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Abstract
Verbal memory deficits attributed to late life depression (LLD) may result from executive
dysfunction that is more detrimental to list-learning than story-based recall when compared to
healthy aging. Despite these behavioral dissociations, little work has been done investigating
related neuroanatomical dissociations across types of verbal memory performance in LLD. We
compared list-learning to story-based memory performance in 24 non-demented individuals with
LLD (age~66.1±7.8) and 41 non-demented/non-depressed healthy controls (HC; age~67.6±5.3).
We correlated significant results of between-group analyses across memory performance variables
with brain volumes of frontal, temporal and parietal regions known to be involved with verbal
learning and memory. When compared to the HC group, the LLD group showed significantly
lower verbal memory performance for spontaneous recall after repeated exposure and after a long-
delay but only for the list-learning task; groups did not differ on story-based memory performance.
Despite equivalent brain volumes across regions, only the LLD group showed brain associations
with verbal memory performance and only for the list-learning task. Specifically, frontal volumes
important for subjective organization and response monitoring correlated with list-learning
performance in the LLD group. This study is the first to demonstrate neuroanatomical
dissociations across types of verbal memory performance in individuals with LLD. Results
provide structural evidence for the behavioral dissociations between list-learning and story-based
recall in LLD when compared to healthy aging. More specifically, it points toward a network of
predominantly anterior brain regions that may underlie the executive contribution to list-learning
in older adults with depression.
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1. Introduction
Late-life depression (LLD) is the most commonly diagnosed psychiatric disorder in adults
over 60 years of age, affecting upwards of 16% of this aging population. LLD has
significant implications for quality of life and independent living (Blazer, 2003) given that it
may increase vulnerability to and exacerbation of existing age-related cognitive deficits.
Although there is some debate over the profile and significance of the cognitive deficits,
lower performance across episodic memory, information processing, executive functioning
and visuospatial abilities have been reported when compared to healthy controls (see
McClintock, Husain, Greer, & Cullum, 2010 for review). After treatment, some of these
deficits resolve; however, deficits in executive functioning have been shown to persist
following both treatment and remission of LLD (Alexopoulos et al., 2005; Alexopoulos et
al., 2000; Kalayam & Alexopoulos, 1999) suggesting that there are residual executive
deficits associated with LLD that may negatively impact other cognitive processes.

Verbal memory deficits attributed to LLD may result from these residual executive deficits,
negatively impacting specific forms of recall performance. For example, impaired semantic
organization – a skill often associated with executive functioning (Delis, Kramer, Kaplan, &
Ober, 2000) – mediated performance on verbal list-learning from the California Verbal
Learning Test (CVLT) in LLD but not healthy aging (Elderkin-Thompson, Mintz, Haroon,
Lavretsky, & Kumar, 2006). The contribution of executive functioning to verbal memory
performance was not replicated when tested via story-based recall as measured by the
Logical Memory subtest (LM) of the WMS-III across aging populations with depression
(Keiski, Shore, & Hamilton, 2007). In fact, successful performance on LM predicts
successful treatment response in LLD (Story, Potter, Attix, Welsh-Bohmer, & Steffens,
2008) whereas executive dysfunction negatively impacts treatment response and remission
rates in LLD (Alexopoulos et al., 2000). Taken together this would suggest that story-based
verbal recall is not contingent upon executive function or dysfunction in LLD. Thus,
executive deficits in LLD appear more detrimental to list-learning given the heavier
(executive) burden placed on the individuals during list-learning tasks (e.g., the subjective
organization of individually presented items heavily reliant executive processes;
(Moscovitch & Winocur, 2002) when compared to story-based recall that provides
contextually-based information (Rabin et al., 2009).

While this behavioral dissociation may have implications for predicting treatment response
and facilitating learning and memory in older adults with LLD, identifying individuals for
treatment or determining the best time to implement compensation strategies remains
difficult. Investigating the underlying neuroanatomical dissociations of previously
determined behavioral dissociations in verbal memory performance in LLD may assist
clinicians in timing and targeting specific remediation techniques in this vulnerable
population. To our knowledge, little to no work has been done examining the
neuroanatomical dissociations associated with verbal memory performance in LLD
compared to healthy aging despite the literature exploring neuroanatomical alterations
within and between these groups of older adults.

