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Abstract
Cognitive dysfunction is common in many psychiatric disorders. While it has long been
described as a core feature in schizophrenia, more recent data suggest qualitatively similar
impairments in patients with bipolar disorder and major depressive disorder. There is
compelling evidence to suggest that cognitive impairment contributes directly to functional
disability and reduced quality of like across these disorders. As current treatments focus
heavily on “primary” symptoms of mood and psychosis, the standard of care typically leaves
cognitive deficits unmanaged. With this in mind, the field has recently begun to consider
intervening directly on this important symptom domain, with several ongoing trials in
schizophrenia. Fewer studies have targeted cognition in bipolar disorder and still fewer in
MDD. With progress toward considering this domain as a target for treatment comes the need
for consensus guidelines and methodological recommendations on cognitive trial design. In
this manuscript, we first summarize the work conducted to date in this area for schizophrenia
and for bipolar disorder. We then begin to address these same issues in MDD and emphasize
the need for additional work in this area.

Cognitive impairment is common in several neuropsychiatric disorders to a varying degree,
including schizophrenia (Sz), bipolar disorder (BD), and major depressive disorder (MDD).
Deficits in core cognitive domains have been consistently shown to strongly predict disability
in occupational, social, and community functioning. While some symptoms of major
psychiatric disorders are relatively well-controlled by existing treatments, cognitive
impairment has been largely unresponsive to standard interventions. The time is ripe for
studies that directly target this important domain to promote full recovery.

Cognitive Trial Design in Sz and BD
Over recent years there has been increasing research interest directed toward the treatment of
cognitive impairment in Sz1–3 and BD4,5. While long considered a hallmark symptom of Sz,
cognitive deficits have only more recently become recognized as a core feature of BD6,7.
Characteristically, cognitive impairment in Sz is known to be diffuse and pervasive, affecting
multiple domains and representing a profound negative deviation from normative samples in
the order of between 1 and 2 standard deviations or more8. Current evidence suggests
qualitative similarities in this profile compared with BD, although the magnitude of effects in
BD is typically smaller (though not always)9–12. It is well known that cognitive deficits confer
a substantial contribution to functioning over and above clinical symptoms in both disorders,
and although there is a clear need for novel drug development and novel psychological
interventions, currently there remain no pharmacological agents with indications specifically
for this symptom dimension.

The MATRICS initiative was introduced over a decade ago to promote the development of
pharmacological agents that target neurocognitive impairment in Sz as an independent
domain. This was a collaborative effort between the National Institute for Mental health

(NIMH), academia, and regulatory agencies (Food and Drug Administration - FDA) in an
effort to establish guidelines for drug development for a newly recognized indication –
‘cognitive impairment associated with schizophrenia’ (CIAS).

Initial guidelines proposed at the 2005 FDA-NIMH-MATRICS workshop on clinical trial
design for neurocognitive drugs for Sz2 and updated five years later1, focused on patient
characteristics, treatment agent choice, screening assessments, primary outcome measures and
trial-specific characteristics, where recommendations included: i) inclusion of medicationstable Sz patients in non-acute stages of illness, with no more than moderate formal thought
disorder and moderate-severe positive symptoms, and minimal extrapyramidal and depressive
symptoms. This was considered important to reduce the likelihood of clinical change during
treatment that could confound trial results. ii) Basing the choice of adjunctive antipsychotic
medication on pharmacodynamic and pharmacokinetic interactions with the treatment agent
dependent on trial stage – with interacting agents avoided at stage I and interactions examined
at stage II in an ‘all-comers’ design. iii) Allowing for concomitant antipsychotic use (i.e.
polypharmacy) provided pharmacokinetic or pharmacodynamics effects are considered. iv)
exclusion of patients with illicit drugs use in early stage trials, and excluding patients whose
level of impairment is limited or so extreme (based on a screening measure different from the
primary trial outcome measure) that it impacts outcome validity owing to ceiling effects or an
inability to receive benefit from the intervention. v) The use of the MATRICS Consensus
Cognitive Battery (MCCB) - specifically designed to assess cognitive change in Sz - was
recommended as the primary cognitive measure, supplemented by inclusion of a co-primary
measure of functioning or subjective cognitive performance characterized by good face
validity, reliability, tolerability, association with cognition and community functioning and
with expected sensitivity to change in a timeframe proximal to that of the primary cognitive

