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Abstract
Objective and Methods—The neurobiology of late-life anxious depression (LLAD) is poorly
characterized despite evidence that this is a common and severe subtype of late-life depression. To
identify the neuroanatomical substrate of late-life anxious depression, we examined event-related
fMRI data collected in 8 subjects with late-life depression, half of whom had high levels of
comorbid anxiety. Subjects were trained on the Preparing to Overcome Prepotency (POP) task,
which is an executive control task that reliably activates the lateral prefrontal cortex - anterior
cingulate cortex cognitive control circuit.

Results—Time series analysis showed that, when compared with elderly depressed subjects,
elderly subjects with anxious depression performing the POP task produced a significantly greater
and more sustained signal in three regions: BA 24 (dorsal anterior cingulate), BA31 (posterior
cingulate) and BA6 (prefrontal cortex). While elderly subjects with pure depression presented a
bimodal activation curve in the dorsal anterior cingulate and the posterior cingulate, elderly
subjects with anxious depression presented a sustained unimodal activation pattern.

Conclusions—Our preliminary results suggest specific activation patterns unique to anxious
depression that may suggest greater and more sustained efforts of the ACC to carry out cognitive
control tasks. Further research is needed to clarify the neuroanatomical basis of late-life anxious
depression.
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INTRODUCTION
Comorbid anxiety is common in depressive disorders, both in middle (Flint, 1994, Kessler et
al., 1994, Fava et al., 2004) and later life (Ben-Arie et al., 1987, Beekman et al., 2000,
Mulsant et al., 1996, Lenze et al., 2000). Comorbid anxiety is clinically relevant as
evidenced by its impact on both acute (Fawcett, 1997, Flint and Rifat, 1997a, Andreescu et
al., 2007, Steffens and McQuoid, 2005, Dew et al., 1997, Lenze et al., 2003, Alexopoulos et
al., 2005) and maintenance treatment of late-life depression (LLD) (Andreescu et al., 2007,
Flint and Rifat, 1997b).

The functional neuroanatomy of LLD includes fronto-striatal disconnectivity associated with
an increased burden of white matter hyperintensities (Smith et al., 2007, Aizenstein et al.,
2005, Alexopoulos, 2002). Although there is a large body of literature examining the
functional neuroanatomy of anxiety (including amygdala, insula and prefrontal
hyperactivation as well as altered coupling of the amygdala-prefrontal network) (Cannistraro
and Rauch, 2003, Etkin and Wager, 2007, LeDoux, 2000, Deckersbach et al., 2006, Stein et
al., 2007, Mobbs et al., 2007, Hariri et al., 2003), the functional neuroanatomy of late-life
anxiety is not well defined, which is striking because more than half of the cases of LLD are
accompanied by substantial anxiety (Beekman et al., 2000). Given the malignant role of
comorbid anxiety in short- and long-term treatment response of LLD, anxious depression
appears to be not just a more severe form of depression but possibly a distinctive dimension
with a unique neurobiological profile. As the biology of LLD involves vascular and
neurodegenerative changes of aging, late life anxiety represents probably more than a
geriatric version of middle-age anxiety, and some of its neuroanatomical features are likely
conditioned by the vascular and degenerative changes experienced by the aging brain. The
identification of such a profile would be instrumental in distinguishing biological predictors
or moderators of treatment response in LLD and could allow further design of more
efficacious pharmacological strategies for LLD and late-life anxious depression (LLAD).

In an attempt to describe features of the neurobiological profile of LLAD, we performed a
post-hoc analysis on an event-related fMRI dataset collected in eight subjects with LLD,
half of whom had comorbid anxiety. Based on previous literature reporting increased
anxiety-induced hyperfrontality (Mobbs et al., 2007, Rauch et al., 1997), we hypothesized
that subjects with both anxiety and depression would have a greater activation of the medial
prefrontal cortex (in particular in the anterior cingulate) when compared with depressed
subjects with low anxiety.

