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Combined treatment with escitalopram and memantine
Increases gray matter volume and cortical thickness compared
to escitalopram and placebo in a pilot study of geriatric
depression.

Beatrix Krause-Soriol, Prabha Siddarthl, Lisa Kilpatrickl, Kelsey T. Lairdl, Michaela M.
Milillo?, Linda Ercolil, Katherine L. Narr?, Helen Lavretsky?!

LJane and Terry Semel Institute for Neuroscience and Human Behavior, University of California,
Los Angeles, CA, 90095, USA

2Department of Neurology, 635 Charles E. Young Drive South, Los Angeles, CA, 90095, USA

Abstract

Background: Geriatric depression with subjective cognitive complaints increases the risk of
Alzheimer’s Disease (AD). Memantine is a cognitive enhancer used to treat AD. In a 6-month
double-blind randomized placebo-controlled trial of escitalopram and memantine (ESC/MEM),
ESC/MEM improved cognition at 12 month in geriatric depression (NCT01902004). We now
investigated structural neuroplastic changes at 3 months.

Methods: Forty-one older depressed adults (mean age=70.43, SD=7.33, 26 female) were
randomized to receive ESC/MEM or ESC/PBO. Mood scores (Hamilton Depression Rating Scale,
HAMD) and high-resolution structural T1-weighted images were acquired at baseline and 3
months. Freesurfer 6.0 for image processing and General Linear Models was used to examine
group differences in symmetrized percent change gray matter volume (GMV) and cortical
thickness, controlling for age and intracranial volume. Nonparametric tests were used to
investigate group differences in mood and subcortical volume change.

Results: Among 27 completers (ESC/MEM n=13; ESC/PBO n=14), 62% achieved remission
(HAMD=<6) with ESC/MEM and 43% with ESC/PBO (Fisher’s exact p=.45). Change in HAMD
did not differ between groups (F(1,23)=.14, p=.7). GMV and thickness increased more with

Corresponding author: Helen Lavretsky, Professor of Psychiatry in Residence, Director, Late-Life Mood, Stress, and Wellness
Research Program, Jane and Terry Semel Institute for Neuroscience and Human Behavior, David Geffen School of Medicine at
University of California, Los Angeles (UCLA), 760 Westwood Plaza, Los Angeles, CA 90095, Phone: (310) 794-4619, Fax: (310)
206-4399, hlavretsky@mednet.ucla.edu.

Author contributions

H.L. conceived the study. H.L., P.S., L.E. and K.N. designed the study. B.K.S., P.S. and L.K. designed and executed the analysis. K.L.
and M.M. contributed to the completion of the study and advised on the manuscript. B.K.S., H.L. and P.S. wrote the article.

Conflict of interest
Dr Lavretsky has received research grants from Allergan, NIMH, NCCIH, PCORI and the Alzheimer’s Research & Prevention
Foundation. The other authors report no conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://clinicaltrials.gov/ct2/show/NCT01902004

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Krause-Sorio et al. Page 2

ESC/MEM than with ESC/PBO in the left middle and inferior temporal lobe, right medial, and
lateral orbito-frontal cortex (OFC).

Limitations—included small sample size, dropout, and the lack of cognitive data at 3 months.

Conclusions: Although significant group differences in mood improvement were not observed,
ESC/MEM resulted in increased GMV and cortical thickness in several brain regions compared to
placebo. Larger longitudinal clinical trials can further examine the neuroprotective effect of
memantine in geriatric depression.

Introduction

Geriatric depression affects between 10-15% of individuals aged 60 years and older (Ismail
et al., 2013). This debilitating condition presents with reduced remission rates as well as
cognitive impairment, including subjective memory complaints and memory decline, and
executive dysfunction that often precedes dementia (Diniz et al., 2013; Mitchell and
Subramaniam, 2005; Singh-Manoux et al., 2017; Wilkins et al., 2009). Cognitive
impairment is also associated with increased risk of injuries, falls, and subsequent
hospitalization, as well as poor daily functioning and treatment prognosis (Carpenter et al.,
2014; Mansbach and Mace, 2018; Tunvirachaisakul et al., 2018). These risks underscore the
importance of early diagnosis and treatment of cognitive symptoms in older adults with
depression.

