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Abstract

Background Cognitive deficits are detectable in major depressive disorder (MDD). The cognitive impact of antidepressants
remains unclear, as does the cognitive effects of aripiprazole in MDD, a commonly used adjunct with putative pro-cognitive
properties.

Objectives In this multi-centre, open-label study, cognitive changes associated with escitalopram monotherapy and adjunc-
tive aripiprazole were examined.

Methods Acutely depressed participants with MDD (n = 209) received 8 weeks of escitalopram. Non-responders received
an additional 8 weeks of adjunctive aripiprazole (ESC-ARI, n = 88), while responders (ESC-CONT, n = 82) continued
escitalopram monotherapy (rn = 39 lost to attrition). ESC-ARI, ESC-CONT and matched healthy participants (n = 112)
completed the Central Nervous System Vital Signs cognitive battery at baseline, 8 and 16 weeks. Linear mixed models
compared participants with MDD cognitive trajectories with healthy participants.

Results Participants with MDD displayed poorer baseline global cognition (assessed via the Neurocognitive Index), com-
posite memory and psychomotor speed vs healthy participants. There were no statistically significant changes in participants
with MDD receiving escitalopram monotherapy from baseline to week 8 in the neurocognitive index, reaction time, complex
attention, cognitive flexibility, memory or psychomotor speed. Overall symptom severity changes were not associated with
cognitive changes. The ESC-CONT group displayed no significant cognitive changes from weeks 8 to 16; reaction time
worsened in the ESC-ARI group (p = 0.008) from weeks 8 to 16, independent of symptom change.

Conclusions Escitalopram monotherapy in acute MDD did not result in significant cognitive improvements. We provide
novel evidence that escitalopram continuation in responders does not adversely affect cognition, but adjunctive aripiprazole
in escitalopram non-responders worsens reaction time. Treatments targeting cognitive dysfunction are needed in MDD.
ClinicalTrials.gov identifier NCT01655706; 2 August, 2012.

1 Introduction

Patients with major depressive disorder (MDD) display
deficits in multiple cognitive domains including executive
functioning, memory, attention and processing speed [1,
2]. These deficits contribute to functional impairment in
MDD [3, 4], and can persist even after traditionally defined
symptomatic remission from a major depressive episode is

< Trisha Chakrabarty
trisha.chakrabarty @ubc.ca

Extended author information available on the last page of the article

attained [5]. These findings indicate that cognitive dysfunc-
tion in MDD should be conceptualised as an important inde-
pendent treatment target [4].

Accordingly, there is growing interest in understanding
cognitive changes, positive or negative, associated with anti-
depressant treatment. Recent meta-analyses and systematic
reviews have reported small positive effects on attention,
executive function, memory, and psychomotor speed with
antidepressant treatment [6—9]. However, these analyses
noted significant methodological heterogeneity amongst
studies in terms of cognitive assessment tools, sample size,
duration of follow-up and study design. Although there have
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Cognitive dysfunction commonly accompanies major
depressive disorder (MDD); however, the potential cog-
nitive effects of antidepressant treatments are unclear.

In a multi-centre study, we found that 8 weeks of escit-

alopram monotherapy in currently symptomatic partici-
pants with MDD did not result in a statistically signifi-

cant improvement in cognition.

Continuing escitalopram for an additional 8 weeks in
participants who experienced a significant improvement
in their depressive symptoms did not further change
cognition.

The addition of aripiprazole (a commonly used add-on
medication in MDD) to escitalopram in participants who
did not respond to escitalopram monotherapy resulted in
a worsening reaction time.

These results suggest that targeted treatments for cogni-
tive dysfunction in MDD are required.

since been some larger studies assessing cognitive changes
with antidepressant treatment [10], further comprehensive
assessments in large samples are required to clarify the mag-
nitude and nature of cognitive changes resulting from the
pharmacological treatment of MDD.

There also remain further outstanding questions regarding
the potential for antidepressant treatment to improve cogni-
tive functioning in individuals with MDD. Antidepressants
have been posited to exert a positive effect on cognition
‘directly’ by reversing stress-induced neurohistological
changes, and improving neuroplasticity by stimulating post-
synaptic monoamine receptors and modulating presynaptic
glutamate release [11, 12]. Alternatively, any positive effect
of antidepressants on cognition may be solely secondary to
improvements in other depressive symptoms such as fatigue
and lack of motivation [7]; however, the degree to which
cognitive changes associated with antidepressant treatment
are independent of improvements in symptom severity has
been unclear in previous investigations [7]. Understanding
this would guide investigation of specific mediators of cog-
nitive improvement, and whether to target treatments toward
cognition or other depressive symptoms. Furthermore, the
long-term cognitive impacts of antidepressant treatment are
not well understood. Certain antidepressant classes such as
tricyclic antidepressants can negatively affect cognition,
potentially through anticholinergic or anti-histaminergic
mechanisms [13]. Selective serotonin reuptake inhibitors
(SSRIs) and serotonin-norepinephrine reuptake inhibitors
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have generally not shown adverse effects on cognition; how-
ever, these studies have largely been limited to a short-term,
8-week treatment period [7]. It is unclear how antidepres-
sants may impact cognition when used for a longer period
of time following a symptomatic response, a particularly
relevant consideration as an antidepressant is usually con-
tinued for several months following evidence of a treatment
response. Understanding this would clarify the potential
risks and benefits to cognition of continuing antidepressant
therapy in participants whose other depressive symptoms
have improved.

