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Abstract
There are well-established patterns of structural brain changes associated with aging. The change
in brain volume with age and with the diseases of aging presents a particular challenge for MRI
studies in the elderly. Structural MRI is important for studies in normal aging, late-life depression,
dementia, Alzheimer disease and other cognitive disorders to examine how age-associated
changes in neuroanatomy are associated with specific age-related changes in brain function.
Functional MRI has been a major advance for the fields of cognitive and affective neuroscience by
allowing investigators to test theories of the underlying neural pathways controlling cognitive and
emotional processes. In this chapter, we will review the contribution of MRI studies to late-life
mood and anxiety disorders: major depression, bipolar disorder and anxiety disorders in late-life.
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Over the last decade there has been a rapid increase in the availability of MR imaging. It is
likely that the increase in accessibility, as well as the decrease in scanning costs, will
continue to increase the use of MRI. Neuroimaging may offer not only insights into the
neurobiology of late-life mental disorders, but may also contribute to the effort of
personalizing existing treatments and discover new, more efficacious ones. In this chapter,
we will review the contribution of MRI studies to late-life mood and anxiety disorders:
major depression, bipolar disorder, and anxiety disorders in late-life.

1 Methodologic Challenges of MRI in Late-Life
1.1 The Influence of Brain Morphometric Changes on fMRI

There are well-established patterns of structural brain changes associated with aging. With
increasing age, the brain decreases in overall volume, the cortical gyri become smaller, and
the sulci and ventricles become larger. These changes in brain volume vary across
individuals and occur even in individuals who are otherwise apparently healthy. The
changes have been described in a number of studies (e.g., Raz et al. 1997; Resnick et al.
2000) and seem to vary across the brain with most prominent decrease in volume reported in
the frontal cortex.

The change in brain volume with age and with the diseases of aging presents a particular
challenge for functional MRI studies in these populations: how should these structural
changes be accounted for when comparing the functional signal? In a standard fMRI
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analysis plan the functional images from all the subjects in a study are lined-up with each
other (alignment, cross-registration, warping, normalization). If the brains have significantly
different shapes and sizes then the brain alignment may bias the results by contributing more
CSF (due to the larger sulci and ventricles) of the more atrophic brains as compared to more
gray matter from the less atrophic brains. The standard alignment algorithms vary in their
ability to account for the variability in brain structure (Wu et al. 2006). Some investigators
have addressed this problem by using a larger smoothing kernel in studies of aging subjects
(e.g., 10 mm instead of standard 6 mm or 8 mm full-width half-maximum Gaussian). This
approach recognizes that the alignment may be worse in the elderly population, and corrects
for it by making the images blurrier. This allows the statistical voxel-wise comparison to
find group differences even if there is some discrepancy in the spatial co-localization. An
alternative approach that other investigators have used involves avoiding the registration
problems altogether, by focusing on a region-of-interest (ROI)-based analysis (Aizenstein et
al. 2011), using ROIs defined in the acquired fMRI space, rather than relying on normalizing
the images.

1.2 The BOLD Hemodynamic Response in Healthy Aging
Functional MRI depends on an intact BOLD hemodynamic response function (HRF), i.e.,
the cascade of neurophysiologic events that leads from neural activation to a change in the
measured T2* MR signal. Aging is associated with cerebrovascular changes, so one would
expect that it might also alter the BOLD signal. This is of critical importance in interpreting
whether the signal identified in an fMRI study of aging reflects changes in neural activity (as
is often presumed) or whether the changes are due to the age-related changes in the coupling
of the neural activity to the fMRI signal (i.e., the BOLD HRF). To examine the BOLD HRF
in aging we compared healthy college-age subjects and healthy elderly control subjects
while they performed a simple visual and motor task (e.g., tapping with their index finger in
response to the word TAP in the center of the screen). The resulting fMRI time series (see
Fig. 1) show a similar peak for both the young and the elderly subjects in both the visual and
motor regions. This suggests that by focusing the analysis on the peak of the HRF the
difference in signal observed on fMRI will likely reflect differences in neural activation.

