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ARTICLE INFO ABSTRACT
Keywords: Introduction: Geriatric depression is frequently accompanied by cognitive complaints and inflammation that in-
Inflammation crease risk for treatment-resistant depression and dementia. Memantine, a neuroprotective drug, can improve

Geriatric depression

H - depression, inflammation, and help prevent cognitive decline. In our six-month clinical trial, escitalopram/
Cognitive decline

memantine (ESC/MEM) improved mood and cognition compared to escitalopram/placebo treatment (ESC/PBO;

I]::;;t;l::g;zm NCT01902004). In this report, we examined the impact of baseline inflammation on mood and cognitive
outcomes.
Materials and methods: We measured a panel of inflammatory cytokine markers using Human 38-plex magnetic
cytokine/chemokine kits (EMD Millipore, HCYTMAG-60K-PX38) in 90 older adults 60 years and older with major
depression enrolled in a 6-month double-blind placebo-controlled trial of escitalopram + memantine (ESC/MEM)
in depressed older adults with subjective memory complaints. Four cytokine factors were derived and linear
models were estimated to examine the predictive ability of cytokine levels on treatment induced change in
depression and cognition.
Results: Of the 90 randomized participants, 62 completed the 6-month follow up assessment. Both groups
improved significantly on depression severity (HAM-D score), but not on cognitive outcomes at six months.
Cytokine factor scores were not significantly different between ESC/MEM (n = 45) and ESC/PBO (n = 45) at
baseline. Pro-inflammatory biomarkers at baseline predicted a decline in executive functioning in the ESC/PBO
group but not in the ESC/MEM group, interaction F(1,52) = 4.63, p = .04.
Discussion: In this exploratory analysis, the addition of memantine to escitalopram provided a protective effect on
executive functioning in older depressed adults. Future studies are needed to replicate the association of cytokine
markers to antidepressant and neuroprotective treatment-related change in cognition in geriatric depression.
1. Introduction treatment strategies with some promise (Eyre et al., 2016, 2017; Kohler
et al., 2016; Lindqvist et al., 2017; Lu et al., 2019; Sun et al., 2020).
Geriatric depression and cognitive dysfunction are often comorbid Specifically, escitalopram can influence the metabolic pathways
(Charlton et al., 2014; Lee et al., 2007). Evidence of cognitive impair- responsible for oxidative stress and inflammatory mechanisms of
ment has been found in up to two thirds of non-demented older adults depression (Bhattacharyya et al., 2019). Additionally, neuroprotective
with depression (Lanza et al., 2020). Underlying inflammation is linked agents like memantine have been reported to produce antidepressant and
to increased risk for Alzheimer’s disease and treatment-resistant neuroprotective effects in animal models via neuroplastic effects on
depression (Zwicker et al., 2018). Existing antidepressants are able to hippocampal cell proliferation and decreased neuroinflammation
reduce peripheral inflammation in humans and in animal models, while (Takahashi et al., 2018; Wei et al., 2016).
anti-inflammatory agents have been tried as add-on antidepressant Neuroinflammation and excitotoxicity contribute to the
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pathophysiology of both depression and neurodegeneration (Bauer and
Teixeira, 2019; Bhalla et al., 2009; Conwell et al., 1998; Lavretsky et al.,
1998, 2020; Pelton et al., 2016; Reynolds et al., 2006; Rush et al., 2006;
Steffens, 2008; Vega et al., 2016). Antidepressants coupled with drugs
that target glutamate transmission and excitotoxicity, therefore, offer a
promising novel “mood plus cognitive enhancer” neuroprotective
approach to treatment. Memantine, an NMDA antagonist, inhibits cal-
cium influx and excitotoxicity while preserving the physiological acti-
vation of the receptor.

We recently conducted a randomized, double-blind, placebo-
controlled trial of escitalopram combined with placebo (ESC/PBO) or
memantine (ESC/MEM) in depressed elderly with subjective memory
complaints (NCT01902004). No differences were observed in the
depression remission rate at 6- or 12-months following initiation of
treatment (Lavretsky et al., 2020). However, compared to ESC/PBO,
ESC/MEM treatment produced improvements in delayed recall and ex-
ecutive functioning at 12-month follow-up. The current report examines
the effects of inflammation at baseline on clinical and cognitive outcomes
at 6-month follow up.