Finally, although effective treatment of MDD frequently
requires the use of adjunctive medications [14], the impact
on cognition of commonly used adjuncts is poorly under-
stood [9]. Aripiprazole, an atypical antipsychotic and first-
line recommended adjunctive agent in MDD, may be of
particular interest in this regard [14]. Aripiprazole has been
posited to have pro-cognitive effects via its unique profile
of partial D,, 5-HT,, and 5-HT, receptor agonist activity
[15, 16], and has been shown to improve spatial memory
in rodent models [15, 17]. Some authors have also reported
improvements in verbal memory, fluency, processing and
motor speed in participants with schizophrenia [18-20].
Objectively measured cognitive changes associated with ari-
piprazole treatment in MDD has received very little exami-
nation, with one open-label uncontrolled pilot study dem-
onstrating that adjunctive aripiprazole resulted in improved
executive functioning in treatment-refractory individuals
with MDD [21]. Thus, although aripiprazole is commonly
used in MDD and has biologically plausible mechanisms
for improving cognition, its utility for this purpose remains
unclear.

To clarify these questions, we examined cognitive
changes in adults with MDD participating in a multi-site
trial involving sequential escitalopram monotherapy and
adjunctive aripiprazole treatment. Escitalopram was chosen
for SSRI monotherapy because it is a first-line recommended
antidepressant, is commonly used in clinical practice and
has relative simplicity of dosing [22]. Participants received
periodic assessments with a comprehensive cognitive bat-
tery. As ‘practice effects’ (improved performance resulting
from increased familiarity and exposure to a test) are a com-
mon confound in serial neuropsychological assessments, a
parallel healthy participant group acted as a test-retest con-
trol [23]. Our objectives were to determine: (1) whether an
8-week course of escitalopram monotherapy resulted in
cognitive improvements in acutely depressed individuals
with MDD; (2) whether the continuation of escitalopram
in responders to acute monotherapy resulted in longer term
cognitive changes; (3) whether the addition of adjunctive ari-
piprazole in escitalopram monotherapy non-responders led
to additional cognitive improvements; and (4) the degree to
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which cognitive improvements were associated with changes
in overall symptom severity in each treatment phase.

2 Materials and Methods
2.1 Participants

This was a post-hoc analysis of data from the Canadian Bio-
marker Integration Network in Depression Study-1 (CAN-
BIND-1), a multi-centre discovery study designed to identify
predictors of MDD treatment response (ClinicalTrials.gov
identifier: NCT01655706) [22]. Full methods, clinical out-
comes, and some cognitive data from baseline and week
16 time-points have been previously described [22, 24, 25].
Participants with MDD were recruited from six Canadian
academic health science centres via community advertis-
ing, outpatient referrals and knowledge translation activities.
Inclusion criteria were: (1) age 18—60 years; (2) Mini-Inter-
national Neuropsychiatric Interview confirmed DSM-IV-TR-
defined MDD, with current major depressive episodes [26];
(3) current major depressive episodes > 3 months; (4) free
of psychotropic medications for five or more half-lives; (5)
Montgomery—/o%sberg Depression Rating Scale (MADRS)
score > 24 [27]; and (6) fluent in English. Exclusion crite-
ria were: (1) bipolar disorder; (2) another primary psychi-
atric diagnosis; (3) high suicide risk; (4) substance abuse in
the past 6 months; (5) neurological disorder/head trauma/
unstable medical condition; (6) pregnant/breast feeding; (7)
psychosis in the current episode; (8) high risk for hypomanic
switch; (9) non-response to four or more adequate pharma-
cologic interventions; (10) previous failure/intolerance to
escitalopram or aripiprazole; and (11) initiation of psycho-
logical treatment in the past 3 months.

Age- and sex-matched healthy comparison participants
(HC) were recruited from the community, and had no life-
time or current psychiatric disorders as assessed by the
Mini-International Neuropsychiatric Interview [22]. All
participants provided written informed consent and received
compensation for participation. The authors assert that all
procedures contributing to this work comply with the ethi-
cal standards of the relevant national and institutional com-
mittees on human experimentation and with the Helsinki
Declaration of 1964, as revised in 2008. All procedures were
approved by individual institutional research ethics boards.

2.2 Study Procedure

Following baseline assessment, participants with MDD
were initiated on open-label escitalopram 10 mg daily.
Escitalopram was increased to 20 mg daily at week 2 or 4
based on clinician judgement of effectiveness/tolerability.
Participants who responded, defined as a > 50% MADRS

reduction from baseline, at week 8 continued the effective
dose of escitalopram for another 8 weeks (ESC-CONT arm).
Non-responders received 8 weeks of adjunctive aripiprazole
therapy (ESC-ARI arm), flexibly dosed between 2 and 10
mg daily as needed and tolerated. The HC group received
no medication.

2.3 Clinical Assessment

Prior to initiating treatment, participants with MDD and
HC completed a baseline assessment consisting of a clinical
interview, psychiatric history, medical history, Mini-Inter-
national Neuropsychiatric Interview standardised interview
and collection of demographic data. The MADRS scores
were the primary measure of symptom severity at each time-
point for all participants.

2.4 Cognitive Assessment

Cognitive functioning was evaluated in all participants with
the Central Nervous System Vital Signs (CNS-VS) com-
puterised battery at baseline, 8 and 16 weeks. The CNS-VS
has shown robust and reliable psychometric properties [28],
including concurrent and discriminant validity [29, 30]. It
was also designed for repeated administrations, by altering
the content of tests across sequential administrations [28]. It
has been shown in multiple studies to be sensitive to cogni-
tive deficits in mood disorders [31, 32], and has been previ-
ously used to detect clinically significant treatment-related
improvements in MDD [33]. The CNS-VS contains 10 tests
and generates 15 individual domain scores [28]. Raw
domain scores were transformed into standard scores (mean
100, standard deviation 15) based on an age-matched nor-
mative sample [28]. The CNS-VS uses ‘validity indicators’
to flag low scores due to poor effort or misunderstanding
instructions; invalid scores were discarded. Outlier scores
> 4 standard deviations were capped [34].