METHOD
Data for this study were provided by the second and third Maintenance Therapies in Late-
life Depression studies (MTLD-II and MTLD-III) conducted at the University of Pittsburgh
Advanced Center for Intervention and Services for Late-Life Mood Disorders between 1999
and 2004 (MTLD-II) and between 2004 and 2006 (MTLD-III). Details of the MTLD studies
protocols are described elsewhere(Reynolds et al., 2006). In brief, participants were age 65
or older, with a Structured Clinical Interview for DSM-IV (SCID) current diagnosis (First
M, 1995) of non-psychotic, non-bipolar major depressive disorder (single-episode or
recurrent), a 17-item Hamilton Depression Rating Scale (HDRS) of 15 or higher (Hamilton,
1960) and a Mini Mental State Examination (MMSE) score of 24 or higher (Folstein et al.,
1975). Cognitive function was assessed with the Dementia Rating Scale (Mattis, 2004) and
the Executive Interview (Royall et al., 1992). Subjects with a lifetime history of psychosis or
mania, or with a history of substance dependence in the 6 months prior to the screening were
excluded. Symptoms of anxiety were measured using the self-report anxiety scale from the
Brief Symptom Inventory [BSI, (Derogatis LR, 1983)]. The BSI is a validated self-report
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scale developed from the Symptom Checklist Inventory SCL-90-R with strong test-retest
and internal consistency reliabilities (Derogatis LR, 1983). For this study we used a
categorical BSI anxiety measure and we dichotomized those with higher versus lower
anxiety by using a median split (median value for the sample = 0.58). We used a median
split because BSI scores tends to be skewed (requiring transformation) and also because this
approach demonstrated predictive validity in previous analyses using the BSI (Andreescu et
al., 2007). Prior psychotropic medications were discontinued at enrollment. Subjects were
treated with nortriptyline (MTLDI) and paroxetine (MTLDII), and lorazepam was allowed
on an as needed basis.

Eight subjects with LLD were included in this study. The scans were performed in the first
month following each study's baseline evaluation. Informed consent was obtained prior to
scanning through procedures approved by the University of Pittsburgh's Institutional Review
Board. Each subject was paid $50 for his or her participation.

Procedures
Preparing to Overcome Prepotency (POP) task—After signing informed consent,
participants were trained on the Preparing to Overcome Prepotency (POP) task outside the
MR scanner until they were familiarized with the task (5-10 minutes). The POP task is an
executive control task that reliably activates the dorsolateral prefrontal cortex (dLPFC) -
dorsal anterior cingulate cortex (dACC) cognitive control circuit. It is derived from the
switching Stroop task described by MacDonald et al. (MacDonald et al., 2000) This task has
two components, separated by a delay: an instruction (or cue) phase and a decision (or
probe) phase. As in the switching Stroop task, the instruction (cue) phase involves a decision
(i.e., conflict monitoring) phase meant to engage the dACC and an executive maintenance
component meant to engage the dLPFC. The POP task, which has been validated in several
studies (MacDonald et al., 2000, Snitz et al., 2005, Kerns et al., 2004), is particularly well
suited for studying anxiety due to the suspected interference of threat monitoring with the
conflict-monitoring task phases. Threat monitoring is believed to be a core psychological
component of anxiety, and thus we expected it to differentiate the anxious depressed
subjects from the purely depressed group.

The POP task involves presentation of cues (green/red square) during the preparation phase
of the task, indicating whether response to an upcoming probe (arrow on right/left) should
be congruent (low-load condition) or incongruent (high-load condition) (see Figure 1).
During congruent conditions, the individual has to push a button underneath his left index
finger if the arrow is pointing left, and he has to push a button placed underneath his right
index finger if the arrow is pointing right. During incongruent tasks, the individual has to
invert this order (e.g. push the button underneath his left index if the arrow is pointing right).
Red and green cues alternated quasi-randomly during the task to guarantee that 25% of the
trials contained a red cue. Indicators of behavioral performance included accuracy rates
(number of correct answers/number of total answers), reaction time (RT, in milliseconds)
calculated on correct trials only, and percent increase in RT ([average RT in high-load minus
average RT in low-load conditions]/average RT in low-load conditions). The percent
increase in RT was considered a measure of the load-effect, in that it indicated a
proportionally slower response during high load compared to low-load tasks (see Figure 1).

