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Major Depressive Disorder (MDD) is a prevalent, chronic, disabling, and multidimensional

mental disorder. Cognitive dysfunction represents a core diagnostic and symptomatic

criterion of MDD, and is a principal determinant of functional non-recovery. Cognitive

impairment has been observed to persist despite remission of mood symptoms,

suggesting dissociability of mood and cognitive symptoms in MDD. Recurrent

impairments in several domains including, but not limited to, executive function, learning

and memory, processing speed, and attention and concentration, are associated

with poor psychosocial and occupational outcomes. Attempts to restore premorbid

functioning in individuals with MDD requires regular screenings and assessment of

objective and subjective measures of cognition by clinicians. Easily accessible and

cost-effective tools such as the THINC-integrated tool (THINC-it) are suitable for use

in a busy clinical environment and appear to be promising for routine usage in clinical

settings. However, antidepressant treatments targeting specific cognitive domains in

MDD have been insufficiently studied. While select antidepressants, e.g., vortioxetine,

have been demonstrated to have direct and independent pro-cognitive effects in adults

with MDD, research on additional agents remains nascent. A comprehensive clinical

approach to cognitive impairments in MDD is required. The current narrative review aims

to delineate the importance and relevance of cognitive dysfunction as a symptomatic

target for prevention and treatment in the phenomenology of MDD.
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INTRODUCTION

Major Depressive Disorder (MDD) is a prevalent, often chronic, and highly disabling
multidimensional psychiatric illness affecting ∼350 million individuals worldwide (1).
Epidemiological research suggests that depression constitutes the leading cause of disability
worldwide (1). MDD is characterized by short- and/or long-term impairment affecting areas
including, but not limited to, mood, affect, motivation, and cognition, and is frequently correlated
with significant reductions in quality of life and psychosocial functioning (2). Despite therapeutic
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advances in MDD, an estimated 70% of patients do not achieve
remission following first-line antidepressant medication (3).
Moreover, a significant percentage of patients that successfully
achieve conventional symptomatic remission (i.e., reduction in
total depressive symptom severity) do not return to premorbid
functioning (4). The lack of full functional recovery results
in decreased workplace functionality and productivity, further
contributing to the significant economic burden imposed by
MDD, with an accumulated annual loss of $43 billion in North
America (5, 6).

Several regions of the brain, including the hippocampus,
are negatively implicated in the pathophysiology MDD.
Hippocampal size has been demonstrated to be inversely
correlated with illness duration, whereby smaller hippocampal
sizes have been associated with more severe histories of
depression (7). Size has also been shown to be influenced by
the number of past hospitalizations and recurrence of the
disorder. Frequent, chronic and lengthy states of depression
impart impairing effects on brain function, debasing human
capital. Without adequate treatment, brain recovery may
be compromised, resulting in negative downstream effects
on the global functional outcomes in MDD. Amongst the
disparate domains affected in depression, cognition is the
most relevant dimension related to the loss of human capital.
While MDD treatment efforts have focused on clinically
observed symptomatic targets including depressed mood and
anhedonia, emerging evidence has dissociated symptomatic
improvement in these domains from functional improvement
and timely return-to-work (8). The foregoing transition
highlights the necessity for novel targets more closely associated
with the restoration of premorbid psychosocial functioning.
Toward this aim, cognitive dysfunction has emerged as a key
mediator subserving adverse functional impairment in MDD
(9–12).

Cognition is a nons-pecific term that refers to mental
processes associated with thinking, learning, and memory (13).
Cognitive dysfunction can be defined as a transnosological
domain serving as an essential mediator of disparate mental
disorders (14). Clinical presentation of MDD, as defined by
the Diagnostic and Statistical Manual of Mental Disorders-
Fifth Edition (DSM-5), includes cognitive impairment as a
criterion item of a Major Depressive Episode (MDE) (15). Self-
reported measures of diminished concentration and attention are
frequently observed in individuals presenting with MDE as part
of MDD. Moreover, when treating MDD, cognitive impairments
are often found to persist during periods of symptomatic
remission (14), supporting the disconnect between emotional
and functional improvement. While cognitive symptoms may
indirectly improve as a consequence of standard antidepressant
care, cognitive dysfunction is believed to be a core disturbance
in subsets of adults with MDD, independent of mood
symptoms (16).

