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Abstract: Variability in the affective and cognitive symptom response to antidepressant treatment has been
observed in geriatric depression. The underlying neural circuitry is poorly understood. This study evaluated
the cerebral glucose metabolic effects of citalopram treatment and applied multivariate, functional connectivity
analyses to identify brain networks associated with improvements in affective symptoms and cognitive func-
tion. Sixteen geriatric depressed patients underwent resting positron emission tomography (PET) studies of
cerebral glucose metabolism and assessment of affective symptoms and cognitive function before and after
8 weeks of selective serotonin reuptake inhibitor treatment (citalopram). Voxel-wise analyses of the normalized
glucose metabolic data showed decreased cerebral metabolism during citalopram treatment in the anterior cin-
gulate gyrus, middle temporal gyrus, precuneus, amygdala, and parahippocampal gyrus. Increased metabo-
lism was observed in the putamen, occipital cortex, and cerebellum. Functional connectivity analyses revealed
two networks which were uniquely associated with improvement of affective symptoms and cognitive func-
tion during treatment. A subcortical-limbic-frontal network was associated with improvement in affect
(depression and anxiety), while a medial temporal-parietal-frontal network was associated with improvement
in cognition (immediate verbal learning/memory and verbal fluency). The regions that comprise the cognitive
network overlap with the regions that are affected in Alzheimer’s dementia. Thus, alterations in specific brain
networks associated with improvement of affective symptoms and cognitive function are observed during cita-
lopram treatment in geriatric depression.Hum Brain Mapp 32:1677–1691, 2011. VC 2010Wiley-Liss, Inc.
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INTRODUCTION

Depression in the elderly is associated with disability, a
dramatic increase in the rate of completed suicide, greater
mortality in the medically ill, and greater risk of Alzhei-
mer’s dementia (AD; [Alexopoulos et al., 1996; Bruce and
Leaf, 1989; Conwell et al., 1996; Hendriksson et al., 1995;
Jorm, 2001; Ownby et al., 2006]. Even though there are
effective antidepressant agents, more than half of geriatric
depressed patients are partial responders or treatment re-
fractory [Dew et al., 1997]. Despite affective symptom
remission, persistent cognitive impairment is commonly
observed [Alexopoulos et al., 1993; Bhalla et al., 2006]. The
most consistent cognitive deficits observed in nonde-
mented, geriatric depressed patients include slowed speed
of processing and deficits in executive function, verbal flu-
ency, confrontation naming, explicit sequence learning,
verbal and spatial memory, and visual-spatial function
[Aizenstein et al., 2005; Alexopoulos et al., 2005; Butters
et al., 2000; de Asis et al., 2001; Kramer-Ginsberg et al.,
1999; Lockwood et al., 2000, 2002; Nebes et al., 2003]. An
understanding of the mechanisms underlying treatment
resistance, of affective and cognitive symptoms, is among
the central priorities in geriatric depression research
[Smith et al., 2007].

Over the past decade, serial clinical, neuropsychological,
and neuroimaging methods have been integrated into anti-
depressant treatment studies in geriatric depressed
patients to understand the course of symptom remission
with respect to affective and cognitive outcomes, as well
as changes in neural circuitry. Such information could
potentially inform the development of more effective inter-
vention and prevention strategies. Positron emission to-
mography (PET) studies of cerebral glucose metabolism
have identified the functional neural circuitry underlying
geriatric depression symptom remission [Smith et al., 1999,
2002a,b,c, 2009a,b]. These studies have demonstrated that
glucose metabolism is sensitive to detecting the neural cir-
cuitry involved in geriatric depression, as well as that
affected by antidepressant interventions. The study of the
relationship between the alterations in regional cerebral
glucose metabolism and the improvement of affective
symptoms and cognitive deficits is a logical next step to
identifying the neural circuitry that underlies depressive
symptom remission.

The focus of this study was to identify the network of
brain regions associated with improvements in affective
symptoms, as well as the network associated with
improvements in cognitive function during antidepressant
treatment. Cerebral glucose metabolism, affective symptom
severity, and cognitive function were measured prior to
and after 8 weeks of treatment with the SSRI, citalopram.
As shown in prior studies of total sleep deprivation (TSD)
and antidepressant treatment [see Buchsbaum et al., 1997;
Mayberg, 2003; Mayberg et al., 2000; Smith et al., 2002a,c],
it was hypothesized that 8 weeks of citalopram treatment
would be associated with decreased metabolism in the an-

terior cingulate cortex (ACC, BA 24/32), superior and
middle prefrontal, superior temporal, and parietal cortices
(precuneus), as well as increased metabolism in the basal
ganglia (putamen) and occipital cortex.

After evaluating the cerebral metabolic effects of citalo-
pram treatment, functional connectivity analyses were per-
formed using partial least squares [PLS; McIntosh and
Lobaugh, 2004; McIntosh et al., 1996, 2004] to relate the re-
gional glucose metabolic alterations to changes in affective
symptoms and cognitive function. With respect to the
functional connectivity patterns, improved affect was
hypothesized to be associated with decreased metabolism
in the ACC, medial frontal cortex, and amygdala.
Improved cognition was hypothesized to be associated
with decreased metabolism in superior frontal, medial
temporal regions (including hippocampus, parahippocam-
pal gyrus), and parietal cortices (precuneus). The hypothe-
sis that improved affective and cognitive symptoms would
be associated with decreased glucose metabolism is based
on previous studies in geriatric depression [Smith et al.,
2002a,c, 2009a,b]. In unmedicated, geriatric depressed
patients relative to controls, cortical glucose metabolism is
increased and the magnitude of increase in glucose metab-
olism in geriatric depressed patients is correlated with
greater affective symptom severity [Smith et al., 2009c].
Acute and chronic treatment is associated with reduced
metabolism in areas that are ‘‘hypermetabolic’’ at baseline
[Smith et al., 2002a,b,c, 2009a].

MATERIALS AND METHODS

Study Design

The geriatric depressed patients underwent two PET
scans on two consecutive days to measure the glucose
metabolic effects of acute, intravenous citalopram com-
pared to saline administration [Smith et al., 2009a]. Then,
patients began a 12 week treatment trial with oral citalo-
pram. The patients were rescanned after 8 weeks of citalo-
pram. Based on other antidepressant trials in geriatric
depression, the 8 week treatment interval was chosen for
the follow up scan as this interval might serve as an early
biomarker of response, and in addition, this is the time by
which patients should have demonstrated significant clini-
cal improvement [Sackeim et al., 2006]. The present report
describes the effects of 8 weeks of citalopram treatment on
cerebral glucose metabolism in the same patient sample as
reported in the prior publication of the cerebral metabolic
effects of acute (single dose) citalopram administration
[Smith et al., 2009a].

