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ABSTRACT

Memory deficits are reported in major depressive disorder (MDD). Prefrontal cortical and mesiotemporal cortical
(MTC)/subcortical regions are involved in the Buschke Selective Reminding Task (SRT), a verbal list-learning
task. To determine whether depression-related changes in resting brain metabolism explain (in part) the deficits
in SRT performance found in MDD, statistical correlation maps were calculated between SRT total recall score
(TR) and relative regional cerebral metabolic rate for glucose (rCMRglu), measured by ['®F]-flourodeoxyglucose
(FDG) positron emission tomography (PET), in unmedicated, depressed MDD patients (N = 29). Subsequently,
to explore hypothesized loss of top-down control in MDD, we compared the correlations between rCMRglu of
SRT-relevant regions of the dorsolateral prefrontal cortex (dIPFC) and amygdala in a larger cohort of MDD
(N = 60; 29 inclusive) versus healthy controls (HC) (N = 43). SRT performance of patients is on average 0.5
standard deviation below published normative mean. TR and rCMRglu positively correlate in bilateral dor-
somedial PFC, dIPFC, dorsal anterior cingulate; negatively correlate in bilateral MTC/subcortical regions, and
cerebellum. rCMRglu in dIPFC correlates negatively with that in amygdala in HC but not in MDD. Depression-
related changes present in FDG-PET measured resting brain activity may be in part responsible for memory

deficit found in MDD.

1. Introduction

Verbal learning deficits have been reported in major depressive
disorder (MDD) (Baune et al., 2010; Boeker et al., 2012; Kaneda, 2009;
Marvel and Paradiso, 2004). These deficits have been observed in free
recall (Taconnat et al., 2010), paragraph recall (Zubieta et al., 2001)
and word list recall (Austin et al., 1992; Gourovitch et al., 1999;
Paradiso et al., 1997; van Gorp et al., 1999); non-declarative memory
appears to be unaffected (Ilsley et al., 1995). Verbal learning deficits in
depression are not fully explained by attentional deficits, motor slowing
(Hermens et al., 2010; Snyder, 2013), or insufficient effort (Christensen
et al., 1997; Kindermann and Brown, 1997), potentially indicating that
deficits in episodic verbal memory processes are, at least in part, in-
dependent of other cognitive and affective symptoms in MDD (Gruber
et al., 2011).

Neuroimaging studies suggest that MDD is associated with brain-
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wide, anomalous resting state brain activity, thought to reflect the state
of dysfunctional brain networks involved in affect and cognition
(Diener et al., 2012; Dutta et al., 2014; Murray et al., 2011; Palmer
et al., 2014). We have previously shown that depression severity cor-
relates negatively with resting relative regional cerebral metabolic rate
for glucose (rCMRglu) in cortical regions, such as the dorsolateral
prefrontal cortex (dIPFC), but positively with rCMRglu of subcortical and
mesiotemporal regions, such as the hippocampus and amygdala, in
severely depressed MDD patients (Milak et al., 2005; Palmer et al.,
2014). This is in agreement with the top-down disconnectivity model of
MDD, which posits that depression symptomatology is related to a **loss
of control” of hypoactive cortical regions over hyperactive, subcortical
ones (Mayberg, 1997; Mayberg et al., 1999).

Certain dimensions or components of clinical psychopathology as
identified by factor analysis of the Hamilton Depression Rating Scale
(HDRS) or the Beck Depression Inventory (BDI) correlate with rCMRglu
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in unique brain regions specific to each of those above-mentioned di-
mensions, suggesting that resting rCMRglu is associated with dimen-
sions of MDD psychopathology in a regionally specific manner (Milak
et al., 2010b, 2005).

Few studies, however, have specifically examined regional brain
metabolic correlates of depression-related deficits in verbal learning, or
how depression-related metabolic changes may be related to the se-
verity of memory and learning deficit (Harper et al., 2017; Ottowitz
et al., 2010; Shan et al., 2017). Systematic evaluation of the brain for
resting rCMRglu correlates of memory performance deficit severity in
MDD, as well as the interregional rCMRglu correlations among these
regions in healthy volunteers vs. depressed MDD patients (Korgaonkar
et al., 2012), should help identify the structures and their functional
connections where depression-related activity interferes with verbal
learning performance.