MDD fundamentally alters one’s perception and interaction
with their surrounding environment, affecting not only the
social environment but also information and intellectual
processing. Insufficiency surrounding remission outcomes
amongst individuals with MDD delineates the importance

of novel identification and optimization in recognition and
treatment avenues. Successful outcomes rely on a heightened
focus encompassing the needs of the patient, the provider, and
societal perspectives. Recent developments have thus begun to
uncover the relevance of cognition as a clinical priority. Hitherto,
disturbances in cognitive function have been undermined in
their significance in MDD relative to other psychiatric disorder
populations, however, accumulating evidence indicates that
a disturbance in cognitive function represents a principal
determinant of health outcomes in subsets of MDD patients.
Cognitive dysfunction in MDD is common, pervasive across
multiple subdomains of cognitive function, and provides a
principal determinant of health outcomes with respect to the
patient, as well as the societal perspectives. Herein, the current
narrative review will provide an up-to-date summary of the
literature pertaining to the domain of cognitive function in
MDD. The current review aims to provide a framework for
the conceptualization of cognition in MDD, with particular
focus on the relevance, measurements, and treatment strategies
explicating depression as a progressive cognitive disorder.

METHODS

The authors conducted a narrative review of studies investigating
cognition as a relevant aspect of Major Depressive Disorder.
Studies were identified using PubMed/Medline and Google
Scholar from inception to June 2018. MDD (and/or variants)
was cross-referenced with the following search terms: cognition,
cognitive dysfunction, cognitive deficit, cognitive function,
functional outcomes, antidepressants, and treatment. Articles
informed by observational studies, clinical trials, and review
articles relevant to cognition and cognitive impairment in
MDD were included. Additionally, the search was augmented
through manual review of related terms and citations from
article reference lists.

Domains of Cognition
Cognition and emotion are interconnected processes
originating from large interacting networks of neurons
within the brain. In recent decades, interdisciplinary fields
including neurophysiology, and cognitive psychology have
shed light on the neural underpinnings of various cognitive
functions and processes; however, the current understanding
of these phenomena remains rudimentary. Cognition is
multidimensional and lacks a singular consensually agreed
upon taxonomy. Several typologies have been proposed for
the definition and operationalization of cognitive constructs.
Amongst these is the conventional typology distinguishing
cognitive aspects into four main domains—namely executive
function, attention/concentration, learning/memory, and
processing speed (17). The aforementioned domains are
interconnected yet distinct phenomena. An additional proposed
typology was introduced by the RDoC which, although not
limited to cognitive domains, it emphasizes disturbances across
multiple cognitive subdomains (18, 19). Moreover, the literature
has further proposed a clinically relevant taxonomy with two
distinct domains—namely, “cold” cognition and “hot” cognition
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(20) (Table 1). By definition, “cold” cognition refers to non-
emotional information processing; therefore, these cognitive
processes occur in the absence of emotional engagement and/or
motivation. “Cold” cognitive processes are used in the evaluation
of neuropsychological function in depression (20) and generally
include the following subdomains of cognition: executive
function, learning and memory, attention and concentration,
and processing speed. Examples of commonly administered
objective neuropsychological tests include the Rey Auditory
Verbal Learning Test (RAVLT) (e.g., acquisition and recall),
Trail-Making Test A/B (TMT A/B TMT A: processing speed
TMT B: processing speed, executive function i.e., set shifting),
and Digit Symbol Substitution Test (DSST processing speed,
executive function, learning and memory, attention, and
concentration) (12). In contrast, “hot” cognition refers to
emotionally-laden cognitive processes; these functions are
influenced by the individual’s emotional state and may include
negative attentional bias, emotionally-linked recall, rumination,
and anhedonia (20). However, it is important to note that the
weighted significance and distinction between “hot” and “cold”
cognition in depressed individuals is non-discrete and there are
many overlapping features between the two constructs (20, 21).

Neuropsychological testing reveals important inferences into
disruptive pathophysiology of neural brain networks with
direct consequences on “cold” cognitive functioning. Neural
networks including the prefrontal cortex and cingulate gyrus,
subcortical regions in the striatum and thalamus, and temporal
lobe structures including the amygdala and hippocampus are
found to be functionally altered in depressive states (22).
More specifically, deficits in executive functioning have been
associated with pathophysiology in the lateral aspects of the
prefrontal cortex. Additionally, memory impairment has been
evidenced to be associated with reductions in hippocampal
volume which may be a progressive consequence of MDD (22).
The circuitry of these structures has formed the targeted basis of
various established treatments for depression, however, currently
available treatments are not effective in all cases and requires
further understanding into the cognitive deficits and neural
markers characterizing MDD.