Subject Screening and Selection

Geriatric depressed patients were recruited from the
Geriatric Psychiatry Outpatient Clinic at the Zucker Hill-
side Hospital and also from advertisements in the
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community. Prior to the PET scans, the patients underwent
screening procedures including a psychiatric evaluation (a
structured clinical interview [SCID, First et al., 1995]), lab-
oratory testing (CBC and blood chemistry including glu-
cose levels and thyroid function tests), toxicology
screening, and Magnetic Resonance (MR) imaging scans
(GE 1.5T Magnetom Vision).

The inclusion criteria for the study were: (i) 60 years of
age and older; (ii) DSM-IV diagnosis of major depressive
disorder (nonbipolar, nonpsychotic) without lifetime diag-
nosis of another Axis I disorder; (iii) no current treatment
with antidepressant medication or other psychotropic
drugs (including benzodiazepines and antipsychotic
drugs); (iv) no past history of electroconvulsive therapy
(ECT) treatment; (v) a score of 17 or higher on the Hamil-
ton Depression Rating Scale [HDRS, Hamilton, 1959]; (vi)
a score of 26 or higher on the 30-item Mini Mental Status
Examination (MMSE, [Folstein et al., 1975]); (vii) no diag-
nosis of a cognitive or neurological disorder including
mild cognitive impairment or dementia, movement disor-
der (including Parkinson’s Disease) or traumatic brain
injury; (viii) no contraindication for MR scanning or focal
finding on the MR scan including a tumor or stroke; (ix)
no alcohol or drug abuse within the last 6 months; (x) not
at eminent risk for suicide or a serious suicide attempt
within the past year; (xi) no significant clinical laboratory
abnormality that would be a contraindication for citalo-
pram treatment or that would influence interpretation of
the PET scan (including hyponatremia, a positive toxicol-
ogy screen for centrally acting medications or elevated glu-
cose level or); and (xii) no current or past history of
significant medical illness (including active cancer, or insu-
lin-dependent diabetes) requiring current pharmacologic
treatment with potential central nervous system effects
(including beta blockers).

Sixteen depressed patients (10 females/6 males, age
65.3 � 9.1 years) who met these inclusion criteria were en-
rolled in the study. The years of education was 14.3 � 2.9
and the MMSE was 28.8 � 1.0. The age at onset of depres-
sion was 60.0 � 4.4 years and the duration of the index epi-
sode was 7.1 � 2.8 months. Twelve of the patients had
never been treated with psychotropic (including antide-
pressants and antipsychotics) drugs. Of the remaining four
patients, three were treated with sertraline prior to study
entry (the treatment ended from 6 months to 2 years prior
to study enrolment). The fourth patient had been treated
with nortriptyline for 2 years up until 2 weeks prior to the
PET scan at which time the plasma nortriptyline concentra-
tions were undetectable. As described in the results section,
the neuropsychological data for the patients was compared
with 13 nondepressed control subjects (who met the inclu-
sion criteria described above except ii). The controls did not
differ significantly from the patients in age, education, or
MMSE score (8 females/6 males, age 67.4 � 7.4 years, edu-
cation 13.8 � 2.7 years and mean MMSE 28.8 � 1; P > 0.05).

After a complete description of the study to the subjects,
written informed consent was obtained according to proce-

dures established by the Institutional Review Board and
the Radiation Safety Committee of the North Shore-Long
Island Jewish Health System.

Citalopram Treatment

Two days after the acute, intravenous administration of
a single dose of citalopram [as reported in Smith et al.,
2009a], the patients began treatment with the oral medica-
tion at a dose of 10 mg per day for 3 days. The dose was
increased to 20 mg on the 4th day. If significant clinical
improvement was not observed at the 20 mg dose after 4
weeks of treatment (measured as a rating of �3 on the
Clinical Global Impression Scale [CGI; Guy, 1976]), the
dose was incrementally increased to 30 mg, and then to 40
mg. The average citalopram dose at the time of the second
PET scan was 35.0 mg � 7.3. Patients were monitored on a
weekly basis in the Geriatric Outpatient Clinic of the
Zucker Hillside Hospital, at which time clinical ratings
(depressive and anxiety symptoms) were administered
and side effects were assessed. The clinical ratings
included the Hamilton Depression Rating Scale-24 item
(HDRS; [Hamilton, 1960]) and Hamilton Anxiety Rating
Scale (HARS; [Hamilton, 1959]). The clinical ratings were
also performed on the day of the PET scans. All patients
who began treatment completed the 12 week course of
treatment and were included in this report. The side
effects primarily included transient headache and nausea.
These side effects were observed in 20% of subjects within
the first few days of treatment, and subsided within the
first week of treatment.

Neuropsychological Testing

All patients underwent a neuropsychological battery
prior to starting citalopram treatment (baseline measure)
and after 8 weeks of treatment (treatment measure), within
1 week of the PET scans. The neuropsychological battery
included tests that had shown sensitivity to detecting dif-
ferences between depressed patients and nondepressed
controls, as well as tests sensitive to mild cognitive
impairment or dementia [Kramer-Ginsberg et al., 1999;
Lockwood et al., 2000]. The battery included an estab-
lished dementia rating scale (Mattis Dementia Rating
Scale, [DRS, Mattis, 1976]), as well as neuropsychological
tests that evaluated specific domains of cognition (psycho-
motor speed, executive function, verbal and spatial mem-
ory, verbal fluency, confrontation naming). As described,
13 nondepressed controls, which were demographically
matched to the patients, underwent the same neuropsy-
chological battery over the same time interval as the
patients. The neuropsychological tests included in the PLS
analyses were the tests that showed the most significant
improvement over time in patients compared with
controls.
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As described in the Results section, the tests that
showed the most significant differences included tests of
verbal fluency (Controlled Oral Words Association Test,
COWAT; [Benton and Hamsher, 1978]) and a measure of
immediate verbal learning/memory (the sum of the total
words recalled in the first five trials of the California
Verbal Learning Test-First Edition [CVLT; Delis et al.,
1988]). The pattern of regional correlations between these
variables and the PET data were evaluated for each of the
two affective or cognitive variables to determine the simi-
larities and differences between the regional pattern of cor-
relations and whether there was a rationale for combining
the affective/cognitive variables in the seed PLS analysis.

