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Abstract

Background: Cognitive impairment are among the core features of schizophrenia, ex-
perienced by up to 75% of patients. Available treatment options for schizophrenia
including dopamine antagonists and traditional antipsychotic medications have not
been shown to confer significant benefits on cognitive deficits. Contrary to the focus
on management of positive symptoms in schizophrenia, cognitive abilities are main
predictor of independent living skills, functional abilities, employment, engagement
in relapse prevention, and patients' subjective sense of well-being and quality of life.
This review aims to provide a summary of recent literature on pharmacological op-
tions for the treatment of cognitive deficits in schizophrenia.

Methods: We conducted a literature search of studies from 2011 to 2021 across four
electronic databases including PubMed, Psycinfo, MEDLINE, and Embase. Human
studies using a pharmacological treatment for cognitive impairment in schizophrenia
were included.

Results: Fifty-eight eligible publications, representing 11 pharmacological classes,
were included in this review. Major limitations involved small sample size, methodo-
logical limitations as well as heterogeneity of participants and outcome measures.
Conclusions: Overall evidence remains inconclusive for any pharmacological classes
studied for the treatment of cognitive deficits in schizophrenia. Methodological limi-
tations in a majority of the studies rendered their findings preliminary. We further

discuss possible explanations for these findings that could guide future research.
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1 | INTRODUCTION

Cognitive impairment is known to be a core feature of schizophre-
nia spectrum disorder and experienced by up to 75% of patients
with schizophrenia.”2 This can vary in severity, from mild deficits to
marked impairment, with the most evidence suggesting that cogni-
tion is moderately to severely impaired in people with schizophrenia
compared with healthy controls. Estimates include reaching 2 SD
below healthy controls.t Evidence suggests that cognitive impair-
ment occurs prior to diagnosis of schizophrenia or the development
of positive or negative symptoms. Neurocognitive deficit is the big-
gest predictor of functional ability® such as occupation and social
function.?

Contrary to psychiatry's focus on management of positive symp-
toms, patients' subjective sense of quality of life is more related to
control of negative symptoms, depression, and cognitive impair-
ment. Furthermore, the impact of cognitive impairment on QoL can
be objectively measured with validated tools (e.g., Heinrich's QoL
scale). Reductions in quality of life are associated with degree of
cognitive impairment.5 Cognitive impairment and cognitive func-
tioning are associated with many outcomes including quality of life,
independent living skills, functional abilities, relapse prevention, and
employment,! and for many patients, these are important factors in
subjective sense of well-being and QolL.

Given the prevalence of neurocognitive deficits, the associa-
tion with functional impacts and patient well-being, and the little
improvement conventional treatment of antipsychotic medication
has on improvement of these symptoms, this presents an area of
significance in understanding and treatment and warranting fur-
ther investigation. There is a dearth of literature that summarizes
the effects of augmenting agents for cognitive impairment in
schizophrenia. We present a narrative review of various classes
of augmenting medication and the impact on cognitive deficits in

schizophrenia.

2 | METHODS

2.1 | Search strategy

All English language, human studies published in peer-reviewed
journals were considered eligible for inclusion in the literature
search. Studies included were from 2010 onward considering the
prior articles were all captured in Goff's review article.® The final
search was conducted on June 17, 2021, across four electronic
databases including PubMed, PsychINFO, MEDLINE, and Embase.
Considering subject headings are different in each database, our
searches used the appropriate terms that covered all these varia-

tions, as relevant to each database. Search terms included “cog-

» o« » o«

nitive dysfunction,” “cognitive deficit,” “cognitive impairment,”
“schizophrenia,” “drug therapy,” and “pharmacotherapy.” Eligible
articles were also searched to identify additional relevant studies.

In addition, a subsequent search for meta-analyses or systematic
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reviews for each drug or compound studied was completed during
manuscript preparation to summarize the most recent evidence
up to 2023.

2.2 | Study selection

For completeness, we included all randomized clinical trials (RCTs),
open trials, and case series. All relevant studies which reported
on any pharmacotherapeutic agent for the treatment of cognitive
deficits in schizophrenia were included. We excluded review ar-
ticles, posters, preprints, and investigational agents in the early
phases of development. Antipsychotic medications (i.e., dopamine
antagonists) were also excluded from this review considering the
interplay between cognitive deficits and antipsychotic medica-
tions are extensively reviewed and considered out of the scope
of this paper.

2.3 | Data extraction and outcome measures

A data extraction table was developed by the authors for each agent
(Table S1). It was pilot tested on eight randomly selected studies and
refined accordingly. The following data were extracted from each
study: author/year/country of publication, study design, duration
of the study, patient population, number/setting, medication/dose,
cognitive measures, cognitive results, side effects, and other find-
ings. We summarized the findings on a range of outcome measures
as reported by the studies including impact of treatment on various
domains of cognition among patients with schizophrenia.

3 | RESULTS

The results section of this paper will include overarching classes of
medications reviewed, data from articles identified for individual
agents in those classes, pharmacological mechanism of action, the
number of articles reviewed, and summary statements from recent
meta-analyses or systematic reviews that were identified. In addi-
tion, the common indications of the agents along with those in clini-
cal use versus experimental use is provided.