Therefore, we sought to (1) identify the resting rCMRglu correlates
of the cognitive deficit captured by the Buschke Selective Reminding
Task (SRT) (Buschke, 1973; Buschke and Fuld, 1974), a 12-trial, verbal
list-learning task that is sensitive to memory deficit in depression (Keilp
et al., 2001; Zakzanis et al., 1998), in medication-free, DSM-IV MDD
patients; (2) examine the correlations between rCMRglu from SRT-re-
lated cortical and subcortical regions of interest (ROIs) in a larger group
of MDD patients, and compare to the correlation of the same regions in
healthy control (HC) subjects.

2. Methods
2.1. Subjects

A total of 60 MDD and 43 HC, aged 18 to 60 years old, male and
female subjects underwent [*8F] -flourodeoxyglucose ([*®F]-FDG) posi-
tron emission tomography (PET). Data from a subgroup of 29 MDD
subjects who had both PET and SRT were used for the correlation
analysis between rCMRglu and SRT Total Recall (TR) score detailed in
Image Analysis. We have previously published data from subgroups of
this cohort (Anderson et al., 2004; Kegeles et al., 2003; Milak et al.,
2010, 2005; Nobler et al., 2001; Oquendo et al., 2005, 2003).

All MDD subjects were diagnosed with the Structured Clinical
Interview for DSM-IV, Patient version (SCID-P) (Williams, 1992) and
scored 16 or more on the 17-item HDRS (Hamilton, 1960, 1967) at
screening. Participants provided written informed consent as approved
by the local Institutional Review Board. Depression severity was as-
sessed using the 24-item HDRS and BDI. Demographics, past psychiatric
and medical histories, and developmental and family histories were
recorded on the Columbia Baseline Demographic Form. Subjects in the
HC group were administered the Non-Patient version of SCID (SCID-NP)
to confirm their eligibility as healthy volunteers. Subjects were ex-
cluded if one or more of the following criteria was recorded in their
history, physical exam and/or laboratory tests; medical condition(s)
deemed to be active and clinically significant (e.g., likely to be the
cause of symptoms or laboratory abnormalities at the time of enroll-
ment), presence of metal implants, being unable to provide a consent;
meeting SCID-IV criteria for eating disorders and/or substance abuse in
the 2 months before enrollment, substance dependence in the 6 months
before enrollment, any history of mania or hypomania, primary psy-
chotic disorder or major depressive episode (MDE) with psychotic
features (see Table 1 for additional characteristics of sample).

Because antidepressants are known to impact resting brain meta-
bolism (Bellani et al., 2011), patients underwent a minimum of 14 days
of psychotropic medication washout (6 weeks in the case of fluoxetine
and one month in the case of oral antipsychotics), with the exception of
lorazepam. Patients were allowed up to 3 mg daily of lorazepam during
the washout period, except in the three days prior to PET scanning. In
practice, no patient received lorazepam for at least 9 days prior to
scanning.
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2.2. Memory assessment

A standard 12-word, 12-trial version of the SRT with a delayed free
recall 30 min after the conclusion of the learning phase was adminis-
tered to the subgroup of 29 depressed MDD subjects. The SRT differs
from other list-learning tasks in that subjects are only ““selectively re-
minded" of words that they did not recall after each learning trial (other
tasks present the full list on every trial). This increases the demand to
actively encode the words recalled on each trial—since they will not be
repeated on the subsequent trial in the reminding procedure—and
makes the task sensitive to these encoding failures.

The SRT was administered 1-3 days prior to imaging, when all
subjects were free of psychotropic medication. Scores for TR, Long
Term Storage (LTS), Long Term Retrieval (LTR), Short Term Retrieval
(STR), Consistent Long Term Retrieval (CLTR), Delayed Recall (DR) and
Intrusion (INTR) were recorded and adjusted for standard sex effects.
They were converted to z-scores based on published age-adjusted norms
(Spreen and Strauss, 1998) prior to statistical analyses.