2 MRI Methods for Studying Late-Life Mood Disorders
2.1 Structural Imaging

Structural MRI methods can be used to identify and quantify patterns of changes in
volumetric neuroimaging studies. The various structural MRI sequences enable the
identification of structural alterations such as (a) volume in gray matter, white matter, and
cerebrospinal fluid from high resolution T1-weighted images (Raz et al. 2005, 1998; Rosano
et al. 2005) (b) white matter hyperintensities (WMH) from FLAIR images (Gunning-Dixon
and Raz 2000; Soderlund et al. 2003) (c) white matter integrity from diffusion weighted
imaging (Pfefferbaum et al. 2005; Salat et al. 2005) (d) myelination from magnetization
transfer imaging (van Es et al. 2006). Advanced neuroimaging sequences like diffusion
spectrum imaging (DSI) and Q-ball imagings are currently being used for studying the white
matter tracts (Schmahmann et al. 2007; Fig. 2).

Structural MRI is useful for studying the patterns of neuroanatomical changes in geriatric
research. Structural MRI is important for studies in normal aging, late-life depression,
dementia, Alzheimer disease, and other cognitive disorders to examine how age-associated
changes in neuroanatomy are associated with specific age-related changes in brain function,
such as the changes that may be in cognition. Structural MRI allows for identification of
both macrostructural and microstructural neuropathologic changes, including atrophy,
cerebrovascular changes, demyelination, and changes in membrane integrity.
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2.2 BOLD Functional MRI
In the early 1990s a number of investigators showed that not only could MR be used to
visualize neuroanatomy and structural pathology but, by tuning the MR contrast
appropriately, MR could be used to visualize the dynamic changes in blood oxygenation
across the brain; this was the beginning of functional MRI (Schmahmann et al. 2007). Over
the subsequent years, a number of studies have shown that this Blood Oxygenation Level
Dependent (BOLD) signal could be used to map brain activity on a variety of cognitive and
affective tasks.

Functional MRI has been a major advance for the fields of cognitive and affective
neuroscience by allowing investigators to test theories of the underlying neural pathways
controlling cognitive and emotional processes. This approach is often referred to as ‘human
brain mapping.’ In addition to studying ‘normal’ human brain function, fMRI can also be
used to characterize the functional activation patterns in patient groups. This area of clinical
fMRI research has recently led to a number of new insights into the nature of
psychopathology and treatment— including the description of a dorsal versus ventral
processing imbalance in depression (Phillips et al. 2003), overlap in response patterns with
placebo and with medication (Mayberg et al. 2005), and paradoxical nonlinear activation
patterns in mild cognitive impairment (Wierenga and Bondi 2007), suggesting a
compensatory stage prior to the onset of dementia.

Functional MRI has utilized either resting state paradigms or activation paradigms involving
various emotional or cognitive tasks.

2.2.1 Resting State—Over the last decade fMRI has been adapted to examine the
connectivity of the Default-Mode Network, an organized functional network of several brain
regions active during resting state and inhibited during the performance of active tasks
(Raichle et al. 2001). Analysis of resting state activity may enhance the understanding of the
biological underpinning of mental illnesses pathophysiology. A primary component of the
resting-state network, is the default-mode network, a functionally connected network, which
includes as core nodes the posterior cingulate cortex and the medial frontal cortex. Activity
of the default-mode network, is believed to reflect self-referential thought, that is suppressed
with goal-directed task activity. Activity in the default-mode network is affected in
Alzheimer’s disease, Major Depressive Disorder (Greicius et al. 2007; Sheline et al. 2009)
and anxiety disorders (Zhao et al. 2007; Fig. 3).

2.2.2 fMRI Studies of Affective Processing in Late-Life Mood Disorders—
Several computer-administered paradigms for measuring affect processing are amenable to
functional MRI. These include having subjects respond to emotional faces (e.g., Ekman
faces, (Ekman and Friesen 1971), images (e.g., the International Affective Picture System,
(Lang and Bradley 1997) words, and stories. Studies with these paradigms have identified an
affect processing circuit, which includes bilateral medial ventral structures including the
amygdala, the ventral striatum, the orbitofrontal cortex, and the pre-and sub-genual anterior
cingulate cortex. These ventral regions seem to show increased activation corresponding to
the peak of the ‘emotional’ experience, whether it has positive or negative valence. There
has also been a strong association of these regions with activity in dorsal (described as less
affective and more cognitive) structures including the dorsal anterior cingulate cortex and
the dorsolateral prefrontal cortex.

