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Abstract Insufficient outcomes amongst adults with

major depressive disorder (MDD) provide the impetus to

identify and refine therapeutic targets that are most

critical to outcome from patient, provider, and societal

perspectives. Towards this aim, a pivotal shift towards

the transnosological domain, cognition, is occurring in

the study of MDD and other brain disorders. This paper

aims to provide a framework for conceptualizing and

prioritizing cognitive function amongst adults with MDD

with a particular view to provide a conceptual framework

for research and clinical priorities. We also summarize

extant data pertaining to psychotropic effects, notably

antidepressants, on the cognitive dimension/domain. This

narrative review was based on articles identified through

a PubMed/MEDLINE search of all English-language

articles published between January 1966 and October

2014. The search words were major depressive disorder,

depression, unipolar depression, cognition, cognitive

dysfunction, cognitive deficit, and cognitive function.

The search was supplemented with a manual review of

relevant references. The selection of articles for inclusion

in this review was based on overall methodological

quality as well as on their pertinence to informing the

framework described herein. Cognitive dysfunction in

MDD is a discrete domain subserved by discrete yet

overlapping substrates. There is a need to provide a

glossary of terms commonly employed in the cognition

literature for consensus as to the appropriate screening,

measurement, and monitoring tools. The guiding princi-

ple of measurement-based care should include systematic

assessment and measurement of cognition in subpopula-

tions with MDD, as a tactic to improve outcome. Rela-

tively few treatment strategies have demonstrated

efficacy specifically for the cognitive domain in MDD.

The antidepressant vortioxetine has replicated evidence

of specific pro-cognitive effects in adults with MDD

across multiple subdomains of cognitive function. Vor-

tioxetine is a novel antidepressant that is hypothesized to

act through a combination of direct effects on receptor

activity and serotonin receptor inhibition, as well as other

systems. Pro-cognitive effects for other US FDA-ap-

proved agents are suggested, but pseudospecificity has

not been excluded as a possible explanation of their

beneficial effects on cognitive function. A disparate

assortment of other agents are currently under investi-

gation for possible benefit in mitigating cognitive deficits

and improving cognitive performance (e.g., intranasal

insulin, erythropoietin, anti-inflammatory agents). Non-

pharmacological approaches including, but not limited to,

cognitive remediation (CR), aerobic exercise, and neu-

romodulation are promising.
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Key Points

Cognitive dysfunction is a core domain disturbance

in adults with major depressive disorder (MDD) that

is correlated with, yet independent of, mood domain

symptoms.

Disparate antidepressant modalities (e.g.

pharmacotherapy, neuromodulation) would be

expected to improve measures of cognitive function;

notwithstanding, pseudospecificity can only be ruled

out if studies employ methods to adjust for the

contribution of mood symptoms (e.g. path analysis,

subgroup analysis).

Vortioxetine is the only approved/proven treatment

for MDD with replicated evidence demonstrating

direct and independent effects on cognitive function

in adults with MDD across multiple subdomains of

cognitive function.

1 Introduction

Major depressive disorder (MDD) is a common, often

severe disorder associated with high rates of non-recovery,

recurrence, and comorbidity [1–3]. Convergent evidence

indicates that MDD is the leading cause of disability

amongst patients in both developed and emerging econo-

mies [4]. The principal source of cost and illness-associated

morbidity is due to a significant decrease in role-function

amongst affected individuals [5, 6]. Notwithstanding the

widespread and increasing use of antidepressants within the

general population, outcomes amongst individuals with

MDD remain disappointing [7]. In the clinical ecosystem,

adults with MDD receiving guideline-informed, measure-

ment-based, integrated care exhibit significant rates of non-

remission and functional impairment [8]. The foregoing

portrait of MDD invites the need to identify and refine the

dimensions/domains that are most critical to illness out-

come from patient, provider, and societal perspectives [9].

MDD, like all mental disorders, is a phenotype com-

prising disturbances across discrete and finite psy-

chopathological domains [10]. Cognitive dysfunction is

identified as a transnosological domain critical to outcomes

across disparate mental disorders including, but not limited

to, schizophrenia, bipolar disorder, and autism [11].

Hitherto, disturbances in cognitive function have received

less attention in MDD relative to other psychiatric popula-

tions [12]. Available data in MDD indicate that disturbance

in cognitive function is a principal determinant of health

outcomes in subsets of patients [12]. This paper is not

intended to be a comprehensive and systematic review of

cognitive dysfunction in MDD, as this has been reviewed by

our group previously [12]. Instead, the primary aim herein is

to provide a narrative review of literature pertaining to the

domain of cognitive function in MDD.

This narrative review was based on articles identified

through a PubMed/MEDLINE search of all English-lan-

guage articles published between January 1966 and Octo-

ber 2014. The search words were MDD, depression,

unipolar depression, cognition, cognitive dysfunction,

cognitive deficit, and cognitive function. The search was

augmented with a manual review of the reference lists of

included articles. The articles selected and included for

review were based on overall methodological quality as

well as on their pertinence to informing the framework

described herein.

2 Cognitive Function Defined

A consensually agreed upon vocabulary for cognitive

function does not exist. Descriptions of cognitive domains

and subdomains have varied and have often employed an

interchangeable language. A proposed taxonomy of hot and

cold cognition has clinical resonance as well as heuristic

value [13]. Hot cognition is defined as cognitive functions

that are emotionally valenced. Examples of hot cognition

would include, but are not limited to, catastrophic reactions

to real and/or perceived slights, anhedonia, negativistic

rumination, negative recall bias, and disproportionate

attention to negative stimuli. Examples of cold cognition

would include, executive function, information processing

speed, learning and memory, as well as attention/concen-

tration (Table 1). Neurobiologically, a discrete separation

from hot and cold cognition does not exist.