A measure of global cognition, the Neurocognitive
Index (NCI), was calculated as an average of five cognitive
domains [28]: composite memory (a composite of verbal and
visual memory), psychomotor speed, reaction time, cogni-
tive flexibility and complex attention. See Table 1 for indi-
vidual test scores contributing to each domain.

2.5 Statistical Analysis

Statistical analyses were completed with SPSS
26.0 (Armonk, NY: IBM Corp); all tests were two-tailed.
Demographic variables were compared amongst HC and
participants with MDD using chi-square, Mann—Whitney U
or ¢ tests. As standard scores generated from the CNS-VS do
not correct for education, analyses of covariance (ANCO-
VAs) covarying for years of education were used to compare
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NCI scores between MDD and HC at baseline, week 8 and
week 16 time-points. Multivariate analyses of covariance
(MANCOVA) covarying for education were conducted at
each time-point to compare individual cognitive domain
scores at each time-point amongst groups. Significant omni-
bus MANCOVA statistics (p < 0.05) were followed up with
univariate ANCOVAs controlling for education, with Sidak
correction for pairwise comparisons. Cohen’s d effect sizes
[35] were calculated for the difference in cognitive scores
between MDD and HC at each time-point.

Primary analyses were conducted with NCI scores. To
evaluate NCI change following 8 weeks of escitalopram
monotherapy, a repeated-measures linear mixed model (RM-
LMM) was applied to all available data, using maximum
likelihood estimation and a scaled identity covariance struc-
ture. Time-point (baseline vs 8 weeks), group (HC vs MDD),
years of education and a time*group interaction term were
first added as fixed effects. A randomly varying intercept sig-
nificantly improved the model fit, as determined by Akaike’s
information criterion and Bayesian information criterion
values, and was retained in the model. Randomly varying
slopes, site as a random or fixed effect, age or sex as fixed
effects did not improve the model fit and were not retained.
Similar RM-LMMs with 8- and 16-week NCI scores were
separately constructed for the ESC-CONT and ESC-ARI
arms. Time*group interaction terms in all RM-LMMs were
examined to determine whether the MDD group displayed
a significant (p < 0.05) cognitive change compared to HC

over the same time period (i.e., whether the MDD group
displayed a significant change beyond what would could be
attributed to practice effects). A Cohen’s d effect size for
repeated measures (d,,,), which accounts for correlations
between the same measure pre and post-test, was calculated
within subjects for each group [36].

The impact of overall symptom change on cognitive
changes was assessed in two ways. First, similar RM-LMMs
as above were constructed for the escitalopram monotherapy
and ESC-ARI arms, with participants categorised as treat-
ment responders or non-responders. Significant time*group
(patient responders, non-responders and HC) interaction
terms were followed up with post-hoc analyses between
groups. This analysis was not done in the ESC-CONT
arm, as only treatment responders at week 8 entered this
arm. Second, in all the patient arms, percentage changes in
MADRS scores between time-points of interest, age, sex and
education were entered as predictors in linear regressions,
with a change in NCI scores as the outcome variable.

Secondary analyses to determine changes in individual
domains were completed by repeating RM-LMMs with
each of the five cognitive domains making up the NCI score.
For each set of analyses, a Bonferroni correction (0.05/5
= 0.01) was applied. Additional RM-LMMs dividing the
patient group into responders vs non-responders, and linear
regressions examining the relationship between a change
in MADRS and a change in cognitive scores, were also

Table 1 Test scores contributing to individual cognitive domains in the Central Nervous System Vital Signs cognitive battery

Cognitive domain

Included individual test scores

Composite memory

VERBAL MEMORY TEST Correct Hits Immediate

VERBAL MEMORY TEST Correct Passes Immediate
VERBAL MEMORY TEST Correct Hits Delay
VERBAL MEMORY TEST Correct Passes Delay
VISUAL MEMORY TEST Correct Hits Immediate
VISUAL MEMORY TEST Correct Passes Immediate
VISUAL MEMORY TEST Correct Hits Delay
VISUAL MEMORY TEST Correct Passes Delay

Psychomotor speed

FINGER TAPPING TEST Right Taps Average

FINGER TAPPING TEST Left Taps Average
SYMBOL DIGIT CODING TEST Correct Responses

Reaction time*
Cognitive flexibility

Average of STROOP Complex Reaction Time Correct and STROOP Simple Reaction Time Correct
SHIFTING ATTENTION TEST Errors and STROOP Commission Errors subtracted from SHIFT-

ING ATTENTION TEST Correct Responses

Complex attention®

STROOP Commission Errors

SHIFTING ATTENTION TEST Errors
CONTINUOUS PERFORMANCE TEST Commission Errors
CONTINUOUS PERFORMANCE TEST Omission Errors

Unless otherwise specified, domain scores were derived from summing indicated individual test scores

All raw scores are normalised to an age-matched score with a mean of 100 and standard deviation of 15; higher standard scores always indicates

better performance

*Lower raw score indicates better performance in the domain
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conducted for individual domains. For these exploratory
analyses, a significance level of p < 0.05 was used.

