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Abstract 
Objective: Major depressive disorder 
(MDD) is a common psychiatric disorder 
for which pharmacologic standard-of-care 
treatments have limited efficacy, 
particularly among individuals with 
cognitive dysfunction. Cognitive 
dysfunction is observed in approximately 
25%–50% of those with MDD, wherein 
response to standard-of-care medications 
is reduced. Vortioxetine is an approved 
antidepressant that has shown evidence 
of procognitive effects in patients. It is not 
known if it has greater clinical efficacy in 
MDD patients with cognitive dysfunction, 
a more difficult to treat population, than 
other antidepressants. 

Methods: This study was a reanalysis of 
1,812 subjects with MDD across 4 placebo- 
controlled trials. Baseline cognition was 
measured by the Digit Symbol Substitution 
Test (DSST), the primary measure used to 
demonstrate vortioxetine’s procognitive 
effects in clinical studies. Analyses 
examined whether baseline cognitive 
function was associated with differences 
in treatment outcomes. 

Results: Baseline DSST did not predict 
placebo-adjusted treatment effects of 
vortioxetine on depressive symptoms 
(pooled Cohen d = −0.02, 95% 
CI = −0.12 to 0.07). Analyses of additional 
cognitive measures similarly did not 
predict placebo-adjusted treatment 

effects on depression (all 95% CI 
contained zero). Finally, analyses 
of trials with selective serotonin reuptake 
inhibitors (SSRIs)/serotonin and 
norepinephrine reuptake inhibitors 
(SNRIs) as active comparators also 
revealed no prediction of SSRI/SNRI- 
adjusted treatment effects of vortioxetine 
on depression. 

Conclusions: These findings, taken 
together, suggest that cognitive function 
does not moderate depression outcomes 
in vortioxetine, with results comparable 
to other antidepressants. 
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M ajor depressive disorder (MDD) is a common 
psychiatric disorder1 and a leading cause of 
disability worldwide.2 MDD, which often begins 

in early adulthood, has a high recurrence rate and is 
associated with premature death, including the highest 
risk for suicide among mental disorders.3 

Antidepressants are widely used for the treatment of 
MDD, but there is considerable concern about their 
efficacy due to modest short-term benefits,4 with a drug- 
placebo effect size that barely surpasses conventional 
criteria for a small effect.5 Given that MDD is a highly 
heterogeneous disorder, and clinical outcomes vary 
substantially among patients that receive the same 
treatment,6 predictive markers are needed to identify 
subpopulations of patients that respond or do not 
respond to specific interventions.7,8 

Cognitive dysfunction is a core feature of MDD, 
in which heterogeneous deficits exist across multiple 
cognitive domains, including executive function, 
attention, processing speed, learning, and memory.9–11 

Significant cognitive impairment (at least 1 SD below 
healthy normative samples) is observed in 
approximately 25%–50% of patients with MDD,12,13 with 
a subset of patients exhibiting levels of cognitive 
impairment frequently observed in schizophrenia.13 

MDD patients with cognitive impairment experience 
poorer functional outcomes,14–16 delayed treatment 
response, increased risk for relapse,17 and increased risk 
for suicide.18 Cognitive dysfunction persists in remission 
and worsens with repeated episodes.19 Traditional 
monoamine-based antidepressants such as selective 
serotonin reuptake inhibitor (SSRIs) and serotonin and 
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norepinephrine reuptake inhibitors (SNRIs) are less 
effective at treating depressive symptoms for patients 
with cognitive dysfunction than those who are 
cognitively intact,20,21 which suggests that antidepressants 
with a procognitive pharmacologic profile may be crucial 
for this particularly severe form of MDD. 