PET Imaging Procedures

The PET scans were performed on a GE Advance Tomo-
graph at the Center for Neurosciences, Feinstein Institute
for Medical Research, as described previously [Smith
et al., 2002a,b, 2009a]. Upon arrival at the PET facility, one
catheter was placed in a vein in the left arm for radiotracer
administration and a second catheter was placed in a vein
in the right arm to obtain a blood sample for radiotracer
quantification (glucose concentrations and radioactivity).
Five mCi of [18F]-2-deoxy-2-fluoro-D-glucose ([18F]-FDG)
was injected as an intravenous bolus. During the uptake
interval, the subjects sat in a darkened, quiet room with
eyes open, and ears unoccluded. Twenty-five minutes after
radiotracer injection, subjects were positioned in the PET
scanner. A 10-min transmission scan and a 5-min two-
dimensional emission scan were first acquired to perform
photon attenuation correction. A three-dimensional emis-
sion scan began 40 min after radiotracer injection, and
lasted for 10 min. At the end of the PET scan, each subject
was debriefed as to her/his perception of the study.

PET Image Quantification and Processing

Glucose metabolic rates were calculated (in ml/100 g/min)
on a pixel by pixel basis according to validated methods
[Smith et al., 2002a,b; Takikawa et al., 1993]. The method
used was a modification of the procedures developed by
Phelps et al. [1979]. A single venous blood sample was
obtained at 40 min postinjection (prior to the 3D emission
scan) and was scaled to a population-derived standardized
input function [Takikawa et al., 1993]. A venous sample was
used as after 15 min postinjection, the arterial and venous
samples have been shown to be linear with respect to count
rates and glucose concentrations [Takikawa et al., 1993]. This
simplified method to derive the input function has been
validated against standard methods to derive the arterial
input function and also shows similar test-retest variability
compared to such quantification methods [Robeson et al.,
1993; Takikawa et al., 1993].

PET data processing (coregistration, normalization,
smoothing) was performed on the quantitative glucose me-

tabolism images using the statistical parametric mapping
program (SPM5, Institute of Neurology, London [Friston,
2007]). The images were smoothed with an isotropic Gaus-
sian kernel (FWHM 8 mm for all directions).

PET Data Analysis Overview

The objectives of the PET data analysis were (i) to deter-
mine the regional glucose metabolic effects of citalopram
treatment and (ii) to relate the regional cerebral metabolic
alterations to changes in affective symptoms and cognitive
function with citalopram treatment in order to identify the
neural networks underlying improvement in these two
symptom domains.

Voxel-wise Analysis of the Citalopram Effect on

Cerebral Glucose Metabolism (SPM)

The effects of citalopram treatment on cerebral glucose
metabolism were evaluated on a voxel-wise basis using
SPM5 [Friston, 2007]. A within-subject comparison of the
baseline to 8 weeks of citalopram treatment was per-
formed, using the flexible factorial option (paired T-test) in
SPM5. The glucose metabolic rates were normalized by
scaling to a common mean value (50) for all scans, after
establishing that the global means did not differ signifi-
cantly between conditions (baseline versus treatment; P >
0.05). The data were normalized to the global mean value
because test-retest variability is greater for absolute com-
pared to relative metabolic values [Bartlett et al., 1988].
The comparisons were considered significant at a t thresh-
old greater than 3.51 (z > 2.98, P < 0.001; uncorrected for
multiple independent comparisons, cluster size [KE]
greater than 50 voxels).

Analysis of Affective and Cognitive Networks

Associated with Citalopram Treatment (PLS)

Behavior PLS [McIntosh and Lobaugh, 2004] was used
to correlate the treatment-related changes in cerebral glu-
cose metabolism with improvement in the affective and
cognitive symptom measures. PLS was used to determine
the distributed network of brain areas that correlated with
either improvement in affect or with improvement in cog-
nition. Based on this analysis, the key regions that corre-
lated with improvement in affective symptoms, and not
cognitive function (and vice versa), were determined. The
seed (or region of interest) that was consistently identified
in the behavior PLS analysis within each of the affective or
cognitive symptom domains was used in the functional
connectivity analyses.

Functional connectivity analysis using PLS (seed PLS)
was then performed to delineate the distributed network
of brain areas associated with improvements in affective
symptoms from those associated with improvements in
cognitive function. The purpose of the functional connec-
tivity analysis was to determine the network of brain
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regions that correlated with affective and cognitive
improvement during treatment that was measured by be-
havioral testing performed ‘‘outside of the scanner.’’ Thus,
the behavioral measures were also included in the func-
tional connectivity analysis (the method has also been
applied to the analysis of scans acquired in the ‘‘activated’’
state as in event-related functional magnetic resonance
imaging (fMRI), [e.g., Diaconescu et al., 2010]).

Implementation of PLS

Behavior PLS

PLS analyzes the relationship between two matrices, one
contained the brain imaging data and the other contained
the affective (HARS and HDRS) and the cognitive meas-
ures (COWAT and CVLT). The method extracted spatial
patterns that optimally represent the relationship between
two blocks of data: (i) regional glucose metabolism before
and after citalopram treatment and (ii) the outcome vari-
able (affective or cognitive measures). Correlation images
were then computed between each scan and each behav-
ioral measure yielding eight correlation images (two scans
by four behavior measures). Normalization of the voxel-
wise glucose metabolic rates to a global mean is not per-
formed in PLS.

PLS uses singular value decomposition (SVD) to identify
a set of latent variables (LVs) that characterize similarities
and differences in the correlations between scans. All corre-
lation images were stacked into a single matrix that is then
subjected to an SVD. This produces three new matrices com-
prising of: (i) singular value, which represented the amount
of brain-behavior covariance the given LV accounts for; (ii)
behavior LV, which identified the brain-behavior correla-
tion pattern between the two conditions; and (iii) voxel
saliences that reflected the corresponding spatial pattern
identified by the behavior LV. Voxel saliences were dis-
played as an image, which showed voxels weighted in pro-
portion to the strength and direction (positive or negative)
of their brain-behavior correlations [McIntosh and Lobaugh,
2004]. Considered another way, the behavior LV codes a
contrast of the pattern of correlations across behavioral
measures and scans and the image derived from that shows
how that contrast is expressed.

Functional connectivity analysis (seed PLS)

The main difference between behavior PLS and seed
PLS lies in the additional use of regions of interest (or
seeds) with the behavioral measures. The purpose here
was to find the distributed pattern that both shows robust
functional connections with the seed region and relates to
behavior.

In the present application, the brain regions that reliably
correlated with improvement in affective symptoms or
cognitive function were used as seeds for the subsequent
functional connectivity analysis (seed PLS).