The NCI and cognitive domain scores except for psy-
chomotor speed were negatively skewed; reflect and square
root or logarithmic transformations of these scores normal-
ised distribution. The ANCOVA results with transformed vs
untransformed scores did not substantially change results,
and for clarity results with untransformed scores are shown.
Levene’s test for all ANCOVAs and Box’s test for all MAN-
COVAS were non-significant (all p > 0.05). Residuals of
linear regression models and linear mixed models were
normally distributed as determined by visual inspection of
histograms [37], and variance inflation factor (VIF) values
confirmed a lack of multicollinearity amongst predictor vari-
ables in linear regression models.

3 Results
3.1 Participant Characteristics

Two hundred and nine participants with MDD and 112 HC
completed baseline clinical and cognitive assessment [24].
Healthy participants had significantly higher years of educa-
tion compared with participants with MDD (Table 2).

One hundred and seventy-one participants with MDD
completed week 8 testing (38/18% of the baseline sample not
completing week 8 assessment) and 157 completed week 16
testing (14/4% who completed week 8 not completing week
16 assessment). There were no differences in age, education,
baseline NCI/individual domain scores, sex proportion, or
baseline MADRS scores (all p > 0.15) amongst the 157
patient participants who completed all three cognitive testing
points and participants who did not.

Following 8 weeks of escitalopram monotherapy, 85
(49.7%) participants with MDD were classified as respond-
ers and 86 (50.3%) as non-responders. Because of protocol
deviations in which two non-responders were placed in the
ESC-CONT arm and four responders in the ESC-ARI arm,
and one participant discontinuing the study after complet-
ing week 8 testing, 82 participants entered the ESC-CONT
arm and 88 the ESC-ARI arm at week 8. Participants with
MDD entering each arm did not differ in demographic vari-
ables, proportion with psychiatric comorbidities or prior
illness course (Table 2). A proportion of participants with
MDD completing week 16 testing did not significantly differ
between the ESC-CONT (74/82, 90%) and ESC-ARI (83/88,
94%) arms (y*> = 1.00, p = 0.32). Fifty-three (60%) partici-
pants in the ESC-ARI arm responded to treatment, while six
participants (7%) in the ESC-CONT arm were reclassified
as non-responders at week 16.

3.2 Cross-Sectional Comparison of Cognitive Scores
at Baseline, Week 8 and Week 16

Participants with MDD had significantly lower baseline NCI
scores compared with HC (p = 0.01, d = — 0.44) (Table 3,
see Table 1 of the Electronic Supplementary Material [ESM]
for detailed results). Multivariate analyses of covariance of
individual baseline cognitive domains (p = 0.038) showed
that participants with MDD scored lower in baseline psy-
chomotor speed (p = 0.001, d = — 0.45) and memory (p =
0.043, d = — 0.36). At 8 weeks, NCI scores no longer dif-
fered amongst participants with MDD and HC as determined
by ANCOVA (p = 0.40, d = — 0.25), and MANCOVA of
week 8 individual domain scores (p = 0.014) showed that
participants with MDD continued to display poorer psycho-
motor speed (p = 0.015, d = — 0.42).

Week 8 and 16 NCI scores did not significantly differ
amongst HC, ESC-CONT or ESC-ARI arms (Table 2 of the
ESM). Multivariate analyses of covariance of week 8 cogni-
tive domains scores [F(10,500) = 1.86, p = 0.049] showed
significant between-group differences in psychomotor speed
(p = 0.03), with the ESC-CONT arm scoring lower than HC
(p = 0.03). Multivariate analyses of covariance of week 16
cognitive domain scores showed no multivariate differences
amongst groups [F(10,480) = 1.25, p = 0.26].

3.3 Pre- to Post-Treatment Cognitive Change
in Participants with MDD Receiving 8 Weeks
of Escitalopram Monotherapy

Participants with MDD did not show a statistically signifi-
cant greater improvement in NCI scores from baseline to
week 8 compared to HC (p = 0.066, d,,, = 0.59 in MDD
vs 0.31 in HC, Table 4 and Fig. 1a). Similarly, participants
with MDD did not show a statistically significant greater
improvement in reaction time (p = 0.015, d,,, = 0.36 in
MDD vs 0.01 in HC), cognitive flexibility (p = 0.024, d,,,,
=0.33 in MDD vs 0.11 in HC), and complex attention (p =
0.048, d.,, = 0.51 in MDD vs 0.25 in HC), after correcting
for multiple comparisons.

There were no significant time*group interactions for
NCI, memory, psychomotor speed, complex attention or
cognitive flexibility when participants with MDD were
divided into responder and non-responder groups (Table 3
and Fig. 1a of the ESM). There was however a significant
time*group interaction for reaction time [F(2,266.95) =
3.08, p = 0.048]. A post-hoc analysis showed no significant
time*group interaction in reaction time between participants
with MDD responders and non-responders (p = 0.78). Non-
responders however showed significant improvement in
reaction time compared with HC (parameter estimate = 3.66,
p = 0.018), with responders showing a similar magnitude of
improvement vs HC (parameter estimate = 3.22, p = 0.066).
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Table 2 Demographic and clinical characteristics of healthy participants (HC) and participants with major depressive disorder (MDD) at base-
line and week 8 time-points

