
ping and region of interest methods yielded several results
in common, including correlations between improvement
in Hamilton depression scale scores and lower pretreat-
ment activity in both the amygdala and thalamus. Dis-
crepancies between the results of the region of interest
analyses and statistical parametric mapping analyses
could have been due to several factors, including statisti-
cal parametric mapping’s difficulty in correcting for inter-
individual variations in neuroanatomy (e.g., in the size,
shape, and position of the caudate nucleus), the signifi-
cance and extent thresholds used for the statistical para-
metric mapping analyses, and the size and boundaries of
the regions of interest.

Another potential limitation was that two different PET
tomographs were used in the study. Because scanner type
was found to have a significant effect on glucose metabo-
lism in several regions of interest, all data analyses had
scanner type as a covariate, which limited the power to de-
tect significant correlations. We analyzed only normalized
metabolic rates because the absolute and global meta-



530 Am J Psychiatry 160:3, March 2003

BRAIN METABOLISM AND RESPONSE TO PAROXETINE

http://ajp.psychiatryonline.org

bolic rates generated by the PET methods we used were
not felt to be reliable (33, 34). Normalized and absolute
rates have shown different results in prior studies (60) and
may have given different results for this study. In addition,
the content of subjects’ thoughts during the FDG uptake
phase was not monitored, so the extent to which pre-
treatment cerebral metabolic patterns reflected specific
thoughts and emotions occurring during the scan could
not be determined. Because of these limitations, caution
is required in drawing firm conclusions from these results.

However, this study also had several strengths that af-
ford confidence in its findings. To our knowledge, this is
the largest study of its kind reported, with the largest num-
bers of OCD and major depressive disorder subjects ever
assessed before and after standardized treatment, and it is
the first to compare predictors of response to the same
treatment across different disorders. All subjects were free
from psychotropic medications for at least 4 weeks (and at
least 5 weeks for fluoxetine), reducing the risk of medica-
tion effects on baseline cerebral metabolism. No other
medication but paroxetine was allowed during the study,
eliminating confounds from polypharmacy and allowing
us to directly compare neurobiological substrates for re-
sponse to the same treatment in OCD versus major de-
pressive disorder. MRI-based localization of regions of in-
terest was used for the calculation of regional metabolic
rates. Statistical parametric mapping and region of inter-
est analyses were compared and produced similar results.

In conclusion, our results support the role of functional
neuroimaging in identifying the differential neural sub-
strates of treatment responsiveness in OCD and major de-
pressive disorder. Prediction of treatment response on the
basis of pretreatment brain activity could become increas-
ingly important in the future for understanding the mech-
anisms of treatment response and developing better inter-
ventions for patients with treatment-resistant disorders.
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