Several investigators have integrated these findings into models of affective processing
(Mayberg 1997; Phillips et al. 2003; Siegle et al. 2002). The key feature of these models is
that the dorsal information processing circuit is more specific for the cognitive elements and
regulates the affective activation and processing that occurs in the ventral structures. Thus,
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for instance, in the fMRI study by Ochsner (2002) the amygdala is activated by negatively
valenced emotional stimuli. With cognitive reappraisal of the negative stimuli, the dorsal
prefrontal cortex becomes active and the amygdala shows decreased activation, apparently
secondary to modulation by the dorsal PFC-mediated reappraisal.

Models of dorsal and ventral cognitive and affective processing have been specifically
applied as a framework for studying mid-life depression (Mayberg 1997; Phillips et al.
2003). Both of these models describe mid-life depression as resulting from impaired
cognitive and affective processing in these circuits. These models have not yet been applied
to LLD. However, the notion of disconnection between the dorsal and ventral circuits would
seem to apply even more in late-life as compared to mid-life depression, since in LLD there
is more evidence of microstructural changes in the PFC white matter tracts that connect
these regions (Alexopoulos et al. 2002; Taylor et al. 2004). Future studies are needed to test
this hypothesis.

2.2.3 fMRI Studies of Cognitive Processing in Late-Life Mood Disorders—
Several functional neuroimaging studies of late-life mood disorders have been conducted
during cognitive activation (e.g., de Asis et al. 2001). Bilateral deficits in dACC and
hippocampus were observed during word generation task. These cognitive probes are used
for studying the basis of cognitive changes in late-life mood disorders, and for engaging key
structures implicated in these disorders (e.g., ACC, dlPFC, hippocampus). Functional
imaging performed during controlled cognitive tasks standardizes behavior and therefore
decreases variability in brain response.

2.3 Perfusion Functional MRI
A significant limitation of BOLD fMRI is concern that the BOLD hemodynamic response is
inherently relative. That is the raw BOLD signal does not provide a reliable estimate of
regional blood flow in a region. Rather it is contrast of the BOLD signal on alternating
experimental versus control tasks that provide the meaningful signal. In contrast to this
limitation, PET imaging with an O-15 radioligand is capable of providing quantitative blood
flow measures. In MR imaging, a technique analogous to O-15 PET is also available, and is
referred to as Arterial Spin Label (ASL) imaging, or perfusion imaging (Detre et al. 1992;
Aguirre et al. 2005). In perfusion MR imaging the MR excitation signal is inverted to
provide a ‘tagged’ signal, which is alternated with an ‘untagged’ image. Comparing the
tagged and untagged provides a quantitative measure the perfusion of the region. Full-brain
voxel-wise perfusion images provide a quantitative image of the perfusion across the brain.
Investigators have recently used perfusion imaging to demonstrate similar findings as with
PET blood flow studies, e.g., decreased parietal-temporal resting perfusion with Alzheimer’s
disease (Alsop et al. 2010). In addition to providing quantitative resting perfusion, ASL has
also recently been used for investigating the blood flow changes associated with tasks
(Fernández-Seara et al. 2007). Perfusion fMRI, however, is limited due to slow acquisition
time, reduced coverage, and lower SNR compared to BOLD fMRI. The two primary
methods for perfusion imaging are referred to as Continuous Arterial Spin Labeling (CASL)
and Pulsed Arterial Spin Labeling (PASL). CASL is believed to provide better signal
quality, but generally requires special hardware for providing the continuous tagging pulse.