Mean (SD) HC baseline (n = 112) MDD baseline (n = 209) HC week 8 (n = MDD ESC-CONT arm MDD ESC-ARI arm
102) (n=282) (n=88)
Age, years 33.04 (10.74) 35.40 (12.66) 32.93 (10.69) 34.84 (12.26) 36.40 (12.89)
Sex (F/%) 71/63 131/63 65/64 54/66 52/59
Years of education 15.65 (2.25) 14.09 (2.07) 15.66 (2.22) 14.14 (2.34) 14.00 (1.83)
**HC > MDD **HC > ESC-CONT,
ESC-ARI
MADRS 0.83 (1.68) 29.87 (5.60) 1.05 (2.14) 7.79 (4.91) 23.23 (7.36)
**ESC-ARI > ESC-
CONT > HC
Episode duration 27.65 (34.20) 22.32 (26.90) 34.09 (38.97)
(months)
Number of previous 4.17 (2.79) 4.45 (2.61) 3.60 (2.59)
depressive episodes
Total illness duration 14.88 (12.34) 14.78 (10.89) 15.29 (14.18)
(years)
Comorbidities (1n/%)
GAD 53/25.4 17/20.7 24/27.3
Panic disorder 33/15.8 15/18.3 13/14.8
PTSD 15/7.2 5/6.1 9/10.2
SAD 48/23.0 22/26.8 21/23.9
OCD 8/3.8 4/4.9 4/4.5
Bulimia nervosa 10/4.8 4/4.9 4/4.5

ESC-ARI participants with MDD receiving adjunctive aripiprazole from weeks 8 to week 16, ESC-CONT participants with MDD continuing to
receive escitalopram monotherapy from weeks 8 to week 16, F' female, GAD generalised anxiety disorder, OCD obsessive-compulsive disorder,
MADRS Mongtomery Asberg Depression Rating Scale, PTSD post-traumatic stress disorder, SAD social anxiety disorder, SD standard deviation,

##p < 0.001

Table 3 Comparison of cognitive scores between healthy participants (HC) and participants with major depressive disorder (MDD) at baseline

and week 8 time-points

Cognitive domain HC HC MDD MDD Effect size® for HC
vs MDD at each
time point

Baseline (n = 112)  Week 8 (n =101) Baseline (n =209) Week 8 (n =171) Baseline  Week 8

NCI [mean (SD)] 104.1 (10.5) 106.8 (11.8) 98.8 (13.0) 104.0 (11.3) —-044* -025

Effect size change® 0.31 0.59

Memory [mean (SD)] 105.7 (15.8) 108.0 (18.3) 99.6 (18.0) 102.7 (17.6) -0.36*  -0.30

Effect size change 0.16 0.18

Psychomotor speed [mean (SD)] 111.7 (18.0) 114.9 (16.7) 103.6 (18.0) 107.5 (18.0) —045% —042%

Effect size change 0.30 0.38

Reaction time [mean (SD)] 100.9 (14.4) 101.0 (15.4) 98.7 (17.0) 102.6 (14.3) -0.14 0.11

Effect size change 0.01 0.36

Complex attention [mean (SD)] 97.5 (17.0) 99.3(14.7) 92.9 (18.2) 98.9 (15.3) -0.27 —-0.02

Effect size change 0.11 0.33

Cognitive flexibility [mean (SD)]  103.7 (16.1) 106.9 (16.1) 98.11 (17.9) 106.5 (16.1) -0.33 -0.03

Effect size change 0.25 0.51

NCI Neurocognitive Index, SD standard deviation,*p < 0.05

2Cohen’s d effect size for repeated measures is shown for within-group changes between the two time-points

bCohen’s d effect size (using raw means and pooled standard deviation) for MDD compared to HC is shown
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Regression analyses in participants showed no signifi-
cant associations between change in MADRS scores from
baseline to week 8 and changes in NCI or any individual
cognitive domain (see Table 4 of the ESM).

3.4 Pre- to Post-Treatment Cognitive Change
in ESC-CONT from Weeks 8 to 16

Participants in the ESC-CONT arm did not display a signifi-
cantly different trajectory in NCI (time*group interaction, p
= 0.83), memory (p = 0.50), psychomotor speed (p = 0.26),
reaction time (p = 0.29), complex attention (p = 0.70) or
cognitive flexibility (p = 0.28) from weeks 8 to week 16
compared to HC (Table 5 and Fig. 1b). Regression analyses
showed no associations between change in MADRS scores
from weeks 8 to 16 and changes in NCI or any individual
domain score (Table 4 of the ESM).

3.5 Pre- to Post-Treatment Cognitive Change
in ESC-ARI from Weeks 8 to 16

Participants in the ESC-ARI arm also did not display sig-
nificant differences in NCI change from weeks 8 to 16 com-
pared to HC (time*group interaction p = 0.30, Table 5 and
Fig. 1b). However, participants in this arm showed a signifi-
cant decrease in reaction time from weeks 8 to 16 compared
with HC, at the Bonferonni-corrected threshold (p = 0.008,
d.y = —0.35 in MDD vs 0.09 in HC).

Reaction time was also the only domain to show a signifi-
cant time*group interaction when participants were divided
into week 16 responders (n = 53) and non-responders (n =
30) [F((2,182.89) = 3.58, p = 0.030, see Table 3 and Fig. 1b
of the ESM). Patient responders showed a greater decline
over time compared to HC (estimate = — 4.06, p = 0.018),
with non-responders showing a similar magnitude of decline
vs HC (estimate = — 3.89, p = 0.057).

Regression analyses in participants in the ESC-ARI arm
showed no associations between change in MADRS scores
from week 8 to week 16 and change in NCI, memory, reac-
tion time, complex attention or cognitive flexibility (Table 4
of the ESM). Improvement in psychomotor speed was sig-
nificantly associated with improvement in MADRS scores
(B = 0.30, p = 0.004; R* change = 0.09, p = 0.004).