Cognitive ability, reaction time and processing speed were eval-
uated with Choice Reaction Time (CTR), Weschsler Adult Intelligence
Scale (WAIS) - Digit Symbol and Trail Making Parts A and B.

2.3. PET studies

Imaging acquisition details have been described previously
(Milak et al., 2005). A bolus injection of approximately 370 MBq [*®F]-
FDG was administered intravenously. Subjects gazed at crosshairs in a
dimmed, quiet room during the first 15 min following [*®F]-FDG in-
jection. They then rested quietly for another 15 min before moving to
the scanner, where the head was positioned so that the lowest scanning
plane was parallel to and approximately 1.0 cm above the canthomeatal
line. A Siemens ECAT Exact 47 scanner (in plane spatial resolution
5.8 mm, axial resolution 4.3 mm full width at half maximum at center)
was used to acquire a 60 min emission scan in 2D mode in a series of
twelve 5 min frames beginning about 45 min after tracer injection. An
attenuation map was obtained from a 15 min *®Ge/®®Ga transmission
scan. Images were reconstructed with a Shepp radial filter, cutoff fre-
quency of 35 cycles per projection rays and a ramp axial filter cutoff
frequency of 0.5 S.

2.4. Image analysis

The 12 PET frames were aligned using Automated Image
Registration (Woods et al., 1998) and summed. Statistical analysis was
performed using Statistical Parametric Mapping (SPM12) (Institute of
Neurology, University College of London, UK) implemented in Matlab
2015 (Mathworks Inc., USA) (Friston and Robert, 1994). The summed
reconstructed frames were spatially normalized into the MNI (Montreal
Neurological Institute, McGill University, CA) standard template to
remove the inter-subject variabilities in anatomy and head positioning
(Worsley et al., 1995). Spatially normalized images were smoothed by
convolution with an isotropic Gaussian kernel of 12 mm to increase the
signal-to-noise ratio and to accommodate the subtle variations in ana-
tomical structures. The effects of global uptake were controlled by
normalizing the counts in each voxel to the total gray matter counts in
the brain (proportional scaling in SPM).

To determine the regions where brain activity correlates with per-
formance on the SRT, a voxel-level correlation analysis between SRT
total recall score and rCMRglu in the sample of 29 MDD patients was
performed using the general linear model. Height threshold was set a
priori to p < 0.01 and the extent threshold was set to p < 0.05 after
Family Wise Error (FWE) correction for multiple comparisons by SPM.
Stereotaxic coordinates reported are in Talairach Atlas (Talairach et al.,
1988) coordinates, converted from MNI coordinates (Brett et al., 1999;
Calder et al., 2001; Duncan et al., 2000). Identical height threshold,
extent threshold, and statistical correction routine in SPM were used in
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the analysis between the rate of verbal list-learning and rCMRglu.

To examine depression-related failure of top-down control, resting
rCMRglu averages of the dIPFC were correlated with that of the
amygdalar in depressed MDD (N = 60, including the SRT subgroup)
and compared to correlations between the same ROIs in HC subjects
(N = 43). The ROIs are comprised exclusively of voxels where rCMRglu
correlates with TR within atlas-based anatomical limits of the dIPFC
and amygdala, two structures selected a priori due to their posited re-
lationship and role in memory and its deficits in depression. Anatomical
limits were defined using the Wake Forest University Pickatlas and the
Tailarach Daemon database (Ardekani et al.,, 2005; Duvernoy et al.,
1991; Kates et al., 1997; Killiany et al., 1997; Klein et al., 2009;
Maldjian et al., 2004, 2003; Talairach et al., 1988). All operations were
conducted in SPM12, including extraction of rCMRglu averages from
ROIs. Control ROIs were identical in coordinates and voxel count to
those of the MDD group. Partial correlation analysis between the log-
transformed rCMRglu average of each ROI (which met criteria for
normality of distribution as indicated by the Kolmogorov-Smirnov test)
was performed in IBM SPSS Statistics for Macintosh, Version 24.0,
controlling for age.