3 MRI Changes in Specific Late-Life Mental Disorders
Throughout its history, DSM architects have struggled with the seemingly fundamental, but
complex question of how to define a mental disorder. Current proposals indicate that a
spectrum model of mental illness will be embraced in DSM-5, prompting renewed concern
and debate about pathologizing normal behavior (Pierre 2010).
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Recently the NIMH launched the Research Domain Criteria (RDoC) project to create a
framework for research on pathophysiology, especially for genomics and neuroscience. The
RDoC project is intended to be the next step in the process of ensuring valid and reliable
diagnosis (Insel et al. 2010). Thus, the project intends to classify mental disorders based on
dimensions of observable behavior and neurobiological measures, dimensions such as fear
and its extinction, response to stress, impulsive behavior, executive function, and working
memory. Increasing evidence suggests that abnormality in one dimension frequently occurs
in multiple diagnoses of mental disorders. Cutting across traditional diagnostic categories,
RDoC will encompass multiple levels of analysis, from genes to neural circuits to behaviors
and will be developed for the research community to help break out of diagnostic
formulations that may have more reliability than validity.

We will present in this chapter MRI changes in DSM-IVTR disorders, while keeping in
mind that an increasing body of the literature focuses on emotion regulation in late-life,
executive function and working memory.

3.1 Late-Life Major Depression (LLD)
Depression in the elderly causes significant distress, disability, and loss of life. The
importance of considering late-life depression separately from mid-life depression follows
from an extensive literature that has identified biological, psychological, and social factors
specific for late-life depression. Loss of function and loss of social support are common
psychosocial factors in the presentation of depression in the elderly. However, biological
factors are also prevalent in LLD. Two key features that distinguish the brain in elderly
versus young subjects are cerebrovascular disease and neurodegeneration, and both are
known risk factors for depression [reviewed in Lavretsky and Small (2004)]. However, as
these processes (cerebrovascular disease and neurodegeneration) exist on a continuum, it is
likely that even subsyndromal disease (e.g., cerebrovascular disease without overt strokes
and pre-morbid Alzheimer’s disease) could also contribute to the depressive syndrome in
elderly.

3.1.1 Structural Neuroimaging in Late-Life Depression—The neuroimaging
findings in LLD overlap with other diseases of aging, including Alzheimer’s disease and
cerebrovascular disease. Central and cortical atrophy have been widely reported on both CT
[reviewed by Morris and Rapoport (1990)] and MRI (Ballmaier et al. 2004a; Pantel et al.
1997; Rabins et al. 1991). LLD is also associated with reduced frontal lobe volume in
general (Kumar et al. 2000), and in particular, the orbitofrontal cortex (Ballmaier et al.
2004b; Lai et al. 2000; Lee et al. 2003) as well as the gyrus rectus and anterior cingulate
(Ballmaier et al. 2004b). There also are basal ganglia lesions (Rabins et al. 1991; Steffens et
al. 1998; Tupler et al. 2002), especially in the caudate (Krishnan et al. 1992), and the
putamen (Steffens et al. 1998; Tupler et al. 2002), that may be worse among late-onset
patients. Finally, there is an association between chronic, treatment-resistant depression in
groups of mixed ages and right, frontostriatal atrophy (Shah et al. 2002) and reduced volume
of the left temporal cortex including the hippocampus (Shah et al. 2002). Recently
volumetric studies have identified differences between early versus late-onset LLD
(Ballmaier et al. 2004a, b; Andreescu et al. 2011), with the late onset showing less frontal
and more temporal and parietal atrophy.

The hippocampus and amygdala appear to be especially sensitive to the effects of major
depression. In a study in which the subjects ranged in age from 23 to 86 years of age, both
the hippocampus bilaterally and the amygdala core nuclei bilaterally showed reduced
volume in depressed subjects relative to controls (Sheline et al. 1999). Reduced
hippocampal volume is particularly, but not exclusively, related to later age-of-onset
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(Steffens et al. 2002), and hippocampal volume was inversely related to conversion to
dementia (Steffens et al. 2002). Moreover, the lifetime duration of depression (measured
either as years since first episode or total number of days spent depressed) is very closely
associated with hippocampal volume (Bell-McGinty et al. 2002; Sheline et al. 1999).