MDD as a Cognitive Disorder
Cognitive deficits in MDD are consistent, replicable, non-
specific, and clinically significant. As cognition comprises an
important phenomenological domain of MDD, abnormalities
in cognition may be used as a prognostic indicator for
identifying at-risk individuals and/or assessing disease onset
and progression. Manifestation of cognitive deficits are

TABLE 1 | Hot and cold cognitive processes.

Hot cognition Cold cognition

Rumination Executive function

Emotional processing Processing speed

Anhedonia (reward processing) Learning and memory

Attentional bias Attention and concentration

heterogeneous across individuals with MDD and vary depending
on disparate individual- and illness-specific factors. For example,
the magnitude of cognitive deficits has been demonstrated to
be proportionate to the frequency of depressive episodes and
duration of illness (7, 12). In keeping with this, individuals with
greater depressive symptom severity are more likely to present
with cognitive impairments as compared to those with milder
illness severity (12). Moreover, a systematic review evaluating
clinical progression in affective disorders, including MDD,
suggested that cognitive function is associated with the duration
and number of prior episodes (23). Unipolar depression has also
been found to be associated with an increased risk of developing
dementia, commonly understood as the end stage of progression
of cognitive disturbances (23).

It is important to note that available studies often include
highly heterogeneous populations. This is an important
consideration as there are various co-determinants of
cognitive function in MDD that may exact mediational and/or
moderational effects alongside illness severity and duration. For
example, the presence of co-morbid medical and/or psychiatric
conditions may exert direct effects on cognitive function and
performance (24, 25). Metabolic co-morbidities, such as obesity,
have also been associated with cognitive impairments and are
commonly observed in depressed individuals (26). In particular,
studies have suggested that obesity is correlated with significant
deficits in executive functions such as working memory,
planning, and executive control (24). In addition, factors such
as age (27), age at onset of depression (28), level of education
(29), MDD subtype (30), inflammatory status (31), treatment
regimen (32), and childhood adversity (33) have also been
demonstrated to influence cognitive performance in patients
presenting with MDD (Figure 1). Significant impairments in
cognitive domains have been reported to precede, occur during,
and follow an illness episode; therefore, the temporality and/or
causality of the association between cognitive impairment and
MDEs remains elusive. Although scarce, studies have evaluated
cognitive dysfunction as a risk factor for the development
of MDD. In a population study evaluating non-depressed
individuals between 20 and 64 years of age found that low
episodic memory performance was a reliable predictor of
depression 3 years post-diagnosis (34). Moreover, a separate
study evaluating longitudinal profiles of depressive symptoms
in a birth cohort found that depression is associated with
neurodevelopmental impairments which may be mediated by
cognition (35). Moreover, cognitive functioning may also be used
as a predictor of treatment response. In a recently conducted
systematic review of studies evaluating early cognitive change as
a predictor of treatment response in individuals with MDD (n =

7), early changes in cognitive functioning were demonstrated to
have a predictive effect on treatment response. More specifically,
the results denoted a trend toward early changes in hot cognitive
processes (i.e., changed in facial emotion recognition) as a
predictor of response in MDD pharmacotherapy (36).

Clinically, cognition has been classified into four subdomains:
(1) learning and memory, (2) attention and concentration,
(3) executive function, and (4) processing speed. Patients
presenting with MDD commonly experience impairments in
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FIGURE 1 | Factors that influence cognitive symptoms in Major Depressive Disorder (MDD).

each of the principal subdomains of cognition, with ∼50% of
patients exhibiting deficits of greater than one standard deviation
(SD) below the mean and 48% of patients two SDs below
the mean in at least one subdomain (37). Notwithstanding,
these reported measures are limited in that they do not
necessarily take into consideration subjective cognitive deficits;
for example, they may underreport deficits in those individuals
whose cognitive performance remains above the mean, but
who report deficits in comparison to their baseline level of
cognitive function. While MDD does not decrease overall
measures of intelligence, cognitive performance across the
aforementioned domains have been shown to be severely
affected, with effect sizes ranging from 0.2 to 0.8 (14,
38).

Cognitive Impairment in MDD and its Role
in Psychosocial Workplace Functioning
Cognitive impairment has been reported to affect function
independent of mood symptoms, and has been correlated
with functional impairments. The evidence suggests that select
symptom domains, such as cognition, may be of greater
relevance to overall health outcomes (39). Neurocognitive
deficits in this population are directly related to impaired
workplace performance, and have significantly contributed
to the overall costs associated with depressive illness (12).
Individuals with moderate to severe depression have been
demonstrated to experience increased rates of unemployment,
disability, and absenteeism from work (40). Reductions in
workplace productivity and performance has been shown to
be mediated by cognitive impairments. For example, one study
that evaluated the relationship between depression and role
functioning using a population survey found that impairments
in attention and concentration mediated the association between
depression and impaired role functioning (9). In addition, a

post-hoc analysis of data from 260 participants enrolled in the
International Mood Disorders Collaborative Project (IMDCP)
found that in a subpopulation of working adults (18–65
years of age) diagnosed with MDD, cognitive function was a
greater determinant of overall workplace performance than total
depression symptom severity (41). These observations suggest
that cognitive dysfunction is a principal mediator of functional
impairment and highlights their relevance in the evaluation and
management of outcomes in MDD.