Mild cognitive impairment (MCI) is characterized by cognitive decline and associated with
gray matter atrophy. Atrophy typically begins in the medial temporal lobe (MTL), which
contain brain regions involved in memory (the hippocampus) and emotion regulation (the
amygdala), as well as in prefrontal regions involved in executive functions (Nickl-Jockschat
et al., 2012). Similar patterns of atrophy (of the amygdala, hippocampus, medial frontal
cortex, and orbito-frontal cortex (OFC)) have been observed in geriatric depression
(Ballmaier et al., 2004; Du et al., 2014; Lavretsky et al 2007; Sexton et al., 2013).
Biomarkers of geriatric depression and amnestic mild cognitive impairment (aMCI) also
include atrophy in the inferior frontal gyrus bordering the insula and the medial frontal gyrus
(Xie et al., 2012).

Only few studies have investigated treatment-related structural brain changes in geriatric
depression. Greater improvement in depressive symptom severity was associated with
increases in GMV in frontal regions after three months of treatment with venlafaxine
(Droppa et al., 2017), suggesting that antidepressant treatment may restore reduced cortical
volume in regions relevant for depressive symptoms. In a small sample, we recently
observed reductions in cortical thickness after three months of treatment with
levomilnacipran compared to placebo in geriatric depression (Krause-Sorio et al., 2019). In a
cross-sectional study, we reported that orbito-frontal GMV in elderly depressed subjects
with a history of antidepressant use was higher than in drug-naive participants, suggesting
that antidepressant treatment may have long-term protective effects on brain structure
(Lavretsky et al., 2005).

J Affect Disord. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Krause-Sorio et al.

Methods

Participants

Page 3

The treatment response to the first-line antidepressants in older adults remains limited, with
roughly 70% of depressed older adults responding to a selective serotonin reuptake inhibitor
(SSRI) after 8-12 weeks of treatment (Chen et al., 2011) and only 30-40% achieving
remission (Nelson et al., 2008). Memantine is a non-competitive N-methyl-D-aspartate
receptor (NMDAR) antagonist that is currently FDA-approved for the treatment of cognitive
symptoms in dementia (McShane et al., 2006). In the parent study, we examined the efficacy
of the combination ESC/MEM in a double-blind, randomized placebo-controlled trial of
geriatric major depression with subjective memory complaints (Lavretsky et al 2019;
[NCT01902004]). In the current report, we investigated group differences in whole-brain
GMV change between ESC/MEM and ESC/PBO following three months of treatment in a
subset of these participants from the parent trial.

Forty-one older adults diagnosed with major depressive disorder (MDD, >60 years, mean
age=70.5, SD=7.4; 16 male/26 female) who participated in a randomized clinical trial (RCT-
NCT01902004) comparing ESC/MEM vs. ESC/PBO underwent an MRI scan at baseline
(for patient characteristics, see Table 1). One participant dropped out prior to randomization.
The resulting groups consisted of 23 participants in the ESC/MEM and 18 in the ESC/PBO
group. The follow up assessments with an MRI scan were performed at three months.

Eligibility criteria were defined as follows: 1) 60 years or older; 2) a diagnosis of MDD
according to the Diagnostic and Statistical Manual (DSM-5) diagnostic criteria (American
Psychiatric Association, 2013) and a Hamilton Rating Scale for Depression (HAMD;
Hamilton, 1967; score >=16; 3) a Mini-Mental State Examination (MMSE; Folstein et al.,
1975; score >=23; and 4) subjectively reported memory impairment. Exclusion criteria
involved 1) a prior history of psychiatric disorders, such as substance abuse disorder,
suicidal behavior or recent suicide attempts in the past year; 2) acute, severe or recent
medical illness; 3) a history of allergies or intolerance to either escitalopram or memantine.
Seventy-eight percent of participants in our study suffered from chronic depression at
baseline (i.e., an episode lasting longer than 24 months) with multiple prior antidepressant
trials. However, participants were drug free for at least two weeks prior to randomization,
and at least four weeks, if they were taking fluoxetine. None of the participants took
cognitive enhancers at study entry. The study was approved by the Institutional Review
Board (IRB) at UCLA. Participants signed written informed consent prior to the beginning
of the assessment procedure.