Several studies have highlighted an association between depression
symptoms and increased markers of peripheral inflammation (Dantzer
et al., 2008; Miller and Raison, 2016), which theoretically spurs
neuro-inflammation downstream the manifests as depression or
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cognitive decline (Franceschi and Campisi, 2014). The evidence linking
inflammation to increased cognitive dysfunction in aging is more mixed,
and may vary as a function of the presence and/or stage of neurode-
generative disease progression (Lai et al., 2017; Lassale et al., 2019; Ng
et al.,, 2018; Yang et al., 2015). Nonetheless, inflammation remains a
commonly suspected mechanism of cognitive impairment in aging
(Franceschi and Campisi, 2014).

Despite the fact that inflammation is a targeted mechanism in both
depression and cognitive impairment among older adults, there are
surprisingly few studies that approach these symptoms as concurrent
outcomes of a similar mechanistic process. The parent clinical trial of the
current exploratory study offered a unique opportunity to investigate
inflammation as a predictor of treatment response for both depression
and cognitive outcomes. We examined baseline markers of peripheral
inflammation and change scores following study treatment, testing dif-
ferential treatment response between groups for either depression or
cognitive function. The rationale was that our findings could uniquely
contribute to mechanistic understanding of these aging-related symp-
toms through manipulating neurotransmitter systems intricately con-
nected to neuro-inflammation (Haroon et al., 2017).

[ ENROLLMENT ]

Assessed for eligibility (n=361)

Excluded (n = 246)

Consented: (n = 115)

Excluded (n = 20):
Screen Fail (n=7)
Withdrew Consent (n = 13)

Randomized to intervention (n = 95)

( ALLOCATION
L

l

Allocated to MEM: n = 48
Cytokine levels not available: n =3

Cytokine baseline data
MEM (n = 45)

v

’ }
Allocated to PBO: n= 47
Cytokine levels not available: n =2

Cytokine baseline data
PBO (n = 45)

Dropout (n = 28):
Lost to Follow-Up (n = 12)
Side Effects (n = 4)
Withdrew Consent (n = 12)

MEM: Completed (n = 33)

4——[ COMPLETED ]—»

PBO: Completed (n = 29)

Fig. 1. CONSORT diagram.
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2. Methods

Study methods have been previously described and will be briefly
summarized. This study was approved by the University of California, Los
Angeles (UCLA) Institutional Review Board and all participants signed
informed consent. Between October 2013 and May 2018, we recruited
individuals from the UCLA Neuropsychiatric Hospital inpatient and
outpatient service and from community advertising. Three hundred and
sixty-one individuals were assessed via phone screening, yielding 115
participants for in-person diagnostic interview. Of these, 95 met inclu-
sion criteria and underwent randomization to one of the treatment arms.
The sample used in the present study included n = 45 randomized to
receive either escitalopram with placebo and n = 45 randomized to
receive escitalopram with memantine, who also had baseline inflam-
mation data available. (please see CONSORT diagram; Fig. 1).

The Structured Clinical Interview for the Diagnostic and Statistical
Manual of Mental Disorders (SCID DSM-5) was administered by a study
psychiatrist or a trained, masters-level research associate to diagnose
Major Depressive Disorder (MDD) and rule out other diagnoses (e.g.,
psychosis). Inclusion criteria were: 1) presence of MDD according to
DSM-5 criteria; 2) score of >16 on the 24-item Hamilton Rating Scale for
Depression (HAM-D) (Hamilton, 1960); 3) subjective memory com-
plaints (affirmative response to the question, “Have you experienced
memory problems over the past six months?” during phone screening); 4)
did not have dementia (described below); and 4) age > 60 years.
Exclusion criteria were: 1) lifetime history of any psychiatric disorder
(except MDD, co-morbid anxiety, or insomnia); 2) recent and/or current
unstable medical or neurological disorders; 3) diagnosis of dementia; or
4) known allergic reaction to escitalopram or memantine. Participants
were free of psychotropic medications for at least two weeks before
starting the trial (four weeks in the case of fluoxetine). No participants
were currently taking a cognitive enhancer at study entry.