Replicated evidence indicates that disturbances in cognitive
function are common both during, and residually following,
an acute MDE (12, 42). Moreover, despite depressive symptom
remission, individuals have reported continued deficits in
cognitive function, which have negative effects on global
function, workplace productivity/performance and quality of life
(41). For example, a study found that patients who were currently
in a state of remission and who met ICD-10 criteria for former
MDD experienced persistent cognitive deficits compared to age-,
gender-, and education-matched control subjects (42). Although
continued research is required to determine which cognitive
deficits persist following mood remission, there appears to be
documented deficits in the domains of attention and executive
performance when compared to healthy controls (42–44).

Measurement and Screening of Cognitive
Function
Hitherto, a comprehensive “gold standard” measure of cognitive
function in MDD with broad conceptual coverage, sensitivity
to change, and immune from practice effects does not yet
exist. Limitations of conventional clinical assessment measures
[e.g., Hamilton Depression Rating Scale (HAMD), MADRS] are
suboptimal insofar as they contain insufficient items assessing
cognitive function. Moreover, they are subjective in nature
and have been shown to have minimal correlation with
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objective measures of cognition (39). Subjective cognition is
often influenced by emotional state, and consequently may be
affected by the severity of depressive symptoms to a greater
extent than objective measures of cognition. Therefore, although
subjective measures provide an accurate report of perceived
cognitive function, it does not necessarily formulate an accurate
measure of objective cognitive ability. In clinical practice, a
vast array of neurocognitive tests have been employed for
the measurement and evaluation of cognitive impairments
in MDD [e.g., DSST, TMT, Perceived Deficits Questionnaire
(PDQ)]. These conventional instruments are routinely used and
frequently administered for the assessment of cognitive function;
however, they were not specifically developed or tailored to
evaluate MDD-specific cognitive deficits.

Limitations related to the accessibility, cost-effectiveness, and
ecological validity of standard tools for measuring cognition
in MDD need to be addressed for the improvement of health
outcomes in MDD. The THINC-integrated tool (THINC-it)
is a recently validated, computerized cognitive assessment
battery that screens both objective and subjective cognitive
deficits in MDD (45). The THINC-it tool was validated as
a sensitive tool in detecting and quantifying the magnitude
of cognitive deficits in adults between the ages of 18 and 65
with MDD (45). It effectively evaluates objective measures
of cognition through the inclusion of adaptations of four
validated tests (i.e., N-Back/Symbol Check, DSST/Codebreaker,
TMT-B/Trails, and CRT/Spotter). These tasks accurately assess
cognitive subdomains including working memory, visuospatial
coordination, set shifting, and psychomotor speed. Additionally,
subjective measures of cognition are evaluated through the
Perceived Deficits Questionnaire (PDQ-5). Compared to
traditional pen-and-paper based cognitive measures such as
the DSST, TMT-B and PDQ-5-D, the tool has greater temporal
reliability and concurrent validity (45). It is important to
note, however, that there are not clear cut-off criteria or
precise values for the individual tests that would enhance
its use in both diagnosis and treatment response clinically.
To our knowledge, the THINC-it is the first freely available
computerized tool for screening cognitive dysfunction in MDD.
Other developed methods for screening cognitive dysfunction in
MDD include the Screen for Cognitive Impairment in Psychiatry
(SCIP-D) and the Cognitive Complaints in Bipolar Disorder
Assessment (COBRA). The SCIP-D and COBRA have been
validated as methods to assess objective and subjective cognitive
impairment in MDD, respectively (46). While the COBRA has
poorer sensitivity and specificity for the detection of objective
dysfunction as compared to the SCIP-D, the SCIP-D has greater
sensitivity and specificity for objective dysfunction; therefore,
the COBRA can be used in combination with the SCIP-D to
increase sensitivity and specificity for the detection of objective
dysfunction in MDD (46).