Cerebral gray and white matter of individuals with LLD as well as healthy older adults
shows age-related change; however, individuals with LLD also show disease-specific
differences when compared to their healthy aging counterparts. Briefly, individuals with
LLD show volumetric changes in gray matter structures including the orbitofrontal and
dorsolateral prefrontal regions (Ballmaier et al., 2004; Chang et al., 2011; Taylor et al.,
2007) as well as in temporal and subcortical structures including the hippocampus and
anterior cingulate (Ballmaier et al., 2008; Ballmaier et al., 2004; Dotson, Davatzikos, Kraut,
& Resnick, 2009; Lavretsky, Ballmaier, Pham, Toga, & Kumar, 2007) when compared to
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healthy controls. In addition, individuals with LLD show added white matter burden when
compared to healthy controls (O’Brien et al., 2006) and regional vulnerability within
prefrontal white matter regions (Bae et al., 2006) when compared to healthy controls. The
degree to which alterations in brain volume – particularly gray matter structures known to
play an important role in learning and memory such as the hippocampus, orbitofrontal and
dorsolateral prefrontal regions (see Blumenfeld & Ranganath, 2007; Squire, Stark, & Clark,
2004 for review) – contribute to list-learning versus story-based recall performance in LLD
when compared to healthy controls (HC) is unknown.

The aim of the current research was to combine behavioral measures of verbal memory with
neuroanatomical measures of gray matter volumes to investigate the dissociations between
structure and function of verbal memory performance in LLD and HC groups. Thus, we
combined previously applied and well known clinical measures of list-learning (i.e., the
CVLT) and story-based (i.e., LM) verbal recall performance with MRI-derived volumes of
cerebral gray matter regions chosen based on their documented involvement in learning and
memory (see Blumenfeld & Ranganath, 2007; Squire et al., 2004 for review). In addition to
temporal regions targeted for their role in encoding and consolidation of information for
long term memory stores (e.g., hippocampal regions including the entorhinal cortex), we
included more anterior regions of prefrontal and cingulate cortices associated not only with
memory processes (see Blumenfeld & Ranganath, 2007; Squire et al., 2004 for review) but
also LLD (e.g., Ballmaier et al., 2004). This study is one of, if not the first of its kind to
investigate the neuroanatomical dissociations associated with verbal memory performance
dissociations in LLD.

Previous work in healthy older adults (Van Petten et al., 2004) has shown patterns of
negative correlations between episodic memory performance (i.e., list-learning and story-
based recall) and gray matter volumes (i.e., middle frontal and most temporal regions);
however, we hypothesize that specific patterns of associations will exist for list-learning
compared to story-based recall of verbally mediated information within the LLD group
when compared to the HC group. More specifically, the LLD group will show lower levels
of performance when compared to the HC group on the list-learning task only. Additionally,
regions of the prefrontal cortex will correlate more strongly with list-learning than story-
based recall in the LLD group when compared to the HC group.

2. Methods
2.1 Participants

Data were collected as part of a larger research study investigating late life depression
(LLD) at the University of Illinois at Chicago (UIC). Individuals age 60 and older were
recruited via community outreach (e.g., newspaper, radio, and television advertisements)
and relevant outpatient clinics within the School of Medicine (e.g., mood and anxiety,
geriatrics). The study was approved by the UIC Institutional Review Board and conducted in
accordance with the Declaration of Helsinki.