2.1. Screening for dementia

Participants were screened for dementia using the following pro-
cedures: 1) administration of the Clinical Dementia Rating Scale (Berg,
1988), scores of >0.5 were excluded; 2) review of a standard battery of
hematologic studies, blood chemistries, liver and thyroid function tests,
B12 and folate levels, and RPR test; 3) a neurological and psychiatric
examination; 4) review of neuropsychological scores on the study test
battery; and a score of <24 on the Mini-Mental State Examination (Fol-
stein et al., 1975, 1985). Those who met diagnosis of dementia were
excluded.

2.2. Diagnosis of mild cognitive impairment (MCI)

Whether or not eligible participants met criteria for MCI was deter-
mined using established guidelines (Langa and Levine, 2014; Petersen,
2004). MCI was defined as: 1) a stage between normal cognition and
dementia (Clinical Dementia Rating Scale (CDR) score of 0.5 (Hughes
et al., 1982)); 2) patient-reported decline in cognition; 3) objective
impairment on neurocognitive testing; 4) no significant functional
impairment. Objective impairment on neurocognitive testing was
defined as scoring one standard deviation (SD) below age- and
education-specific norms on at least two screening memory tests (Hop-
kins Verbal Learning Test, Revised, [either Total or Delayed scores] and
Wechsler Memory Scale Third Edition, WMS-III, verbal paired associates,
[either Total or Delayed scores]). Participants who met this criterion and
had a CDR score of 0.5 were classified as having amnestic MCI (either
single or multiple domains) (Winblad et al., 2004).

2.2.1. Randomization

Eligible participants were randomized in a 1:1 ratio to escitalopram/
placebo or escitalopram/memantine using a computer-generated random
assignment scheme. A block randomization strategy (with randomly
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selected blocks of length 4 and 6) was used to maintain balance
throughout the trial.

2.2.2. Intervention procedures

All study participants received a 14-day supply of the study medica-
tions including 10-20 mg of escitalopram daily open-label throughout
the trial. Matching capsules containing memantine (MEM) or placebo
were given and titrated from 5 mg/day up to 10 mg twice daily (i.e., 20
mg per day) during the first four weeks. Depending on Clinical Global
Impressions (CGI) scale ratings at the end of week 4, participants were
either titrated up to 20 mg escitalopram/day (CGI >3) or were continued
on the same dose (CGI rating of 1 or 2). If participants reported side ef-
fects attributed to the study medications they were instructed to decrease
their dosage. The minimum allowed dosages were 5 mg once daily for
MEM and 10 mg once daily for escitalopram.

2.3. Study measures

2.3.1. Markers of inflammation

ACD-anticoagulated blood was transported at room temperature and
processed within 18 h of blood draw. Whole blood was centrifuged at
2000 rpm for 10 min and plasma immediately stored at —80 °C. Human
38-plex magnetic cytokine/chemokine kits (EMD Millipore, HCYTMAG-
60K-PX38) were used per manufacturer’s instructions. The panel in-
cludes IL-1RA, IL-10, IL-1a, IL-1B, IL-6, IFN-a2, TNF/TNF-a, TNF-8/LT-a,
sCD40L, IL-12p40, IFN-y, IL-12/1L-12p70, IL-4, IL-5, IL-13, IL-9, IL-17A,
GRO/CXCL1, IL-8/CXCL8, eotaxin/CCL11, MDC/CCL22, fractalkine/
CX3CL1, IP-10/CXCL10, MCP-1/CCL2, MCP-3/CCL7, MIP-1a/CCL3,
MIP-18/CCL4, IL-2, IL-7, IL-15, GM-CSF, Flt-3L/CD135, G-CSF, IL-3, EGF,
FGF-2, TGF-a, and VEGF. Fluorescence was quantified using a Luminex
200™ instrument. Cytokine/chemokine concentrations were calculated
using Milliplex Analyst software version 4.2 (EMD Millipore). Luminex
assay and analysis were performed by the UCLA Immune Assessment
Core. Only those cytokines with no more than 20% of samples were
undetectable were included in analyses. Nineteen cytokines (IL-17A, IL-
2, IFN-y, VEGF, IL-12p70, IL-8, MIP-1, TNF-0, IL-6, IL-1RA, IL-10,
Eotaxin, MCP-1, IP-10, MDC, sCD40L, GRO, Fractalkine, and IFN-a2)
were identified in this manner. The specimens were processed in three
different batches (28.9%, 56.7% and 14.4% were processed separately).
There were no differences in the number of ESC/PBO and ESC/MEM
samples processed in the different batches.