The left anterior cingulate cortex (ACC, BA 24) (MNI
coordinates ¼ �1, �34, 43) was chosen as the seed for the
affective network. The right parahippocampal gyrus (PHG,
BA 36) (MNI coordinates ¼ 22, �39, �4) was chosen as
the seed for the cognitive network. The seeds were
selected based on their differential correlation pattern to
the affective and cognitive measures (see Results Section,
Tables IV–VI), and the documented involvement of these
brain regions in affect and cognitive functions, respec-
tively. Altered activity in the ACC has been reported in
neuroimaging studies of depressed patients [Canli et al.,
2004; Gotlib et al., 2005; Keedwell et al., 2005; Lawrence
et al., 2004; Mayberg et al., 1997; Surguladze et al., 2005].
PHG is activated during tasks involving verbal fluency
and immediate verbal learning/memory [Daselaar et al.,
2001; Pihlajamaki et al., 2000].

PLS statistical evaluation

For the statistical assessment of the brain-behavior corre-
lations and the functional connectivity analyses, two com-
plementary resampling techniques were used. The overall
statistical significance of the relationship between brain
and behavior measures or brain and seed voxels was
determined using permutation tests on the singular value.
Statistical control for multiple comparisons in PLS is
addressed by permutation testing that is performed at the
level of the singular value (i.e., the whole image level).
The reliability of the voxels contributing to significant pat-
terns was assessed using bootstrap estimation of standard
errors. Bootstrapping was also used to derive reliability
assessment for the correlation of each behavioral measure
or seed voxel with the overall pattern of glucose metabo-
lism in the brain. In this study, 500 permutations tests and
200 bootstrap iterations were computed [McIntosh and
Lobaugh, 2004].

RESULTS

Affective and Cognitive Measures

After 8 weeks of citalopram treatment, the patients as a
group showed significant improvement in affective symp-
toms, and significantly greater improvement on the cogni-
tive tests relative to demographically matched controls
tested over the same time interval. The means and stand-
ard deviations for these measures and the Dementia Rat-
ing Scale [DRS; Mattis, 1976] for the depressed patients are
listed in Table I. The mean total DRS score and subscale
scores were within the range observed in nondemented,
control subjects [Mattis, 1976]. Repeated measures analysis
of variance (ANOVA) for these measures in the patients
revealed significant improvements in affect (depression
and anxiety, respectively) as measured with HDRS [F
(1,15) ¼ 210.4, P < 0.001] and HARS [F (1,15) ¼ 64.1, P <
0.001]. With respect to the cognitive tests, the greatest
improvement in the patients relative to controls tested
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over the same time interval was observed in immediate
verbal learning/memory (CVLT-total recall first five trials)
[F (1,15) ¼ 19.2, P < 0.001], and verbal fluency (COWAT)
[F (1,15) ¼ 7.4, P <0.02]. The other cognitive tests did not
show a significantly greater change in the patients relative
to controls (including the Benton Visual Retention Test,
and Boston Naming Test; data not shown).

With respect to the inter-correlations between the change
scores for the affective and cognitive measures, the HDRS
was significantly positively correlated with the HARS (r ¼
0.80, P <0.001; Table II) and significantly negatively corre-
lated with the CVLT (r ¼ �0.37, P < 0.042), but not the
COWAT (�0.11, P > 0.5). In contrast, the HARS was not
significantly correlated with any of the cognitive measures.
The measures of verbal fluency and immediate verbal learn-
ing/memory (i.e., COWAT and CVLT) were not signifi-
cantly correlated with each other (r ¼ 0.22, P > 0.1; Table
II). The COWAT and CVLT measures include a verbal re-
trieval component and activate similar neural circuitries, as
shown by previous fMRI studies [Daselaar et al., 2001; Pihla-
jamaki et al., 2000]. In addition, both tests have shown
impairment in geriatric depressed patients and improve-
ments following antidepressant treatment [Butters et al.,
2000], similar to the present study. Thus, the decision was
made that including both tests would be more representa-
tive of the cognitive deficits observed in geriatric depression,
as opposed to including either one of the measures.

Comparison of Cerebral Glucose Metabolism

Prior to and During Citalopram Treatment

The results of the SPM analysis to compare glucose me-
tabolism during citalopram treatment to baseline metabo-
lism before treatment are shown in Table III (decreases
and increases in metabolism, respectively). Decreased me-
tabolism was observed in (i) limbic regions including the
right ACC (BA 24), bilateral posterior cingulate cortex
(PCC; BA 31), bilateral PHG (BA 36), left insula (BA 13),
and bilateral amygdala, (ii) frontal cortical regions includ-
ing the bilateral superior (BA 6) and medial frontal gyrus
(BA 10), (iii) temporal cortical regions including left supe-
rior and right middle temporal gyrus (STG/MTG; BA 22/
21), and (iv) left precuneus (BA 7).

Increased metabolism was observed in the (i) right thal-
amus (pulvinar and medial dorsal nuclei), (ii) dorsal stria-
tum (bilateral putamen), (iii) the right cuneus (BA 19), (iv)
left inferior parietal lobule (IPL BA 40), and (v) bilateral
cerebellum.

Behavior PLS Results

Behavior PLS analysis produced two mutually orthogo-
nal latent variables (LV1 ¼ 32.48% crossblock covariance,
P < 0.006; LV2 ¼ 27.07% crossblock covariance, P < 0.002)
that captured distinct brain-behavior correlation patterns
for the affective and the cognitive measures, respectively,
following citalopram treatment.

Affective measures

The first LV captured the correlations between the affec-
tive measures (HDRS and HARS) and cerebral glucose me-
tabolism following citalopram treatment (Fig. 1A). No
stable brain-behavior correlations were observed with the
cognitive measures; the correlation patterns for the cogni-
tive variables reflected by the first LV were negligible
(close to zero; see Fig. 1A). The brain regions exhibiting
stable brain-behavior correlations for HDRS and HARS
measures are listed in Table IV. Regions with positive
bootstrap ratios (BSR) reflect positive correlations between
the two measures, whereas regions with negative BSR
reflect negative correlations. Improvements in mood and
anxiety symptoms are reflected as lower scores on the
HDRS and HARS measures.