All participants underwent a preliminary telephone screen. Exclusion criteria consisted of
current or past history of brain disorders (i.e., dementia, stroke, seizure, etc.), a history of
head injury or loss of consciousness, a present or past history of substance abuse or
dependence, an Axis I disorder other than major depression (i.e., bipolar disorder),
psychotropic medication use including anti-depressant medication and the presence of
metallic implant(s) that would preclude magnetic resonance imaging (MRI). Thus, all study
participants, including those diagnosed with major depression (see below) were free of anti-
depressant medication for at least two weeks in order to study depressed mood in an
untreated state.
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After passing the telephone screen, participants were scheduled for a more detailed
evaluation which included cognitive, i.e., Mini-Mental State Examination (MMSE; Folstein,
Folstein, & McHugh, 1975) and affective, i.e., Structured Clinical Interview for DSM-IV
(SCID; Spitzer, Williams, Gibbon, & First, 1992) screens for final inclusion and exclusion
determination. Screening measures were administered by a trained research assistant and
followed by an evaluation by a board certified (AK) or board eligible (OA) psychiatrist who
completed the Hamilton Depression Rating Scale (HDRS; Hamilton, 1960). All raters were
blind to telephone screen information.

Final inclusion criteria for adults with LLD included a diagnosis of major depressive
disorder based on the SCID and a score ≥15 on the 17-item HDRS. Thus, at the time of the
study, individuals with LLD were in a major depressive episode and at the moderately
depressed level or higher given the average HDRS score for this group (18.6±3.1). Inclusion
criteria for healthy control (HC) participants included an absence of symptoms of depression
based on the SCID and a score ≤8 on the HDRS. All subjects, regardless of group, had an
MMSE score ≥ 24 and were native English speakers. All study participants completed the
Center for Epidemiological Studies Depression scale (CESD; Radloff, 1977; Radloff & Teri,
1986) for a more subjective measure of depressive symtomatology independent of
diagnostic criteria.

Participants also received an assessment of vascular risk using the criteria provided by the
Framingham Heart Study’s Stroke Risk Profile (Wolf, D’Agostino, Belanger, & Kannel,
1991) given the impact of vascular risk on aging, cognition and depressive symptomatology
(Alexopoulos et al., 1997; Au et al., 2006). The Framingham Stroke Risk Profile (FSRP)
determines stroke risk based on data from the Framingham Heart Study using age, systolic
blood pressure, antihypertensive therapy, diabetes mellitus, current cigarette smoking,
cardiovascular disease, atrial fibrillation, and left ventricular hypertrophy. Laboratory testing
documented levels of health related variables (i.e., hypercholesterolemia and glucose levels)
and an electrocardiogram assessed for atrial fibrillation and left ventricular hypertrophy.
History of stable (e.g., diabetes) or remitted medical illness (e.g., cancer) was not an
exclusionary factor.

Ninety-one individuals attended for initial screening with informed consent obtained from
all 91 individuals. Twenty-six individuals were excluded from analysis: 11 had past
substance abuse or dependence (HC=4, LLD=7); three had English as a second language (all
HC); two were on contra-indicative medication (both LLD); three had contra-indicative
comorbidities (all LLD); one had neuropsychological testing one week prior to enrolment in
the current study (HC); one individual suffered a sustained loss of consciousness (HC), five
individuals had scores on depression measures (CESD or HAM-D) that did not match their
SCID diagnosis (HC=2, LLD=3).

The final sample (n=65) included 24 adults with LLD and 41 HC. Clinical characteristics of
the LLD group including duration of current symptoms (i.e., the amount of time the
participant has met criteria for their current major depressive episode) and total lifetime
episodes of depression are outlined in Table 1. It should be noted that a number of
participants with LLD (n=7) reported a lifetime history of depression, that is ‘chronic’
depression lasting across their lifetime. We chose not to give these individuals a ‘1’ for total
lifetime episodes of depression as this would be a different ‘1’ from someone reporting ‘1’
episode that was less than chronic; therefore we excluded chronic depression from this
calculation. On average, participants reported the onset of their first (not their current)
depressive episode in midlife (see Table 1 for details).
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2.2 Procedures
After eligibility was confirmed by the first visit, qualified subjects were scheduled for a
second visit during which they were administered a comprehensive neuropsychological
assessment by a trained research assistant blind to participant group. A third visit involved
comprehensive neuroimaging data acquisition.