Clinical measures

Depressive symptom severity at baseline and three month follow up was assessed using the
HAMD representing the primary outcome variable in the clinical study (Hamilton, 1967;
Lavretsky et al., 2019). Remission was defined as having a HAMD score of six or lower at
three months.
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Cognitive assessment

As a part of diagnostic cognitive evaluation, participants completed the Clinical Dementia
Rating Scale (CDR; Hughes et al., 1982), the MMSE (Folstein et al., 1975), the Wechsler
Memory Scale Third Edition, WMS-II1, including the verbal paired associates subtest (Total
or Delayed scores; Wechsler, 1997) and the Hopkins Verbal Learning Test (HVLT; Brandt,
1991).

Assessment of mild cognitive impairment (MCI)

MCI was defined as: 1) the stage between normal cognition and dementia; i.e. a CDR score
of 0.5; 2) subjective report of cognitive decline as experienced by the patient or a collateral;
3) the absence of significant functional impairment, and 4) objective neurocognitive
impairment. Objective neurocognitive impairment was defined as scores of at least one
standard deviation (SD) below age- and education-specific norms on at least two screening
memory tests: HVLT Total or Delayed scores, and Wechsler Memory Scale Third Edition,
WMS-I11, verbal paired associates (Total or Delayed scores). Although all participants
endorsed subjective memory complaints, only a subset met criteria for MCI. Specifically,
participants categorized as having MCI met criteria for aMClI, either single or multiple
domains (Winblad et al., 2004).

Medication administration and adherence

The daily dose of escitalopram was 10 mg for the first four weeks of administration. The
memantine or matched placebo dose were gradually increased from 5 mg to 20 mg per day
over the course of four weeks. The Clinical Global Impression Scale (CGI; Guy, 2000) was
administered at baseline and three months as a measure of the overall severity and
improvement of depression. Escitalopram doses were increased to 20 mg after four weeks, if
the CGI score was >=3. Daily study drug doses were adjusted to a minimum of 5 mg for
memantine and 10 mg of escitalopram based on tolerability.

Neuroimaging protocol

A high-resolution T1-weighted MRI image was collected for each participant using either a
3T Siemens TIM Trio or Prisma system (Siemens, Erlangen, Germany) using a 32-channel
head coil at the UCLA Ahmanson & Lovelace Brain Mapping Center (ALBMC). Imaging
parameters were matched across scanners: a multi-echo MPRAGE scan 1mm? with isotropic
voxel dimensions, 176 slices, TR=2,150 ms, TE=1.74, 3.6, 5.46 and 7.32 ms, T1=1,260,
FOV=256mm, matrix size=256x256mm, and a flip angle=7 degrees, and all baseline and
follow-up scans from each participant were collected on the same MRI system. We used
Freesurfer version 6.0 (http://surfer.nmr.mgh.harvard.edu/) for automatic cortical
reconstruction. Preprocessing steps and cortical reconstruction included correction of
magnetic field inhomogeneities, extraction of brain volume from surrounding tissues, and
finally segmentation of subcortical gray matter from white matter and cerebrospinal fluid
(CSF) and parcellation of the cortical surface according to the Desikan-Killany atlas
(Desikan et al., 2006). Subsequently, we used the automated longitudinal reconstruction
pipeline to construct subject-specific templates and register baseline and post-treatment
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tissue volumes to each individual template (Reuter et al., 2012). Each resulting scan was
carefully inspected for tissue misclassifications and misalignment between baseline and
post-treatment scan, and were manually corrected. Smoothing of cortical maps was
performed using a Gaussian kernel of 10 mm full-width half-maximum. Subcortical volumes
for each hemisphere were extracted for further analysis using statistical software (see
Statistics). Subcortical volumes were included for a secondary exploratory analysis
(hippocampus, thalamus, caudate, putamen, pallidum and the cerebellum).