Table 1 A framework for cognitive function in major depressive

disorder

Cognition Examples

Hot cognition Rumination

Catastrophic reactions

Bias towards negative stimuli (internal/external)

Anhedonia (e.g., anticipatory anhedonia)

Cold cognition Executive function

Information processing speed

Learning and memory

Attention/concentration

Social cognition Theory of mind

Mentalization
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Social cognition involves aspects of theory of mind,

metacognition and mentalization [14]; social cognition

interdigitates some aspects of both hot and cold cognition.

Deficits in social cognition are particularly pronounced in

individuals with pervasive developmental and psychotic

disorders and are also identified in individuals with mood

disorders [15, 16]. A robust body of literature has docu-

mented a negative cognitive emotional bias amongst adults

with MDD towards negatively valenced facial pictures,

providing an example of how hot cognitive dysfunction

and social cognitive deficits may interact [17, 18].

2.1 Domains of Cognitive Function Affected

in Major Depressive Disorder (MDD)

Disturbances in cognition (i.e., diminished ability to think,

concentrate, or make decisions) as well as psychomotor

slowing are criterion items for a major depressive episode

(MDE) according to the Diagnostic and Statistical Manual

of Mental Disorders fifth edition (DSM-5) [19]. All prin-

cipal domains of cognitive function are adversely affected

in adults with MDD (see Table 2). The majority of indi-

viduals actively symptomatic during a MDE exhibit or

complain of cognitive dysfunction [12]. This empirically

supported observation is non-surprising in light of the

listing of cognitive dysfunction as a criterion item. It has

also been reported that a substantial percentage of indi-

viduals exhibit measurable cognitive dysfunction despite

being in ‘remission’ [20, 21]. Upon resolution of an MDE,

measures of information processing speed as well as

learning and memory may significantly improve but con-

tinue to exhibit abnormalities [22, 23].

The extent to which cognitive dysfunction, as part of a

MDE, is clinically relevant has been instantiated by several

lines of research. Qualitative research indicates that

patient-reported measures of quality of life (e.g. vitality,

vigor, and positive mental health), phenomenon that are not

synonymous with, but are related to, cognition, are prior-

itized as treatment objectives by patients over total

symptomatic remission [24, 25]. MDD does not decrease

overall measures of intelligence, but does decrease cogni-

tive performance across discrete measures, with effect sizes

ranging from 0.2 to 0.8 [26]. The clinical relevance of the

deficit in cognitive function is underscored by reports that

approximately 25–50 % of patients with MDD exhibit a

deficit in one or more cognitive faculties of one standard

deviation or more below normative values [27]. The fore-

going deficit is thought to be clinically relevant and seems

to be in the same order of magnitude of deficits observed in

other well-known disorders with cognitive dysfunction

(e.g., mild cognitive impairment, attention-deficit hyper-

activity disorder) [11].

2.2 Measuring Cognitive Function

For a comprehensive review of cognitive measures, see

McIntyre et al. [12]. It is empirically established that

measurement of depressive symptoms as part of chronic

disease management improves outcome in MDD [8]. It is

not known whether the screening, measurement, and sys-

tematic evaluation of cognitive function improves outcome

in MDD. Well-known screening tools for dementing dis-

orders [e.g., Mini-Mental Status Exam (MMSE), Montreal

Cognitive Assessment (MoCA)], are not sufficiently sen-

sitive to detect cognitive dysfunction amongst younger

populations with MDD [12]. A comprehensive neurocog-

nitive battery in patients with MDD is not suitable for the

busy clinical ecosystem. Moreover, subjective baseline

measures of cognitive dysfunction in MDD do not correlate

with objective measures of cognitive function [12].

Notwithstanding the lack of baseline correlation, results in

multiple sclerosis populations indicate that changes in

objective cognitive measures highly correlate with changes

in subjective measures of cognitive function [28, 29]. This

latter observation suggests that subjective and objective

measures may be evaluating overlapping yet discrete phe-

nomena. Active depressive symptoms appear to be more

likely to affect subjective when compared to objective

Table 2 Evidence of trait abnormalities in cognitive function in major depressive disorder

Indicators of trait abnormalities in cognitive function independent of depressive symptoms in MDD

Cognitive dysfunction predates onset of incident major depressive episode [13]

Modest correlation between cognitive dysfunction and depression symptom severity [13]

Twin studies discordant for MDD indicate cognitive dysfunction in unaffected twin [13]

Neurobiological substrates subserving cognition exhibit abnormalities prior to the onset of a major depressive episode [13]

Therapeutic agents capable of improving depressive symptom severity may have no effect and/or worsen cognitive performance (e.g.,

atypical antipsychotics) [13]

Effect size benefit in mitigating cognitive domain symptoms, not identical to effect size deficit in overall depressive symptom reduction in

studies that have used path analysis [13]

MDD major depressive disorder
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measures [28]. A brief cognitive measure suitable for

patients with MDD with broad conceptual coverage, sen-

sitivity to change, appropriateness as a repeated measure,

and immunity from practice effects and cultural influences

does not currently exist. Several academic, professional,

and independent proprietary organizations are developing

such tools with an aim for widespread adoption in clinical

practice, analogous to brief depression measures [e.g.,

Patient Health Questionnaire 9 (PHQ-9)].