2.2.1 Neuropsychological Assessment—Participants completed a battery of
neuropsychological tests including standardized measures of intelligence, episodic memory,
language, visuospatial and executive functioning as well as information processing speed.
Of interest for the current research were measures of verbal episodic memory assessed using
the California Verbal Learning Test-second edition (CVLT-II; Delis et al., 2000) for list-
learning and the Logical Memory (LM) subtest from the Wechsler Memory Scale III
(WMS-III; Wechsler et al., 1998) for story-based recall.

As much as possible, comparable measures from each task were used to reflect immediate
recall after initial exposure to test stimuli, immediate recall after repeat exposure to stimuli,
learning, delayed recall and recognition memory. In order to ensure that measures used were
clinically relevant, variables that had available normative data were used wherever possible.
Immediate recall after initial exposure to test stimuli was measured using Trial 1 total recall
from the CVLT-II (max=16) and Story A total recall from LM on the WMS-III (max=25).
Immediate recall after repeat exposure to test stimuli was measured using total recall
summed across Trials 1–5 of the CVLT-II (Trials1–5; max=80) and the summed total of
items remember across Story A and the two presentations of Story B of LM (LMI; max=75).
Learning was measured by calculating a slope of total recall performance across repeated
presentation of stimuli from each task (i.e., CVLT-II: Learning Slope, Trials 1–5; LM:
Learning Slope=Story B 2nd recall minus Story A 1st recall). Delayed Recall was measured
by determining total recall after a 30 minute delay for both the CVLT-II (i.e., Long Delay
Free Recall; max=16) and LM (i.e., Delayed Recall or LM-II; max=50). Recognition
memory was measured after long delay free recall – and cued recall for the CVLT-II – via
Yes/No accuracy to direct questioning across both measures resulting in a Recognition
Discriminability Index on the CVLT-II [i.e., 1-(false positive errors+misses)/48)*100;
max=100) and a Recognition Total memory score on LM (max=30).

2.2.2 Neuroimaging Protocol—Brain MRI were acquired on a Philips 3.0T Acheiva
scanner (Philips Medical Systems, Best, The Netherlands) using an 8-channel SENSE
(Sensitivity Encoding) head coil. Participants were positioned comfortably on the scanner
bed and fitted with soft ear plugs; foam pads were used to minimize head movement.
Participants were instructed to remain still throughout the scan. High resolution three-
dimensional T1-weighted images were acquired with a MPRAGE (Magnetization Prepared
Rapid Acquisition Gradient Echo) sequence (FOV=240mm; 134 contiguous axial slices;
TR/TE=8.4/3.9ms; flip angle=8o; voxel size=1.1X1.1X1.1mm). The acquisition of these
images was part of a larger protocol. Fifty-one individuals (LLL=18; HC=33) completed the
MRI scan and had data suitable for analysis. There were no differences between this small
sample and the overall sample in terms of demographic characteristics as seen in Table 1
with the exception that education was no longer significantly different between the groups
(p=.14).

2.2.3 Image Analysis—T1-weighted images were analyzed using FreeSurfer image
analysis suite (http://surfer.nmr.mgh.harvard.edu/) for volumetric segmentation. Processing
includes motion correction, removal of non-brain tissue, transformation into Talairach space,
registration of image to an atlas and parcellation of the cerebral cortex into units based on
gyral and sulcal structures (Destrieux, Fischl, Dale, & Halgren, 2010; Fischl, Salat, et al.,
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2004; Fischl, van der Kouwe, et al., 2004). Regions of interest (ROIs) shown to be important
for verbal memory based on animal and human memory studies (see (Blumenfeld &
Ranganath, 2007; Squire et al., 2004) for review) were identified according to the FreeSurfer
criteria of Desikan and colleagues (Desikan et al., 2006). Composite ROIs seen in Figure 1
were calculated by summing individual FreeSurfer areas of interest as follows: Prefrontal
Cortex (PFC) – orbitofrontal cortex (medial and lateral), inferior frontal gyrus (pars
opercularis, pars triangular is and pars orbitalis) and rostral division of the middle frontal
gyrus; Cingulate Cortex – rostral anterior, caudal anterior and posterior divisions; Temporal
– entorhinal cortex, parahippocampal gyrus and middle temporal gyrus; Parietal – superior
parietal, inferior parietal and precuneus cortices. Composite brain variables were used as this
is the first investigation into neuroanatomical dissociations of verbal memory performance
dissociations in LLD; thus, we hoped to limit the number of regions considered and the
number of analyses conducted as well as provide an overview of the role of the PFC in the
verbal memory performance of individuals with LLD.