Treatment Interventions Targeting
Cognitive Dysfunction in MDD
The evaluation of subsyndromal depressive symptoms (SSD) in
patients with MDD is relevant for both treatment selection and

outcome. The presence of SSD has been shown to be significantly
associated with disability and functional impairments in older
adults (47). The pertinence of cognitive dysfunction in MDD
underscores the critical importance of developing treatment
modalities that are capable of directly and/or indirectly
improving cognitive function. Classical pharmacological
antidepressant therapy aims to achieve symptomatic remission
by targeting mood symptoms; however, residual impairments
in cognition that are not sufficiently targeted may impose
negative effects on workplace performance and productivity
or delay a timely return to work. Targeted treatment of
cognitive impairments in MDD may capitalize on modifiable
determinants, focusing on prevention and pre-emption.

Cognitive Remediation and Cognitive Therapy
Psychological methods have been proposed for the treatment
and management of neurocognitive impairments in disparate
neuropsychiatric conditions including MDD (48). Brain imaging
evidence in MDD reveals a pattern of increased activity in the
limbic system coincident with decreased activity in executive
areas of the brain (49). Cognitive remediation (CR) is a
psychosocial approach aimed at relieving cognitive impairments
in individuals with diverse brain disorders including, but not
limited to, attention deficit hyperactivity disorder (ADHD),
autism spectrum disorder (ASD) and schizophrenia. Cognitive
remediation involves the use of behavioral strategies to exert
a beneficial effect across a broad range of functionally-relevant
domains (e.g., psychosocial skills). It has been used for the
treatment of maladaptive cognitive thought patterns that are
prevalent in MDD. Cognitive training has effects on brain
structure and function, and has demonstrated effects on
neurobiological systems adversely affected in mood disorders
such as schizophrenia) (50). Although strong empirical evidence
exists for the use of CR in patients with schizophrenia, few
studies have been conducted evaluating the efficacy of CR in
homogeneous samples of unipolar depressed individuals. When
used as an adjunctive therapy in patients with MDD (n =

12), CR was found to significantly improve cognitive function
(i.e., attention, verbal learning and memory, psychomotor
speed, and executive function) compared to patients who
were not receiving adjunctive CR (50). The neuropsychological
educational approach to remediation (NEAR) has been used
as a method of CR that focuses on aspects of motivation
and learning. NEAR involves the delivery of individually-
tailored and commercially available computer games in a
group setting; the games are tailored to an individual’s
strengths and weaknesses to promote learning via positive
reinforcement (51). Significant improvements in cognitive
function, particularly verbal memory, have been found in
patients with MDD receiving NEAR in addition to routine
therapy, as compared to patients receiving only routine therapy
R. S. C. (51–53). Although theoretically promising, more
evidence is required to suggest that CR is effective for the
long-term treatment of cognitive dysfunction in MDD (14).
Additional considerations for the improvement and validity
of CR for the treatment of cognitive dysfunction in MDD
include consistency with regard to task selection (i.e., degree of
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difficulty across studies), treatment frequency, and generalizable
measurements.

Cognitive behavior therapy (CBT) is a well-studied and
propitious therapeutic avenue for the treatment andmanagement
of cognitive dysfunction inMDD. The use of CBT in combination
with pharmacotherapy in adult depression has been shown to
target primarily hot cognitive processes and be more effective
than pharmacotherapy alone (54). Notwithstanding, there are
a number of patients that do not successfully respond to CBT
(55). Consequently, studies have aimed to investigate various
subtypes and pathoetiology of depression with the goal of
informing possible predictors of treatment response. Several
studies have suggested that abnormalities in medial prefrontal
cortex (MPFC) (56) and the anterior cingulate cortex (ACC) (57)
may contribute to the cognitive impairments observed in MDD.
For example, a study found that following CBT treatment, the
functional connectivity between MPFC-ACC was significantly
reduced. Moreover, symptomatic improvement was positively
correlated with a change in MPFC-ACC functional connectivity,
(58) suggesting that CBT could potentially be effective as a
precognitive intervention.

Neurostimulation
Neurostimulation methods have been shown to be highly
effective in the treatment of depression. For example,
electroconvulsive therapy (ECT) is a neurostimulation method
that has been demonstrated to be efficacious in the acute
treatment of depression (59). Negative neurocognitive bias
represents a centric feature of major depression that is associated
with significant risk of relapse (60), with evidence highlighting
negative face processing persisting into periods of remission (61).
Previous research provides evidence for various antidepressants
as rapid modulators of cognitive and neural emotional face
processing, prior to symptom improvement (62, 63). Contrary
to this, compounds lacking antidepressant efficacy have no effect
on emotional bias (63). The capacity of ECT as a modulator
of neurocognitive response to emotional information has
recently been studied. In the first conducted double-blind,
sham-controlled, parallel-group study, the effect of a single
ECT session on the neurocognitive response to emotional
information inMDDwas evaluated. The results revealed changes
in parahippocampal and superior frontal responses to fearful vs.
happy faces, as well as in fear-specific functional connectivity
between amygdala and occipito-temporal regions in response
to single-session ECT treatment (64). Although no statistically
significant shift in the neural response to faces was observed
following ECT, the trend is suggestive of early shifts in emotional
processing that contribute to the antidepressant activity of
ECT (64).

