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Abstract

Research has shown poor performance on verbal memory tasks in patients with major depressive
disorder relative to healthy controls, as well as structural abnormalities in the subcortical
structures that form the limbic-cortical-striatal-pallidal-thalamic circuitry. Few studies, however,
have attempted to link the impairments in learning and memory in depression with these structural
abnormalities, and of those which have done so, most have included patients medicated with
psychotropic agents likely to influence cognitive performance. This study thus examines the
relationship between subcortical structural abnormalities and verbal memory using the California
Verbal Learning Test (CVLT) in unmedicated depressed patients. A T1 weighted Magnetic
Resonance Imaging scan and the CVLT were obtained on 45 subjects with major depressive
disorder and 44 healthy controls. Using the FMRIB’s Integrated Registration and Segmentation
Tool (FIRST) volumes of selected subcortical structures were segmented and correlated with
CVLT performance. Depressed participants showed significantly smaller right thalamus and right
hippocampus volumes than healthy controls. Depressed participants also showed impaired
performance on global verbal learning ability, and appeared to depend upon an inferior memory
strategy (serial clustering). Measures of serial clustering were correlated significantly with right
hippocampal volumes in depressed participants. Our findings indicate that depressed participants
and healthy controls differ in the memory strategies they employ, and that while depressed
participants had a smaller hippocampal volume, there was a positive correlation between volume
and use of an inferior memory strategy. This suggests that larger hippocampal volume is related to
better memory recall in depression, but specifically with regard to utilizing an inferior memory
strategy.
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1. Introduction

A diagnosis of major depressive disorder includes clinical features of cognitive dysfunction
such as “diminished ability to think or concentrate, or indecisiveness,” (APA 2000).
Neuropsychological studies that evaluate the cognitive features of depression have identified
deficits in information processing, attention, memory, and executive functioning
(Reppermund, Ising et al. 2009). Memory dysfunction is apparent in declarative memory
(Campbell and MacQueen 2006), with the largest effects in the domains of encoding and
retrieval of episodic memory (Zakzanis, Leach et al. 1998). Studies of episodic memory
deficits in depression have examined both autobiographical memory and explicit memory.
With regard to autobiographical memory, depressed participants tend to be over-general in
their recall of events triggered by a cue word (Williams et al. 2007; Young et al., 2011).
Most examinations of explicit memory in depression have focused on verbal memory. For
example, in studies comparing depressives and controls for their performance on the
California Verbal Learning Test (CVLT; (Delis 2000), an assessment of verbal memory,
retention, and retrieval, the depressed participants were slower to acquire new information,
and recalled fewer target words. In contrast, memory retention and recognition memory
appear relatively preserved in major depression (Otto, Bruder et al. 1994).

Verbal memory deficits observed in patients with depression conceivably may be mediated
by the abnormalities in brain structure and function that have been identified in
neuroimaging and neuropathological studies of major depression (Sheline, Wang et al. 1996;
Gold, Drevets et al. 2002). Such abnormalities commonly have been reported to involve
subcortical structures such as the amygdala, hippocampus, striatum and thalamus (Bremner
2005; Amico, Meisenzahl et al. 2011). These structures, along with the prefrontal and
temporal cortices, form the limbic-cortical-striatal-pallidal-thalamic circuit that plays a role
in supporting affective states, episodic memory, and other types of cognitive processing
(Sheline 2000; Bielau, Trubner et al. 2005; Kim, Hamilton et al. 2008).

The hippocampus is critically involved in learning and memory, particularly in
consolidation of short-term into long-term explicit memory (Squire, 1992; Schacter, et al.,
1996; Eichenbaum, 1997; Nadel et al., 2003). The hippocampus has been linked with
performance on tasks of delayed recall (Geuze, Vermetten et al. 2005) and damage to the
hippocampus gives rise to explicit memory deficits (Sapolsky 2000). In addition, lesion
(Serra-Grabulosa, Junque et al. 2005) and resection (Hermann, Wyler et al. 1994) studies
have shown that hippocampal damage impairs performance on recall measures of the CVLT
(Hermann, Wyler et al. 1994; Serra-Grabulosa, Junque et al. 2005).