Vortioxetine is an approved antidepressant with 
unique properties that may be well suited for this subset 
of MDD. Vortioxetine is a 5-HT3, 5-HT7, and 5-HT1D 

receptor antagonist, 5-HT1B receptor partial agonist, 5- 
HT1A receptor agonist and serotonin (5-HT) transporter 
inhibitor that increases serotonergic, noradrenergic, 
dopaminergic, cholinergic, histaminergic, and 
glutamatergic neurotransmission.22 This unique 
combination of mechanisms gives it antidepressant 
as well as procognitive properties. Indeed, preclinical 
research in rats observed that vortioxetine restored 
memory performance, while escitalopram and 
duloxetine had no such effect.23 As an antidepressant, 
vortioxetine yields effect sizes comparable to those of 
other antidepressants in treating depression symptoms 
in all-comer trials when compared with placebo.5,24 

Additionally, in a meta-analysis of placebo-controlled 
trials, vortioxetine was the only antidepressant shown 
to improve executive functioning compared to placebo, 
as measured by tests of information processing speed/ 
working memory and cognitive flexibility.25 By contrast, 
both vortioxetine and duloxetine improved delayed 
verbal memory compared to placebo.25 

Given that vortioxetine has demonstrated comparable 
efficacy to other antidepressants in the treatment of MDD, 
and superior efficacy over other antidepressants in 
improving cognitive performance, it raises the question 
as to whether vortioxetine may be more effective in 
treating depressive symptoms among those with 
cognitive dysfunction who do not have any specific 
treatment options. A similar logic with respect to whether 
preferential outcomes with a drug potentially informing 
which patients may be best suited for it has been 
successfully used in depression. For example, prior 
work has shown that aticaprant improves anhedonia 

symptoms,26 leading researchers to test whether its 
antidepressant effects are greater for patients with 
elevated anhedonia. A recent clinical trial suggests that 
this may indeed be the case.27 Similarly, prior work has 
shown that seltorexant is particularly effective in treating 
depression symptoms among those with elevated 
insomnia symptoms.28 Prior studies have suggested 
that changes in cognition and depressive symptoms 
occur independently of one another with 
vortioxetine29; however, no studies to date have 
examined whether cognitive function moderates 
depression outcomes in vortioxetine. If this is the case, 
then it would suggest that vortioxetine may be a 
preferable treatment of choice for individuals with 
MDD and cognitive dysfunction. 

The current study is a reanalysis of several 
randomized trials of vortioxetine, all of which reported 
superiority of vortioxetine over placebo in treating 
depressive symptoms on the Montgomery-Asberg 
Depression Rating Scale (MADRS)30–33; 2 of the trials 
reported improvement in cognition over placebo,31,32 

while 2 reported no difference.30,33 This study will 
evaluate whether baseline cognitive performance is 
associated with greater change in depression severity 
with vortioxetine compared to placebo and whether 
baseline cognitive performance is associated with 
greater change in depression severity with vortioxetine 
compared to active comparators. 

METHODS 

Participants 
Data were analyzed from 4 randomized, double-blind, 

placebo-controlled trials (NCT01422213, NCT01564862, 
NCT02389816, and NCT02279966) in subjects who met 
criteria for recurrent MDD based on the Diagnostic and 
Statistical Manual of Mental Disorders, Fourth Edition, 
Text Revision, criteria, confirmed by the Mini- 
International Neuropsychiatric Interview, and had a 
MADRS total score of ≥22 at baseline. The Full Analysis 
Set (FAS) consisted of subjects who had taken at least 
1 dose of study medication, provided at least 1 post- 
baseline clinical assessment, had baseline cognitive data, 
and were ≤65 years old. One trial31 included duloxetine 
(60 mg/d) as an active-comparator group, while 
another33 included paroxetine (20 mg/d). Subjects 
assigned to vortioxetine were dosed at 10–20 mg/d30–32 

and were pooled into 1 group. All studies were 
conducted in accordance with the International 
Conference on Harmonization Good Clinical Practices 
guidelines and with the Declaration of Helsinki. All 
protocols, related forms, and amendments were approved 
by local research ethics committees. All subjects 
provided written informed consent before participating. 
Data were accessed through the Vivli platform34 after 
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• Vortioxetine is an antidepressant that has unique 

procognitive properties, and baseline cognitive 
functioning may moderate depression outcomes in 
vortioxetine. 

• Cognitive functioning at baseline was not found to 
moderate depression outcomes in those treated with 
vortioxetine across multiple studies. There was no 
evidence for improved depression outcomes in 
vortioxetine based on cognitive functioning. 
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approval for secondary data analysis was granted by the 
trial sponsors. 