2.3 Cognitive Dysfunction in MDD: A Discrete

Domain or Epiphenomenon?

The probability of identifying objective and/or subjective

disturbances in discrete domains of cognitive function is

more likely to occur in symptomatically depressed adults

with MDD [12, 26]. This foregoing highly replicated

observation suggests that cognitive dysfunction may, in

many cases, be an epiphenomenon in MDD and not a

discrete psychopathological domain. Moreover, individuals

with greater depression severity (e.g., with psychotic fea-

tures) are more likely to exhibit disturbances in cognitive

function than individuals with milder severity of illness

[12]. However, even amongst ‘remitted’ individuals, adults

with MDD continue to exhibit cognitive impairment at an

effect size that is considered significant, i.e. 0.4–0.6. For

individuals with highly severe/psychotic depression, the

effect size estimate of cognitive dysfunction may be

greater. The observation that cognitive deficits may also be

seen in individuals who have fully ‘remitted’ indicates that

cognitive dysfunction in depression is correlated with, but

is dissociable from, mood items.

Several studies have indicated that hot and cold cog-

nitive dysfunction may predate incident depression in

select individuals [30]. Moreover, it has been observed

that cognitive dysfunction not only persists despite

amelioration of depressive symptoms but also may pro-

gress in subsets of individuals with MDD [12]. Family

studies also indicate that amongst twins discordant for

MDD, a greater likelihood of observing cognitive/infor-

mation processing deficits in the unaffected individual is

expected [31–33].

2.4 Relationship Between Cognitive Dysfunction

and Health Outcomes in MDD

In contradistinction to research in schizophrenia, bipolar

disorder, autism, and other lifelong disorders, the associa-

tion between cognitive dysfunction in MDD and psy-

chosocial outcomes has not been as extensively studied

[34, 35]. Moreover, available studies have significant

methodological limitations. Notwithstanding, consistent

with other mental disorders, a preliminary conclusion

would be that cognitive dysfunction is a principal deter-

minant of psychosocial outcome in MDD. For example, it

has been shown that baseline measures of cognitive func-

tion amongst inpatients with MDD predict functional out-

comes 6 months post discharge [20, 36]. Moreover,

amongst individuals with the greatest psychosocial out-

come after an index major depressive episode, cognitive

measures improve most. Conversely, individuals with

minimal cognitive improvement have the lowest proba-

bility of psychosocial readjustment [20].

The global shift in economy towards a ‘human-capital’

economy reflects the polarization of the global workforce

away from manual and simple skillsets towards the cog-

nitive and complex. Advances in information and com-

munication technology are paradoxically decreasing the

likelihood of employment opportunity for many, with the

exception of those with highly skilled cognitive abilities

(i.e., association between technology, productivity and

employment is referred to as the ‘Solow-Swan’ effect)

[37]. These realities of the workplace underscore the

importance of optimal cognitive function for workplace

integration amongst individuals with MDD.

Surveys conducted amongst working populations indi-

cate that disturbances in measures of cognition are often

observed amongst working individuals with MDD. More-

over, patients with MDD who are unemployed are more

likely to exhibit decreases in cognitive performance [37].

McIntyre et al. [12] reported that, amongst patients (i.e.,

aged 18–65 years) experiencing MDE as part of a DSM-

IV-defined MDD, disturbances in measures of cognition

accounted for a greater degree of variability in workplace

performance than did total depression symptom severity

[12] (see Fig. 1). The foregoing study is reported in greater

detail later on in this article.
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Fig. 1 Cognitive measures account for more variability in workplace

functioning than total depression severity [12]. HAM-D17 Hamilton

Depression Rating Scale 17-Item
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2.5 Neurobiological Substrates Subserving

Cognitive Function

Brain substrates subserving cognitive function have been

reviewed elsewhere [11, 38]. Briefly, it is posited that

molecular alterations and related changes in neuronal/glial

morphometry and integrity result in disturbances within

and between brain circuits relevant to discrete cognitive

domains [39]. For example, alterations to the default mode

network, cognitive control network, emotional network,

and salience network have all been implicated as relevant

to disturbances in cognition (both hot and cold) [40, 41].

The National Institute of Mental Health (NIMH) Research

Domain Criteria (RDoC) broadly aims to better understand

brain substrates subserving normal and abnormal human

brain phenomenon. A major emphasis of the RDoC ini-

tiative is to characterize brain substrates subserving the

disparate domains and subdomains of cognitive function

(e.g., positive valence, negative valence, social cognition)

[10]. The introduction of the RDoC criteria is critical

insofar as the taxonomy introduced by the National Insti-

tutes of Health (NIH) instantiates cognitive disturbance as

a paradigmatic abnormality that is transnosological in

nature and a primary focus of current and future research.

3 Treating Cognitive Dysfunction

3.1 Pharmacotherapy

3.1.1 Antidepressants

In a small study evaluating the effects of escitalopram

compared with duloxetine in adults with DSM-IV-defined

MDD (i.e., escitalopram: n = 36; duloxetine: n = 37)

over 24 weeks, the authors determined that both treatments

improved working memory as well as attention and dis-

parate measures of executive function [42]. All subjects

were assessed with conventional depression measures as

well as with tests from the Cambridge Neuropsychological

Test Automated Battery (CANTAB). The specific cogni-

tive measures were premorbid intellectual function [i.e.,

Memory: Wechsler Adult Intelligence Scale (WAIS) III

vocabulary subtest, WAIS III Digit Span, Spatial Working

Memory; Attention: Rapid Visual Information Processing,

Match to Visual Search; Executive Function: Stroop Test,

Intra-Extra-Dimensional Set Shift, Stockings of Cam-

bridge] [43, 44]. The authors noted that the performance at

endpoint was still inferior to control group. The absence of

a placebo in this underpowered study, as well as the lack of

demonstration of direct effects specified a priori, leaves the

results of this paper as impetus for more rigorous and

refined study, and disallows conclusions about the direct

effects of selective serotonin reuptake inhibitors (SSRIs) or

selective norepinephrine reuptake inhibitors (SNRIs) on

cognitive function [43, 44]. Refer to Table 3 for a summary

of the effects of various antidepressants and psychotropic

agents on measures of cognition in adults with MDD.