measure. Given the ‘distance’ of functional measures from the biological impact of cognition
enhancing drugs, clear separation of impact by the treatment agent on the co-primary measure
was considered especially important in the context of decision rules that quantify trial
outcomes as either positive or negative. vi) By this same token, it was recommended that
pilot data and psychometric attributes should inform the pre-specification of either a global or
domain-specific primary cognitive outcome measure, with more rather than fewer testing
sessions included in the design to reduce attrition. (vii) Finally, placebo or cognitively neutral
comparators were recommended for adjunctive and broad-spectrum agents respectively, with
the trial needing to last long enough to confer enduring effects on cognition of 6 months or
longer.

In the context of these recommendations and subsequent advances in the creation of a
standardized cognitive test battery for assessing cognitive change in Sz, the International
Society of Bipolar Disorders (ISBD) convened a Taskforce to identify a preliminary battery
of tests for use in research on BD13. From this it was decided that the MCCB could be
usefully applied to the disorder, with the addition of more complex measures of verbal
learning or executive function as a complement. In combination, these measures form a
battery known as the ISBD-battery for the assessment of neurocognition (ISBD-BANC)14.
The MCCB tests were subsequently validated in BD15,16 and following this, a smaller
consensus panel of experts proposed preliminary guidelines for cognitive trial design,
drawing on previous efforts in Sz but focusing on the unique nuances of BD6. These
guidelines, addressing diagnostic (subtypes and comorbidities), clinical (symptoms,
medications) and measurement issues (cognitive and functional outcome measures), were
recently expanded in the International Society of Bipolar Disorders Targeting Cognition
Taskforce methodological recommendations paper and associated commentaries14,17,18.

Notable suggestions from these papers involve specific guidance around the use of certain
classes of pharmacological agents for clinical trial design, and the following other
recommendations; i) inclusion a control group, and trial enrichment of cognitively impaired
patients that deviate by at least half a standard deviation below normative means, ii) selection
of euthymic or affectively stable participants on a stable treatment regime, keeping lithium
within therapeutic range and allowing concomitant medications whilst limiting high doses of
antipsychotic, anti-dopaminergic and anti-cholinergic agents with cognitive side-effects, iii)
inclusion of a composite score of tests from or equivalent to the ISBD-BANC as the primary
outcome, from which small – medium effects can be considered clinically important, iv)
including a functional assessment as a secondary measure provided it has clear relevance to
cognitive change expected on account of the specific intervention; and including a social
cognitive outcome to assess broader cognitive change indirectly resulting from the
intervention, v) administering biological interventions for 6-12 weeks and psychological
interventions for 10-21 weeks, with follow up 3-6 months following to assess functional
change that may have a time-lag and vi) incorporating symptom change as a covariate in
statistical analyses to address pseudospecificity, particularly for biological interventions
where this issue has a greater chance of confounding results.

The existing methodological recommendations for cognitive trial design in both Sz and BD
draw on common threads, including the need to recruit clinically stable patients, trial
enrichment with patients evidencing meaningful cognitive deficits, the use of a standardized
outcome battery for uniform assessment across samples and trials, and the need for secondary
or co-primary measures of functioning. Guidance around psychological treatment trial design
is still lacking in BD however, and thoughts around this are needed to advance the field.

Cognitive dysfunction in MDD.
As is the case with Sz and BD, cognitive impairment has been increasingly recognized as a
core feature of major depressive disorder (MDD), with serious impacts on psychosocial
functioning and clinical course19. The Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) study found that nearly 90% of the 2541 patients enrolled reported
cognitive difficulties such as problems with concentration and decision making20. Patients
with MDD experience a broad range of cognitive deficits across domains, including verbal
processing, attention, learning, memory, and several aspects of executive functioning
including set shifting, working memory, and response inhibition21–25. While the magnitude of
cognitive impairments differs by cognitive domain, effect sizes compared to healthy controls
appear to be in the medium to large range26.