Assessments 
Full details of all assessments administered can be 

found in the original published manuscripts.30–32 For 
the present study, the MADRS was used as the primary 
outcome measure for all trials. We elected to use the 
Digit Symbol Substitution Test (DSST) (total correct) 
as the primary measure of cognition, although it is not a 
measure of global cognition. The DSST is a polyfactorial 
test that primarily assesses processing speed and 
attention, as well as executive function, associative 
learning, and working memory, all of which are 
profoundly impaired in MDD.29 It is highly sensitive to 
cognitive dysfunction and is correlated with functional 
outcomes.35 The DSST was chosen as the primary 
measure of cognition as it was administered in all of 
the included trials, was the primary cognitive outcome 
measure in previous trials of vortioxetine and cognition, 
and is the test in which the largest procognitive 
effects of vortioxetine are observed.29,36 Secondary 
analyses of other cognitive tests—including delayed 
memory, in which vortioxetine has also been shown to 
improve25—can be found in the Supplementary Material. 

Statistical Analysis 
Prior to analysis, cognitive variables were 

standardized to enhance clinical interpretability of 
performance and to adjust for demographic effects 
known to affect cognitive performance. Demographic 
information was limited for some trials as sponsors 
applied an additional layer of anonymization to ensure 
that the risk for patient identification was below 9%. 
Because of this, subject age was categorized in some 
trials into quartiles that were not universally 
consistent between studies, and we were unable to 
apply published norms to the data. Level of educational 
attainment was also not available. Because we were 
unable to convert cognitive scores to published 
normative data, cognitive performance was not 
binarized to classify subjects as either cognitively 
intact or impaired; instead, cognitive performance 
was treated as a continuous variable. In order to reduce 
the impact of demographic characteristics on cognitive 
tests, we stratified the samples based on age 
(<45 and ≥45, as this was the median categorical 
age group in some trials) and sex (male or female), 
and standardized cognitive variables by subtracting 
the sample mean from each subject’s individual score 
and dividing by the sample SD within each subject’s 
stratified demographic sample. This was done 
within each study to avoid ecological bias.37 

In order to test the hypothesis that cognitive 
dysfunction at baseline is associated with greater 
treatment effects in vortioxetine, data were analyzed 

in 2 stages. First, to test the primary hypothesis, 
mixed models for repeated measures were conducted 
for each study, consistent with efficacy analyses used 
for each study.30–33 The FAS consisted of subjects who 
had taken at least 1 dose of study medication, provided 
at least 1 post-baseline assessment, and had baseline 
cognitive data. All models used change from baseline 
as the dependent variable (consistent with the prior 
studies) and included fixed effects of baseline MADRS, 
week (treated as categorical), baseline cognition 
(treated as continuous), and treatment arm; interaction 
terms included baseline severity × week, baseline 
cognition × week, treatment arm × week, baseline 
cognition × treatment arm, and baseline cognition × 
treatment arm × week. All models were estimated with 
restricted maximum likelihood and with the Kenward- 
Roger adjustment for denominator degrees of freedom. 
Missing data were assumed to be missing at random; 
direct maximum likelihood was used to accommodate 
missing data. A single unstructured variance- 
covariance matrix was used to model within-subject 
variation. The primary outcome of interest was the 
contrast in the relationship between baseline cognition 
and MADRS change between vortioxetine and placebo 
based on the interaction between baseline cognition 
and treatment at week 8. Estimates of the differences 
between slopes were extracted for each study. Effect 
size estimates were converted from t statistics for the 
contrast in slopes to an estimate of Cohen d, defined as 
2t=

ffiffiffiffiffiffi
df

p
, where t refers to the t statistic and df refers to 

the degrees of freedom.38 Because duloxetine and 
paroxetine were included as active comparators in 
2 studies, we also examined the difference in the 
relationship between baseline cognition and MADRS 
change between duloxetine or paroxetine and placebo, 
as well as between duloxetine or paroxetine and 
vortioxetine. 