For the 3-month analysis on change in GMV, we applied a longitudinal volume-based two-
stage voxel-wise whole-brain general linear model for each hemisphere using qdec
(www.surfer.nmr.mgh.harvard.edu). The model compared between-group differences in
GMYV symmetrized percent change (SPC), the change rate with respect to the average GMV
[i.e. 100 * (annualized rate between time point 1 and time point 2)/average]. This measure
does not require a specific order for two time points to be entered; the sign is positive when
time point 1 is entered first and negative if time point 2 is entered first (Reuter and Fischl,
2011). SPC further takes into account between-subject variation in inter-time point intervals.
Age and total intracranial volume served as covariates in the model. The voxel threshold and
Monte-Carlo corrected cluster thresholds for all whole-brain analyses were set to p<0.05.

Due to the small sample size, non-parametric methods were used for analyses of subcortical
regions. Group differences in change in depression severity (HAMD) and subcortical
volumes were examined using rank-based general linear models (GLMs), with treatment
group (ESC/MEM vs. ESC/PBO) as the predictor, controlling for the respective baseline
HAMD score and age. Subcortical regions examined included left and right hippocampus,
thalamus, caudate, putamen, pallidum and the cerebellum. Results for subcortical volumes
were corrected for multiple comparisons (adjusted p=.05/12=.004).

Baseline demographics, as well as clinical scores and symptoms for each treatment group
are detailed in Table 1.

Treatment effects

Of the 41 participants who underwent MRI at baseline, 27 (13 in the ESC/MEM group and
14 in the ESC/PBO group) completed the study. There was no significant difference in
remission rates between groups at the end of three months (Fisher’s exact p=.45). Remission
was achieved by 8/13 completers (61.5%) in the ESC/MEM group, and 6/14 completers
(42.9%) in the ESC/PBO group. There was also no significant difference between groups on
the change in HAMD (F(1,23) = .14, p = .7). Increases in GMV and cortical thickness were
significantly greater in the ESC/MEM compared to the ESC/PBO group in the left inferior-
to-middle temporal lobe and the right medial OFC. In addition, there was a small cluster
with increased GMV for memantine compared to placebo in the lateral OFC by the frontal
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pole (Figure 2, Table 2). However, no significant changes in subcortical volumes were found
between or within groups (Table 3).

Discussion

This pilot study is the first to investigate the treatment effect of the combined SSRI
(escitalopram) and memantine on brain morphometry in a 3-month double-blind placebo-
controlled RCT in geriatric depression. Similar to results from the parent trial, in this subset
of participants who underwent MRI scanning, mood symptoms improved in both treatment
groups (Lavretsky et al., 2019). However, increases in both GMV and cortical thickness
were specific to the ESC/MEM group compared to ESC/PBO in a large cluster across the
left middle to inferior temporal cortex and the right medial OFC. An additional smaller
cluster of increased GMV was also found in the right lateral OFC near the frontal pole. The
regions found to change with memantine treatment have been reported as reduced in volume
in geriatric depression, as well as in MCI and AD (Ballmaier et al., 2004; Du et al., 2014;
Lavretsky et al., 2007; Son et al., 2013; Xie et al., 2012). In a mixed sample of geriatric
depression, aMCI and a combination of both types, all groups were compared to healthy
controls and reduced GMV in the right OFC was specific to depression, while the
ventromedial prefrontal cortex was affected in both conditions (Xie et al., 2012). Human
studies are supported by rodent models that demonstrated beneficial effects of memantine on
stress-induced memory impairment and depressive behavior and increased frontal lobe and
hippocampal brain-derived neurotrophic factor (BDNF), a major neuroprotective growth
factor with a critical role in synaptic plasticity and neuronal health (Amidfar et al., 2018).