As a post-hoc exploratory analysis, Spearman’s correla-
tion was calculated between the average dose of aripiprazole
received by participants with MDD in the ESC-ARI group
and the change in reaction time from weeks 8 to 16, which
was non-significant (p = 0.077, p = 0.492). A partial cor-
relation between average aripiprazole dose and reaction time
change, controlling for change in the MADRS score from
weeks 8 to 16, was similarly non-significant (r = 0.113, p
=0.314).

Table 4 Comparison of cognitive scores between healthy participants (HC) and participants with major depressive disorder continuing escitalo-
pram monotherapy (ESC-CONT) and receiving adjunctive aripiprazole (ESC-ARI) at week 8 and week 16 time-points

Cognitive domain

HC

ESC-CONT

ESC-ARI

Week 8 (n = 101) Week 16 (n = 102)

Week 8 (n =82) Week 16 (n=74)

Week 8 (n = 88) Week 16 (n = 83)

NCI [mean (SD)] 106.8 (11.8) 106.8 (12.6)

Effect size change® 0.00

Memory [mean (SD)] 108.0 (18.3) 105.7 (18.6)

Effect size change -0.17

Psychomotor speed [mean  114.9 (16.7) 116.1 (18.6)
(SD)]

Effect size change 0.12

Reaction time [mean (SD)] 101.0 (15.4) 101.9 (14.3)

Effect size change 0.09

Complex attention [mean 99.3 (14.7) 99.5 (16.1)
(SD)]

Effect size change 0.02

Cognitive flexibility [mean  106.9 (16.1) 110.9 (15.2)
(SD)]

Effect size change 0.41

103.7 (12.0) 105.4 (12.3) 104.0 (11.3) 102.5 (12.0)
0.27 —-0.20

103.7 (17.5) 103.7 (17.5) 101.0 (18.2) 100.0 (18.7)
0.00 -0.07

106.7 (18.1) 109.5 (16.9) 108.4 (18.0) 107.3 (19.7)
0.24 -0.12

102.4 (14.8) 101.6 (16.7) 102.2 (14.5) 98.5 (18.4)
-0.08 -035

99.0 (17.3) 101.6 (17.3) 98.5 (13.9) 98.9 (13.6)
0.14 0.03

106.4 (17.0) 109.3 (17.2) 105.9 (15.9) 106.6 (14.3)
0.22 0.05

NCI neurocognitive index, SD standard deviation

aCohen’s d effect size for repeated measures is shown for within-group changes between the two time-points
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Table5 Time by group interaction parameter estimates from
repeated-measures linear mixed models of cognitive scores from
baseline to week 8 in participants with major depressive disorder
(MDD) receiving escitalopram monotherapy, and from week 8 to
week 16 in participants with MDD continuing escitalopram mono-
therapy (ESC-CONT) or receiving adjunctive aripiprazole (ESC-
ARI), compared to healthy participants

Cognitive domain  Fixed-effect param-
eter estimate [95%

CI]

SE  df t

All MDD participants: baseline to week 8

NCI 2.04 [-0.14, 4.23] 1.11 250.28 1.84

Memory 0.58 [-3.43,4.58] 2.03 281.80 0.28
Psychomotor speed —0.16 [—2.73,2.40] 1.30 27420 -0.13
Reaction time 3.40 [0.65, 6.15] 1.40 27144  2.44%*
Complex attention  4.34 [0.03, 8.66] 2.19 24949  1.98*
Cognitive flexibility 4.19 [0.55, 7.83] 1.85 269.73  2.27*
ESC-CONT participants: week 8 to week 16

NCI 0.24 [- 1.90, 2.37] 1.08 159.00 0.22
Memory 1.43[-2.77,5.64] 2.13 176.10 0.67
Psychomotor speed 1.78 [— 1.35, 4.92] 1.59 172.58 1.12
Reaction time —1.57[-4.49,135] 148 172.39 -1.06
Complex attention  0.85 [—3.50,5.20] 2.20 171.28  0.39
Cognitive flexibility — 1.87 [-5.31, 1.57] 1.74 167.00 - 1.07
ESC-ARI participants: week 8 to week 16

NCI —1.09 [-3.13,0.95] 1.03 172.81 —-1.05
Memory 1.23[-298,5.45] 2.14 18641  0.58
Psychomotor speed — 1.89 [-4.73,0.95] 1.44 18194 -1.31
Reaction time —4.02[-6.97,1.08] 149 183.08 —2.70**
Complex attention  0.41 [— 3.33, 4.15] 1.89 176.31 0.22
Cognitive flexibility —2.48 [-5.93,0.97] 1.75 183.06 —1.42

Positive parameter estimate indicates that the patient group expe-
rienced a greater increase in cognitive scores over the 8-week time
span compared with healthy participants. 95% CI for fixed-effect
parameter estimate shown

CI confidence interval, df degrees of freedom, NCI Neurocognitive
Index, SE standard error, ¢ t-statistic, *p < 0.05 but above the Bon-
ferroni-corrected threshold for individual cognitive domains; **p <
0.01, below the Bonferroni-corrected threshold for individual cogni-
tive domains

4 Discussion

Using data from a multi-centre study, we evaluated cognitive
change in acutely symptomatic participants with MDD who
received two 8-week phases of escitalopram monotherapy,
and those who received 8 weeks of escitalopram followed
by adjunctive aripiprazole during the second 8-week phase.
Although showing trends towards improvement beyond what
would be expected of practice effects, acutely depressed par-
ticipants with MDD receiving 8 weeks of escitalopram mon-
otherapy did not display statistically significant cognitive
changes; furthermore, cognitive changes were not associ-
ated with treatment response or changes in overall symptom

severity. Treatment responders who received an additional 8
weeks of escitalopram monotherapy did not show any fur-
ther cognitive changes, negative or otherwise. Importantly,
non-responders to 8 weeks of escitalopram monotherapy did
not display cognitive improvements with 8 additional weeks
of adjunctive aripiprazole; indeed, this group demonstrated
a decline in reaction time independent of overall symptom
change.