Once estimates were obtained, random-effects 
models with restricted maximum likelihood were used to 
pool study results and provide weighted estimates along 
with their 95% CI. Due to the large sample size, 
statistical significance of the effect size was based on the 
95% CI; if the 95% CI did not contain zero, the pooled 
effect was considered statistically significant. This study 
was powered to detect a very small effect size as low as 
d = 0.08, assuming 80% power, 2-sided P value of .05, 
regardless of the degree of heterogeneity.39 

All analyses were conducted in Stata v17.040 and 
Rv4.2.2.41 

RESULTS 

Altogether, 1,812 subjects were included in analyses; 
590 were assigned to placebo, 204 to duloxetine, 55 to 
paroxetine, and 963 to vortioxetine. There were 
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1,093 female subjects (60.3%); 794 (43.8%) of subjects 
were in the ≤45 group. There was an even distribution of 
sex between treatment arms across studies (all Pearson 
χ2 ≤ 2.28, P ≥ .319, Cramer V ≤ 0.06), and age was 
similarly evenly distributed across studies (all Pearson 
χ2 ≤ 3.30, P ≥ .07, Cramer V ≤ 0.08). There was no 
difference in baseline cognition between treatment arms 
(P ≥ .07, Cohen d ≤ 0.18) or baseline MADRS severity 
(P ≥ .155). The mean baseline MADRS severity was 
31.33 (SD = 3.73, range = 22–49). There was a 
statistically significant relationship between baseline 
DSST and baseline MADRS severity across all studies 
(pooled Pearson r = −0.12, 95% CI, −0.20 to −0.05), 
such that worse performance on the DSST was associated 
with greater baseline depression severity. 

Estimates of the contrast in slopes between 
vortioxetine and placebo can be found in Figure 1. There 
was no difference between vortioxetine and placebo in 
terms of the relationship between baseline cognition 
and with change from baseline on the MADRS at week 8 
(pooled Cohen d = −0.02, 95% CI, −0.12 to 0.07). 
There was no heterogeneity between studies 
(I 2 ≤ 0.01%). Secondary analyses of other cognitive 
measures did not reveal a significant difference in 
slopes between vortioxetine and placebo across other 
cognitive tests (see Supplementary Material and 
Supplementary Figure 1). 

In the data from Mahableshwarkar et al,31 the 
relationship between baseline cognition and change 
from baseline at week 8 on the MADRS was no 
different between vortioxetine and duloxetine 
(contrast = −1.61, t = −1.68, P = .094; d = −0.14, 95% 
CI, −0.31 to 0.02), and the contrast in slopes was not 
different in duloxetine and placebo (contrast = −0.76, 
t = −0.79, P = .430; d = −0.07, 95% CI, −0.10 to 0.23). 

Similarly, there was no difference in the relationship 
between baseline cognition and change from baseline 
at week 8 on the MADRS between vortioxetine and 
paroxetine (contrast = −0.45, t = −0.25, P = .801; 
d = −0.04, 95% CI, −0.37 to 0.29), and the contrast in 
slopes was not different in paroxetine and placebo 
(contrast = 1.81, t = 1.07, P = .288; d = 0.18, 95% 
CI, −0.15 to 0.51). Additional analyses of other 
cognitive measures similarly did not reveal a significant 
difference in slopes between vortioxetine and 
duloxetine or paroxetine across tests of executive 
function and attention; additionally, there were no 
significant differences in slopes between duloxetine or 
paroxetine and placebo across other cognitive 
measures (see Supplementary Material). 

DISCUSSION 

Cognitive dysfunction impacts up to half of those 
suffering from MDD at levels considered to be clinically 
significant12,13 and is not effectively treated by standard 
of care antidepressants.20,21 Vortioxetine, because of its 
unique pharmacologic profile and evidence of 
procognitive effects in MDD,25 may be a preferable 
treatment option for those suffering from cognitive 
dysfunction; however, no study has previously examined 
whether baseline cognitive functioning is associated with 
depression treatment outcomes in vortioxetine. The 
present study was a reanalysis of 4 randomized, placebo- 
controlled trials30–32; 2 of which also included an active 
reference group (duloxetine or paroxetine). Findings 
from the present study suggest that baseline cognitive 
function does not moderate or predict the relationship 
between vortioxetine and depression outcomes, which 

Figure 1. 
Relationship Between Baseline DSST Scores and Change in 
MADRSa 

Study

Inoue et al30

Mahableshwarkar et al31

McIntyre et al32

Baune et al33

Overall
Heterogeneity: T 2 = 0.00, I 2 = 0.01%, H 2 = 1.00
Test of qi = qj: Q(3) = 2.64, P = .64
Test of q = 0: z = -0.47, P = .45

Random-e!ects restricted maximum likelihood (REML) model
–0.6 –0.4 –0.2 0.0 0.2

Cohen d
with 95% CI

Weight
(%)

–0.02 [ –0.20 to 0.16]
–0.07 [ –0.24 to 0.09]
0.07 [ –0.10 to 0.23]

–0.20 [ –0.53 to 0.13]

–0.02 [ –0.12 to 0.07]

27.28
31.72

32.90
8.10

aPositive values indicate a stronger association between baseline cognition and change in depression severity 
for vortioxetine. 