Structural Magnetic Resonance Imaging (MRI) studies show smaller hippocampal volumes
in major depression (Videbech and Ravnkilde 2004; Clark, Chamberlain et al. 2009; Y'stad,
Lundervold et al. 2009), although this finding remains inconsistent in the literature (Ashtari,
Greenwald et al. 1999; Vythilingam, Vermetten et al. 2004). Although in some cases
differences in the results across studies may be due to methodological issues such as the use
of lower resolution MRI techniques and differences in segmentation procedures, in other
cases they may reflect the biological heterogeneity extant within the population
encompassed by the major depressive disorder criteria (Sapolsky 2000; Sheline 2000). For
example, theories exist regarding the relationship between cortisol hypersecretion,
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hippocampal abnormalities and verbal memory deficits and the neurobiology of depression.
The prevailing hypothesis is that hippocampal neuronal damage may be caused by excess
secretion of cortisol, particularly in the context of prolonged stress, and/or glutamatergic
excitotoxicity (for review see Gold, Drevets, & Charney, 2002), although the relationship
between these pathological constructs has been only partly elucidated.

Other subcortical structures implicated in the pathophysiology of major depressive disorder,
such as the basal ganglia, play roles in implicit learning and memory, and in working
memory (Packard and Knowlton 2002; Ring and Serra-Mestres 2002; Graybiel 2005). Also,
the basal ganglia have also been implicated in mediating certain memory strategies, such as
route recognition, via their limbic-cortical-striatal-pallidal-thalamic circuit interactions
(Voermans et. al., 2004). The basal ganglia have been implicated in depression due to the
comorbidity of depression with neurodegenerative disorders that involve the basal ganglia,
such as Parkinson’s disease and Huntington’s disease (Husain, McDonald et al. 1991;
Krishnan, McDonald et al. 1992; Ring and Serra-Mestres 2002). Neuroimaging studies have
shown smaller putamen and caudate volumes (Husain, McDonald et al. 1991; Krishnan,
McDonald et al. 1992), while postmortem studies have shown smaller putamen, pallidum,
and accumbens volumes in depressed participants compared to healthy controls (Baumann,
Danos et al. 1999). In addition, lesion studies link the caudate nucleus and the putamen with
depression, and patients with lesions in the caudate and putamen tend to have both higher
frequency and higher severity of depression(Starkstein, Robinson et al. 1988).

The thalamus also has been implicated in the pathophysiology of major depression in
neuroimaging studies (e.g., (Drevets 1998; Kim, Hamilton et al. 2008). Volumetric MRI
(Kim, Hamilton et al. 2008) and post-mortem (Bielau, Trubner et al. 2005) studies identified
smaller thalamic volumes in depressed participants compared to healthy controls. In
addition, patients with thalamic lesions tend to have memory difficulties that include
retrieval and encoding deficits (Van der Werf, Witter et al. 2000).

In summary, while both verbal memory deficits and subcortical abnormalities have been
demonstrated in patients suffering from major depression, the relationship between
subcortical volume and verbal memory remains unclear. Further insight into this relationship
could facilitate our understanding of the pathophysiology underlying mood disorders, and
potentially may contribute to improved diagnosis and treatment for major depressive
disorder. We predicted that volumes of subcortical regions involved in the limbic-cortical-
striatal-pallidal-thalamic circuit that support verbal memory processing would be reduced in
depressed participants as compared to healthy controls. Moreover, we expected that volumes
in areas showing group differences would correlate with indices of verbal memory
dysfunction.