Despite its promising use in the reversal of heightened
neurocognitive response in MDD, the use of ECT is prejudiced
due to reports of cognitive impairments following individual
treatment. Some patients report acute disorientation and
cognitive deficits, with uncertainty surrounding the duration
of the short- and long-term cognitive deficits. In a meta-
analysis of 84 studies and 2,981 patients that aimed to evaluate
the cognitive impairments following ECT, significant cognitive

impairments (i.e., in verbal and visual episodic memory and
executive function) were identified in depressed patients within
3 days of treatment. However, these deficits in cognitive function
following ECT did not persist beyond 15 days post-treatment,
with small to medium effect sizes of improvement for most
variables (i.e., processing speed, verbal working memory, and
executive function)(59).

More recently, repetitive transcranial magnetic stimulation
(rTMS) has emerged as a neurostimulation method for
improving neurocognitive function in patients with MDD, and
is generally viewed more favorably due to its less invasive
nature and diminished propensity for cognitive impairment
(65). A systematic review analyzing the role of rTMS in
improving neurocognition in patients with treatment-resistant
depression (TRD) found that the majority of studies support
an association between rTMS and improved neurocognitive
effects (66). Much of the literature focuses on the dorsolateral
prefrontal cortex (DLPFC) as a target for rTMS as it is a critical
brain region for neurocognitive performance (67). Stimulation
of the DLPFC through rTMS has been shown to produce
variable improvements in psychomotor speed, attention, verbal
fluency, executive function, and other working memory domains
in patients with TRD (66). The foregoing evidence suggests
potential procognitive effects following neurostimulation via
rTMS. However, it remains to be determined whether rTMS
and/or other neurostimulation techniques can reliably and
effectively ameliorate cognitive dysfunction in MDD.

Pharmacotherapy
The counterintuitive gap between remission from depressive
symptoms and functional recovery warrants the evaluation of
therapeutic avenues targeted at improving cognitive symptoms
in individuals with MDD. Notwithstanding the current
need for novel targets to facilitate symptomatic remission
coincident with functional productivity and timely return-
to-work, pharmacotherapies have been scarcely evaluated for
their direct and independent effects on cognition in MDD.
Individuals with MDD routinely receive interventions [e.g.,
selective serotonin reuptake inhibitors (SSRIs), serotonin and
norepinephrine reuptake inhibitors (SNRIs), monoamine
oxidase inhibitors (MAOIs), antipsychotics] with potentially
adverse effects on cognitive measures (20). Persistent functional
impairments mediated by cognitive dysfunction in individuals
with MDD warrants the identification of pharmacotherapies
with pro-cognitive effects.

Determination of the magnitude of effect of an antidepressant
on cognitive function has posed significant limitations as study
designs and assessment methodologies are not standardized in
implementation. Notwithstanding these inconsistencies amongst
studies, certain pharmacotherapies have demonstrated beneficial
effects on cognitive measures of individuals with MDD. A
systematic review and meta-analysis that aimed to evaluate
the overall effect of antidepressants on cognitive function in
MDD revealed that SSRIs/SNRIs have more beneficial effects on
memory domains compared to tricyclic antidepressants (TCAs),
but exhibit equivalent effects on working memory compared
to norepinephrine-dopamine reuptake inhibitors (NDRIs) [60].
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Within the class of SSRIs, sertraline was found to have
more beneficial effects on psychomotor speed compared to
fluoxetine60. However, the results from this meta-analysis were
limited by small sample sizes and large heterogeneity in cognitive
testing which prevented pooling of effect sizes for a single
domain. Improved standardization of cognitive assessment tools
would be beneficial for future trials evaluating cognitivemeasures
in MDD.