Cognitive deficits are present early in the course of illness, likely by illness onset27,28, and
often persist during clinical remission20,29–31. While some aspects of cognition may be
influenced by mood state (e.g. psychomotor speed; memory), others are relatively
independent of state mood symptoms (e.g. attention; executive functioning)27,30.

Overall illness severity is associated with cognitive dysfunction in MDD, as has been reported
in other affective disorders. Markers of overall illness burden including history of
psychosis29; number and total duration of depressive episodes29,31; severity of depressive
symptoms; and melancholic subtype30 are associated with greater cognitive impairment.

Cognitive deficits are present at similar rates in patients with MDD and other serious mental
illnesses such as Sz and BD32, and are qualitatively similar, with evidence of impaired

underlying attention, verbal learning, and executive functioning across diagnoses19. However,
the severity of impairment differs quantitatively amongst these disorders, with patients with
MDD showing the least severe deficits25. In terms of longitudinal course, a cluster analytic
approach grouping patients with Sz, BD or MDD based on cognitive change over follow up
found no difference in diagnostic makeup of each cluster, suggesting that cognitive
trajectories are not diagnosis-specific28.

As has been shown for Sz and BD33,34, cognitive impairments are strongly associated with
psychosocial functioning across multiple domains in patients with MDD24,35–39. Not only do
cognitive deficits impede community functioning directly, they may also increase rates of
recurrent depressive episodes leading to an overall worsening course of illness23,24.

Together these findings demonstrate that cognitive functioning is broadly impaired in patients
with MDD, affecting a large majority of patients. Deficits are present early in the course of
illness, persist during remission of mood symptoms, and significantly impact community
functioning and illness course. Thus, cognitive dysfunction in MDD represents an important
target for improving both psychosocial functioning and overall illness trajectory.

Cognitive treatment considerations for MDD.
Many of the same issues arise when considering targeting cognition in MDD as have been
previously discussed for SZ and for BD. Key recommendations that would also apply to
MDD trials include: 1) the need to pre-screen to identify those patients who are most likely to
benefit from a cognitive intervention based upon the presence of objective impairment at
baseline. This may be of greatest utility in MDD where base rates of cognitive impairment are
likely lower than those noted in Sz and BD; 2) inclusion of a functional measure as co-

primary to evaluate the relationship between the intervention’s effects on cognition and on
functional outcome; 4) exclusion of patients with current substance misuse and other
comorbidities that might interfere with cognition; and 5) exclusion of certain medications
with known cognitive effects (either positive or negative) and to keep all other concomitant
medication stable. Where some of the recommendations might diverge from those made for
SZ and BD is also of interest. In general, it is thought that cognitive deficits should be
targeted independent of the core symptoms of the illness (e.g. in euthymic or remitted
patients); however, there is at least one clear example where depression and cognition were
evaluated in parallel, a design that still allowed for sufficient evidence to warrant
consideration of an indication for cognition (see below for vortioxetine example). While
pseudo-specificity still remains a concern if an agent is seeking an independent indication as
pro-cognitive, it would be clinically important to identify agents that target both mood and
cognition in parallel. Presumably the improvement of both mood and cognitive aspects of a
depressive episode will allow for a quicker and more complete functional recovery than
would the improvement of mood alone. Another issue that might differentiate cognitive trials
in MDD from those in Sz or BD is the used of monotherapy. Most trials in SZ and in BD are
adjunctive, requiring additional medications (e.g. mood stabilizers and/or antipsychotics) to
ensure safety and to avoid exacerbation of psychotic and manic symptoms. While there are
always risks involved in intervention trials, MDD may be more amenable to monotherapy
designs than are SZ and BD – which would allow for the evaluation of agents without the
confounding effects of concomitant medications. This will, of course, depend upon the type
of agent being tested and its mechanism of action and side effect profile.