2. Methods and Materials
2.1 Participants

Forty-five currently unmedicated (for at least 2 weeks, and at least 4 weeks for those treated
with fluoxetine) patients were enrolled in this study after meeting Diagnostic and Statistical
Manual for Mental Disorders (41" ed., text rev.; DSM-IV-TR; APA, 2000) criteria for Major
Depressive Disorder without psychotic features (18 males, 27 females; mean age = 36 + 10;
range 19-56 years). Mental health status was determined by the Structured Clinical
Interview for the DSM-IV-TR (SCID) (First 1995) administered by trained research nurses
with at least .80 interrater reliability and confirmed via an unstructured interview with a
psychiatrist. Healthy controls (20 males, 24 females; age = 33 + 10; range 20-57 years) had
no current lifetime or history of a psychiatric disorder (also ascertained via the SCID and an
unstructured interview with a psychiatrist), and did not have a first-degree relative with a
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mood or anxiety disorder. Exclusion criteria for all participants as determined by medical
history, physical examination and laboratory testing included significant medical or
neurological disorders, head injury with loss of consciousness, pregnancy, general MRI
exclusions, meeting DSM-IV-TR (APA, 2000) criteria for substance abuse within the
preceding 90 days, or a positive urine toxicology screen. All participants were evaluated at
the National Institute of Mental Health outpatient clinic. Written informed consent was
obtained from all participants, and all data were collected as approved by the National
Institutes of Health Combined Neuroscience Institutional Review Board.

Verbal Memory Task

The California Verbal Learning Test (CVLT;(Delis 2000)) was used to assess verbal
learning, retention, and retrieval. The CVLT is a retrieval-trial, list-learning test, with two
16-item lists. List A, which consists of four semantic categories, is read to the participants,
and is presented so that no two words from the same category occur in sequence.
Participants are not informed of the semantic structure. The list is presented for five trials,
after each of which the participant is asked to recall as many of the words as possible
(immediate free recall). A Total Free Recall score is computed by adding trials one through
five. Immediately after trial 5, List B is presented (again this list is comprised of four
semantic categories, two of which overlap with List A), and participants were asked to recall
these words once. Following this single trial with list B, the participants are asked to recall
List A once with no prompt (short delay free recall), and then a second time when prompted
with semantic category (short delay cued recall). Following a 20 minute delay, participants
are asked to recall as many words from list A as possible, first via free recall (long delay free
recall) then via cued recall (long delay cued recall). Finally, a List A recognition trial
included the presentation of a word list comprised of List A words, list B words and novel
words. The CVLT also includes scores for semantic clustering, which refers to the
consecutive recall of words from the same category, and serial clustering, which is the recall
of words in the same order they were presented either from the beginning of the list
specifically (serial clustering forward), or from the beginning or end of the list (serial
clustering bidirectional). For additional details on the CVLT see (Delis 2000).

2.2 Image Acquisition

MRI scans were conducted on two scanners. Seventy-one (35 healthy controls; 36 depressed
participants) participants were scanned on a long bore GE 3 Tesla scanner with a single
channel coil running an MP-RAGE pulse sequence (echo time = 2.7 ms, repetition time =
7.3 ms, prep time = 725 ms). Eighteen participants (9 healthy controls; 9 depressed
participants) were scanned on a short bore GE 3 Tesla MRI scanner acquiring IR-fSPGR
images with an 8 channel coil (echo time = 2.6ms, repetition time = 5.9 ms, inversion time =
450ms). All images were acquired axially at a resolution of 224x224x124, resampled to
256x256x124 with a 22cm field of view and final resolution of 0.9x0.9x1.2mm.

2.3 Image Processing

Following acquisition, the MINC (McConnell Brain Imaging Centre, Montreal Neurological
Institute, McGill University, Montreal, Canada) tool N3 was used to correct the images for
intensity non-uniformity. After spatial normalization the FMRIB’s Integrated Registration
and Segmentation Tool (FIRST) software was utilized to segment the images (details
described in (Patenaude, Smith et al. 2008). Images were processed using the run_first_all
routine, distributed as part of the FIRST software. Correction for voxels on the boundary of
each segmentation was also included in the run_first_all routine. Regions of interest
included right and left thalamus, caudate, putamen, pallidum, and hippocampus. We have
previously found the FIRST technique to be reliable across our scanning platforms in these
regions; although the FIRST tool can also be used to segment the accumbens and amygdala,
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we found the reliability of these volumes to be relatively low on our scanners (Nugent
2012).