2.3.2. Neuropsychological battery

The following test battery was administered at baseline and 6 months.
We transformed raw scores to z-scores using the sample mean and
standard deviation, reversing z-scores when necessary so that higher z-
scores represent better performance for all measures. These z-scores were
aggregated into domains, chosen o priori, based on the general processes
involvedaccording to standard neuropsychological practice (REF) and
consistent with our prior report from this sample (Harvey, 2019; Lav-
retsky et al., 2019): Learning (California Verbal Learning Test-II [Trial 1
through 5 Total] (Delis Kaplan et al., 2000), Rey—Osterrieth Complex
Figure Test [3-min recall] (Meyers and Meyers, 1995), Verbal Pairs
Associate [immediate recall]) (Wechsler, 2009); Delayed Recall (Cali-
fornia Verbal Learning Test-II [long delayed free recall], Rey-Osterrieth
Complex Figure Test [30-min delayed recall], Verbal Paired Associates
(delayed recall), and Executive Functioning (Trail Making Test B (Heaton
et al., 2004; Reitan, 1958), Stroop interference (CJ and SM, 1978),
Controlled Oral Word Association test [FAS] (Heaton et al., 2004; Strauss
et al., 2006).

2.4. Statistical approach
Data were inspected for outliers, homogeneity of variance and other

assumptions to ensure their appropriateness for parametric statistical
tests. The cytokine concentration levels were log-transformed and in
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order to reduce the number of cytokine markers in analyses, we used the
iterated principal factor method with varimax rotation to obtain factor
scores from the log-transformed cytokine concentrations at baseline. The
number of factors was determined by using two criteria: (1) use of a scree
plot (plot of eigenvalues on the y-axis and the number of factors on the x-
axis) to determine the point where the slope of the curve leveled off to
indicate the number of factors that should be kept, and (2) the total
amount of variability of the original items explained by each factor so-
lution. Following Hair et al. (2010), factor loading of 0.5 and above was
chosen as the cut-off (Hair et al., 2010).

We first used general linear models to examine the association of the
cytokine factor scores with cognitive domain scores at baseline, con-
trolling for age, sex, BMI and batch. We also examined models including
depression (HAM-D) scores to evaluate whether any shared variance with
depression washed out emergent relationships between inflammation
and cognition, or if these relationships were distinct from depression. We
then estimated similar general linear models to examine whether the
factor scores at baseline were associated with 6-month change in
cognitive domain scores. As above, age, sex, BMI and batch were used as
covariates. Given that this is the first study to examine the association of
cytokine markers to anti-depressant treatment induced change in
cognition in older depressed patients, we set the significance level at p <
.05 for all analyses.

3. Results
3.1. Sample

Baseline demographic and clinical variables are presented in Table 1.
Treatment groups did not differ in any of these measures. Sixty-two
subjects completed study: 33 ESC/MEM (out of 45 at baseline = 73%
completers) and 29 ESC/PBO (out of 45 at baseline = 64% completers),
see Fig. 1. Completers and drop-outs did not differ in any of the baseline
measures (see Supplementary Table 1). Mean daily escitalopram dose
was 9.9 mg (SD = 1.5; range: 5-20 mg). Mean daily memantine dose was
19.3 mg (SD = 2.6; range 10-20 mg). Measures of tolerability and
dropouts due to side-effects did not differ between the groups. Remission
rate within ESC/MEM was 47.9%, compared to 31.9% in ESC/PBO at 6
months (XZ(l) = 2.0, p = .15). Changes in HAM-D, learning, delayed
recall and executive functioning scores were not significantly different
between groups. Both groups improved significantly in HAM-D and
neither group improved in cognitive outcomes at the end of the 6-month
intervention. Please refer to our earlier paper describing the results of the
parent clinical trial for more detailed results (Lavretsky et al., 2020).