To our knowledge, the effect of memantine on MRI-based measures of neuroplasticity in
humans has not been tested. The limited existing evidence on antidepressant-related
structural brain changes supports our findings. For example, venlaxafine was found to
improve geriatric depression and increase GMV in the frontal lobe after three months of
treatment (Droppa et al., 2017). While GMV reductions in the superior orbital frontal gyrus
were linked to smaller improvements in depressive symptoms, GMV increases were
associated with larger symptom improvement. However, a control group was not available in
this study. GMV in the OFC in older adults with depression and a history of antidepressant
use was higher than in drug-naive subjects, which suggests that antidepressant treatment
may have long-term neuroprotective effects (Lavretsky et al., 2005). Furthermore,
preliminary evidence demonstrates reductions in cortical thickness in right postcentral,
supramarginal and lateral occipital cortices and increases in the left insula in geriatric
depression after three months of treatment with levomilnacipran compared to placebo
(Krause-Sorio et al., 2019).

In younger depressed participants, six months of paroxetine treatment led to increases in
GMV in the right middle temporal cortex, whereby larger increases correlated with larger
symptom improvement and there was a trend for larger GMV changes in subjects who
received higher doses (Lu et al., 2018).

In a limited number of studies reporting intervention-related increases or preservation of
cortical structures, other cognitive enhancement techniques including cognitive training,
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physical exercise and non-invasive brain stimulation were more successful when used in
combination with main therapies for healthy aging, MCI and dementia (Cespon et al., 2018;
Engvig et al., 2014; Na et al., 2018; Reiter et al., 2015; Tamura et al., 2015; Zhang et al.,
2019). The evidence points to the ability of treatment interventions to enhance gray matter
volume and cortical thickness in older adults at risk for AD that can be used to reduce risk
for cognitive decline, and the results of this preliminary study add further support for this
hypothesis.

The macroscopic mechanisms of our observed GMV and cortical thickness changes are
unclear. Rodent models of memantine have observed improved symptoms of depression and
memory impairment along with increases in brain-derived neuroptrophic factor (BDNF),
especially when administered in combination with antidepressant treatment (Amidfar et al.,
2018; Amidfar et al., 2017). Additionally, memantine reduces the formation of amyloid and
tau pathology and thereby protects radial glial cells and allows for hippocampal
neurogenesis and has the potential to protect against the detrimental effects of excitotoxic
effects on brain tissue (Sun et al., 2015; Takahashi-Ito et al., 2017; Trotman et al., 2015;
Wang et al., 2015). Further beneficial effects of memantine have been found to include
reduced cell atrophy and astrogliosis, increased capillary formation and altered glutamate
receptor expression (Wang et al., 2017). While memantine shows positive effects on a
variety of molecular mechanisms within the cortex, alternative non-neuronal mechanisms
underlying our results could be gliogenesis, synaptogenesis, increases in vasculature or a
variety of signaling pathway changes, including BDNF (Zatorre et al., 2012).

The limitations of our study include a relatively small sample size (a relatively large number
of clinical trial participants had contraindications to MRI scanning), high dropout, and the
absence of a cognitive assessment at three months. However, the presence of cortical
changes within three months of treatment suggests that memantine has the potential to
induce neuroplastic changes over a relatively short period of time. Future studies should
focus on investigating the clinical significance of memantine-induced cortical changes in
larger samples.
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Highlights
. Geriatric depression with subjective memory complaints increases risk of
Alzheimer’s disease
. Memantine is a neuroprotective agent that is FDA-approved for treatment of

cognitive symptoms in advanced Alzheimer’s disease (AD)

. Combination of escitalopram and memantine resulted in increased cortical
volume and thickness in brain regions associated with depression and AD
compared to escitalopram and placebo

. Neuroprotective effects of memantine in geriatric depression warrant further
longitudinal studies
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Left inferior temporal cortex

Memantine increased GMV and cortical thickness compared to placebo
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Figure 2. Between-group differences in GMV changes after three months of memantine
treatment.