2.4 Statistical Analysis

3. Results

All data analysis was performed utilizing the Statistical Package for the Social Sciences
(SPSS 2010). For demographic characteristics, a chi square analysis was used to compare
the categorical variables and a one-way analysis of variance was used to compare the
continuous variables between groups. The CVLT measures and brain regions were divided
into primary and secondary analyses. The primary analyses consisted of CVLT measures
and regions that were well supported by the literature, while the secondary analyses
consisted of CVLT measures and regions with less evidence for abnormality in major
depression. Therefore, the primary region of interest was the hippocampus, while the
thalamus, caudate, putamen and pallidum were secondary regions; left and right lateralized
regions were examined separately. Of the gpriori outcome measures of the CVLT, seven
were considered primary (total free recall, short delay free recall, short delay cued recall,
long delay free recall, long delay cued recall, Yes/No Recognition Total Hits and Total False
Positives) and five were considered secondary (Semantic Clustering trials 1-5, Semantic
Clustering SDFR, Semantic Clustering LDFR, Serial Clustering Forward, Serial Clustering
Bidirectional). An analysis of covariance was used to identify group differences in region
volumes and CVLT outcome measures. Cohen’s d is used to show effect sizes for mean
comparisons. A Pearson’s correlation was used to determine if volumes of brain areas that
differed between groups correlated with CVLT outcome measures that also differed between
groups. Gender and scanner were included as covariates in each of the appropriate analyses
(Kramer, Yaffe et al. 2003). The Bonferroni correction was applied to control for multiple
comparisons, making the significance level for the primary regions of interest .025, and .006
for secondary regions of interest; the significance level for primary CVLT measures of
interest is .008, and .01 for secondary CVLT measures of interest. Finally, the significance
level for Pearson’s correlations between significant regions and significant measures is .004.
Pearson’s correlations found to be significant in one group were compared between groups
via Fisher’s r-to-z transformation to evaluate the significance of the difference between the
correlation coefficients.

Demographic and clinical characteristics of the healthy controls and participants with major
depression are presented in Table 1. No significant difference was observed between the two
groups on age, education, 1Q, or gender distribution, however, the depressed participants
scored significantly higher on the Montgomery-Asberg Depression Rating Scale
(Montgomery and Asberg 1979) than the healthy controls

Table 2 lists the mean regional volumes for depressed and control samples. For the primary
region of interest, depressed participants showed significantly smaller mean right
hippocampal volumes than the healthy controls (F=6.386, p=.013; d=.62), and within
secondary regions of interest, depressed participants showed significantly smaller right
thalamic volumes than the healthy controls (F=8.625, p=.004; d=.68).

As depicted in Table 3, for the primary measures-of-interest, healthy controls had a
significantly higher mean Total Free Recall (TFR; F=7.420, p=.008; d=.58) than the
depressed participants. For the secondary measures-of-interest, healthy controls used
semantic clustering more often than depressed participants did during Long Delay Free
Recall (F=9.154, p=.003; d=.64) while depressed participants showed a nonsignificant trend
toward using bidirectional serial clustering more often than healthy controls (F=.698, p=.
011; d=.20).
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Healthy controls did not show significant Pearson’s correlations between volume and CVLT
performance in any region where group differences in volume were evident. In contrast,
depressed participants showed a significant correlation between serial clustering forward
and the right hippocampus volume (r=.439, p=.004), and bidirectional serial clustering and
the right hippocampus volume (r=.447, p=.003) (Tables 4 and 5; Figures 1 and 2).

No significant difference was found between groups in the correlation coefficients using the
Fisher’s r-to-z transformation.