The effect of open-label mirtazapine on cognitive

function was evaluated in adults (n = 71) with DSM-IV-

defined moderate-to-severe MDE across 6 months of

therapy. Cognition was assessed with the Wisconsin Card

Sorting Test (WCST), the n-back test, Trails Making Tests

(TMT) (Parts A and B), and the Stroop Colour Word

Interference Test. Subjects received mirtazapine 30–60 mg

daily over a period of 6 months (mean 39.5 ± 1.0). Mir-

tazapine treatment improved measures of cognition in the

patient group to the extent that it was comparable to rates

described in a healthy control reference group (n = 30). A

total of 83 % of subjects were within the normal range for

TMT (Part B), and 75 % were in the normal range for

WCST. Mirtazapine treatment also significantly improved

depressive symptoms; however, the absence of placebo

and/or an a priori subgroup analysis, as well as the absence

of other method approaches to determine direct effect,

disallows any firm conclusions about mirtazapine’s puta-

tive, direct, and beneficial effects [45]. Moreover, any

assertions of mirtazapine’s beneficial effects on cognition

would need to be considered in light of the replicated

evidence of clinically significant rates of sedation, som-

nolence, and possible interference with psychomotor per-

formance associated with this agent [46].

Reboxetine was compared with paroxetine on measures

of cognitive function in adults aged 18–65 years with

MDD over a period of 8 weeks (n = 74; reboxetine:

n = 25, paroxetine: n = 23; and placebo: n = 26). This

analysis represents results from two identical, multi-center

trials wherein the primary aim was to evaluate depression

outcomes in MDD. Cognition was assessed with the Cog-

nitive Drug Research (CDR) computerized assessment

system. The CDR comprises simple reaction time, digit

vigilance task, choice reaction time, numeric working

memory, word recognition, and the critical flicker fusion.

No significant differences were observed at endpoint for

reboxetine or paroxetine treatment on the combined speed

factor. However, the interpretation of this paper was that a

within-group difference was observed on continuity of

attention and combined speed score for the reboxetine-

treated arm. The authors attempted to address the issue of

pseudo-specificity by determining that the benefits in

cognition were not correlated with changes in overall

depression symptom severity score, as measured by the

Hamilton Depression Rating Scale 17-Item (HAM-D-17)

[47].

As part of a randomized, double-blind, placebo-con-

trolled study, the primary effects of duloxetine on measures
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of cognition were evaluated in non-demented adults ful-

filling DSM-IV criteria for MDD receiving either dulox-

etine (60 mg/day; n = 207) or placebo (n = 104) for

8 weeks. This study specified a priori an analytical plan

that sought to determine possible direct effects of dulox-

etine on measures of cognition as evidenced by path

analysis. The primary efficacy outcome was a composite

neurocognitive metric comprising verbal learning and

recall, digit-symbol substitution test (DSST), two-digit

cancellation test, and letter-number sequencing. Secondary

efficacy measures were changed from baseline on the

Geriatric Depression Scale, HAM-D-17, Visual Analogue

Scale for Pain, and the Clinical Global Impression Severity

Scale [48].

Duloxetine significantly improved cognitive perfor-

mance when compared with placebo in all subjects. Indi-

viduals with more severe depression were observed to

experience notable improvements with duloxetine over

placebo. The improvement in the composite cognitive

score noted with duloxetine was driven mainly by

improvements in verbal learning and memory. Significant

differences were not seen in the duloxetine-treated group

relative to placebo with the DSST, two-digit cancellation,

and letter-number sequencing. Significant improvements in

general symptomatic and functional measures were

observed among depressed subjects treated with dulox-

etine, relative to placebo. In the pre-specified path analysis,

it was determined that improvements in cognition were

associated with a 90.9 % direct effect and a 9.1 % indirect

effect through improvement in the Geriatric Depression

Scale total score; similarly, there was an 81.3 % direct

effect and an 18.7 % indirect effect through improvement

in the HAM-D-17 score.

Vortioxetine, a novel, multi-modal antidepressant that

acts on receptor activity and serotonin receptor inhibition,

was initially investigated for possible beneficial effects on

measures of cognition post hoc in a study primarily

designed to compare vortioxetine (5 mg) versus placebo on

measures of depressive symptoms in non-demented elderly

(aged over 65 years) with recurrent moderate-to-severe

depression [i.e., Montgomery–Asberg Depression Rating

Scale (MADRS) score of at least 26 at screening and

baseline visits] [49]. Cognitive function was assessed with

the DSST and the Ray Visual Learning Test (RAVLT). The

study included duloxetine (60 mg) as an active reference

arm. At the end of 8 weeks of treatment, both vortioxetine-

and duloxetine-treated subjects exhibited significant

improvement in depression symptom severity as assessed

with the 24-item HAM-D scale. Moreover, on the DSST,

vortioxetine, but not duloxetine, showed significant

improvement compared with placebo on the number of

correct symbols. On the RAVLT, both vortioxetine and

duloxetine showed an improvement compared with pla-

cebo on acquisition and delayed recall measures.