To date, there are very few- if any - clinical trials that have included cognition as a primary
outcome in patients with MDD; however, there is a growing interest in including cognition as

a secondary outcome. One example of how this approach might be mutually beneficial to
pharmaceutical companies and to the patients who seek treatment for depression comes from
a series of studies of vortioxetine. In 2014, vortioxetine received FDA approval for MDD.
Secondary analyses from the pivotal depression studies focused on the cognitive outcome
measures that were included as secondary. Results suggested pro-cognitive effects of
vortioxetine in patients with MDD, data that were sufficient to warrant approval of a new
indication for cognitive impairment in adults with MDD by European agencies. The United
States Food and Drug Administration (FDA) ultimately rejected the claim; however, in the
process of considering the evidence, the FDA formally acknowledged that cognitive
impairment in a disorder other than Sz (MDD in this case) was worthy of a drug target claim.
These regulatory changes reflect a changing tide in drug development and emphasize the
importance of identifying new drug targets that span a broad range of major psychiatric
disorders.

Future Directions
The recommendations put forth in this paper are largely focused on the potential use of
pharmacological interventions for cognitive trials. The use of psychosocial approaches and
cognitive remediation are also of great interest but outside of the scope of this manuscript.
One area of emerging interest that is worth a brief comment here is the growing use of
digitalized cognitive training (CT) interventions. While investigation of digitalized CT in
MDD is relatively new, it follows in the footsteps of a relatively large literature base
supporting the efficacy of digitalized CT interventions in patients with schizophrenia40. A
recent meta-analysis of the impact of computerized CT in depressive disorders identified 9
relevant randomized trials and found positive effects35. This meta-analysis assessed the
impact of computerized CT on five domains of cognitive functioning. Significant moderate-

large effect sizes were observed in the areas of attention (Hedge’s g = 0.67), working memory
(Hedge’s g = 0.72) and global functioning (Hedge’s g = 1.05). Verbal memory, despite being
targeted in half of the studies included in this meta-analysis, did not improve with
computerized CT and neither did executive functioning (although only one study was found
that targeted this domain and it was not a major focus of the intervention in that study). The
same meta-analysis identified significant effects of computerized cognitive training on
depressive symptom severity (Hedges g = 0.43) and daily functioning (Hedge’s g = 0.72).

More recently, studies of CT delivered via mobile app have demonstrated improvements in
cognitive functioning as well as mood symptoms. Compared to CT designed for use on
computers, CT delivered via mobile app is more accessible and provides the opportunity for
real-time feedback and prompting. Project: EVOTM - a video-game mobile app designed to
enhance cognitive control – improved working memory and attention in individuals with late
life depression in a small proof-of-concept trial41. In addition to achieving cognitive
improvements, Project: EVOTM was found to improve mood and self-reported functioning
both in older adults and a general adult population with depression41,42. Other app-based
interventions for conditions and constructs related to cognition – organization, attentional
control, memory, and mindfulness – have also been associated with improvements in mood in
samples not specifically recruited for mood disturbance43,44.

Taken together this literature suggests both that digitalized CT can enhance cognition in
individuals with depression and that, consistent with findings of overlapping functional
neuroanatomy, there is some reciprocity between improvements in depression and cognition.
Additional research could support stronger conclusions. First, more studies on the efficacy of
digitalized CT that include active controls and larger sample sizes are necessary. The meta-

analysis conducted by Motter et al.35 only included one study with more than 25 participants.
Second, more support of transferability from findings on in-program tests to improvements on
everyday functioning must be evaluated. Finally, teasing out longitudinal relationships
between cognitive improvement and mood improvement from digital CT and variables that
may impact the direction of this relationship will allow for more precise tailoring of treatment
recommendations.

Conclusions.
In response to the clear and convergent evidence that cognitive impairment is among the most
disabling of symptoms in major psychiatric illness, several studies are now underway that
target cognition directly in patients with Sz and BD. There have been working groups
established and expert consensus guidelines published that make recommendations to
optimize study design for these disorders. A more recent focus on cognition in MDD points
toward the need for similar guidelines tailored to this patient sample and supports the need for
intervention trials that focus on this relatively understudied aspect of MDD. Here we set the
stage for future work in this arena.
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