4. Discussion

The results of this study demonstrate that depressed participants and healthy controls
differed on memory strategy employed while performing a verbal working memory task.
Furthermore, recall based on serial clustering correlated with right hippocampus volume in
the depressed group. Individuals who group items into the category to which they belong
generally remember more words than individuals who do not (Buytenhuijs, Berger et al.
1994; Deckersbach, Savage et al. 2004) and thus semantic clustering is associated with
better recall performance. In contrast, serial clustering is generally an ineffective learning
strategy associated with poorer performance (Buytenhuijs, Berger et al. 1994; Delis 2000;
Deckersbach, Savage et al. 2004). Indeed, our depressed subjects performed more poorly
than controls on total free recall. Moreover, although the results did not meet the threshold
for statistical significance, the participants with major depression tended to perform more
poorly than the healthy controls on short delay cued recall but not on short delay free recall,
consistent with an inferior recall strategy. As participants are not informed of the categorical
organization of the word lists, applying a semantic clustering approach is a self-generated
strategy, while employing serial recall by definition is an externally cued resource (Delis
2000; Berger, Cools et al. 2004). Internal or self-generated cues have stronger influence on
memory than external cues (Berger, Cools et al. 2004). The inability to use semantic
clustering may indicate deficits in developing internal cues. Therefore, this finding may
indicate that depressed participants fail to use semantic clustering because they fail to
generate the internal cue of category. Relative to the control group, the MDD group showed
smaller hippocampal volumes, poorer total free recall, and more common use of serial, as
opposed to semantic clustering. Nevertheless, the hippocampal volume was positively
correlated with the degree to which serial clustering was used. Taken together these findings
suggest that a complex relationship exists between these associated abnormalities in brain
structure and cognitive function. For example, one potential interpretation of the positive
correlation between hippocampal volume and serial clustering may be that MDD subjects
with the most intact hippocampal structure are able to compensate for an underlying
impairment in the use of semantic clustering by making greater use of serial clustering
(albeit an inferior technique) to perform the task. Conversely, subjects who have the smallest
hippocampal volumes may be less able to use this compensatory, serial clustering strategy,
and thus show the poorest free recall performance because they are impaired at both
semantic and serial clustering strategies

Our finding of a right lateralized difference in hippocampal volume contrasts with previous
findings of bilateral hippocampal reductions, with the reduction on the left being the most
pronounced (Sheline, Sanghavi et al. 1999; Sapolsky 2000; Videbech and Ravnkilde 2004;
Kaymak, Demir et al. 2010). This is not, however, the only study to find significantly
smaller hippocampal volumes only in the right side (Neumeister, et al., 2005; Amico,
Meisenzahl et al. 2011). It should be noted that although the difference was not significant,
mean left hippocampus volume was nominally lower in depressed subjects as compared to
controls.
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Consistent with previous CVLT literature we found that depressed participants had a lower
total free recall score, and relied more on serial clustering and less on semantic clustering,
(Otto, Bruder et al. 1994; Hinkelmann, Moritz et al. 2009; Thomas, Gallagher et al. 2009).
However, contrary to much of the literature, we did not find a difference between the two
groups on delayed free recall. Previous literature shows that depressed participants increase
their recall across trials just as healthy controls do, yet do so at a slower rate (Hinkelmann,
Moritz et al. 2009). This similar pattern of learning suggests that it is encoding into memory
rather than retrieval from memory that impairs depressed participants on the CVLT,
particularly when coupled with impairments on the recognition task. Our observation that
the depressed participants performed more poorly than healthy controls across the five
learning trials but performed similarly on short and long delay free recall and long delay
cued recall furthers the controversial claim that depressed participants have difficulties in
verbal memory that stem from encoding rather than retrieval (Squire, 1987; Delis, Kramer,
Kaplan, & Ober, 2000; Murray, Whitehouse, & Alloy, 1999). Though most research
examining CVLT performance in depressed participants indicates that they performed more
poorly than healthy controls across the five learning trials, the studies tend to assert that
deficits stem from retrieval rather than encoding. In general this assertion is based on the
sample of participants having impaired recall, but intact recognition. In addition, Murray and
colleagues found that both dysphoric and non depressed groups recalled additional words
under a forced recall task, which they assert indicates that these words were encoded and not
retrieved (Murray, Whitehouse, & Alloy, 1999). However even Murray and associates
indicate that while the later remembered words are available to the dysphoric group, they are
less accessible to conscious recollection, which may be due to less elaborative processes
being used at encoding. In fact, the extant literature generally suggests that depressed
participants have intact recognition on the CVLT (Otto, Bruder et al. 1994; Delis 2000).
Consistent with this conclusion, recognition differences between groups in the present study
did not remain significant after controlling for multiple comparisons; however, the
possibility of a type Il error must be considered. It seems reasonable to infer from our data
that deficits in verbal memory shown within this sample stem primarily from encoding
rather than retrieval.