Abbreviations: DSST = Digit Symbol Substitution Test, MADRS = Montgomery-Asberg Depression Rating Scale. 
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suggests that selecting patients based on their baseline 
cognitive functioning may not improve depression in 
vortioxetine, unlike aticaprant (for depression with 
elevated symptoms of anhedonia27) and seltorexant (for 
depression with elevated symptoms of insomnia28). 

Ultimately, these findings do not dispute 
vortioxetine’s effects in reducing depressive symptoms, 
which are well documented.5,24 It does, however, suggest 
that vortioxetine is not more efficacious than other 
standard of care antidepressants in the treatment of 
depressive symptoms in MDD with cognitive 
dysfunction and that the stratification of patients 
based on baseline cognitive performance with vortioxetine 
does not improve depression outcomes. The 
mechanisms of action for antidepressants, including 
vortioxetine, are generally based on the monoamine 
hypothesis. It has been proposed that the largest 
potential advances in the field may come from the 
utilization of mechanisms of action that are different from 
current first-line treatments,42 and monoamine-alternate 
hypotheses are needed to explain the latency or 
insufficient response to monoamine-based agents.43 

Broadly speaking, neuroplasticity promoting- and 
neurogenesis-based hypotheses are an attractive and 
reasonable alternative to the monoamine hypothesis,43 

and this may be particularly true for MDD with cognitive 
dysfunction. For example, animal work on ketamine, a 
rapid-acting antidepressant that inhibits N-methyl-D- 
aspartate receptor function, has demonstrated an acute 
increase in synaptic efficiency,44 and there is some 
evidence that it may improve cognition in MDD,45 

although findings to date have been inconsistent and 
somewhat confounded by its acute negative effects on 
cognition.46 Compounds that promote neurogenesis in 
the hippocampus may alleviate depressive symptoms 
more effectively and rapidly,47 as the inhibition of 
hippocampal neurogenesis is thought to be responsible 
for cognitive impairment in MDD.48,49 To date, the effects 
of proneurogenic or prosynaptic compounds on MDD 
with cognitive dysfunction have yet to be examined but 
warrant further investigation. 

There are several limitations that should be 
considered. There was not enough information to 
apply normative data to put individual-level scores into 
context (ie, precise numerical age, years of education, 
or other estimates of premorbid cognitive function). We 
were therefore unable to formally classify subjects as 
cognitively impaired or preserved, nor are we able to 
determine the representativeness of cognitive function 
in these studies relative to the MDD population as a 
whole. Other important measures of functional and 
patient-reported outcomes were inconsistently measured 
across studies or not measured at all, which restricts 
our findings to only one aspect of clinical outcomes in 
depression, the clinician-rated MADRS. Similarly, other 
aspects of cognition not measured in these trials may 

predict response to treatment in vortioxetine, although 
the included studies administered a number of tests and 
covered neurocognitive domains that are sensitive to 
cognitive dysfunction in MDD, and the DSST is a well- 
known test of broad cognitive functioning.35 Finally, the 
trials included in the present study are not necessarily 
fully representative of all trials of vortioxetine and 
cognitive functioning, and findings may therefore be 
influenced by selection bias. 

In summary, the findings from this reanalysis of 
several placebo-controlled trials suggest that cognitive 
function does not moderate depression outcomes in 
vortioxetine, which suggests that vortioxetine may not 
necessarily be preferable for treating depressive 
symptoms in individuals with depression and cognitive 
impairment over and above other antidepressants. 
Antidepressants that operate through a different 
mechanism of action that enhance synaptic efficiency or 
promote neurogenesis need to be tested to see if they 
may be preferable first-line treatments for treating 
depressive symptoms in MDD with cognitive 
dysfunction. 
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Analysis of additional cognitive variables. In addition to the DSST, several other 

neurocognitive tests were administered in three of the studies31, 32, 33. Studies included the Trail-Making 