The standardized effect sizes for vortioxetine treatment

using the DSST was 0.25. The effect size estimate using

the DSST as the dependent measure in the duloxetine-

treated subjects was 0.07. The RAVLT has two compo-

nents (i.e. acquisition and recall). The effect size estimate

for the total RAVLT in the vortioxetine-treated group was

0.27. For acquisition and recall, as measured by the

RAVLT subscales, the vortioxetine effect sizes were 0.27

and 0.24, respectively. The total effect size using the

RAVLT in the duloxetine-treated group was 0.33. The

acquisition and recall subcomponent effect sizes in the

duloxetine-treated group were 0.33 and 0.32, respectively.

The foregoing effect sizes demonstrate significant differ-

ences between vortioxetine-treated and duloxetine-treated

subjects on the DSST, while a similar effect size was

observed for both treatments using RAVLT. Path analysis

indicated that vortioxetine had an 83 % direct effect on the

DSST (duloxetine 26 %); on RAVLT acquisition,

Table 3 Hierarchy for antidepressants/psychotropic agents independently improving measures of cognition in adults with major depressive

disorder (independence suggested by either path analysis or subgroup analysis)

Learning and memory Attention/concentration Executive function Processing speed

Vortioxetine 1 1 1 1

Duloxetine 1

Lisdexamphetamine 2

Other (e.g. SSRIs, SNRIs, bupropion) 3 3 3 3

Modafinil 3 3 3 3

Erythropoietin 2 2 2 2

Independent effect indicated by a priori specification, cognition as primary; pathoanalysis; subgroup analysis in non-responders and non-

remitters

Level 1 replicated placebo-controlled trial evidence with demonstration of independent effect; Level 2 single placebo-controlled trial evidence

with demonstration of independent effect, Level 3 uncontrolled evidence (e.g., lacking placebo, case-series) with lack of demonstration of

independent effect, SNRIs selective norepinephrine reuptake inhibitors, SSRIs selective serotonin reuptake inhibitors

582 R. S. McIntyre et al.



vortioxetine had a 71 % direct effect (duloxetine 65 %); on

the RAVLT recall, vortioxetine had a 72 % direct effect

(duloxetine 66 %). The results of this industry-sponsored

trial (i.e., Lundbeck) replicated the results of the afore-

mentioned duloxetine trial insofar as demonstrating benefit

for duloxetine and its effect on RAVLT measures and its

lack of benefit on DSST [48].

A recent study with vortioxetine was the first to evaluate

the effects of an antidepressant on measures of cognitive

function in patients (i.e., aged 18–65 years) with DSM-IV-

defined MDD [50]. This double-blind, randomized, fixed-

dose, placebo-controlled study compared vortioxetine at

two fixed doses (10 and 20 mg) versus placebo on mea-

sures of cognition in patients with recurrent, moderate-to-

severe MDE (i.e., MADRS scores C26 at screening and

baseline). The primary cognition measure was a composite

of the DSST and RAVLT, expressed as a z-score with

equal weighting given to both tests. Secondary objective

measures were TMT (Part A and B), Stroop Test (Con-

gruent/Incongruent), Simple Reaction Time, Choice

Reaction Time, and the Perceived Deficits Questionnaire

(PDQ). Additional secondary measures were change at

baseline on MADRS, Clinical Global Scale-Improvement/

Severity (CGS-I/S).

On the pre-defined primary efficacy analysis, both doses

of vortioxetine were significantly superior to placebo in

mean change from baseline to week 8 in the composite z-

score, with a mean treatment difference to placebo of 0.36

(vortioxetine 10 mg) and 0.33 (vortioxetine 20 mg). At

week 8, separation from placebo was seen for all secondary

objective cognitive measures at both doses (10 and 20 mg)

with the exception of vortioxetine 20 mg/day on the choice

recognition test. On the PDQ total score and subscale

scores at week 8, patients in both vortioxetine doses sep-

arated from placebo. Both vortioxetine doses demonstrated

significant difference relative to placebo on depressive

symptoms and CGI variables. The direct effects on the

primary endpoint (i.e., combination of DSST and RAVLT)

was established with path analysis wherein it was deter-

mined that the majority of benefit obtained on the com-

posite cognition measure was a direct effect (i.e., 64 and

48 % for vortioxetine 10 and 20 mg, respectively, for the

composite z-score).

Several lines of evidence indicate that subjective mea-

sures of cognition at baseline minimally correlate with

objective measures of cognition. Moreover, results from

patient-reported outcomes research indicates that measures

that include patient perspective of cognitive function are

prioritized as critical therapeutic objectives towards

recovery in MDD [25]. Subjectively experienced cognitive

function, as measured by the PDQ, significantly improved

in the vortioxetine treatment group on the total score as

well as each of the subdomain scores (i.e., planning/

organization, attention/concentration, prospective and ret-

rospective memory). The latter results indicate that vor-

tioxetine improves both objective and subjective measures

of cognitive function independent of its effect on depres-

sive symptom severity.

The results of the McIntyre et al. [50] study were

replicated and extended in a similar trial that primarily

evaluated the effect of vortioxetine on measures of cogni-

tion (i.e., DSST) in patients (i.e., n = 602, age

18–65 years) with recurrent, moderate-to-severe (i.e.,

MADRS score C26 at screening and baseline) [78]. In

addition to meeting criteria for an MDE, eligible subjects

also needed to report subjective cognitive function (slow

thinking, difficulty focusing and learning or remembering

new information). The primary efficacy measure was

change from baseline on the total score of the DSST.