The depressed sample also exhibited a significantly smaller mean right thalamus volume
compared to the control sample, although the correlation between verbal memory task
performance and thalamic volume was not significant. The finding of smaller right thalamus
volume is consistent with previous neuroimaging (Kim, Hamilton, & Gotlib, 2008) and
postmortem (Bielau et al., 2005) literature that has reported reduced bilateral thalamus
volumes in depression. The emphasis on a limbic-cortical-striatal-pallidal-thalamic circuit in
mood regulation (Drevets, et al., 1992; Bielau et al., 2005; Kim, Hamilton, & Gotlib, 2008;
Ystad, Eichele, Lundervold, & Lundervold, 2010) and recent research into structural
abnormalities in this circuit (Kim, Hamilton, & Gotlib, 2008) implicate the thalamus in
depression. In addition, a link between thalamic function and memory performance stems
from lesion studies, which show that patients with thalamic lesions tend to have memory
difficulties, which in most cases involve retrieval and encoding deficits, although the pattern
of deficits can be variable (Van der Werf et al., 2000). Therefore, it is reasonable to expect a
link between thalamic volume, CVLT performance, and depression. It is possible that the
sample size was insufficient to display correlations between thalamic volume and CVLT
performance. Although the other subcortical regions examined failed to show significant
differences in this study, this is not altogether surprising given the relatively small sample
size and the paucity of reports of abnormalities in the literature.

In addition to the subcortical regions studied herein, previous literature indicates that some
areas of the prefrontal cortex are involved in performing tasks of verbal memory. Numerous
studies show that individuals with frontal lobe lesions are impaired on tasks of free recall,
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largely because they fail to use strategies and cues (Hirst & Volpe, 1988; Gershberg &
Shimamura, 1995; Baldo, Delis, Kramer, & Shimamura, 2002). The functional
neuroimaging literature has also shown that activation of the prefrontal cortex during
encoding was indicative of semantic clustering during recall (Savage et al., 2001; Long,
Oztekin, & Badre, 2010). Results of the current study suggest that depressed participants
rely on serial clustering more than semantic clustering, compared to the controls and there
was a positive correlation between the use of serial clustering and right hippocampal volume
in the depressed group. Though the previous studies have focused on cortical regions such as
the prefrontal cortex, together these findings suggest both hippocampus and prefrontal
cortex involvement of the limbic-cortical-striatal-pallidal-thalamic circuitry in verbal
memory.