Consistent with previous reports of cognitive dysfunc-
tion in MDD, acutely depressed participants in this study
showed baseline decrements in global cognitive function-
ing compared to HC with a small-to-moderate effect size
(d = — 0.44). Participants showed improvements in global
cognitive functioning at a non-significant trend level (p =
0.066) with 8 weeks of escitalopram monotherapy, and no
longer significantly differed in NCI scores vs HC at week 8
(d = — 0.25). The effect size of change in NCI scores from
baseline to week 8 was 0.59, as opposed to 0.31 in HC. Par-
ticipants with MDD also showed improvements in individual
domains of reaction time, cognitive flexibility and complex
attention at a non-significant trend level of p < 0.05. Simi-
larly, the small magnitude numerical reductions in baseline
reaction time (d = — 0.14), complex attention (d = — 0.27)
and cognitive flexibility (d = — 0.33) seen in participants
with MDD compared to HC were no longer present at week
8, with participants with MDD having equivalent or higher
numerical scores vs HC at week 8. The changes in cross-
sectional performance and the multiple individual cognitive
domains showing trend-level time interactions suggest that
these are not spurious findings, but rather a reflection of
small magnitude cognitive improvements that may require
larger samples to detect. This is consistent with previous
reports that cognitive changes associated with SSRIs are
small [6, 7], and a large randomised trial of escitalopram,
sertraline and venlafaxine extended-release therapy report-
ing that cognitive improvements with these antidepressants
were not significant after adjusting for multiple comparisons
[10]. If so, this calls into question the clinical relevance of
any cognitive improvements affected by escitalopram. Inter-
estingly, there was negligible improvement in memory and
psychomotor speed, the domains where participants with
MDD showed the greatest magnitude baseline deficits com-
pared with HC. Participants with MDD showed little change
in week 8 cross-sectional memory (d,,, = 0.18 vs d,,, = 0.16
in HC) and psychomotor speed (d,,,, = 0.38 vs d,,, = 0.30 in
HC), and ongoing significant deficits in psychomotor speed
were detectable at week 8. In sum, our results suggest that
though short-term escitalopram monotherapy may improve
cognitive functioning, the improvements are of small mag-
nitude and may not address the domains where participants
experience the greatest difficulties.

Although our results are consistent with previous stud-
ies finding minimal improvements in cognition with SSRI
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therapy in MDD cohorts [10], some other studies have
reported improvements in memory and executive function-
ing [7, 38]. This raises the possibility that we may have been
limited in our ability to detect cognitive changes owing to
our participant cohort being relatively high functioning.
Though moderate executive functioning deficits in acutely
depressed individuals has been reported [1], we did not
detect significant deficits in executive functioning-related
measures such as cognitive flexibility. Indeed, even in the
domains where participants with MDD displayed statisti-
cally significant differences compared with HC at baseline,
standard scores based on age-matched population norms
were still within an average range in the MDD group. Our
patient group was relatively young, highly educated, had low
rates of substance abuse and other comorbidities, were not
treatment resistant and did not have psychotic features. All
of these factors may have resulted in a higher cognitively
performing cohort with higher cognitive reserve, thus limit-
ing our ability to detect cognitive improvements compared
to samples that include more treatment refractory or clini-
cally severe participants. An emerging literature suggests
that data-driven probabilistic segmentation techniques such
as a cluster analysis or a latent latent class analysis can be
used to delineate meaningful cognitive subgroups in mood
disorder populations [39-41]. An extension to this would
be to use group-based trajectory modelling to identify latent
classes based on cognitive change, which may help identify
discrete patient cohorts who display more pronounced cog-
nitive improvements and who may be obscured by using
group-level averages.

Any improvements in cognition following short-term
escitalopram monotherapy appeared to be independent
of changes in overall symptom response. Responders and
non-responders experienced a similar trajectory of cogni-
tive change, and a regression analysis did not identify any
significant associations between changes in MADRS scores
and cognitive performance in the first 8 weeks. This aligns
with previous studies that did not find differences in cogni-
tive changes based on remitter status [10, 38]. Vortioxetine
is a novel multi-modal antidepressant agent that has shown
consistent positive effects on cognition in MDD. As in our
trial, studies suggest that the cognitive changes associated
with vortioxetine are largely independent of reductions in
other depressive symptoms [42]. We have previously shown
in this MDD patient cohort that a history of childhood mal-
treatment was associated with cognitive deficits in acutely
depressed and remitted participants, but did not impact cog-
nitive change over the study term [25]. Future analyses may
focus on changes in individual symptom domains such as
sleep, energy and interest/motivation, on the basis that these
may be more specific contributors to cognitive changes com-
pared to overall symptom severity. Short-term antidepressant
administration has also been shown to ameliorate negative
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affective biases prior to detectable changes in symptom
severity [43]; it may be that these changes in negative affec-
tive bias (including the propensity to be distracted by nega-
tive internal stimuli and self-referential processing) or other
social cognitive variables independently mediate improve-
ments in objectively measured cognition. Antidepressant
treatment is also associated with structural brain changes,
such as increased hippocampal and striatal volumes, and
functional changes in prefrontal regions [44, 45], which are
plausible mediators of cognitive changes.