Duloxetine is an FDA-approved SNRI antidepressant
medication. An imbalance or deficiency in serotonin and/or
norepinephrine system function has been associated with
cognitive deficits (68), providing the rationale for the use of
SNRIs for the treatment of cognitive dysfunction in MDD. A
study comparing cognitive function following either duloxetine
or escitalopram treatment found that duloxetine resulted in
greater improvements in declarative and working memory
compared to escitalopram (69). Moreover, a double-blind,
placebo-controlled trial involving elderly patients (ages 65 and
older) with recurrent MDD found that 8-week treatment with
duloxetine resulted in a significant improvement in composite
measures of cognition compared to placebo. In this study, the
composite cognitive score was mediated largely by improvement
in verbal learning and memory (70). Duloxetine has also been
assessed as a pro-cognitive antidepressant in young- to middle-
aged subpopulations with MDD. For example, in a 12-week
open-label trial, duloxetine was found to significantly improve
cognitive function, particularly psychomotor speed (71).

Few studies have evaluated the pro-cognitive effects of
other antidepressants for the treatment of cognitive dysfunction
in MDD, with the exception of vortioxetine. Vortioxetine is
an efficacious multimodal antidepressant that acts through a
combination of serotonin reuptake inhibition and receptor
activity. The efficacy of vortioxetine (10 or 20 mg/day) on
cognition was evaluated in placebo-controlled study of adults
between the ages of 18 and 65 with recurrent MDD and
a current depressive episode (72). In this study, cognition
was assessed using the DSST and RAVLT and significant
improvements in objective measures of executive function,
attention, and processing speed as well as learning and memory
were described as a result of these assessments (72). The
efficacy of vortioxetine in improving cognition in elderly patients
(>65 years of age) with MDD has also been evaluated, and
subsequently compared to the efficacy of duloxetine. Similar
to the previous study, the RAVLT and DSST were used to
evaluate cognitive performance. Significant improvements on
the RAVLT were found in patients treated with duloxetine;
however, significant improvements on both the RAVLT and
DSST were found in patients treated with vortioxetine (73).
The foregoing observation of differential effects on cognition
could be mediated by the different mechanisms-of-action of
the two drugs. Vortioxetine is a multimodal antidepressant
hypothesized to exert its effects via its action on the serotonin
reuptake transporter inhibition and cell surface serotonergiv
receptors (e.g., 5HT3 and 5HT7). In comparison to duloxetine,
the activity of vortioxetine as a 5-HT1A receptor stimulator and
5-HT3 receptor antagonist may enhance cortical glutamatergic
neuronal firing contributing to improved cognitive performance

in individuals receiving vortioxetine treatment (73). A recent
meta-analysis including nine placebo-controlled, randomized
trials demonstrated that vortioxetine had the greatest effects
on psychomotor speed, executive control, and cognitive control
amongst all antidepressants evaluated for cognitive effects in
placebo-controlled trials, whereas duloxetine had the greatest
effect on delayed recall (74) Currently, vortioxetine is the only
pharmacological agent that has been approved for the treatment
of MDD through specific targeting of cognitive dysfunction (75).

As ofMay 2018, the U.S. FDA has announced that vortioxetine
has demonstrated direct independent in clinically relevant
improvements in cognitive dysfunction in adults 18–65 with
MDD. The FDA recognizes significant improvement in cognitive
function in vortioxetine-treated individuals as measured by the
DSST when compared to placebo. Vortioxetine product insert
update to include this information represents that first time any
anti-depressant has an explicit mention regarding pro-cognition
in MDD. The use of vortioxetine for the treatment of MDD has
additionally been accepted by the European Medicines Agency.

Convergent evidence has implicated ketamine as a rapid-
acting antidepressant in subpopulations with MDD that do
not respond to conventional antidepressant therapies (76).
Coincident with its use as an antidepressant in subanesthetic
doses, it has been suggested that ketamine may also improve
neurocognitive symptoms in TRD. Despite concerns regarding
the effect of ketamine on cognition, replicated evidence in healthy
controls has shown that ketamine does not impair recall for
previously learned information(77, 78), and no impairments in
executive function have been associated with ketamine treatment
(79, 80). Additionally, in a subpopulation of TRD patients,
ketamine was found to significantly reduce explicit suicidal
ideation, as compared to the psychoactive placebo-control,
midazolam (81). These findings suggest that ketamine treatment
may exert beneficial effects on measures of executive functioning
in patients with TRD. It is a testable hypothesis that the anti-
suicide effects of ketamine are in part mediated by improvements
in executive function (e.g., impulsivity) with ketamine treatment
(82). However, the use of ketamine warrants further investigation
for its application in the treatment of cognitive symptoms in
patients with MDD. Early improvements in cognition have also
been suggested to predict the efficacy of ketamine for TRD,
implicating effects on cognition in the therapeutic mechanism of
ketamine. In particular, lower levels of baseline neurocognitive
performance in individuals with TRD were correlated with an
increased antidepressant response to ketamine, as indicated by
a ≥50% reduction in MADRS scores (83).