The brain regions that showed decreases in metabolism
and correlated with a reduction in both depressive and

TABLE II. Correlations between affective and cognitive measures during citalopram

treatment (8 weeks)

HDRS HARS COWAT CVLT

HDRS 1.00 0.80; P < 0.001 �0.11; P > 0.5 �0.37; P < 0.04
HARS 0.80; P < 0.001 1.00 0.026; P > 0.9 �0.19; P > 0.3
COWAT �0.11; P > 0.5 0.026; P > 0.9 1.00 0.22; P > 0.1
CVLT �0.37; P < 0.04 �0.19; P > 0.3 0.22; P > 0.1 1.00

TABLE I. Changes in affective and cognitive symptoms

during citalopram treatment (8 weeks)

Baseline

Citalopram
(8 weeks)
Treatment

HDRS 25.6 � 4.1 8.7 � 6.1a

HARS 14.4 � 5.5 5.3 � 3.6a

CVLT 44.1 � 7.7 51.3 � 7.3a

COWAT 38.0 � 7.8 43.7 � 8.2b

Dementia Rating Scale
(DRS) Attention (37c)

36.8 � 0.4 36.7 � 0.5

DRS Initiation/
Perseveration (371)

36.7 � 0.9 36.8 � 0.7

DRS Memory (25c) 23.8 � 1.5 24.1 � 0.9
DRS Construction (39c) 38.1 � 1.5 38.3 � 1.1
DRS Total (144c) 141.2 � 2.6 141.5 � 2.1

aSignificantly different from baseline (P � 0.001).
bSignificantly different from baseline (P < 0.05).
cMaximal Score on the respective DRS tests.
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anxiety symptoms included the bilateral amygdala, bilat-
eral ACC (BA 24), left posterior cingulate gyrus (BA 31),
frontal regions including the bilateral superior frontal
gyrus (BA 9/BA 6), the left middle frontal gyrus (BA 46),
right insula (BA 13), and left superior temporal gyrus
(STG, BA 22). Negative correlations with the HDRS and
HARS measures were noted in the right middle frontal
gyrus (BA 46) and the left superior parietal lobule (BA 39)
(Fig. 1B; Table IV). The brain-behavior correlation patterns
of the two clinical measures, HARS and HDRS, over-
lapped significantly, which is consistent with previous evi-
dence of comorbidity of depressive and anxiety symptoms
in geriatric depression [as reviewed by Lenze et al., 2001].

Cognitive measures

The second LV captured the correlations between the
cognitive measures (COWAT and CVLT) and cerebral glu-
cose metabolism following citalopram treatment (Fig. 2A).
This LV reflects a lack of stable brain-behavior correlations
with the affective measures, as suggested by the large con-
fidence intervals that are close to zero (see Fig. 2A). All
regions with stable brain-behavior correlations for the cog-
nitive measures are listed in Table V. Regions with posi-
tive BSR reflect negative brain-behavior correlations, while
regions with negative BSR reflect positive correlations.
Improvements in immediate verbal fluency and verbal
learning/memory are reflected as increased scores on the
COWAT and CVLT measures.

The brain regions that showed decreases in metabolism and
correlated with an improvement in verbal fluency included
the bilateral PHG (BA 36), frontal regions [left medial frontal
gyrus (BA 10), right middle frontal gyrus (BA 46), left orbito-
frontal cortex (BA 11)], temporal regions [left MTG (BA 21),

right ITG (BA 20)], left precuneus (BA 7), and the bilateral cer-
ebellum. Positive correlations with the COWATmeasure were
noted in the right lingual gyrus (BA 18), left fusiform gyrus
(BA 37), and right putamen (Fig. 2B; Table V).

TABLE III. Decreases and increases in cerebral glucose metabolism during citalopram treatment (8 weeks)

Left Hemisphere

Structure

Right Hemisphere

x (mm) y (mm) z (mm) Z score Cluster size x (mm) y (mm) z (mm) Z score Cluster size

Decreases in cerebral glucose metabolism during citalopram treatment (8 weeks)

Anterior cingulate (BA 24) 8 �8 41 3.78 27,907
�4 14 62 4.21 1,186 Superior frontal gyrus (BA 6 ) 16 57 31 3.08 315
�9 29 37 3.32 7,646 Medial frontal gyrus (BA 10) 8 43 38 2.6 905
�43 �40 7 3.79 5,237 Superior temporal gyrus (BA 22)

Middle temporal gyrus (BA 21) 57 1 �25 3.9 15,647
�18 �81 42 3.45 727 Precuneus (BA 7)
�5 �46 18 3.47 723 Posterior cingulate (BA 31) 10 �45 25 3.38 1,409
�29 23 3 3.56 1,680 Insula (BA 13)
�27 �18 �24 3.08 1,884 Parahippocampal gyrus (BA 36) 22 �39 �10 3.19 1,582
�19 �8 �7 4.49 776 Amygdala 23 �5 �22 3.58 188
Increases in cerebral glucose metabolism during Citalopram treatment (8 weeks)

�30 �7 7 3.06 1,181 Putamen 31 �17 �1 3.84 357
Thalamus (pulvinar) 15 �27 9 3.59 1,960

�43 �62 46 3.69 585 Inferior parietal lobule (BA 40) 34 �59 44 3.19 3,477
Cuneus (BA 7) 16 �74 30 3.53 1,716

�28 �79 �16 3.41 2,761 Cerebellum (declive) 16 �77 �21 3.76 1,224

Figure 1.

Behavior PLS results (LV1): Affective measures.
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The brain regions that showed decreases in metabolism
and correlated with improvement in immediate verbal
learning/memory included: the bilateral hippocampus,
right PHG (BA 36), frontal regions [bilateral orbitofrontal
gyrus (BA 11), medial frontal gyrus (BA 10), middle fron-
tal gyrus (BA 46)], temporal regions [bilateral ITG (BA 20)
and bilateral MTG (BA 21)], parietal regions [the left IPL
(BA 40), right SPL (BA 39), and bilateral precuneus (BA
7)]. The putamen, right superior occipital gyrus (BA 19),
and left fusiform gyrus correlated positively with the
CVLT measure (Fig. 2B; Table V).

Functional Connectivity (seed PLS) Results

The results of the behavior PLS analyses were evaluated
to identify the brain regions that reliably correlated with
improvement in affective symptoms, and not cognitive
function (and vice versa). Those brain regions were used
as seeds for the subsequent seed PLS analysis.

ACC seed and improvement in affect (depressive

mood and anxiety)

The left ACC showed decreased metabolism during
treatment that correlated significantly with improved
HDRS and HARS scores (r ¼ 0.72 and r ¼ 0.54, P < 0.05,
respectively; Table VI), but not with the cognitive meas-
ures: COWAT and CVLT (Table VI). Thus, the left ACC
(BA 24) (MNI ¼ �1, �34, 43) was chosen as seed in the
functional connectivity analysis to determine the network
associated with improvement in affective symptoms.

The network of regions that correlated with the left ACC
seed and with improved affect (LV1 ¼ 52.91% cross-block co-
variance, P < 0.01) was comprised of the left amygdala, fron-
tal regions [right orbitofrontal cortex (BA 11), bilateral medial
frontal gyrus (BA 10), bilateral middle frontal gyrus (BA 46),
bilateral superior frontal gyrus (BA 6), and right inferior fron-
tal gyrus (BA 45)], right ACC (BA 24), the bilateral insula (BA
13), and left midbrain. In contrast, the right inferior occipital
gyrus and fusiform gyrus (BA 18/37) exhibited increases in

glucose metabolism and correlated with improvements in
mood/anxiety symptoms (Table VII). A schematic diagram
of the functional network obtained is shown in Figure 3.