This study has several limitations. First, the study has a relatively small sample size. In
addition, the fact that because most of our depressed participants exhibited moderate
depression, correlations between severity of depressive symptoms and structural or memory
abnormalities could not be fully explored. In addition, our results may not generalize to
patient samples that are more mild or severe with respect to illness severity. As evidence
indicates that depressed mood itself can impact memory (O’Jile, Schrimsher et al. 2005),
including a range of mild to severe depression would shed light on the impact of depression
severity on verbal memory. An important consideration for examinations of verbal memory
impairment in depressed individuals is whether the impairment is a part of a stable
underlying neurobiological vulnerability to major depressive disorder, or whether it occurs
only in the context of depressed mood. Some data indicate that memory impairment is
primarily state dependent. For example, Douglas and Porter (2009) propose a relationship
between improvements in depressive symptomatology and improvements of verbal memory
in major depression. In addition, neurocognitive deficits have been found in those suffering
from their first episodes of depression (Kaymak, Demir et al. 2010). In contrast, evidence
showing that there are declarative memory impairments in those at risk (genetically) of
developing major depressive disorder would argue for trait dysfunction (Mannie et. al.,
2008). Moreover, verbal memory impairment persists after the alleviation of the symptoms
of depression, (Douglas and Porter, 2009), and the more chronic the illness the more
pronounced cognitive deficits tend to be (Fossati, et al., 2004). Taken together, these data
suggest that there are both state and trait components to the verbal memory impairment in
depression. Unfortunately, the cross sectional design of the current study could not
disentangle these effects. In addition, the current study did not include an examination of
amotivation, which is a core component of depression. Performance differences between
healthy controls and depressed participants have been rendered non-significant when
patients exhibiting low effort are removed from the sample (Rohling, Green, Allen, and
Iverson, 2002; Benitez, Horner and Bachman, 2011). We cannot rule out that performance
measures of the CVLT were influenced by amotivation in our sample.

Future studies should include more clinical assessments and information at the time of
testing such as measures to determine state and trait levels of depression, for example the
State-Trait Depression Scale, as well as full medication history, to increase the
interpretability of our results. It would also be valuable to examine the effects of a range of
clinical variables such as severity of illness on hippocampal volumes. Additionally, a
measure of motivation/effort, such as the forced recognition trial of the CVLT or the Test of
Memory Malingering, should be included so that participants who are not giving optimal
effort on the cognitive task can be removed from the analysis.

This is the first study that directly compares the impairments in learning and memory with
structural abnormalities found in major depression in an unmedicated sample. Studies such
as the current one not only elucidate brain structures involved in the pathophysiology of
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depression, but also provide insight into how these structural differences manifest
cognitively. Examinations such as these can lead to a clearer understanding of the
pathophysiology of depression. In addition, the finding that depressed participants rely on an
inferior memory strategy and that recall based on this strategy is correlated with right
hippocampal volume may impact efforts to address memory deficits faced by depressed
participants.
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Figure 1.

Scatter Plots Showing Correlations between Right Hippocampus and Serial Clustering
Forward. Scatter plots are shown separately for healthy participants (A) and patients with
depression (B),
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Figure2.

Scatter Plots of Correlations between Right Hippocampus and Serial Clustering
Bidirectional, Scatter plots are shown separately for healthy participants (A) and patients
with dpression (B).
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Sample Characteristics Mean(SD)

HC MDD
N 44 45
Age 34 (10) 36 (10)
Age Range 20-57 19-56
Gender (M:F) 20:24 18:27
“Education Years (n=88) 16 (2) 16 (2)
“Education Range (n=88) 12-22 11-21
*IQ (n=87) 117 (12) 117 (11)
*IQ Range (n=87) 75-133 96-141
*MADRS (n=78) 23(73) 24.88(5.67)
*MADRS Range(n=78) 0-3 14-37
“Length of lliness (n=79) N/A 17.11(8.5)

3-37

*Length of Illness Range (n=79) N/A

*

Table 1

Page 16

= some participants missing this information, HC=Healthy Control, MDD=participants with depression, N= number of participants in the group,

M=male, F=female, MADRS=Montgomery Asberg Depression Rating Scale, Length of Iliness is in years
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Mean Volume Differences in mm3