Secondary measures were the Groton Maze Learning Task,

One-Back Task, Stroop Test, TMT (Part A and B), Simple

Reaction Time and Choice Reaction Time, PDQ and

Cognitive and Physical Functioning Questionnaire (CPFQ).

Along with measures of cognition, additional secondary

measures were improvement in depression symptom

severity as well as functional status, as measured by the

University of California San Diego Performance-Based

Skills Assessment (UPSA) and the Workplace Limitations

Questionnaire (WLQ) [51].

Methodological approaches that aim to evaluate patient

functional status are fivefold: (1) patient-reported; (2)

clinician-reported; (3) informant-reported; (4) in vivo

evaluation (i.e. directly in ecosystem of interest); and (5)

performance-based skills assessment. The UPSA has been

validated, shown to be sensitive to change, is available in

more than 20 languages, requires approximately 30 min for

completion, and is demonstrated to be an easy to admin-

ister repeat measure. The UPSA evaluates five domains:

communication, finance, planning recreational activities,

transportation, and household chores. The UPSA brief

(UPSA-B) evaluates communication and finance only and

has been shown to have a high level of correlation with

UPSA (approximately 0.9) as well as with general cogni-

tive measures (approximately 0.5) and negative symptoms

(approximately 0.3) in adults with schizophrenia [52].

After 8 weeks of randomized, double-blind, placebo-

controlled flexible-dose treatment with vortioxetine

(10–20 mg), a significant change from baseline on the

primary cognition measure (i.e., DSST) was observed in

the vortioxetine-treated sample as compared with the pla-

cebo-treated group. The active reference arm, i.e. dulox-

etine-treated subjects, did not exhibit a significant change

relative to placebo on the DSST. Path analysis indicated

that 75.7 % of vortioxetine’s effect on DSST was a direct

effect, while the direct effect for duloxetine on DSST was

48.7 %. Significant benefit was also seen for vortioxetine

Cognition in Major Depressive Disorder 583



and duloxetine on the PDQ total score. The estimated

direct effect of vortioxetine on PDQ was 43 % while for

duloxetine it was 45 %.

At the end of 8 weeks of treatment, a significant benefit

was seen in the vortioxetine-treated subjects on the UPSA

composite total score versus placebo, but not in the

duloxetine-treated subjects. It was determined that 97 % of

the effect of vortioxetine on UPSA was a direct effect

compared to 67 % for duloxetine. Moreover, it was

determined that vortioxetine-treated subjects exhibited a

significant improvement relative to the placebo group on

the UPSA-B total score while the duloxetine-treated sub-

jects exhibited a non-significant change from placebo.

A relatively small percentage of subjects completed the

WLQ (34 %) as subjects must have been employed for 14

days before baseline. This observation of low instrument

completion makes the results of this particular instrument

(which were non-significant for both groups) non-

interpretable.

The results of the two studies with vortioxetine wherein

the primary outcome of interest was cognitive function

provide replicated direct evidence of clinically significant

effects on objective measures of cognitive function; an

effect that is largely a direct effect and not attributable to

depressive symptom improvement. The replication of

studies indicates that along with an advantage for vor-

tioxetine on measures of cognition, vortioxetine treatment

was also associated with significant improvement in mea-

sures of function while duloxetine treatment was not. The

results of the foregoing vortioxetine studies with dulox-

etine as a reference, along with results in the two foregoing

geriatric studies, indicate that although vortioxetine and

duloxetine have similar beneficial effects on depression

symptom severity, there are significant differences between

these two agents in their ability to improve measures of

cognition. Namely, duloxetine is capable of improving

measures of learning and memory while vortioxetine

improves a broader range of measures (i.e., executive

function, learning and memory, processing speed, attention

and concentration). Moreover, vortioxetine exerts a bene-

ficial effect on self-rated measures of cognition and mea-

sures of function [50].

The link between improved measures of cognitive

function and overall function/recovery underscores the

importance of improving cognitive function in adults with

MDD. For example, it has been reported that in adults with

MDD who failed to recover successfully 6 months post

discharge from hospital, measures of cognition are inferior

to those with MDD who fully recover [20]. Recent results

from the International Mood Disorders Collaborative Pro-

ject (IMDCP) representing collaboration between the

Mood Disorders Psychopharmacology Unit (MDPU),

University Health Network, Toronto, Ontario, Canada, and

the Cleveland Clinic, Cleveland, Ohio, USA, provide fur-

ther evidence of the link between cognitive dysfunction

and workplace function [77]. The IMDCP analyzed results

that included adults (n = 260; aged 18–87 years) with

DSM-IV-TR-defined MDD who were utilizing tertiary

outpatient/inpatient services for MDD. Cognition was

evaluated with the 18-item Attention/Deficit Hyperactivity

Disorder self-report scale (ASRS). The ASRS evaluates

two domains: inattention and hyperactivity-impulsivity.

The inattention subscale was used to evaluate subjective

symptoms over the past 6 months. The ASRS includes

measures of organization/planning, memory, attention, and

information/processing speed. The primary question

addressed is the extent to which the overall depression

symptom severity (i.e. as measured by HAM-D-17)

explains variance in workplace performance [as measured

by the Endicott Work Productivity Scale (EWPS)].