Table 1
Demographic and clinical characteristics.
ESC/PBO (n = 45) ESC/MEM (n = 45) P value
Sex, n(%) Male 21 (46.7%) 21 (46.7%) 1.0
Female 24 (53.3%) 24 (53.3%)
Race, n(%)  White 31 (69%) 35 (77%) 0.34
Black 2 (4%) 4 (9%)
Hispanic 8 (18%) 3 (7%)
Other 4 (9%) 3 (7%)
Age, mean (SD) 72.62 (6.8) 70.95 (7.0) 0.26
Education years, mean (SD) 16.24 (2.7) 15.64 (2.4) 0.26
BMI 26.53 (5.6) 26.57 (6.2) 0.97
MMSE 27.58 (1.7) 28.20 (1.7) 0.09
MCI, n(%) 6 (13.3%) 7 (15.6%) 0.9
Age onset 46.07 (22.5) 43.85 (23.3) 0.66
Number of depressive 4.67 (4.0) 5.44 (5.2) 0.46
episodes
Chronic Depression 32 (73%) 35 (78%) 0.58
HAM-D, mean (SD) 17.80 (2.38) 17.80 (2.30) 1.0

Notes: MCI = Mild Cognitive Impairment; BMI = Body Mass Index; MMSE =
Mini-Mental Status Examination; HAM-D = Hamilton Depression Scale.
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3.2. Cytokine factor analysis

Four factors were chosen as the optimal number of factors to be
retained, accounting for 74% of the variance. The factor loadings are
presented in Table 2. Interestingly, three of the four factors identified
mirrored clear biological functions. All the cytokines included in Factor 1
are typically associated to T cell responses, particularly type 1 and type
17 helper T cells (Thl and Th17) (Damsker et al., 2010). Factor 2 in-
cludes proto-typical pro-inflammatory cytokines and chemokines (IL-8,
MIP-1 B, IL-6 and TNF-a) together with their prototypical regulators IL-10
and IL-1RA, thus bearing an innate inflammatory signature (Turner et al.,
2014; Zhang and An, 2007). Factor 3 only includes chemokines primarily
driving the recruitment of eosinophils/basophils, T cells and monocytes
(Turner et al., 2014; Zhang and An, 2007). Factor 4 was the only one
without a clear biological function. Factor 4 included sCD40L and Frac-
talkine, both involved in vascular inflammation; while all four analytes
are associated with neuroinflammation.

3.3. Baseline analyses

Cytokine factor scores were not significantly different between
treatment groups at baseline. Factors 1, 2 and 3 were not significantly
associated with any cognitive domain. However, increased scores on
Factor 4 were associated with worse Learning and Delayed Recall scores:
F(1,81) = 3.92, p = .05; F(1,81) = 4.31, p = .04, respectively (see
Supplementary Table 2 for beta coefficients, standard errors and 95%
confidence interavals for all associations). When depression (HAM-D)
scores were added to the models, the results were sustained for delayed
recall: Delayed Recall - F(1, 80) = 3.89, p = .05, and to a lesser extent for
Learning - F(1, 80) = 3.46, p = .07.

3.4. Longitudinal analyses

Cytokine factor scores at baseline were not associated with change in
depression (HAM-D). We found that Factor 2 was differentially associ-
ated with change in Executive Function scores as a function of treatment
group: interaction term F(1,52) = 4.63, p = .04. As seen in Fig. 2,
baseline Factor 2 scores predicted decline in Executive Function only in
the ESC/PBO group (slope = —0.13, p = .003) while the ESC/MEM
exhibited no relationship between baseline inflammation scores and
Executive Function decline (slope = 0.0, p = .9), despite similar distri-
bution of Factor 2 baseline scores (see Supplementary Table 3 for beta
coefficients, standard errors and 95% confidence interavals for all asso-
ciations). No other association between baseline factor scores and change
in cognitive domain scores were significant.