Test, parts A and B (TMT-A, TMT-B), which are often referred to as measures of attention and speed 

(TMT-A), and mental flexibility (TMT-B); the Stroop Color/Word Test (SCW; congruent and 

incongruent conditions), a test of response inhibition and cognitive control; Simple Reaction Time (SRT), 

a measure of simple attention and processing speed; and Choice Reaction Time (CRT), a measure of 

complex attention and processing speed. Primary measures included time to completion (TMT-A, TMT-

B, Stroop Congruent and Stroop Incongruent) and mean response times (SRT, CRT). The same two-stage 

modeling approach used for the primary analysis was applied here as well. We also examined the 

relationship between baseline cognitive performance and baseline depression severity and whether there 

was a differential relationship between baseline cognitive performance and change in cognitive 

performance. 

Several other neurocognitive tests were administered in one trial but not the other; analyses 

therefore only come from one study. The study by Mahableshwarkar et al.31 included the Groton Maze 

Learning Task (GMLT), which measures visual learning, memory, and error monitoring; and the One-

Back Test  (OBT), which measures working memory. Total errors were used as the primary outcome for 

the GMLT; speed of performance was used for the OBT. In the other study by McIntyre et al.32, the Rey 

Auditory Verbal Learning Test (RAVLT) was used to evaluate verbal learning and memory. Several 

metrics were used to evaluate performance, including acquisition (sum of learning trials), short delayed 

and long delayed recall, a general memory composite score (which equally weights acquisition and 

recall28), and several process measures, including forgetting (delayed recall minus words recalled on the 

last learning trial), and the Learning Efficiency Index (LEI), Delayed Recall Index (DRI), and Percent 

Retention Index (PRI50). Additional analyses were also conducted to compare duloxetine to vortioxetine 

and placebo. A False Discovery Rate (FDR) was applied to control for Type I error. 



Relationship between baseline cognition and depression outcome. There was no relationship 

between baseline cognitive measures and baseline depression severity (all 95% confidence intervals 

contained zero). There were no significant differences in the relationship between baseline cognition and 

depression outcome between vortioxetine and placebo on any cognitive measures (see Supplementary 

Figure 1). For measures only included in Mahableshwarkar et al.31, there was no relationship between 

baseline cognition and baseline depression severity on the GMLT (r = -0.01, p = 0.730) or OBT (r = -

0.08, p = 0.052). Regarding differences in the relationship between cognition and outcome between 

vortioxetine and placebo, there were no differences on the GMLT (Cohen’s d = -0.06, p = 0.494) and 

OBT (Cohen’s d = 0.07, p = 0.398). 

In terms of the RAVLT in the study published by McIntyre et al.32, there was an association 

between acquisition and baseline depression severity (r = -0.10, p = 0.015) but not on any other measure 

(all r > -0.08, all p > 0.056). Regarding differences in the relationship between cognition and outcome 

between vortioxetine and placebo, there was no differences observed in acquisition (Cohen’s d = 0.14, p = 

0.087), learning efficiency (Cohen’s d = 0.13, p = 0.110), short delay recall (Cohen’s d = 0.16, p = 0.055), 

long delay recall (Cohen’s d = 0.12, p = 0.146), delayed recall index (Cohen’s d = 0.14, p = 0.090), 

percent retention index (Cohen’s d = 0.09, p = 0.304), or in the memory composite (Cohen’s d = 0.14, p = 

0.093). 

In terms of duloxetine, there was no significant difference in slopes with vortioxetine across all 

cognitive measures (all d < |0.10|, all p > 0.256). There was no difference in slopes between duloxetine 

and placebo for all cognitive measures (all d < |0.15|, all p > 0.079), with the exception of CRT for 

continuous outcomes (d = 0.18, p = 0.036); however, it was not significant with FDR correction. 

Paroxetine observed a difference in slopes with vortioxetine on CRT (d = 0.43, p = 0.012); however, it 

was not significant with FDR correction. There was no difference in slopes between paroxetine and 

placebo for all cognitive measures (all d < 0.32, all p > 0.059). 



Supplementary Figure 1. Differences in the relationship between baseline cognition and change in 
depressive symptoms for vortioxetine versus placebo. 

  

Note. Positive values indicate a stronger association between baseline cognition and change in depression 
severity for vortioxetine. 
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