The EWPS assesses the degree of difficulty in accom-

plishing work objectives as well as changes in behavior

related to work productivity, including absenteeism and

presenteeism. It was determined that total depression

symptom severity accounted for a relatively low percent-

age of variance on the EWPS (approximately 18 %) while

self-reported measures of cognition (i.e., ASRS) accounted

for 58 % of the variance on the EWPS scale. Taken toge-

ther, results indicate that measures of cognition dispro-

portionally account for the variance on functional

outcomes when compared with total depressive symptom

severity.

3.1.2 Psychostimulants

A robust and replicated body of controlled scientific evi-

dence reliably indicates that psychostimulants as a class are

not broadly effective in mitigating depressive symptoms in

adults with MDD [53, 54]. Notwithstanding, the pharma-

codynamic profile of psychostimulants suggests that this

class of agents would be predicted to be differentially

effective in the cognitive domain in adults with MDD. In

keeping with that view, a randomized, double-blind, pla-

cebo-controlled parallel multi-center study evaluated and

compared the effect of lisdexamfetamine versus placebo in

adults with full or partial remission of depressive symp-

toms in MDD. Executive function was evaluated with a

self-rated scale, BRIEF-A, which is a psychometrically

validated executive function assessment tool. This study

enrolled 143 adults (aged 18–55 years) with mild depres-

sive symptoms (i.e. MADRS score B18) [55].

The primary endpoint was change from baseline to week

9 in BRIEF-A self-report. The secondary assessment

included the BRIEF-A informant report as well as

depression outcomes measured with MADRS. At the end

of the study, the lisdexamfetamine-treated subjects
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exhibited greater improvement compared with placebo as

measured by the BRIEF-A self-report scale. In addition to

improvements in cognitive function, significant improve-

ments in depressive symptoms were also reported. These

results, which await replication, provide an important

strategic approach for future drug and treatment develop-

ment (i.e., the domain-specific targeting of symptoms and

dysfunction in MDD rather than the traditional ‘broad

spectrum’ approach) [55].

Modafinil has psychostimulant-like properties and has

been demonstrated, with in vitro and in vivo studies, to

block the reuptake of dopamine. Trial evidence in MDD

demonstrates that modafinil, like psychostimulants, is not

broadly an ‘antidepressant’; notwithstanding, modafinil

does exert a significant effect, relative to placebo, on

measures of fatigue and psychomotor performance [56].

The beneficial effects of modafinil on cognitive function

have been demonstrated in healthy controls [57, 58]. The

effect of modafinil on measures of cognitive function in

younger individuals with MDD has not been sufficiently

studied.

A reasonable expectation of possible benefit from a

psychostimulant would be expected in discrete domains of

cognitive function (i.e. executive function) in individuals

receiving antidepressant therapy who continue to evince

cognitive dysfunction. A similar therapeutic expectation

may be extrapolated to modafinil.

3.1.3 Other Agents

Erythropoietin (EPO) has neurotrophic actions and aids

neurocognitive function. One exploratory study investi-

gated whether recombinant human EPO improves mood

and memory in treatment-resistant depression [59]. Treat-

ment-resistant depressed unipolar patients (n = 40) with

HAM-D-17 score C17 were randomized to eight weekly

EPO (Eprex; 40,000 IU) or saline infusions in a double-

blind, placebo-controlled, parallel-group design. Patients

were assessed at baseline and at weeks 5, 9, and 14. Pri-

mary outcome was reduction in HAM-D-17 score. Sec-

ondary outcome was remission rate, and tertiary outcomes

were changes in RAVLT. Exploratory outcomes were

depression and cognition composite scores. HAM-D-17,

Global Assessment of Functioning (GAF), and remission

rates showed no effects of EPO over saline but EPO pro-

duced mood-independent enhancement of verbal learning

and memory, which was maintained 6 weeks after treat-

ment completion. These findings highlight EPO as an

interesting compound for add-on treatment of cognitive

impairment in patients with MDD.

In addition to EPO, other agents with possible beneficial

effects for the cognitive dimension/domain in MDD would

include but are not limited to intranasally delivered insulin,

anti-inflammatory agents [e.g. non-steroidal anti-inflam-

matory drugs (NSAIDs), cytokine modulators], amino acid

modulators (e.g. ketamine), mitochondrial modulators (e.g.

N-acetylcysteine), as well as agents relevant to cofactor

intermediate synthesis (e.g. L-methylfolate, S-adenosyl-

methionine) [12, 60, 61]. For each of these agents, con-

vergent evidence indicates that the foregoing systems may

be relevant to the pathogenesis and/or treatment of mood

disorders. With the exception of intranasally delivered

insulin, most of the foregoing agents have not been pri-

marily studied targeting the dimension/domain of cogni-

tion. Available evidence strongly indicates that intranasally

delivered insulin is specifically beneficial to this dimen-

sion/domain based on results in amnestic mild cognitive

impairment, Alzheimer’s disease, and bipolar disorder [62,

63].

3.2 Non-Pharmacological Approaches

3.2.1 Neurostimulation

Electroconvulsive therapy (ECT) has well established

adverse effects on autobiographical memory. Notwith-

standing, the totality of evidence indicates that ECT exerts

a beneficial effect on measures of cognitive performance in

adults with MDD. For example, a systematic review and

meta-analysis of 84 studies comprising 2981 patients

included 24 cognitive variables analyzed. The inclusion

criteria consisted of an age of C18 years, and studies that

only utilized bitemporal, right unilateral d’Elia, or Lan-

caster electrode positions. Mean age and anesthesia used in

the studies were not stated in the original article. It was

concluded, somewhat surprisingly, that no standardized

retrograde amnesia tests were identified. Significant

decrease in cognitive performance was observed from

0–3 days following ECT treatment in 72 % of variables.