Scanning Procedures
Data Acquisition—Imaging data were collected with a 1.5T Signa scanner (GE Medical
Systems). Highresolution anatomical images - spoiled gradient recalled (SPGRs) were
acquired for each subject. Additionally, T1-weighted structural images were acquired with a
3.8 mm thickness (in-plane with the functional images). These had 36 oblique axial slices
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oriented parallel to a line from the anterior to posterior commissures (the AC-PC line), with
an in-plane resolution of 0.9375 mm2 and a field of view of 240 mm2. Functional images
were acquired using a one-shot spiral pulse sequence with TE=35ms and TR=2000ms; 26
oblique axial slices were acquired with an in-plane resolution of 64x64 with 3.75 mm2

pixels and a slice thickness of 3.8 mm, and a field of view of 240 mm2. The 4th most inferior
slice of the functional images was aligned with the AC-PC line. Images were acquired in
four blocks of 24 trials each. There were 10 scans per trial, with each scan lasting 2000 ms.
Thus each trial lasted 20 seconds. The cue was presented for 0.5 seconds, followed by 9.5
seconds of a fixation cross in the center of the screen. The probe was then presented for 0.5
seconds. This was then followed by an additional 9.5 seconds of fixation before the next
cue.

Image Analysis—Images were first pre-processed with movement correction (using a 6
parameter rigid body registration)(Woods et al., 1998). The images were then co-registered
to a common space (MNI, colin27) using a fully-deformable registration procedure (Chen,
1999). We previously demonstrated that this procedure overcomes some of the limitations of
standard 12-parameter linear affine or smooth non-linear methods (such as SPM), which is
particularly relevant for elderly imaging studies (Wu et al., 2006). After registration, the
functional images were smoothed with a 4 mm FWHM (full-width half maximum)
smoothing kernel. Voxel-wise analysis was then conducted comparing the two groups with
high versus low BSI scores. The images were compared using a random-effects (with
subject as the random variable) 3-way ANOVA contrasting group (high versus low BSI) by
condition (red or green) by scan number (scans 1-10 over the course of each trial). The
whole brain 3-way ANOVA was performed using NeuroImaging Software (NIS-
http://kraepelin.wpic.pitt.edu/nis). As in previous neuroimaging studies using similar tasks
(Carter et al., 2000), we used a voxel-wise threshold of .01 and a contiguity threshold of 8.
This threshold is based on work by Forman et. al., which demonstrated that a contiguity of 8
corrects for multiple comparison with voxel-wise p = .01 (Forman et al., 1995) and leads to
an image-wise alpha of p < 0.05. This same approach has been used in several other
functional imaging studies using a protocol very similar to the current one (Kerns et al.,
2004, MacDonald et al., 2000).

RESULTS
Demographic and clinical characteristics of the groups are presented in Table 1.

The 3-way ANOVA time series analysis, [thresholded with a Fisher's F-test > 2.755, dF(9,
54), voxel-wise p<0.01, and 8 voxel contiguity threshold] showed a significant effects in the
group-by-scan interaction: elderly subjects with higher comorbid anxiety have a
significantly greater activation in three regions of the right hemisphere when compared with
subjects with pure depression: BA 24 (dorsal ACC - Talairach coordinates x, y, z= 3, 14, 49;
Voxel size =16, Max F = 4.39), BA31 (posterior cingulate - Talairach coordinates x, y, z =
23, 52, 46; Voxel size=9, Max F = 3.57) and BA6 (precentral gyrus - supplementary motor
area - x, y, z = Talairach coordinates 47, 19, 47; Voxel size = 8, Max F = 3.78). (see Figure
2).

Time series analysis showed that while elderly subjects with pure depression exhibited a
bimodal activation curve in the dorsal ACC and the posterior cingulate, elderly subjects with
anxious depression presented both a more intense and more sustained pattern of activation,
expressed as a unimodal curve (see Figures 3 and 4). Similarly, elderly subjects with pure
depression presented with a bimodal activation curve in the prefrontal cortex (supplementary
motor area), while elderly subjects with anxious depression presented with a more sustained
activation (graphic not shown).
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DISCUSSION
To our knowledge, this is the first fMRI study exploring the activation patterns in late-life
depression with comorbid anxiety. Consistent with our hypothesis regarding the different
functional neuroanatomic profile of anxious depression, we found a specific activation
pattern differentiating subjects with anxious depression from subjects with depression
without anxiety.