3. Results
3.1. SRT performance in the depressed MDD (N = 29)

In patients administered the SRT, mean performance on the sub-
scales of the SRT (expressed as z-scores) is approximately 0.5 of a
standard deviation below normative data (Spreen et al., 1998) (Fig. 1):
TR: —0.55; STR: —0.44; LTS: —0.34; LTR: 0.15; CLTR: —0.53; DR:
—0.66; INTR: 0.64. The subscale scores of the SRT correlate highly with
one another and with TR. They yield regional patterns of correlations
with rCMRglu similar to that of TR in our sample (Spreen et al., 1998;
Strauss et al., 2006; Westerveld et al., 1994). Depression severity, as
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measured by the BDI total score, but not as measured by the HDRS,
correlates with TR (R? = 0.167, df = 1,25, p = 0.035 and R?=0.229,
df = 1,25, p = 0.241, respectively).

There is no correlation between TR and CRT (p = 0.185), WAIS-DS
(p = 0.210), TMA (p = 0.081), or Trail Making Part B (p = 0.263) in
this sample.

3.2. Prefrontal cortical rCMRglu correlations with Total Recall in depressed
MDD (N = 29)

Two clusters of 2903 and 3499 contiguous voxels are identified
where rCMRglu correlates positively with TR (cluster level p = 0.027
and 0.012 after FWE by SPM12; R? = 0.54 and 0.37 at the clusters’
local maxima: —52, 4, 46 and 38, 4, 54 Talairach (x, y, ) coordinates,
respectively; Fig. 2, Supplementary Figs. 1A and B). These clusters are
located in frontal brain regions: bilateral inferior frontal gyrus, middle
frontal gyrus, precentral gyrus, medial frontal gyrus, superior frontal
gyrus (approximate Brodmann areas (BA): 6, 8, 9, 32, 46), and left
middle frontal gyrus (BA: 6, 8, 9), extending bilaterally into the anterior
cingulate (BA: 32). Prefrontal correlations of TR and rCMRglu survive
the removal of the variance of TR explained by HDRS from TR, but not
the removal of the variance explained by BDI.

3.3. Mesiotemporal and subcortical rCMRglu correlations with Total Recall
in depressed MDD (N = 29)

A single cluster of 14033 contiguous voxels was identified where
rCMRglu correlates negatively with TR (cluster level p < 0.0001,
R? = 0.51; local maximum at Talairach (x, y, z) coordinates —22, 8, 2;
Fig. 2 and Supplementary Fig. 1C, after FWE by SPM12). This cluster
(BA: 3) includes mostly ventral temporal lobe and subcortical struc-
tures, such as bilateral mesiotemporal cortex (amygdala, hippocampus,
BA: 20, 28, 34, 35, 36, 37), hypothalamus, and parts of cerebellum.

1 -
< MDD patients
0.5 b e
g .
? 0 t t — } t } } |
N -
T
0.5 F e
-1 4 L
Total Recall Long Term Long Term Short Term Consistent Delayed Recall Intrusions
Score Retrieval Storage Retrieval Long Term (*-1)
(*-1) Retrieval

Fig. 1. Mean performance of major depressive disorder (MDD) subjects on subscales of the Buschke Selective Reminding Task (SRT), expressed as z-scores. (* —1):
denotes variables, where errors are originally positively scaled, multiplied here by —1 for consistency with the other variables, worse performance depicted as more
negative. Dotted lines are 0.5 of a standard deviation from the mean; error bars depict the standard error of the mean.
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Mesiotemporal/subcortical correlations of TR and rCMRglu survive the
removal of the variance of TR explained by HDRS from TR, but not the
removal of the variance explained by BDI.