Effect sizes ranged from -1.10 to -0.21 at 4–15 days

post-ECT. No negative effect sizes were observed after

15 days, with 57 % of variables showing positive effects

sizes, ranging from 0.35 to 0.75. The possible contribution

of anesthetics was not explored as the subgroup data were

limited [64]. Nevertheless, these results should be inter-

preted with caution, as the follow-up time did not exceed

15 days; thus, it should not be interpreted to mean that ECT

is without cognitive disadvantages.

A compelling rationale exists for evaluating other neu-

romodulatory modalities with a specific emphasis on the

beneficial effects on measures of cognitive function [e.g.,

Repetitive Transcranial Magnetic Stimulation (rTMS)].

Preliminary evidence also indicates that deep brain stim-

ulation (DBS) may have beneficial effects on measures of

cognition [65, 66].
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3.2.2 Aerobic Exercise

The results from several original studies as well as sys-

tematic reviews and meta-analyses have documented the

unequivocal effect of exercise in adults with MDD [67,

68]. The beneficial effects of aerobic exercise on cog-

nitive measures in older adults with MDD are suggested

by available literature [69, 70]. However, no studies are

available that have primarily evaluated disparate modal-

ities of exercise on measures of cognition in patients

with MDD. Such a study would need to embrace many

of the methodological principles enumerated in Table 1

[71–73].

3.2.3 Cognitive Remediation

Cognitive remediation (CR) uses behavioral strategies to

exert a beneficial effect across a broad range of interper-

sonal/social skills. The beneficial effects of CR have been

documented in schizophrenia, autism, traumatic brain

injury, as well as other brain disorders [74, 75]. Results

from a single-center study enrolling adults with MDD

(n = 33) sought to determine whether CR would result in

improvement in neurocognition and general functioning

compared with a waitlist control group. Neurocognition

was evaluated with the Symbol Coding Task, Continuous

Performance Test, Controlled Oral Word Association Test,

Animal Naming Tests, Hopkins Verbal Learning Test,

Letter-Number Sequencing, TMT (Part B), and Stroop.

Interpersonal function was assessed with the Social Skills

Performance Assessment (SSPA), general functioning with

the Longitudinal Interval Follow-Up Evaluation Range of

Impaired Functioning Tool (LIFE-RIFT), and adaptive

skills were evaluated with the Advanced Finances Test.

CR was conducted weekly for 90 min per session for

10 weeks. The sessions included three participants per

group and consisted of three components: computer-based

drill-based exercises, strategic self-monitoring, and

‘bridging’. In addition, the participants were given home-

work activities [76]. At endpoint, a significant time-by-

group interaction was noted for attention and information

processing speed as well as verbal learning and memory.

Time-by-treatment effects were also significant for execu-

tive function. However, no significant time-by-treatment

group interactions were observed on the SSPA or the

Advanced Finances test. A significant limitation of CR at

this point in MDD is whether CR is able to exhibit ‘near-

transfer’, i.e., does it benefit domains of cognition as well

as ‘far-transfer’, i.e. transfer to the everyday real-world

environment. More specifically, evidence is lacking that

‘near-transfer’ occurs reliably across most cognitive

domains, and evidence of ‘far-transfer’ has not been

reproduced.

4 Conclusions

Several conclusions can be derived from extant literature.

First, cognition is a discrete and critical dimension/domain

influencing health outcomes in MDD. The foregoing health

outcomes may be mediated directly by cognition and/or

indirectly (e.g., pseudospecificity, decreased compliance

with treatment). Moreover, cognitive dysfunction is critical

to health-related quality of life and may be a determinant of

non-adherence in some individuals with MDD.

Second, the cognitive domain is subserved by discrete

yet overlapping brain networks. There is a need for a

glossary and consensually agreed upon definition(s) of

cognitive function as well as a standardized measurement

approach that concords with busy office practice. The

clinical ecosystem requires an appropriate tool to screen,

measure, and determine the effect of intervention on the

dimension/domain of cognitive function.

Third, the first step towards mitigating cognitive dys-

function in MDD is via prevention of multiple episode

course, attention to psychiatric comorbidity (e.g., anxiety

disorders, substance abuse disorders), and medical

comorbidity (e.g., obesity, diabetes mellitus, thyroid dys-

function). It also would be pragmatic to avoid, where

possible, concomitant medications that interfere with cog-

nitive function (e.g., benzodiazepines) as well as vigilance

for the possible impairing effects of some antidepressants

(e.g. tricyclic antidepressants) on cognitive function.

Fourth, relatively few antidepressants have been

specifically studied as to their specific benefit in target

domains independent of other domains in MDD. Broad-

spectrum independent beneficial effects on cognition have

been demonstrated for vortioxetine; more narrow benefits

(e.g., learning and memory) have been demonstrated with

duloxetine. For other antidepressants, pseudospecificity

cannot be excluded as a possible explanation of their

beneficial effects on the cognitive domain.

Finally, the pertinence of cognitive dysfunction in MDD

is underscored by replicated evidence indicating that MDD

debases human capital and is a leading cause of disability

in both developed and developing nations. The tremendous

cost associated with depression is related largely to

impairment in role function. It remains an open question as

to whether treatments capable of mitigating cognitive

deficits may also be able to improve overall health out-

comes (e.g., workplace performance) and illness trajectory

in MDD.
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