Table 2
Cytokine factor loadings.
Factorl Factor2 Factor3 Factor4
IL-17A 0.88 0.17 0.08 —0.03
IL-2 0.82 0.24 0.01 0.31
IFN- ¢ 0.82 0.40 0.14 —0.08
VEGF 0.77 0.31 —0.05 0.17
IL-12p70 0.76 0.31 0.17 0.32
IL-8 0.27 0.89 —-0.24 0.04
MIP-18 0.31 0.84 0.17 0.06
TNF-a 0.31 0.81 0.23 0.08
IL-6 0.36 0.75 0.29 0.18
IL-1RA 0.15 0.64 —0.30 0.32
1L-10 0.47 0.50 0.31 0.31
Eotaxin 0.07 0.02 0.91 0.05
MCP-1 —0.04 0.13 0.87 -0.03
IP-10 0.11 —0.02 0.81 0.10
MDC 0.14 0.04 0.81 0.14
sCD40L 0.04 0.18 0.29 0.77
GRO 0.10 —0.01 —0.24 0.73
Fractalkine 0.20 0.22 0.35 0.69
IFN-02 0.47 0.15 0.12 0.60
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W ESC/MEM @ ESC/PBO

Change in Executive Function Z Score

0 1 2
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4 5 6 7

Cytokine Factor 2

Fig. 2. Cytokine Factor 2 predicted a decline in executive functioning in the ESC/PBO group (slope = —0.13, p = .003) but not in the ESC/MEM group (slope = 0.0, p

=.9).
4. Discussion

In this study, we examined the relationship between inflammatory
markers and neuropsychological functioning in older adults with
depression treated with a combination of escitalopram combined with
memantine or placebo. First, we found a cross-sectional relationship
linking a set of inflammatory markers with learning and memory func-
tion that persisted after controlling for depression. Second, we found that
increased pro-inflammatory factors (Factor 2) at baseline predicted
decline in executive function, but only in the ESC/PBO group, with no
such relationship observed in the ESC/MEM group. Notably, we did not
find relationships among the same factors in both sets of analyses and in
each set of analyses only one of the four factors was found to be related to
cognition.

Elevated inflammation has been implicated in both depression and
cognitive decline in aging (Ownby, 2010; Rosenblat et al., 2014), and this
report extends this literature in a few key ways. Most previous studies
tended to focus on the relationship of inflammation to either depression
or cognitive impairment as an outcome (Elderkin-Thompson et al., 2012)
not taking into account frequent comorbidity and shared underlying
mechanisms (Kanchanatawan et al., 2018; Morimoto and Alexopoulos,
2013). In addition, most studies examined the role of isolated inflam-
matory markers, most commonly C-reactive Protein (CRP), I1-6, TNF-a
(Lindqvist et al., 2017; Strawbridge et al., 2015; Yang et al., 2019), while
we aggregated factors from a panel of cytokines that appear to represent
concurrent function.

Most but not all cytokines included in the panel have been studied
with respect to mood or cognition. Factor 2 contains a set of well-known
pro-inflammatory markers often described in cognition and mood studies
(da Fonseca et al., 2014; Elderkin-Thompson et al., 2012; Lai et al., 2017;

Ng et al.,, 2018). While the cytokines that comprise Factor 4 are less
well-studied than other markers in terms of cognitive outcomes, there is a
growing literature uncovering their role in cognition and neuro-
degeneration. In mice models, IFN-a in CSF is associated with cognitive
impairment (Sas et al., 2009). Higher levels of soluble CD40L has been
associated with HIV-associated neuroinflammation (Ramirez et al.,
2010). GRO is also implicated in inflammatory response to reactive ox-
ygen species in mice models (Shen et al., 2010). Fractalkine moderates
microglia activity in the CNS, its receptor CX3CL1 protects neurons from
microglial neurotoxicity (Limatola and Ransohoff, 2014), and is linked to
cognition and neurodegenerative diseases; however, the nature of these
relationships requires further study (Finneran and Nash, 2019).