3.4. Metabolic inter-correlations between an a priori selection of ROIs in
MDD (N = 60, 29 inclusive) and in healthy controls (N = 43)

In the healthy comparison group, rCMRglu in the right amygdala
correlates negatively with rCMRglu in left and right dIPFC (top-down
control; see Discussion) (r = —0.41, df = 40, p < 0.01; r = —0.40,
df = 40, p < 0.01, respectively). In our MDD sample, these correlations
cannot be found (a loss of top-down control) (r = —0.23, df = 57,
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Fig. 2. A map of correlations between relative regional
cerebral metabolic rate for glucose (rCMRglu) in major
depressive disorder (MDD) subjects at rest, measured
using positron emission tomography (PET), and
Buschke Selective Reminding Task (SRT) Total Recall
score (TR), computed as z-scores, or the rate of verbal
list-learning. The color scales in the figure indicate the
strength (t score) of the correlation (t score maps are
overlaid on a series of transaxial slices (2 mm apart) of
a coregistered MRI scan from 38 mm below to 72 mm
above the line connecting the anterior and posterior
commissure). Red to yellow regions are uniquely po-
sitively correlated with SRT TR; blue to light blue re-
gions are uniquely negatively correlated with SRT TR.
t score maps were thresholded at p = 0.05, after
Family Wise Error (FWE) correction. (For interpreta-
tion of the references to color in this figure legend, the
reader is referred to the web version of this article.)

p =0.08;, r= —0.07, df = 57, p = 0.59, respectively).

4. Discussion

We have previously reported that higher depression severity pre-
dicts lower resting rCMRglu in dorsal prefrontal cortex, and predicts
higher rCMRglu in subcortical regions (Milak et al., 2010, 2005). Here
we report that depression severity-related decreases in resting rCMRglu
of prefrontal cortical regions predict worse performance on the SRT.
Our findings are consistent with studies suggesting that a deficit in
memory performance in depression is related to those components of
verbal learning that are thought to be subserved by prefrontal cortical
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regions (Takeda et al., 2013), for example the demands on working
memory made by these tasks (George et al., 1994), and/or the initiation
of recall strategies (Nitschke et al., 2004; Taconnat et al., 2010).

We find that depression severity-related increases in resting
rCMRglu in mesiotemporal and subcortical regions also predict poorer
performance on the SRT in these unmedicated depressed MDD patients.
This is in contrast with positive correlations reported in resting state
studies of memory performance in other disease states (Keilp et al.,
1996; Teipel et al., 2006) or in task-based fMRI studies (Buckner et al.,
2000; Wagner et al., 1998). One possible explanation for this difference
is that higher relative mesiotemporal and subcortical (as well as lower
relative prefrontal cortical) resting activity are results of the patho-
physiology of MDD and interfere with learning and memory processes
in these parts of the brain (Buckner et al., 2000; Wagner et al., 1998).

4.1. Prefrontal cortical correlations

The SRT is a list learning task that relies on working memory
(Jacobsen, 1935; Jacobson et al., 1935), mnemonic storage and re-
hearsal processes (Awh et al., 1996; Awh et al., 1995) and extra-mne-
monic ““executive control" processes (D'Esposito et al., 2002; Postle
et al., 1999) including: shifting attention (Garavan, 1998), gating ir-
relevant stimuli (Chao and Knight, 1995), suppressing inappropriate
responses (Diamond, 1988; Roberts et al., 1994), resolving interference
between competing stimuli (May et al., 1999; Postle et al., 1999), se-
lecting among competing responses (Thompson-Schill et al., 1997), and
maintaining and refreshing information (D'Esposito et al., 2002;
Johnson, 1992). Left mid-ventrolateral prefrontal cortex (Badre et al.,
2005) also has a role in learning, especially semantic retrieval, and in
selecting from competing items stored in working memory. All of these
operations are involved in the performance of the SRT. Resting brain
activity in dIPFC correlates with depression severity and likely con-
tributes to the functional deficits of depressed patients on various as-
pects of the SRT, insomuch as this difference in resting state activity
could be detracting from task-relevant processes conducted by the
dIPFC and other brain regions involved in the performance of the SRT.