2.3 Statistical Analyses
Group differences on demographic variables were assessed using individual analysis of
variance (ANOVA) and Chi-square testing where appropriate. Differences in verbal memory
performance and brain volume measures were also assessed using separate ANOVAs
controlling for any demographic differences between the groups resulting from our initial
analyses (see 3.1 Demographic Data below). Two-tailed Pearson’s partial correlational
analyses were performed for verbal memory test variables where group differences were
observed (see 3.4 Verbal Memory Performance and Brain Volume below). We conducted
Fischer’s r-to-z transformation analyses on significant correlations to determine if
correlations for the group in question were significant stronger than for the other group.

3. Results
3.1 Demographic Data

There were no significant differences between LLD patients and HC on age, sex, MMSE
scores, predicted full scale IQ or stroke risk (all p-values≥.21; Table 1). The HC group
reported more years of education compared to with LLD group, F(1,64)=6.6, p=.01. As
expected, subjective reports of depressive symptomatology were higher in the LLD group
when compared to the HC group, F(1,64)=262.0, p<.001.

3.2 Verbal Memory Performance
Significant group differences were observed on measures of Immediate Recall after repeat
exposure [F(1,63)=8.5, p=.005] and Delayed Recall [F(1,63)=4.7, p=.03] but for the CVLT
task only with the LLD group showing poorer recall than the HC group. No group
differences were observed on any of the LM measures including comparable measures of
Immediate Recall after repeat exposure and Delayed Recall (all p-values≥.12; Table 2).
After controlling for years of education, only the results for Trials 1–5, i.e., Immediate
Recall after repeat exposure on the CVLT, remained significant, F(1,63)=4.9, p=.03;
however we subjected both Immediate and Delayed Recall measures and their LM
counterparts to subsequent correlational analyses with brain volume data given that these
analyses were conducted for each group separately.

3.3 Brain Volume Data
There were no significant between-group differences on any of the four composite measures
of regional brain volumes before or after controlling for years of education (all p-values≥.
60; Figure 1).
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3.4 Verbal Memory Performance and Brain Volume
Partial correlational analyses controlling for education were performed between select
verbal memory performance scores of Immediate Recall after repeat exposure (i.e., CVLT
Trials 1–5 and LM I) as well as Delayed Recall (i.e., CVLT long delay free recall and LMII)
and brain volumes for the LLD and HC groups separately. Significance was set at p≤.01 to
correct for multiple comparisons. For the HC group, neither performance measure from the
CVLT nor LM correlated with any brain volumes (Table 3).

For the LLD group, only CVLT long delay free recall correlated significantly with brain
volumes including the PFC region bilaterally [left: r(14)=.69, p=.003; right: r(14)=.63, p=.
009] and the right cingulate cortex [r(14)=.66, p=.005]. The correlation between left PFC
volume and Delayed Recall performance was driven by a significant orbitofrontal cortex
correlation, r(14)=.76, p=.001. The correlation with the right PFC volume was driven by the
orbitofrontal cortex, r(14)=.72, p=.002, and the rostral division of the middle frontal gyrus,
r(14)=.67, p=.005. For the right cingulate volume, the correlation with CVLT delayed free
recall performance was driven by a significant association with the right caudal anterior
cingulate, r(14)=.61, p=.01. Across all analyses reported, correlations were significantly
stronger in the LLD group when compared to the HC group using Fischer’s r-to-z
transformation analyses (z-scores ranging from 1.9 to 3.3; all p-values ≤ .04).