PHG seed and improvement in cognitive

function (verbal fluency and immediate

verbal learning/memory)

The evaluation of the behavioral PLS results indicated
that the right PHG (BA 36) (MNI ¼ 22, �39, �4) showed

Figure 2.

Behavior PLS results (LV2): Cognitive measures.

TABLE IV. Local maxima from brain-behavior PLS analysis between the affective

measures (HDRS/HARS) and brain glucose metabolism (LV1)

X (mm) Y (mm) Z (mm) BSR Cluster Size (voxels) Laterality Regions BA

�23 �3 �19 3.56 81 Left Amygdala
33 �1 �26 4.94 55 Right Amygdala

�5 �41 55 9.53 8,621 Left Anterior cingulate cortex BA 24
6 �43 32 4.66 271 Right Anterior cingulate cortex BA 24

�17 22 64 4.45 148 Left Superior frontal gyrus BA 9
20 30 55 7.46 660 Right Superior frontal gyrus BA 6

�43 53 12 4.4 345 Left Middle frontal gyrus BA 46
39 1 65 �4.62 194 Right Middle frontal gyrus BA 46
42 �11 6 3.81 79 Right Insula lobe BA 13

�64 �23 10 5.82 1,502 Left Superior temporal gyrus BA 22
�3 �45 27 4.46 304 Left Posterior cingulate cortex BA 31
�28 �64 67 �9.47 545 Left Superior parietal lobule BA 39
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decreased metabolism during treatment and correlated sig-
nificantly with improved cognitive function as measured
with COWAT and CVLT (r ¼ �0.42, r ¼ �0.60, P < 0.05,
respectively; Table VIII). In contrast, glucose metabolism
measured at the right PHG seed did not correlate with the
affective measures (HDRS, HARS) (P > 0.3; Table VI).

The network of regions that correlated with the right
PHG seed and with improved scores in the COWAT and
CVLT measures (LV1 ¼ 39.53% cross-block covariance, P <
0.0001) included the left hippocampus, frontal [bilateral
middle frontal gyrus (BA 46), bilateral orbitofrontal cortex
(BA 11), and left inferior frontal gyrus (BA 47)], temporal
regions [left ITG (BA 20), bilateral MTG (BA 21), and right
STG (BA 22)], parietal regions [left IPL (BA 40) and right
post-central gyrus (BA 2)], and the bilateral cerebellum
(Table VIII). In contrast, the bilateral insula and occipital
areas [bilateral lateral occipital gyrus (BA 19), right superior
occipital gyrus (BA 39), and right fusiform gyrus (BA 37)]
showed increased metabolism and also correlated with
improvements in the two cognitive measures. A schematic
diagram of the functional network obtained is illustrated in
Figure 4.

DISCUSSION

The Affective and Cognitive Effects of Chronic

Citalopram Treatment

After 8 weeks of citalopram treatment, patients showed
significant improvements in affective symptoms and cog-
nitive function, as well as alterations in cerebral glucose
metabolism. A significant reduction in depressive and anx-
iety symptoms was observed (HDRS and HARS), as well
as improvements in immediate verbal learning/memory,
and verbal fluency. Upon evaluating the inter-correlations
between the affective and cognitive variables, a significant
correlation between the HDRS and HARS was observed,
as expected, given that improvement of both depressive
and anxiety symptoms is observed with antidepressant
treatment [e.g., Lenze et al., 2003]. As performance on cog-
nitive tests (including attention and memory) improves
with depressive symptom remission, a significant correla-
tion between the HDRS and the CVLT measures was also
observed, as expected [cf. Butters et al., 2000]. In contrast,
the HARS was not significantly correlated with any of the

TABLE V. Local maxima from brain-behavior PLS analysis between cognitive

measures (COWAT/CVLT) and brain glucose metabolism (LV2)

X (mm) Y (mm) Z (mm) BSR Cluster Size (voxels) Laterality Regions BA

�25 �15 �18 3.9 27 Left Hippocampus
37 �32 �8 3.81 19 Right Hippocampus

�25 �22 �20 5.3 566 Left Parahippocampal gyrus BA 36
24 �10 �27 4.78 384 Right Parahippocampal gyrus BA 36

�3 43 49 6.42 1,673 Left Superior medial frontal gyrus BA 10
11 37 45 3.61 51 Right Superior medial frontal gyrus BA 10

�31 20 30 3.52 192 Left Middle frontal gyrus BA 46
36 50 12 3.7 44 Right Middle frontal gyrus BA 46

�24 43 �17 3.61 46 Left Orbitofrontal gyrus BA 11
20 39 �14 4.6 65 Right Orbitofrontal gyrus BA 11

�44 �53 19 5.51 101 Left Middle temporal gyrus BA 21
53 �33 2 7.98 800 Right Middle temporal gyrus BA 21

�56 �8 �37 5.86 802 Left Inferior temporal gyrus BA 20
55 �8 �40 6.39 791 Right Inferior temporal gyrus BA 20

�14 �55 27 3.71 91 Left Precuneus BA 7
10 �59 19 3.7 64 Right Precuneus BA 7

�44 �60 55 8.94 1,154 Left Inferior parietal lobule BA 40
29 �49 75 5.03 258 Right Superior parietal lobule BA 39
33 �82 43 �4.67 288 Right Superior occipital gyrus BA 19

�17 �32 �17 �4.75 1,104 Left Fusiform gyrus BA 37
32 0 1 �4.75 403 Right Putamen
43 �57 �26 7.02 3,800 Right Cerebellar declive

�37 �43 �39 8.52 2,717 Left Cerebellum
11 �38 �15 6.73 2,226 Right Cerebellum

TABLE VI. Seed and behavioral measure correlations

HDRS HARS COWAT CVLT

Left ACC seed 0.72; P < 0.023 0.54; P < 0.04 �0.07; P > 0.7 0.12; P > 0.4
Right PHG seed �0.08; P > 0.6 �0.12; P > 0.3 �0.42; P < 0.04 �0.60; P < 0.001
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cognitive measures which might be explained by the mod-
erate levels of anxiety in this patient sample. The lack of
significant correlation between the COWAT and CVLT
suggested that while improvement is observed on both
tests, the magnitude of improvement may not be intercor-
related because performance on these tests is dependent
on multiple aspects of cognition that overlap to some
extent (e.g., the learning component of the CVLT, the re-
trieval of information in long term storage involved in the
COWAT).