4.2. Mesiotemporal cortical correlations

Resting rCMRglu in structures in the left and right mesiotemporal
cortices (i.e., amygdala, hippocampus and parahippocampal gyrus)
correlates negatively with TR in this sample. SRT performance is known
to be affected by temporal lobe abnormalities (Dietsche et al., 2014; Lee
et al., 1989; Lee et al., 1990; Lencz et al., 1992; Levin et al., 1982;
Martin et al., 1988; Snow et al., 1992). Most studies (cited above) of the
neural correlates of memory find that activity (recorded during task
performance) in mesiotemporal regions is positively correlated with
performance of verbal learning tasks in healthy individuals. Taken to-
gether, these findings suggest that the correlation pattern found in
resting brain activity of MDD patients is a product of depressive pa-
thophysiology and likely contributes to the reduced adaptive and
functional capacity of these brain regions leading to lower SRT scores.

4.3. Subcortical correlations

We find that higher resting rCMRglu in subcortical regions corre-
lates with lower TR. ““Basal ganglia” disorders are associated with
deficits in recall and decreased use of clustering strategies in recall
(Butters et al., 1986; Taylor et al., 1990). It is known that disease of the
basal ganglia and associated nuclei impairs performance on implicit
sequence learning tasks (Doyon et al., 1997; Ferraro et al., 1993;
Helmuth et al., 2000; Jackson et al., 1995; Knopman and Nissen, 1991;
Pascual-Leone et al., 1993; Sommer et al., 1999; Willingham and
Koroshetz, 1993). Human (Poldrack et al., 1999) and animal experi-
mental work (Packard and McGaugh, 1996), as well as theoretical
computational models (Ashby et al., 1998), indicate that there is
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competition between the implicit and declarative learning systems
(medial temporal cortex and neostriatum) (Knowlton et al., 2002).
Heightened activation in subcortical nuclei may reflect competition
between these memory systems, which could be detrimental to memory
processes.

4.4. Cerebellum correlations

We find that higher activity in the cerebellar region correlates with
lower TR but the basis for this relationship is unclear. Increased activity
in the cerebellum is reported during verbal learning and memory tasks
(Andreasen et al., 1995; Chein and Fiez, 2001; De Smet et al., 2013; Fu
et al., 2003; Li et al., 2004; Neau et al., 2000; Raichle et al., 1994). A
small cohort of patients with cerebellar damage had worse verbal
working memory symptoms than spatial memory ones (Ravizza et al.,
2006). PFC and/or global neocortical function impairment (Block et al.,
2002; Crespo-Facorro et al., 2001) increases activation in the cere-
bellum during list-learning tasks. Higher resting activity in the cere-
bellum could reflect differential recruitment of certain brain areas in
depression, perhaps to mitigate the effect of MDD (a compensatory
mechanism) (Guo et al., 2013).

4.5. Relationship between verbal learning and depression severity

We find that there is only a modest shared variance (16%) between
verbal learning deficit and depression severity as measured by BDI, but
not by HDRS, consistent with the literature on neurocognitive deficits in
depression (Lee et al., 2012; Parlar et al., 2017; Rock et al., 2014). Even
though the shared variance between TR and rCMRglu (54%, 37%, 51%)
reaches much higher values, at least at local maximas, than that be-
tween verbal learning deficit and depression severity, the correlations
between TR and rCMRglu do not survive corrections for the variance
shared with BDI, which suggests that depression-related changes pre-
sent in rCMRglu measured resting brain activity are central to the
memory deficit found in MDD (please see Supplementary Fig. 2).

4.6. Metabolic correlations reflecting loss of top-down control in depression

This study finds negative correlations between resting rCMRglu in
right amygdala versus rCMRglu in both right and left dIPFC in healthy
comparison subjects but not in MDD subjects.

Few studies have examined cross-correlations of brain activity in
psychiatric patients (Benson et al., 2008; Horwitz et al., 1988; Horwitz
et al., 1991) or healthy subjects (Horwitz et al., 1984; Lee et al., 2008;
Willis et al., 2008; Yakushev et al., 2013; Zouet al., 2015). These studies
examined small samples, and none studied unmedicated depressed in-
dividuals.