HC MDD F Sig
Primary Analyses
Left Hippocampus 3839.4 36729 2452 121
Right Hippocampus 39384  3699.3 6.386 (13*
Secondary Analyses
Left Thalamus 82724 78481 5966 .017
Right Thalamus 8085.2 7587.3 8625 ou*
Left Caudate 3436.3 3397.1  .009 .926
Right Caudate 3652.2 3520.8 .641 426
Left Putamen 5039.4 49199 178 674
Right Putamen 48845 47579 172 .679
Left Pallidum 17125 16739 .608 438
Right Pallidum 1763.1 17019 1517 221

Table 2

*
indicates continued significance when controlling for multiple comparisons
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Table 3
Mean Score Differences on the CVLT
HC MDD F Sig

Primary Analyses

Total Free Recall 5859 51.36 7420 (pg*

Short Delay Free Recall 1230 1153 1262 .264

Short Delay Cued Recall 1332 11.93 4840 .030

Long Delay Free Recall 13.00 11.82 3.476 .066

Long Delay Cued Recall 1357 1247 3197 .077

Total Hits Y/N Recognition 1539 1418 4211 .043

False Positives Y/N Recognition ~ 1.57 .89 2196 .142
Secondary Analyses

Semantic Clustering Trials 1-5 2.01 905 4357 .040

Semantic Clustering SDFR 3.37 234 2217 140

Semantic Clustering LDFR 499 297 9154 (p3*

Serial Clustering Forward .53 1.06 3761 .056

Serial Clustering Bidirectional 56 1.34 0698 11*

SDFR = Short Delay Free Recall, LDFR = Long Delay Free Recall, Y/N = Yes/No,

*
indicates continued significance when controlling for multiple comparisons
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Table 4

Correlations between Volume in mm3 and Task Performance in HCs

L Thalamus R Thalamus R Hippocampus L Hippocampus
Total Free Recall r=.001, p=.994  r=.036, p=.882 r=.140, p=.383 r=.313, p=.046
Short Delay Cued Recall r=-.030, p=.854  r=.005,p=.975 r=.135, p=.400 r=.314, p=.046
Semantic Clustering Trials 1-5  r=.114, p=.480 r=.138,p=.389 r=.089, p=.580 r=.351, p=.025
Semantic Clustering LDFR r=207,p=193  r=263,p=096  r=.192,p=229 =490, p=.001"
Serial Clustering Forward r=.153,p=.339  r=.183,p=.252 r=.177, p=.270 =-.060, p=.709
Serial Clustering Bidirectional ~ r=.014, p=931  r=.002,p=.988 r=.064, p=.689 r=-.202, p=.205
Total Hits Y/N Recognition r=-098,p=542 r=-062,p=.701  r=.038,p=.812  r=-.003, p=.984

SDFR = Short Delay Free Recall, LDFR = Long Delay Free Recall, Y/N = Yes/No,

*
indicates continued significance when controlling for multiple comparisons
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Table 5

Correlations between Volume in mm3 and Task Performance in MDDs

L Thalamus R Thalamus R Hippocampus L Hippocampus
Total Free Recall r=.050, p=.757  r=-.072, p=.657 r=.312, p=.047 r=.268, p=.090
Short Delay Cued Recall r=-.148, p=.357 r=-250, p=.115  r=.112, p=.484 r=.030, p=.853
Semantic Clustering Trials 1-5  r=-.058, p=.718 r=-.131, p=.414  r=-.090, p=.575 r=.021, p=.897
Semantic Clustering LDFR r=-238, p=.134 r=-272,p=.085 r=-191, p=.231 r=-.115, p=.475
Serfal Clustering Forward r=371,p=017 r=369,p=018 =439 p=004" =312 p=.047
Serial Clustering Bidirectional ~ r=.196, p=.219  r=.222, p=.163 r=.447, p=.003* r=.208, p=.191
Total Hits Y/N Recognition r=-.047, p=.771 r=-.062, p=.701  r=-.028, p=.861 r=-.036, p=.825

SDFR = Short Delay Free Recall, LDFR = Long Delay Free Recall, Y/N = Yes/No,

*
indicates continued significance when controlling for multiple comparisons
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