Although there were association trends in our LLD group between CVLT long delay free
recall and temporal [left: r(14)=.50, p=.05; right: r(14)=.58, p=.02] as well as parietal [left:
r(14)=.50, p=.05; right: r(14)=.53, p=.03] regions, they did not reach our a priori threshold
of p≤.01 to be considered significant. Across all analyses reported, correlations were
significantly stronger in the LLD group when compared to the HC group using Fischer’s r-
to-z transformation analyses (z-scores ranging from 1.8 to 2.5; all p-values ≤ .05).

4. Discussion
To our knowledge, this is the first investigation combining structural and functional integrity
across list-learning and story-based recall tasks in LLD. Our results not only verified
previously known behavioral dissociates of episodic memory performance in LLD, they
provided novel information about accompanying neuroanatomical dissociates underpinning
list-learning versus story-based recall in this vulnerable population. Thus, individuals with
LLD showed greater memory deficits when compared to their HC counterparts for list-
learning but not story-based recall. Further, despite equivalent brain volumes across all
regions assessed, individuals with LLD showed that the integrity of bilateral prefrontal and
right cingulate cortices contributed to the integrity of list-learning performance. This
structure/function association was neither present in the HC group nor relevant to story-
based recall performance in either group.

While there is no denying the significant impact prefrontal regions have on memory retrieval
processes across the lifespan and across types of episodic memory performance (see Lee,
Robbins, & Owen, 2000 for review), our results suggest that declines in prefrontal volume
are differentially associated with declines in list-learning performance when compared to
story-based recall in LLD. This may suggest a more specific mechanism associated with
PFC structural vulnerability is negatively impacting list-learning performance in LLD.
Previous research would suggest this mechanism is related to subjective organization of
information (Schacter, Savage, Alpert, Rauch, & Albert, 1996; Zahodne et al., 2011) and
negatively impacted by the executive dysfunction long documented in LLD (Elderkin-
Thompson et al., 2006).
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The role of prefrontal brain regions in episodic memory has long been seen as one involving
the enhanced encoding of to-be-remembered information through contextually rich
associations (Squire & Alvarez, 1995); furthermore, individuals with prefrontal lesions do
not spontaneously organize information during list-learning and recall (see Blumenfeld &
Ranganath, 2007 for review). The orbitofrontal cortex, the PFC region driving the
associations between PFC volumes and list-learning recall in our LLD sample, is integral in
promoting distinctive retrieval strategies or cues to facilitate the transfer and recall of
specific information from long term memory stores (Fletcher & Henson, 2001; Owen,
2000). Taken together, this would suggest that structural vulnerability within prefrontal, in
particular orbitofrontal cortices may underlie deficits in list-learning for individuals with
LLD due in part to this regions role in strategic encoding and subsequent recall of
information; recall that is unaffected when contextual information is provided in the form of
a narrative during encoding as is the case for story-based recall.

In addition to the role of the orbitofrontal cortices on list-learning performance in LLD, the
right cingulate cortex, specifically the caudal anterior portion of the cingulate cortex (cACC)
was also implicated in this population. The cACC is connected with the hippocampal
formation which is integral for memory encoding and consolidation (Pandya, Van Hoesen,
& Mesulam, 1981). Furthermore, the cACC is involved in error detection and response
monitoring during memory processing across normal and pathological aging (Braskie,
Small, & Bookheimer, 2009; Rushworth & Behrens, 2008). This suggests that, in
conjunction with the OFC, cACC regions may contribute not only to the organizational
strategies that contribute to successful list-learning performance but to the ability to filter
previously encountered items or hits from erroneous yet seemingly related false positives
items in LLD.