The Cerebral Metabolic Effects of Chronic

Citalopram Treatment

Decreased glucose metabolism during citalopram treat-
ment was observed in the ACC (BA 24), insula (BA 13),
amygdala, PHG, superior and medial frontal, precuneus,
medial and lateral temporal cortical regions. Previous
PET studies have identified similar reductions in glucose
metabolism with antidepressant treatment in anterior
regions as observed in the present study, including bilat-
eral anterior cingulate [Brody et al., 2001; Mayberg
et al., 2000; Smith et al., 2002a; Vlassenko et al., 2004],
superior frontal gyrus (BA 6) [Brody et al., 1999; Gold-
apple et al., 2004; Smith et al., 2002a], and medial fron-
tal gyrus (BA 10) [Buchsbaum et al., 1997; Brody et al.,
1999, 2001; Smith et al., 2002a; Vlassenko et al., 2004].
The regions that showed decreased cerebral glucose me-
tabolism and that were associated with improved cogni-
tive function in the present study (hippocampus and
parahippocampal gyrus) have also shown reduced me-
tabolism with antidepressant treatment in studies of
mid-life depressed patients [Goldapple et al., 2004;
Kennedy et al., 2001; Mayberg et al., 1999, 2000].

The brain regions that showed decreased glucose metabo-
lism during citalopram treatment in the present study have

also shown altered functional brain activity to cognitive and
affective stimuli in older depressed patients relative to con-
trols. A PET study in geriatric depression found reduced
hippocampal and bilateral cingulate activity during verbal
fluency tasks [de Asis et al., 2001]. Another PET study inves-
tigating limbic-frontal activity in response to negatively
valenced autobiographical scripts found decreased activity

TABLE VII. Local maxima from spatiotemporal seed PLS with the left ACC as seed

X (mm) Y (mm) Z (mm) BSR Cluster Size (voxels) Laterality Region BA

0 �27 �5 3.08 7 Left Midbrain
�28 �6 �18 3.39 42 Left Amygdala

5 33 36 3.39 94 Right Anterior cingulate cortex BA 24

�15 2 71 3.26 3,492 Left Superior frontal gyrus BA 6
20 31 55 5.81 357 Right Superior frontal gyrus BA 6

�6 54 �9 4.74 386 Left Superior-medial frontal gyrus BA 10
17 70 16 4.26 69 Right Superior-medial frontal gyrus BA 10

�25 38 32 6.01 943 Left Middle frontal gyrus BA 46
53 48 3 5.50 295 Right Middle frontal gyrus BA 46
54 22 33 3.25 28 Right Inferior frontal gyrus BA 45
6 53 �22 4.56 605 Right Orbitofrontal cortex BA 11

�35 �12 7 3.35 48 Left Insula BA 13
44 �11 7 3.39 102 Right Insula BA 13
47 �83 �9 �3.29 18 Right Inferior occipital gyrus BA 18
39 �57 �10 �3.59 45 Right Fusiform gyrus BA 37

Figure 3.

Functional network associated with affective symptom improvement.
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in the subgenual cingulate and increased activity in the dor-
solateral prefrontal and inferior parietal regions that were
associated with recovery from depression in mid-life
patients [Mayberg et al., 1999].

The Relationship of the Alterations in Cerebral

Glucose Metabolism to Changes in Affective

Symptoms and Cognitive Function

The results of the behavior PLS analysis suggest distinct
functional networks associated with affective symptoms
and cognitive function during citalopram treatment. Stud-
ies in mid-life depressed patients have implicated more
rostral aspects of the ACC (BA 24/25), while in the pres-
ent study, brain-behavior correlations are observed with
the more dorsal aspects of the ACC (see Fig. 1). The dorsal
ACC also shows reduced glucose metabolism during acute
citalopram administration [Smith et al., 2009b].

The regions exhibiting strong relationships with
improved verbal fluency and immediate verbal learning/
memory function (as measured with COWAT and CVLT,
respectively) included the parahippocampal gyrus and the
orbitofrontal cortex (see Fig. 2). These areas show reduced
gray matter volumes in geriatric depression in some stud-
ies which suggests that these regions may be involved in a
neurodegenerative disease process [Ashtari et al., 1999; Lai
et al., 2000; Lee et al., 2003].

Functional connectivity analyses were performed in the
interest of distinguishing the regional metabolic changes
that relate to improvements in affective symptoms from
those related to improvements in cognitive function. Two

functional networks that were distinctly associated with
improvements in affective symptoms and cognitive function
during treatment were identified.

TABLE VIII. Local maxima from spatiotemporal seed PLS with the right

PHG as seed

X (mm) Y (mm) Z (mm) BSR
Cluster Size
(voxels) Laterality Region BA

�12 �7 �23 6.41 906 Left Hippocampus
�27 44 21 4.48 225 Left Middle frontal gyrus BA 46
33 47 11 3.58 204 Right Middle frontal gyrus BA 46

�1 32 �14 5.55 227 Left Orbitofrontal cortex BA 11
20 39 �14 4.09 56 Right Orbitofrontal cortex BA 11

�26 28 �22 4.29 147 Left Inferior Frontal Gyrus BA 47
�34 10 17 �4.91 357 Left Insula BA 13
65 �9 6 3.68 37 Right Superior temporal gyrus BA 22

�66 �7 �19 3.91 58 Left Middle temporal gyrus BA 21
53 �59 �17 4.64 93 Right Middle temporal gyrus BA 21

�48 �52 �13 5.25 520 Left Inferior temporal gyrus BA 20
41 �24 51 6.21 395 Right Postcentral gyrus BA 2

�47 �55 49 5.74 614 Left Inferior parietal lobule BA 40
�12 �91 �11 �4.86 459 Left Lateral occipital gyrus BA 19
23 �100 31 �3.18 16 Right Lateral occipital gyrus BA 19
24 �87 17 �3.23 22 Right Superior occipital gyrus BA 39
27 �48 �16 �4.67 431 Right Fusiform gyrus BA 37

�19 �65 �37 5.26 1,835 Left cerebellum Pyramis
�27 �54 �49 4.52 843 Left cerebellum
10 �50 �46 4.77 878 Right cerebellum

Figure 4.

Functional network associated with cognitive improvement.
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Functional Network Associated with Affective

Symptom Improvement

A subcortical-limbic-frontal functional network was
associated with improved affect (depression and anxiety)
during citalopram treatment. The functional network was
comprised of the ACC seed, left amygdala, bilateral mid-
dle (BA 46) and superior frontal (BA 6/9) cortical regions,
and bilateral insula (BA 13) (Table VII; Fig. 3). In addition
to frontal regions that have previously exhibited altered
activity patterns for cognitive and affective stimuli in
geriatric patients [Aizenstein et al., 2005], the amygdala
and insula have also been associated with reductions in
cerebral glucose metabolism during antidepressant treat-
ment [Kennedy et al., 2001; Mayberg et al., 2000].