Our finding of the lack of influence of Factor 2 on cognitive outcomes
in the ESC/MEM is intriguing and suggests that memantine may protect
against pro-inflammatory cognitive decline. This observation further
elaborates on the role of peripheral inflammation in geriatric depression
and cognitive decline, and adds to our recent report from the same study
using the functional enrichment transcriptome analysis that demon-
strated that escitalopram-based remission was associated with functions
related to cellular proliferation, apoptosis, and inflammatory response
(Grzenda et al., 2020). Remission in the ESC/MEM group, however, was
characterized by processes related to cellular clearance, metabolism, and
cytoskeletal dynamics. Both treatment arms modulated inflammatory
responses, albeit via different effector pathways. Memantine is an NMIDA
receptor agonist used to treat moderate to severe Alzheimer’s disease by
reducing glutamatergic excitotoxicity (Cacabelos et al., 1999; Rogawski
and Wenk, 2003). Dysfunctional glucose metabolism is emerging as a key
player in the development of Alzheimer’s disease (Kuehn, 2020) (given
the moniker “Type III Diabetes” (de la Monte and Wands, 2008)), and can
increase oxidative stress and subsequently drive up neuroinflammation
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(Rosales-Corral et al., 2015). A similar mechanism has been proposed in
the development of depression (Dantzer and Walker, 2014). Inflamma-
tion can lead to glutamatergic-related excitotoxicity and some have
posited that this is the pathway that links inflammation to susceptibility
for depression (Haroon et al., 2017). In line with our findings, studies of
ketamine, another NMDA antagonist, have also suggested that it not only
prevents glutamatergic excitotoxicity but also may have
anti-inflammatory properties (Hudetz et al., 2009; Proescholdt et al.,
2001). Taken together, our findings point to a possible role of memantine
in protecting inflammation-driven cognitive decline in depressed older
adults.

This study has limitations. The study was not specifically powered or
designed for the presented analyses and will require replication and
further study. The sample is relatively homogeneous with respect to
demographic variables that might relate to the relatively preserved
cognition or the level of inflammation in this cohort. In addition,
cognitive function varied somewhat, although none of the participants
had dementia, some met criteria for the mild cognitive impairment.
Therefore, it will be important to understand these findings in studies
with longitudinal follow-up to identify those who may be developing
Alzheimer’s type or other neurodegenerative disorders. Participants
were not required to fast before blood collection took place, introducing
the possibility of uncontrolled biologic variability. While blood-based
markers of inflammation are widely used as a proxy to study neuro-
inflammation given their easier accessibility, their signal gets diluted in
the circulation compared to the peripheral site of inflammation; thus, it
would be helpful to study the response of memantine treatment in
measures more proximal to the central nervous system (e.g., cerebro-
spinal fluid) (Bettcher et al, 2018). Alternatively, ultra-sensitive
methods for cytokine detection, like Simoa, may be used to improve
detection of diluted signals of tissue inflammatory responses in the cir-
culation. Several publications have confirmed the ultra-sensitivity of this
technology and support its utility for the development of immune sig-
natures and the identification of disease biomarkers (Rissin et al., 2010).

Importantly, we did not find a consistent pattern with respect to in-
flammatory factors and cognition. The most well-studied inflammatory
markers related to cognition (i.e., Factor 2) did not correlate with
cognitive functioning at baseline, only in analysis of change scores.
Furthermore, associations varied among cognitive domains, with re-
lationships found for learning and memory at baseline, and change in
executive function over time. Given the exploratory nature of this study
and the higher likelihood of spurious findings compared to hypothesis-
driven analyses, it is critical to interpret our findings with caution.
Furthermore, we acknowledge the incertitude of drawing links between
highly complex, microscopic immune response and more abstract
downstream performance on cognitive testing. While numerous studies
take a similar theory-driven approach, our goal for the present study was
to begin exploring these relationships to generate hypotheses for future
research.

In summary, the present study highlights intriguing links between
inflammation and cognitive outcomes in depressed older adults who
were treated with escitalopram combined with memantine or placebo.
The adverse effects of increased inflammation is well-studied in both
depression and neurodegenerative disease, and it is important to consider
overlapping neurobiological pathways for these burdensome disorders of
aging. Our findings also implicate a role of modulating glutamate activity
in protecting older adults with depression from inflammation related
cognitive decline, a novel finding that requires further study.
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