In a group of eight subjects with late-life depression, we report a greater and more sustained
activation of the dorsal ACC (BA24), prefrontal cortex - supplementary motor area (BA6)
and posterior cingulate (BA31) in subjects with comorbid anxiety, while performing a
Stroop-like cognitive probe (POP task).

The dorsal ACC (BA24) is involved in affective awareness and self-referential thought
(Gusnard et al., 2001, Pujol et al., 2002) and has been described as a key region in the
integration of emotional and cognitive experiences (Phillips et al., 2003). According to the
conflict-monitoring hypothesis, the ACC monitors response conflict and thus signals the
engagement of control processes that are needed to overcome conflict and perform
effectively (Kerns et al., 2004). During the POP task, the ACC is normally activated in a
biphasic manner - first wave signaling the identification of a conflict and the second wave
subsequently engaging control over the conflict. (Kerns et al., 2004). There is greater
conflict for incongruent trials (pushing the button opposite to the direction indicated by the
arrow) than for congruent trials. However, monitoring response conflict may be just one of
the multiple functions of the ACC, which also monitors internal states for signs of
breakdowns in processing and performance that require adjustment in control (Kerns et al.,
2004).

Thus, while in “purely” depressed subjects we found a bimodal curve congruent with
previously published reports (MacDonald et al., 2000), subjects with anxious depression
exhibited a unimodal activation curve. The unimodal curve obtained for subjects with
increased anxiety might be interpreted as pathological signaling of conflict even when
conflict is absent (see Figure 1 and Figure 3). Dysfunction of the ACC has been implicated
in poor antidepressant response in geriatric depression (Alexopoulos et al., 2007). Our
findings suggest a further connection between ACC dysfunction and the association of
comorbid anxiety with poorer antidepressant treatment response (Andreescu et al., 2007).

With regard to the lateral prefrontal cortex, although the signal was significantly stronger in
elderly anxious depressed subjects than in elderly subjects with pure depression, the
activation pattern is less compelling, lacking a defining bimodal or unimodal curve.
Moreover, one of the areas identified as significantly hyperactive in this study corresponds
to the supplementary motor area. While there is a whole body of literature regarding the role
of the prefrontal cortex in depression, including late-life depression, most of these studies
have focused on the role of the dLPFC (Aizenstein et al., 2006, Aizenstein et al., 2005, Bae
et al., 2006, Taylor et al., 2004, Thomas et al., 2003, Alexopoulos et al., 2002).
Hyperactivation of the supplemental motor prefrontal area has been described recently in
subjects with generalized anxiety (Zhao, 2006). It might be related to the increased
anticipatory preparation for initiating movement in anxious patients as the supplemental
motor area is the involved in planning, sequencing and initiating motor activity (like the
POP tasks) (Shima and Tanji, 2000).

Both the dorsal regions of the ACC (BA24) and the lateral prefrontal cortex have been
described as part of the dorsal system involved in the integration of cognitive processes
(Phillips et al., 2003). Moreover, the ACC-dLPFC circuit involved in monitoring response
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conflict and the execution of cognitive control may be further impaired in the depressed
elderly due to altered connectivity (Bae et al., 2006).

The observed difference in activation in the dACC-prefrontal circuit in anxious depression
can be related to specific characteristics of information processing in depression and anxiety
(Akiskal, 2005, Ingram et al., 1987). Thus, information is processed in parallel by brain
systems responsible for identifying emotional aspects of the information and by other
systems responsible for identifying the nonemotional aspects of information (Ingram, 1984)
and affective processing continues to receive equal weighting in the face of cognitive
performance demands (Whalen et al., 1998). Affective interference (Siegle et al., 2002) has
been previously related to a particular aspect of anxiety, namely ruminative worry.
Rumination might mitigate the ability to shift resources between emotional and cognitive
tasks (Whalen et al., 1998). However, the global measure of anxiety used in this study does
not allow for differentiation between particular aspects of anxiety. Moreover, it is less clear
whether in this group of subjects the sustained hyperactivation of the dACC-prefrontal
circuit is related to an “emotional overload” or whether the primary deficit is related to
impaired cognitive abilities to monitor and process conflict, which secondarily would
provoke performance anxiety. The paradigm used in this study does not allow inferring the
direction of the causal effect. However, we can speculate that a dysfunctional
hyperactivation of the dACC-prefrontal circuit is one of the specific neural substrates of
late-life anxious depression; the unique pattern of activation obtained for the anxious
depressed elderly points toward a different dimension gained in the presence of increased
anxiety symptoms.