Prior publications of similar finding in eight subjects
(Mayberg et al., 1999) are consistent with our findings. The bottom-up
model of depression (Mayberg, 1997) proposes that depression symp-
tomatology is characterized by lower activity in dorsal neortical regions
and higher activity in ventral paralimbic regions and implicates dIPFC
in impaired cognitive functions requiring selective attention. We find
evidence that part of MDD pathology is the loss of top-down control
whereby phylogenetically newer structures lose their ability to control
or suppress the undesired activity of a phylogenetically more archaic
part of the brain.

4.6.1. Limitations

Control subjects were on average slightly younger than our MDD
population. In order to avoid effect of age on the results we repeated
analyses involving control subjects after removing the variance asso-
ciated with age from rCMRglu. Clusters of voxels where brain activity
predicted performance on the SRT in MDD patients extended beyond
the brain structures associated with execution of this verbal learning
task. It is important to note, however, that we are using a 'voxel-by-
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Table 1

Demographic and clinical variables, presented as Mean = Standard Deviation, of a cohort of major depressive disorder (MDD) patients and healthy controls (HC).
The Buschke Selective Reminding Task (SRT) was administered to a subgroup (MDD SRT Subgroup) of the MDD (Total). One-way analysis of variance (ANOVA) was
used to compare continuous variables across groups. p-values for the comparisons between MDD Total and MDD SRT are presented in the third column. p-values for
the comparisons between MDD Total and HC are presented in the last column.

MDD Total MDD SRT Subgroup p Controls p

N 60 29 43

Sex (female %) 61% 59% 61%

Age (years) 37.3 + 123 389 + 133 0.275 31.0 + 9.80 0.011
Education (years) 15.5 = 2.70 16.1 = 2.50 0.100 159 + 3.30 0.642
Age at first MDE (years) 243 + 13.7 22.0 = 139 0.186 N/A

Number of MDEs 5.10 = 13.0 4.40 = 3.90 0.666 N/A

GAF 479 = 11.4 44.4 = 11.5 0.001 92.1 + 4.80 0.000
HDRS-24 score 28.3 = 6.40 29.1 = 6.20 0.252 1.40 = 2.00 0.000
BDI score 28.2 = 11.0 309 * 10.1 0.038 0.90 * 1.60 0.000
Melancholic® (%) 10% 14% N/A

Atypical® (%) 8% 14% N/A

@ Melancholic depression was defined as marked anhedonia (HDRS item 7 = 3) with at least three of the following: excessive or inappropriate guilt (item 2 > 3),
severe late insomnia or diurnal variation (HDRS items 6 and 18, respectively), significant motor retardation (item 8 = 2), frequent agitation or restlessness (item 9),
severe loss of appetite (item 12), or obvious weight loss per history or weight measurement (item 16).

> Atypical depression was defined by a score of =3 in the “atypical items’ of the HDRS (hypersomnia, hyperphagia and weight gain) in patients who that did not

present melancholic depression.

voxel' analysis. These large, contiguous clusters of voxels were found
despite rigorous correction for multiple comparisons in SPM12.

We examined resting brain activity only, and activation patterns
during memory-related tasks were not assessed. Resting state studies
are particularly useful for identifying areas of the brain that are pa-
thologically overactive. Future studies should explore differences in
learning and memory between MDD subjects and healthy volunteers as
well as the impact of remission on memory (Table 1).

4.7. Summary

We identified correlations between resting brain activity in a
number of brain structures and deficits in performance on a verbal list-
learning task in MDD subjects. In the prefrontal cortex, the association
between resting brain activity and memory performance is consistent
with the role of this region in rehearsal and organization of verbal
memory. In mesiotemporal cortical regions, higher resting brain ac-
tivity reflects a lower capacity to process information effectively. In the
cerebellum, negative correlation between recall and neuronal activity is
not well understood. It may be just an extension of the depression-re-
lated abnormalities seen elsewhere in the brain. Alternatively it may
reflect a compensatory mechanism trying to restore homeostasis. Future
studies should combine imaging technologies to determine how the
above-described patterns of resting activity in specific brain regions are
related to depressive mood states and how they may predict treatment
outcome for depression as a whole and cognitive deficits specifically.
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