In addition to studies of regional volume there have also been a number of reports of
differences in the MR signal within the white matter of individuals with LLD. Several
studies using semi-quantitative ratings (Butters et al. 2004; Greenwald et al. 1998) and semi-
automated measures (Taylor et al. 2003) have found increased presence of white matter
hyperintensities in periventricular and subcortical regions. Salloway et al. (1996) found the
periventricular and subcortical hyperintensities to be most severe in those LLD subjects with
late-onset depression. More recently, diffusion tensor imaging has been used to more
specifically study the white matter tracts, with results showing decreased fractional
anisotropy (a measure of diffusion orientation which is used as a marker of white matter
integrity) in prefrontal white matter (Alexopoulos et al. 2002; Taylor et al. 2004). While
some studies have found that the disturbances in the white matter are associated with poor
treatment response (Alexopoulos et al. 2002, 2008) others have not found this to be the case
(Salloway et al. 2002).

3.1.2 Functional Imaging in Late-Life Depression—To date, most of the functional
neuroimaging studies reported on LLD have focused on the resting state and have identified
changes in baseline (i.e., resting) cerebral activity between patients and controls (reviewed
in Table 1). One of the earliest studies (Sackeim et al. 1990) demonstrated global decreased
CBF using the xenon inhalation technique. A decrease in global brain metabolism in LLD
was also found with PET (Kumar et al. 2000). Baxter et al. (1989) and Bench et al. (1993)
using PET have found the decreased blood flow and metabolism in depression, in samples
with age ranges extending from mid-life through late-life, to be most prominent in the
frontal cortex. Other specific areas with reported decreases in LLD versus controls in PET
studies include the medial temporal lobe (Grön et al. 2002) and the caudal ACC (de Asis et
al. 2001).

In a recent study exploring resting-state connectivity in the default-mode network in late-life
depression, we reported that, compared with non-depressed elderly, depressed subjects
pretreatment had decreased connectivity in the sub-genual anterior cingulate cortex and
increased connectivity in the dorsomedial prefrontal cortex and the orbitofrontal cortex. The
abnormal connectivity was significantly correlated with the white matter hyperintensity
burden. Remitted elderly depressed subjects had improved functional connectivity compared
to pretreatment, although alterations persisted in the anterior cingulate and the prefrontal
cortex when remitted elderly depressed subjects were compared with non-depressed elderly.
These results provide evidence for altered default-mode network connectivity in late-life
depression and emphasizes the role of vascular changes in late-life depression
etiopathogenesis (Wu et al. 2011).

Several functional neuroimaging studies of LLD have been conducted during cognitive
activation (e.g., de Asis et al. 2001; Grön et al. 2002). The cognitive activation functional
imaging studies conducted in LLD have replicated the general patterns of regional activity
found during resting studies. In a study using a word generation task, de Asis et al. (2001)
found reduced CBF bilaterally in the dorsal anterior cingulate and the hippocampus (as
measured compared to controls), and on a verbal declarative memory task, Grön (2002)
found decreased left VLPFC and hippocampal activation compared to elderly controls.
Recently, on a cognitive control task comparing LLD to elderly controls (Aizenstein et al.
2005); and see Sect. 3 of this chapter) we found decreased BOLD activation in the DLPFC
and ACC, and in a sequence learning task comparing LLD to elderly controls we found the
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depressed elderly to have decreased prefrontal activation and increased striatal activation.
The increased striatal activation occurred during the trials that violated the predictive
sequential pattern, and thus are consistent with reports in mid-life depression of increased
negative reward activity in depression.

3.2 Late-Life Bipolar Disorder (LLBD)
Although the prevalence rates of Bipolar Disorder are relatively low among community-
dwelling elderly (up to 0.1%), there is significantly higher prevalence (and higher
morbidity) in institutional settings, such as personal care homes and nursing homes where
prevalence rates may be as high as 10%. Bipolar disorder the elderly is probably
heterogenous and its etiopathogenesis is complex.

Bipolar disorder may be divided into two distinct subtypes, the late-onset bipolar (LOB) and
the early onset bipolar (EOB) groups. LOB patients tend to have a milder illness in terms of
manic severity but they have higher medical and neurological burden. They also have lower
familial burden of bipolar illness as compared to EOB patients. There is an increased risk of
dementia and stroke in patients with late-life bipolar disorder (Vasudev and Thomas 2010).