The posterior cingulate appears to serve as sensory association cortex as it is involved in
episodic memory, visual-spatial processes and proprioception, having a role in the
processing of emotionally salient information (Vogt et al., 1995, Maddock, 1999). Together
with the medial frontal cortex, the lateral parietal cortex and the precuneus, the posterior
cingulate is considered part of the “default network” that supports passive processes like
monitoring the environment as well as one's internal state and emotions (Lustig et al., 2003).
Engaging in goal-directed activity, as the POP task, would normally be followed by
decreased activity in the default network. Several reports pointed toward increased activity
in the posterior cingulate in the context of induced sadness (Mayberg et al., 1999) or major
depression (Drevets, 2000, Buchsbaum et al., 1997); altered default network activity has
been recently reported in subjects with anxiety disorders (Zhao et al., 2007). The posterior
cingulate is strongly connected with the medial temporal cortex and, while it deactivates
during goal-directed activities in healthy adults, it becomes hyperactive in older adults in the
beginning stages of Alzheimer disease (Sperling et al., 2003, Lustig et al., 2003). Recent
data report on the profile of cognitive impairment associated with late-life anxiety, mainly
with regard to short-term episodic memory (Mantella et al., 2007) as well as on the role of
anxiety symptoms as predictors of MCI conversion to Alzheimer disease (Palmer et al.,
2007). Our findings suggest that posterior cingulate's dysfunctional hyperactivation might
represent one of the neural substrates for the impaired attention and short-term episodic
memory observed in late-life anxious depression. It is worth noting that despite the
difference in fMRI activation patterns our two groups did not significantly differ on
cognitive performance. This suggests that the observed pattern reflects changes in the
functional neuroanatomy and may be a biomarker of early pathology, rather than an
epiphenomenon of the behavioral differences.

Our study has several limitations: we had a small number of subjects since the study was
intended as a preliminary analysis. The comparison subjects had “pure” depression, though
our results would have been more interpretable if we had data from a non-psychiatric
healthy control group and/or a comparison group with “pure” anxiety. Nevertheless, given
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the presence of the “pure” depression control group it is less likely that the results we
obtained are related to the effects of late-life depression. Moreover, the severity of
depression did not differ in the two groups.

We used a cognitive and not an anxiety-inducing probe and thus we can only make
inferences about the impact of increased anxiety on cognitive performance in the context of
late-life depression. Also, we used a simple scale - the BSI anxiety - which might not
capture entirely the various clinical presentations of anxiety in the elderly.

Moreover, the cluster size threshold was calculated using the Forman et al method (REF),
which, although it is a well-established method to, has the risk of increasing the cluster
false-positive rate. Thus, our results require further validation on larger samples and with
stringent cluster-size threshold (Wager et al., 2007).

To our knowledge, this is the first study exploring the fMRI activation patterns in late-life
depression with comorbid anxiety. Further research is needed to focus on better
understanding of the functional neuroanatomy of comorbid anxiety and depression in late-
life, including further clarifications of the biological mechanisms underlying the response
variability to antidepressant treatment and the greater cognitive decline reported in late-life
anxious depression.
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Figure 1.
Individual trial of the POP task. Red or Green square is followed, after a 9.5-second delay,
by an arrow pointing to the right or the left.
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Figure 2.
Areas of greater activation in elderly anxious depression when compared with elderly non-
anxious depression: ROI1= BA24, ROI2 = BA6, ROI 3= BA31
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Figure 3.
Pattern of activations of dorsal ACC (BA 24) in elderly depressed and in elderly anxious
depressed subjects during the POP task
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Figure 4.
Pattern of activations of posterior cingulate (BA 31) in elderly depressed and in elderly
anxious depressed subjects during the POP task.
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