Both the orbitofrontal and anterior cingulate cortices have been implicated as structurally
vulnerable regions of brain in the presence of LLD (Bae et al., 2006; Ballmaier et al., 2004;
Dotson et al., 2009; Lavretsky et al., 2007; Taylor et al., 2007) with this vulnerability
leading to blunted positive affect and decreased motivation/ arousal (Lavretsky et al., 2007).
In contrast to reports in the literature, neither region was significantly reduced in our LLD
group when compared to our HC group. These cortical gray matter volumes were equivalent
across LLD and HC groups but nonetheless formed a network of associations with impaired
recall performance on the list-learning task negatively contributed to behavioral
performance in LLD. In addition to the cognitive contributions of these regions described
above, affective components ascribed to the orbitofrontal and anterior cingulate may have
negatively affected motivation to perform study tasks that negatively impacted performance.
Similarly, several factors including affective and neuroanatomical components may be
contributing to the lack of neuroanatomical differentiation in our sample.

From an affective standpoint, the state of depression in our late life group may have
influenced results. For example, the LLD group was not medicated and lacked comorbid
psychiatric diagnoses so that we could investigate the impact of LLD in its purest untreated
form. Further, although duration of current depressive episode was approximately two years
in our sample and first episode of depression was reported most often in midlife, the number
of depressive episodes varied between one and 20 (with some participants reporting a life-
long depressive episode) suggesting a heterogeneous group. Individuals having their first
depressive episode in late life may not have the typical volumetric abnormalities associated
with depression across the lifespan or even with depression beginning in midlife (Ballmaier
et al., 2008). This may have impacted our neuroanatomical results.

From a neuroanatomical standpoint, MRI techniques and downstream white matter
alterations may have influenced results. Microstructural changes may be present in this
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vulnerable clinical population that have yet to impact overall gross morphometry as
measured by our current techniques. The lack of volume loss in LLD may also suggest a role
for more downstream effects within the cerebral white matter as may be the case in healthy
aging (Salat et al., 2010). Thus, the integrity of the connections between fronto-cingulo-
striatal regions to other memory structures key to list-learning (e.g., connections between the
cACC, middle frontal gyrus and the entorhinal cortex; Barbas & Pandya, 1989; Munoz &
Insausti, 2005) may be mediating the gray matter associations found in the LLD group.
Tract-based spatial statistics either in isolation (Smith et al., 2006) or combined within a
comprehensive network analyses assessing the integrity of interactions between gray matter
measurements and measures of white matter connectivity (Sporns, 2011) would facilitate
our understanding of the role of these seemingly intact gray matter regions in list-learning
when compared to story-based recall in our LLD group.

Our lack of association between temporal regions, particularly hippocampal volumes, and
verbal memory performance regardless of task type or group is not inconsistent with
previous findings across aging studies (see Raz & Rodrigue, 2006 for review). For example,
a longitudinal study of normal aging (Rodrigue & Raz, 2004) assessed hippocampal volume
at baseline and after five years in conjunction with episodic memory performance across
list-learning and story-based recall and found no association between verbal memory
performance and changes in hippocampal volume. Another study demonstrated no
significant correlations between hippocampal volume and verbal memory performance in
healthy older men (MacLullich et al., 2002). As a result of such findings Van Petten (Van
Petten, 2004) has suggested that volume loss within the hippocampus does not contribute to
memory decline in normal aging. Instead, it has been hypothesized that hippocampal volume
may affect episodic memory abilities only when there is specific disease-related
neuropathology, such as the atrophy observed in Alzheimer’s disease (Van Petten, 2004) or
the prefrontal vulnerability to age-related volume loss (Raz et al., 1997; Resnick et al.,
2000). Thus, in normal aging – and as this study has shown in LLD – the cause of verbal
memory decline may be due to changes elsewhere in the memory network that have a
different pathogenesis.