Structural and functional neuroimaging data in LLBD is quite scarce. The few studies
exploring the neurobiology of late-life bipolar disorder have reported that relative to elderly
controls and EOB, late-onset bipolar subjects have increased hyperintense lesions on T2
images around the putamen, as well as in the deep white matter in frontal and parietal
regions (Altshuler et al. 1995; Beyer et al. 2004). The authors concluded that their results
provide empirical support to the link between vascular risk factors and late-onset BD. It is
plausible that, as in the case of MDD, the T2 hyperintensities, which reflect ischemia, area
long-term consequence rather than a cause of bipolar illness. One possibility is that people
with BD have an excess of atherosclerotic risk factors that lead to microvascular pathology
at an even earlier age than MDD. However, using a strict selection of elderly cases with BD
and careful case–control matching for clinical and demographic variables, no volumetric
differences were found between LLBD subjects in the hippocampus, amygdala, entorhinal,
and anterior cingulate cortex, nor a higher degree of WMH, when compared with healthy
individuals (Delaloye et al. 2009).

3.3 Late-Life Anxiety disorders
With an estimated community prevalence of 7.3%, late-life generalized anxiety disorder
(GAD) is the most common anxiety disorder among the elderly (Wetherell et al. 2001;
Wittchen and Hoyer 2001). Late-life GAD is associated with decreased quality of life (de
BEURS et al. 1999; Wetherell et al. 2001), cognitive impairment (Mantella et al. 2007;
Caudle et al. 2007), increased health care utilization (de BEURS et al. 1999), and poorer
recovery after disabling medical events (de BEURS et al. 1999; Astrom 1996). Recent fMRI
studies have reported that, when attempting to regulate their emotional responses, elderly
anxious subjects failed to activate prefrontal regions involved in the down-regulation of
negative emotions. These results, showing that elderly anxious subjects are not effectively
engaging the PFC in suppressing worry, may be clinically relevant for developing
personalized therapeutic strategies for the treatment of late-life GAD (Andreescu et al.
2011).

Moreover, time-series analysis of non-anxious subjects showed that amygdala and sACC
activate in reverse synchronicity during phases of worry modulation (see Fig. 4). In contrast,
elderly GAD subjects displayed same direction activation of the sACC and the amygdala
during worry induction. Moreover, time-series cross-correlation analysis showed a decrease
correlation between the amygdala and sACC in elderly GAD (Fig. 5).
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These results suggest a possible age-related inability of the regulatory regions such as sACC
to modulate the worry process in late-life GAD (Andreescu et al. 2009b).

4 Future Directions
MRI has revolutionized clinical neuroscience research and has led to a more sophisticated
understanding of the neural substrates of mental disorders (Kumar and Ajilore 2008). There
has been tremendous increase in the use of MRI (functional and structural) in studying the
brain. These neuroimaging studies have provided deep insight of how the brain works in
terms of brain development, function, aging, and other diseases. The use of neuroimaging is
important for studying the aging brain as it provides a platform for non-invasive studies of
structure and function to increase our understanding of the cognitive aging (Reuter-Lorenz
and Lustig 2005) and other age-related changes in the brain.

Applying MRI approaches to the identification of predictors of treatment response may
allow us early in the course of therapeutic interventions to identify sub-groups of subjects
with difficultly in treating mood disorders. In the future, such subjects may be selected,
based on their MRI profile, for more aggressive interventions. Markers of white matter
pathology may identify elderly patients for whom the risk of antidepressant treatment may
not be balanced by a high probabability of treatment response (Kumar and Ajilore 2008;
Alexopoulos et al. 2008). In a more personalized medicine era, advances in neuroimaging
and genomics could provide a personalized database that may help tailor and guide
treatment choices (Kumar and Ajilore 2008)