We did not find evidence that short-term treatment
responders experienced further cognitive improvements
with the continuation of escitalopram monotherapy. This
may have been due to a ceiling effect in most cognitive
domains; except for psychomotor speed, participants in the
ESC-CONT arm performed comparably to HC at week 8,
and thus likely had limited room for improvement. However,
the ESC-CONT group did not experience any deterioration
in cognitive functioning over an 8-week time span. Further-
more, the statistically significant psychomotor speed deficit
in the ESC-CONT group at week 8 was not detected at week
16, with the ESC-CONT group demonstrating a larger effect
size for improvement compared with HC (d,,, = 0.24 vs d,
= 0.12 in HC). While this is suggestive of a small-magnitude
improvement in psychomotor speed with continued escitalo-
pram monotherapy, the time*group interaction term did not
reach significance and the lack of a significant difference
at week 16 may have been due to the smaller sample size
at this time-point. Despite this uncertainty, our results do
confirm that continuing escitalopram monotherapy in treat-
ment responders for an additional 2 months is not associated
with detrimental cognitive consequences. Further studies are
required to fully assess the cognitive effects of continued
antidepressant treatment over the long term in participants
with mild or remitted symptoms.

This analysis provides novel findings that adjunctive
aripiprazole, though showing pro-cognitive effects in pre-
clinical models, may detrimentally impact reaction time in
individuals with MDD [15, 16]. The effect size of change
in reaction time from week 8 to 16 in the ESC-ARI group
was — 0.35, compared to 0.09 in HC and — 0.08 in ESC-
CONT. Both responders and non-responders to adjunctive
aripiprazole experienced a similar decline in reaction time,
with no association between change in MADRS scores and
change in reaction time. There has been very limited previ-
ous examination of the cognitive effects of aripiprazole in
MDD, with one open-label study finding that adjunctive ari-
piprazole in non-responders to antidepressant monotherapy
was associated with improvements in executive functioning
[21]. However, as this was an open-label pilot study (n = 13)
with no control group, practice effects may have contributed
to the observed improvements. Although studies examining
the cognitive effects of aripiprazole in schizophrenia have
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found improvements in verbal memory, fluency [18], work-
ing memory [19] and motor speed [20], there also exists
evidence of adverse cognitive effects of aripiprazole in this
patient population. One study found that though aripiprazole
improved motor speed in participants with schizophrenia,
it was also associated with a decline in verbal fluency and
executive functioning [20]. Additionally, aripiprazole may
interact differently with the distinct underlying pathophysiol-
ogies of schizophrenia vs MDD. Partial D, receptor agonism
may result in reduced dopamine output when dopamine lev-
els are high, and increased dopamine output when dopamine
levels are low [46]. Schizophrenia and MDD differ in basal
striatal dopamine functioning, potentially resulting in differ-
ential modulation of striatal dopamine activity by aripipra-
zole and consequently different (and in MDD, potentially
detrimental) effects on motor-based cognitive functions
such as reaction time [47, 48]. Interestingly, improvement
in depression symptom severity was significantly associated
with improved psychomotor speed from weeks 8 to 16 in
the ESC-ARI arm. Examining the trajectories of change in
responders vs non-responders (Fig. 1b of the ESM) sug-
gests that it was not that responders experienced improve-
ments in psychomotor speed, but rather that non-responders
experienced declining performance. Though by no means
definitive, this suggests that participants with MDD who
do not experience symptom improvement with adjunctive
aripiprazole may be vulnerable to worse outcomes in motor-
based cognitive domains other than reaction time.

These results are subject to certain limitations. Though
our sample size was large compared to many other studies
examining antidepressant-associated cognitive changes, it
may still have been underpowered to detect, at the Bonfer-
onni-corrected level of significance, small magnitude cog-
nitive improvements. Because of study attrition, the sample
sizes at weeks 8 and 16 may additionally have been under-
powered to detect significant cross-sectional cognitive differ-
ences between groups. Furthermore, the study design did not
include a placebo-treated patient control group. Although
comparison to an HC group that underwent repeated test-
ing provides some control for practice effects, we cannot
attribute potential cognitive improvements in participants
to active treatment vs placebo effects, nor can we determine
whether improvements in the CAN-BIND patient cohort are
greater in comparison to a matched untreated patient arm.
Participants were also not randomised to the ESC-CONT
or ESC-ARI arms, but assigned based on initial treatment
response. Although these two groups did not differ on demo-
graphic or clinical variables such as comorbidities or prior
illness course, they may have differed in other clinical or
biological factors not captured here. This limits our certainty
about what can be attributed to the effects of the treatment
vs participant differences. However, this study was designed
to mirror clinical practice, which enhances the clinical

relevance of our results. In clinical practice, an individual
with MDD is unlikely to receive aripiprazole unless they
have demonstrated non-response to initial monotherapys;
these results provide information on the cognitive effects
of adjunctive aripiprazole in this patient group. Last, our
patient cohort had an average of four previous episodes and
approximate total illness duration of 15 years. As higher
number of episodes have been associated with more severe
cognitive deficits in remission [5], it is possible that greater
treatment-related cognitive improvements may be detected
in a group with a less chronic illness course.

5 Conclusions

This study provides further evidence that cognitive improve-
ments associated with SSRI monotherapy are of small mag-
nitude, may not address the most prominent cognitive defi-
cits present at baseline and are not associated with changes
in overall symptom severity. We also provide novel evidence
that continuation of escitalopram in treatment responders is
not associated with adverse cognitive consequences, but that
adjunctive aripiprazole may have negative effects on reaction
time. This supports the need to develop targeted treatments
for cognitive dysfunction in MDD, and the need to identify
specific mediators of cognitive changes other than changes
in overall symptom severity.
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