Additional Agents
Erythropoietin (EPO) is a glycoprotein secreted by the kidneys
whose main function is to stimulate red blood cell production
in the bone marrow (84). In addition to its hematopoietic role,
EPO has been found to play a role in the central nervous
system and is essential for neurodevelopment, adult neurogenesis
and neuroprotection. Hippocampal EPO exerts neuroprotective
and neurotrophic effects that have been demonstrated to
enhance cognitive performance in various disease models. When
systemically administered at therapeutic levels, EPO can cross the
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blood-brain barrier and enhance cognitive function in healthy
animals (85). Due to its procognitive effects, EPO has been
investigated as a treatment for the cognitive deficits observed in
TRD. In double-blind placebo-controlled, parallel-group design
study, subjects with clinically-defined unipolar TRD scoring≥17
on the Hamilton Depression Rating Scale-17 (HAMD-17) were
randomized to receive either EPO or saline infusions for 8 weeks.
In this study, treatment with EPO significantly enhanced verbal
recall and recognition compared to saline, which was maintained
at follow-up at 14 weeks (86).

Aerobic/resistance exercise is also evidenced as a beneficial
adjunctive therapeutic option for cognitive improvement in
MDD (87). Replicated evidence implicates adjunctive exercise as
an effective method for reducing depressive symptoms (88), with
effects observed at levels commonly recommended for general
public health (89). Studies have demonstrated that individuals
with mild cognitive impairment who engage in regular exercise
exhibit greater improvements in memory compared to those
who do not engage in regular exercise (89). In addition,
studies in healthy participants have demonstrated improvements
in psychomotor speed, attention, visual memory, and spatial
planning following engagement in exercise. One study found that
30-min exercise augmentation was associated with significant
improvements in executive control processing (87). In a meta-
analysis evaluating the effects of exercise on cognitive symptoms
in MDD, the researchers found no significant procognitive
effect of exercise (90); however, they did find that cognitive
function was positively influenced by a combination of physical
and cognitive activity as well as lower-intensity interventions
with higher adherence rates (90). Of note, the findings of
this meta-analysis may be limited by the quality of the data
and methodological heterogeneity amongst studies. Continued
research that stratifies participants by the type of exercise
intervention and baseline characteristics (e.g., education level)
is required to characterize the cognitive effects of exercise in
depressed populations.

Intranasal insulin has also been investigated as a pro-cognitive
agent in the treatment of mood and mental disorders. For
example, cognitive performance in both Alzheimer’s Disease (91)
and Bipolar Disorder (92) has been shown to improve following
treatment with intranasal insulin. Insulin availability and/or
insulin receptor sensitivity has been implicated in MDD (93).
Preclinical and clinical studies have demonstrated procognitive
effects of intranasal insulin across multiple subdomains of
cognition including learning and memory in both healthy and
disease affected populations (91, 93). In a randomized, double-
blind, placebo-controlled, crossover trial, although no significant
improvements in neurocognitive function was observed with
intranasal insulin treatment in individuals with MDD (94), the

involvement of insulin receptors in cognitive and emotional
processing warrants further investigation.

CONCLUSION

Cognitive dysfunction is a core pathological feature of MDD
that is often overlooked and under-evaluated in the diagnosis
and treatment of the disorder. It serves as a principal
mediator of psychosocial and functionality outcomes, with
implications in workplace productivity and imminent return-
to-work. Evaluation of both subjective and objective measures
of cognition is imminent and relevant for improved functional
outcomes in MDD.

Classical therapeutic approaches to MDD are insufficient,
with poor existing response rates to first-, and even second-
line antidepressant administration. While pharmacological
treatment avenues have focused primarily on the recovery
of mood symptoms, the evidence indicates that remitted
patients continue to exhibit clinically-significant cognitive
deficits that impact functional capacity. The inherent disconnect
between mood remission and functional remission warrants the
development of treatments that specifically target functionally-
relevant domains (i.e., cognition). Current clinical paradigms
have been insufficiently studied for their direct, independent,
and clinically-significant effects on cognition. Vortioxetine is
currently the only pharmacological agent approved for use in
MDD that has been shown to exert direct and independent pro-
cognitive effects. Disparate psychotherapeutic and adjunctive
agents have been investigated from a precognitive perspective;
however additional research is required to establish their
independent efficacies. Based on the evidence, the development
of therapeutic strategies that directly target cognitive symptoms,
in addition to mood symptoms, in MDD is may be required
for successful long-term remission and functional recovery
in MDD.
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