GMV (top panel) and cortical thickness (bottom panel) in the left inferior and middle
temporal lobe and the right medial (and for GMV also the lateral OFC) cortices increased
significantly more in the memantine compared to the placebo group.
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Participant demographics and baseline clinical scores. HAMD = Hamilton Depression Rating Scale; MMSE =

Mini Mental State Examination.

Variable ESC/MEM ESC/PBO Kruskal-Wallis test
Median (range) | Median (range) | statistic (p-value)
N=13 N=14
Age 71 (60-82) 72 (60-83) .0006 (p=.98)
Education in years | 16 (12-18) 16 (13-18) .09 (p=.76)
HAMD 16 (16-26) 17 (16-23) .52 (p=.47)
MMSE 29 (28-30) 27.5 (26-30) 2.57 (p=.11)
N (%) N (%) Fisher’s exact test
Male 6 (46.1%) 6 (42.9%)
p=1.0
Female 7 (53.9%) 8 (57.1%)
MCI 2 (15.4%) 2 (14.3%) p=1.0
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Treatment-related changes in GMV and cortical thickness for each cluster.

Table 2.

Region Cluster size MNI Cluster-  Minimum -

(mm?) coordinates corrected  maximum p

X, Y, Z p-value
Thickness
Left hemisphere
Inferior temporal cortex 741 -49.1, -41.4, -23.2 .0009 .0005-.0013
Middle temporal cortex 676 -53.1, -24.0.,-4.0 .0024 .0018-.003
Right hemisphere
Medial OFC 529 7.1,224,-12.1 .021 .0192-.0228
Gray matter volume (GMV)

Left hemisphere
Inferior temporal cortex 1023 -53.1, -24.0, -4.0 .0002 <.00001-.0004
Right hemisphere
Medial OFC 581 10.8, 14.0, -15.2 .0106 .0093-.0119
Lateral OFC 471 19.9,51.3,-12.9 .0427 .0401-.0453
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Table 3.
Treatment-related changes in subcortical volume.
ESC/MEM ESC/PBO Kruskal-
Median GMV change Median GMV change  Wallis test
(min, max) (min, max) statistic (p-
value)
Subcortical volumes

Left hemisphere
Hippocampus —8.8 (-182.4, 21.6) -32.7 (-143.8 18.9) .17 (p=.68)
Thalamus -13.6 (-247.6, 186.3) -3.7 (-285.9, 146.7) 13 (=.72)
Caudate 0.3 (-122.9, 202.5) 19.9 (~180.7, 253.4) <.01 (p=.96)
Putamen 12.3 (-42.7, 112.2) 1.2 (-108.3, 132.3) 79 (p=.38)
Pallidum -0.8 (-111.0, 69.5) -3.3(-133.0, 109.1) .16 (p=.69)
Cerebellum — —646.6 (-2,175.5, 864.1) -102.2 (-1,193.0, 982.5) 1.82 (p=.19)
Right hemisphere
Hippocampus —35.8 (-163.7, 103.7) -26.1 (-225.9, 29.3) 14 (p=.72)
Thalamus -33.3 (-375.6, 88.3) -35.4 (-235.1, 91.3) 01 (p=.92)
Caudate -8.7 (~93.4, 119.5) -61.2 (-301.3, 150.7) 1.41 (p=.25)
Putamen -17.2 (-124.3, 117.3) -38.3 (-215.4, 124.8) 1.63 (=.22)
Pallidum 2.4 (-76.6, 73.1) -21.6 (-88.1, 95.2) .06 (0=.82)
Cerebellum ~ —360.5 (-2,644.6, 934.2) -3515 (-1,179.3, 978.9) .77 (p=.39)
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