Recent fMRI studies have shown reduced prefrontal ac-
tivity in sequence learning tasks [Aizenstein et al., 2005] in
elderly patients with depression, and increased BOLD activ-
ity in the anterior cingulate (BA 24) [Gotlib et al., 2005] and
amygdala [Canli et al., 2005] in response to negatively
valenced stimuli in young and middle-aged adults with
depression. Studies in younger depressed patients using
positively valenced stimuli reported decreased activation in
a large cluster of regions including the left orbital-frontal
region [Keedwell et al., 2005; Lawrence et al., 2004], and pre-
genual and posterior cingulate cortices [Canli et al., 2004].

These activation studies have shown decreased responsive-
ness in the amygdala, cingulate, and frontal cortices in mid-
life depressed patients. The present study, however, suggests
that depressive and anxiety symptom improvements are asso-
ciated with decreased metabolism in cingulate and amygdala
regions during citalopram treatment in older patients with
depression, the majority of whom had not been treated previ-
ously with antidepressant medications. While these affective
and cognitive activation studies generally showed blunted
activation responses, when studied during the ‘‘resting’’ state,
cerebral glucose metabolism is increased in geriatric depres-
sion and is reduced during treatment [Smith et al., 2009a,b].
This apparent discrepancy may suggest that metabolism may
reflect a different physiological process that represents a com-
pensatory response for the inability to engage these brain
regions in affective or cognitive processing tasks.

With respect to the neurochemical substrates of the net-
work, the cortical and midbrain regions involved suggest
that interactions between sub-cortical monoamine systems
(serotonin and dopamine) and cortical glutamate systems
that are modulated by citalopram treatment may underlie
the cerebral metabolic alterations associated with the
observed improvements in depression and anxiety [as
reviewed by Pralong et al., 2002; Smith et al., 2002b, 2009a].

Functional Network Associated with Cognitive

Improvement

A medial temporal-parietal-frontal functional network
was related uniquely to improved cognitive function

(measured with CVLT and COWAT) during citalopram
treatment. The network was comprised of the right PHG
seed, left hippocampus, middle frontal, bilateral orbito-
frontal (BA 11), medial temporal, and posterior parietal
cortices, such as the IPL (BA 40) (Table VIII; Fig. 4).

The medial temporal-parietal-frontal network identified
has been previously associated with several processes
including visuo-spatial imagery, episodic memory re-
trieval, and self-processing, as reviewed in [Cabeza and
Nyberg, 2000]. Since medial temporal and parietal regions
are associated with verbal fluency and immediate verbal
learning/memory [Cabeza et al., 1997; Daselaar et al.,
2001; Pihlajamaki et al., 2000], improvement in these spe-
cific tasks with citalopram treatment may be related to the
modulation of the temporal-parietal-frontal network
identified.

Verbal fluency and verbal learning/memory are cogni-
tive processes that are specifically impaired in geriatric
depression [Butters et al., 2000]. In some studies, deficits
on such tests persist after remission of depression symp-
toms [Alexopoulos et al., 2005; Bhalla et al., 2006; Lock-
wood et al., 2000; Nebes et al., 2000]. The geriatric
depressed patients in the present study were not as cogni-
tively impaired as the subjects enrolled in the aforemen-
tioned studies (as shown by the MMSE and DRS scores of
the patients in the present study that fall within the ranges
reported in nondemented, healthy control subjects). In
addition, the patients in this study were medically stable,
and, over 70% of them, were not previously treated with
antidepressant medications. These factors (i.e., later onset
of depression and low medical comorbidity) may explain
the differences in baseline cognitive function between the
patients enrolled in the present study and patients with
persistent cognitive impairment reported in previous stud-
ies of geriatric depression. However, geriatric depressed
patients who demonstrated ‘‘reversible’’ cognitive impair-
ment during the index depressed episode have been show
to decline cognitively despite an initial improvement in
cognition [Alexopoulos et al., 1996]. Longitudinal studies
in geriatric depressed patients are critically needed to fur-
ther understand the prognostic significance of the cogni-
tive and cerebral metabolic responses to antidepressant
treatment.

Considerations Regarding the Study Design and

Data Interpretation

Several issues should be considered when interpreting
the present findings. This was a complex study involving
PET imaging, and clinical and cognitive assessments
before and during treatment. The sample size is relatively
small as it was extremely challenging to recruit never
medicated, medically stable geriatric depressed patients.
Thus, the study sacrifices the generalizability of the results
for the purpose of attaining strong internal validity. The
present findings should be replicated in a larger sample of
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patients. Another issue is that the study did not include a
nondepressed comparison group evaluated and rescanned
at the same time interval as the patients. Thus, the validity
of the networks in control subjects over time cannot be
evaluated. Another issue is the lack of a placebo control
group. Changes in cerebral glucose metabolism similar to
those observed with antidepressant treatment have been
observed in placebo treated patients [Mayberg, 2002].
While the effects of placebo response cannot be ruled out,
it is important to note the rate of treatment nonresponse
observed in the study was about 25%, similar to that
observed in placebo-controlled antidepressant clinical tri-
als in geriatric depression [e.g., Little et al., 1998].

SUMMARY

In summary, reductions in cerebral glucose metabolism
were observed during 8 weeks of citalopram treatment in
geriatric depressed patients that were more extensive with
respect to decreases in regional cerebral glucose metabo-
lism than that observed after acute antidepressant inter-
ventions [TSD and acute citalopram administration; Smith
et al., 2002a,b,c, 2009a]. The application of the PLS method
in the present study identified the functional networks
associated with improvements in affective symptoms in
contrast to those associated with improvements in cogni-
tive function, as hypothesized. Many of the regions impli-
cated in the PLS analysis also show metabolic effects in
the SPM analyses in the present study, as well as previous
studies in geriatric depression [e.g., Smith et al., 2002a,b,
2009a] and are consistent with regions implicated in affec-
tive and cognitive activation studies, as discussed in this
section. The underlying mechanisms of the midbrain-lim-
bic-frontal affective network may involve interactions
between monoaminergic and glutamatergic systems. The
regions involved in the medial temporal- parietal-frontal
cognitive network overlap with the regions affected in
Alzheimer’s dementia and may reflect neuronal vulner-
ability to a neurodegenerative processes [such as b-amy-
loid deposition, Buckner et al., 2005]. An understanding of
the cerebral metabolic networks associated with the affec-
tive and cognitive responses to antidepressant treatment is
critical to the design of future mechanistic studies. The
application of molecular neuroimaging methods to evalu-
ate the pathophysiology of affective and cognitive symp-
toms may inform strategies for improved clinical
management of affective symptoms and for prevention of
neurodegenerative processes that might underlie progres-
sive cognitive dysfunction in geriatric depression.
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