This study demonstrated neuroanatomical dissociations in verbal memory performance in
individuals with LLD and provided structural evidence for the executive dysfunction known
to be detrimental to list-learning performance in this group. The clinical applicability of
these findings include decreasing executive demands during learning and memory in LLD
either objectively by increasing the narrative structure of to-be-remembered information at
presentation or subjectively by encouraging contextually-based mnemonic strategies.
Furthermore, it suggests that when memory impairment in LLD begins to involve aspects of
encoding and recall not heavily reliant on prefrontally mediated executive skills, this may
suggest more posterior neuropathology and/or ‘purer’ memory impairment indicative of
cognitive decline and dementia. Early detection of such changes in ‘pre-clinical’ phases of
LLD could identify individuals to target for more aggressive interventions.
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Highlights

1. Late life depression-LLD-group had lower list-learning compared to healthy
controls.

2. Groups did not differ on story-based recall on brain volumes associated with
memory.

3. Frontal volumes (subjective organization) correlated with list-learning in LLD
only.

4. First to demonstrate neuroanatomical dissociations across types of memory in
LLD.

5. Anterior brain network may underlie the executive contribution to LLD list-
learning.
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Figure 1.
Regions of interest derived for structure/function correlations with between-group mean
volumes ± standard deviation in mm3. Figure adapted from Desikan et al., 2006.
Neuroimage 31: 968–980 and published with permission.
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Table 1

Group Demographics

Healthy Controls n=41 Late Life Depression n=24

Age (years) 67.6±5.3 66.2±7.9

Sex (M:F) 16:25 9:15

Educationa (degree years) 16.2±3.2 14.2±2.7

MMSE 29.2±1.10 29.0±1.3

WTAR Predicted FSIQ 112.2±10.5 108.8±10.5

CES-Db 4.9±4.4 31.8±8.9

Framingham Stroke Risk Profile 10.4±4.3 10.1±4.3

HDRS 1.5±1.6 18.6±3.1

Duration of Current Symptoms (mo) n/a 23.6±36.6

Total # Depressive Episodes without ‘chronic’ reports (n=17) n/a 5.2±6.5

Age of Onset of 1st Episode n/a 42.3±20.4

a
p<.05,

b
p<.001

NOTE: all entries reflect mean (total score)±standard deviation unless otherwise noted.

M:F=male to female ratio; MMSE=Mini-Mental State Examination; WTAR= Wechsler Test of Adult Reading; FSIQ=full scale intelligence
quotient; CES-D=Center for Epidemiologic Studies Depression Scale; HDRS=Hamilton Depression Rating Scale; Duration of Current Symptoms
(mo)=the amount of time the participant has met criteria for their current major depressive episode in months; #=number; n/a=not applicable.
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Table 2

Verbal Memory Performance

Healthy Controls Late Life Depression

CVLT-II for list-learning

Trial 1 total recall 6.1±1.8 5.5±2.1

Trials 1–5 total recalla 51.2±8.0 44.3±10.7

Learning Slope 1.5±0.5 1.4±0.6

Long Delay Free Recallb 11.3±2.6 9.4±4.2

Recognition Discriminability 90.8±8.2 86.8±10.1

LM for story-based recall

Story A total recall 14.6±3.7 13.7±4.0

LMI 41.7±9.7 37.8±9.9

Learning Slope 4.0±2.4 3.4±2.9

LMII 25.1±8.0 23.6±9.2

Recognition total score 26.3±2.1 25.8±2.6

a
p=.005, p=.03 after controlling for education;

b
p=.03, ns after controlling for education

NOTE: All values represent mean±standard deviation with significant results bolded.

ANCOVA=analysis of covariance controlling for years of education; CVLT=California Verbal Learning Test; LM=Logical Memory.

Immediate recall after initial exposure=Trial 1 total recall and Story A total recall; Immediate recall after repeat exposure=Trials1–5 total recall and
LMI (i.e., Story A+Story B recall); Learning=Learning Slopes for both measures; Delayed recall= Correct Responses after a 30-minute delay for
Long Delay Free Recall and LMII (i.e., Story A+Story B recall); Recognition memory=Recognition Discriminability Index and Recognition total
score.
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