A potential new treatment is real-time fMRI (de Charms 2008), that has been recently
introduced as a method to directly control activation of localized brain regions to affect
neurophysiological mechanisms that mediate behavior and cognition (de Charms 2007).
Positive results have been reported in modulating pain perception (de Charms et al. 2005),
and more recently in the down-modulation of the sACC (real-time fMRI neurofeedback)
(Paul Hamilton et al. HBM 2011). Incorporating real-time fMRI in the future offers the
promise of clinical translation in which neuroimaging may also be used for clinical
interventional purposes.
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Fig. 1.
Time series for a visual and b motor ROIs. Blue line represents mean young percent signal
change from baseline; red line is elderly percent signal change. Error bars represent ±1 SEM
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Fig. 2.
T1, T2, FLAIR, DTI, and T2* images from 3T scanner
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Fig. 3.
Functional connectivity reflects structural connectivity in the DMN. a Task-free, functional
connectivity in the DMN is shown in a group of six subjects. The PCC/RSC and MPFC
clusters are best appreciated on the sagittal view. Prominent bilateral MTL clusters are seen
on the coronal image (left side of image corresponds to left side of brain). b DTI fiber
tractography in a single subject demonstrates the cingulum bundle (blue tracts) connecting
the PCC/RSC to the MPFC. The yellow tracts connect the bilateral MTL to the PCC/RSC.
Note that generally the tracts from the MPFC enter the more rostral aspect of the PCC/RSC
ROI corresponding to the PCC proper, whereas the tracts from MTL enter the more caudal
aspect of the PCC/RSC ROI corresponding to the RSC proper. Left and right columns show
slightly different views of the same tracts to highlight the distinct entry points into the PCC/
RSC. There were no tracts connecting the MPFC to the MTL. (from Greicius et al. 2008).
For permissions, please e-mail:journals.permissions@oxfordjournals.org
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Fig. 4.
Elderly non-anxious subjects engage the PFC in suppressing worry (a). Elderly GAD
subjects (b) are not effective in engaging the PFC and maintained an increased activation the
posterior areas (temporo-occipital) (b)
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Fig. 5.
Amygdala (red)- sACC (blue) functional connectivity during worry induction and worry
suppression in elderly controls (up) and elderly GAD subjects (down)
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Table 1

Review of functional neuroimaging findings in late-life depression

Reference Imaging modality Subjects Primary finding

Sackeim et al. (1990) SPECT (rCBF using 133Xe
inhalation)

30 LLD; 30 EC Reduced global rCBF

Kumar et al. (1993) PET (Glucose-15) 8 LLD; 8 EC Reduced global cerebral metabolism

Lesser et al. (1994) SPECT (rCBF using 133Xe &
Technetium-99 m- HMPAO)

39 LLD; 20 EC Reduced global rCBF

Smith et al. (1999) PET (Glucose-15) 6 LLD; 6 EC Increased activity in right ACC pre-treatment, which
decreased with treatment

de Asis et al. (2001) [150]H20 PET (paced word generation) 6 LLD; 5 EC Decreased activation b/l in dorsal ACC &
Hippocampus

Gron et al. (2002) Block-design FMRI (declarative
memory)

12 LLD; 12 EC Increased vlpfc, decreased hippocampus

Aizenstein et al. (2005) Event-related BOLD fMRI (sequence
learning)

11 LLD; 12 EC Decreased b/l PFC and increased R striatum

Aizenstein et al. (2006) Event-related BOLD fMRI (cognitive
control task)

14 LLD; 15 EC Decreased PFC and decreased ACC

Brassen et al. (2008) Block-design fMRI (emotion
reactivity) pre-and post-treatment

13 LLD; 12 EC Decreased response to negative stimuli in the vmPFC,
correlated with symptoms severity and attenuated by
symptom improvement

Smith et al. (2009) PET study 16 LLD; 13 EC Increased cortical glucose metabolism in brain regions
with cerebral atrophy (compensatory response)

Andreescu et al. (2009a) Event-related BOLD fMRI (cognitive
control task)

8 LLD Sustained activation in the dorsal ACC in subjects
with LLD and increased anxiety

Kenny et al. (2010) Resting-state fMRI 16 LLD; 17 EC Increased connectivity in the frontal, limbic, parietal,
and temporal areas.

Note SPECT single photon emission computerized tomography, PET positron emission tomography, BOLD blood oxygen level dependent, PFC
prefrontal cortex, ACC anterior cingulate cortex
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