3.1 | Nicotinic agents (7 articles)

Nicotinic receptors are responsible for a wide variety of brain pro-
cesses, including cognitive functions in the areas of learning, atten-
tion, and memory.” Specific subtypes such as a-7 receptors have
been shown to be impaired in the brains of patients with schizophre-
nia.® Nicotinic agonists act upon postganglionic nicotinic receptors,
at neuroeffector junctions in the peripheral nervous system and on
nicotinic receptors in the central nervous system. Agonists bind and
activate nicotinic cholinergic receptors and are suggested as having
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important therapeutic implications for disorders with cognitive dys-
function such as schizophrenia and Alzheimer's dementia. Nicotinic
agents reviewed included nicotine replacement, varenicline, tropi-
setron (alpha-7 subunit-containing nicotinic acetylcholine receptors)
as well as encenicline. Three full-text articles on varenicline, three
on tropisetron, and one on encenicline were located that matched

study criteria.

3.1.1 | Nicotine replacement (2 articles)

Studies that examined the cognition enhancing of nicotine primar-
ily used a transdermal patch or chewing gum on participants with
schizophrenia and without schizophrenia, including smokers and
non-smokers in each group. The randomized controlled trial con-
ducted by Hahn et al. in 2013° used the Spatial Attentional Resource
Allocation Task (SARAT) and the Singleton Detection Task in exam-
ining patients smoking ad libitum and using transdermal nicotine
patch (14mg/24h) or a placebo patch. It was found that attention
task performance was improved by transdermal nicotine vs. placebo
with intermediate performance by ad libitum smoking. Furthermore,
a trial by Hahn et al. in 2019%° showed nicotine replacement did not
potentiate any training benefits of cognitive rehabilitation programs
for schizophrenia. Self-reported ability to concentrate changed with
nicotine status in healthy controls but not in those with schizophre-
nia. These overall study findings suggest that subjective or objective
attentional benefits are unlikely the primary driving force of tobacco

consumption in SCZ.

3.1.2 | Varenicline (3 articles)

As partial agonist and blocker of alpha-4-beta-2 nicotinic acetylcho-
line receptor subtype, this medicine blocks the effects of nicotine on
the brain and is used as a common smoking cessation agent in clinical
practice. Through partial agonism, varenicline reduces dopaminer-
gic activation by nicotine stimulation of the mesolimbic dopamine
system associated with nicotine addiction.* Overall, the results sur-
rounding varenicline on cognition in schizophrenia is mixed and a
meta-analysis conducted in 2020 by Tanzer et al.»? concluded that
it was not a useful agent for improving multiple domains of cogni-
tion including attention, executive function, or processing speed in
schizophrenia. Furthermore, they suggested that a trial of at least
2500 patients would be needed to possibly show significant find-
ings, which is significantly greater than any previous trial.

A randomized cross-over human laboratory study on vareni-
cline was published by Kozak and George®® in 2017 which included
15 non-smokers with schizophrenia (SZ), 15 non-psychiatric non-
smokers, 14 SZ tobacco smokers, and 14 non-psychiatric smokers
who received between 0 and 2mg of varenicline per day (29 pa-
tients with schizophrenia, with 29 controls) divided into smokers or
non-smokers. Visuospatial working memory (VSWM) and cognitive
processing therapy were used to measure the cognition of subjects

where it was concluded that there were complex effects of smoking
and diagnostic status on verbal learning and working memory, in-
dependent of varenicline dose. Notably, non-smoker patients with
schizophrenia performed worse than all groups across VSWM and
verbal memory, regardless of varenicline dose. In 2016, Smith et al.t
published a double-blind randomized parallel-group design study
on varenicline which enlisted 87 total patients (all smokers). Doses
ranged between 0 and 2 mg of varenicline per day and the Repeatable
Battery for the Assessment of Neuropsychological Status (RBANS)
was used in analysis of subjects. Results showed that varenicline was
not a cognitive enhancer in this study and did not worsen any psy-
chiatric symptoms, with some weak improvement noted on certain
measures of depression. Some subjects experienced side effects
during the study which included nausea and vomiting. An 8-week
trial on varenicline conducted by Shim et al.’ in 2012 on 120 clini-
cally stable patients with schizophrenia employed the Digital Symbol
Substitution Test (DSST) and Wisconsin Card Sorting Test (WCST)
as well as Cognitive Performance Test (CPT) to measure cognition.
Varenicline improved cognition compared with the placebo on the
DSST and WCST. In smokers, CPT hit reaction time and Stroop in-
terference were reduced for varenicline vs. placebo (no treatment
difference was observed in non-smokers). In the primary analysis of
neurocognitive differences at Week 8, no varenicline-placebo differ-
ences were significant.

3.1.3 | Tropisetron (2 articles)
A serotonin 5HT3 receptor antagonist that is primarily used in the
prevention of chemotherapy-induced nausea and vomiting in clini-
cal practice and is a alpha-7 nicotinic acetylcholine receptor partial
agonist.16

A doubled-blind, placebo-controlled RCT by Shiina et al.}’ in
2010 on tropisetron involved 40 patients with chronic schizophrenia
who had taken risperidone (2-6mg/day). Patients were randomly
assigned to a fixed titration of tropisetron (10mg/day) or placebo.
Cognitive measures analyzed auditory sensory gating P50 deficits
and employed the Quality-of-Life Scale (QLS), as well as the Cam-
bridge Neuropsychological Test Automated Battery (CANTAB) and
Positive And Negative Syndrome Scale (PANSS). Administration of
tropisetron but not placebo significantly improved auditory sensory
gating P50 deficits in non-smoking patients with schizophrenia.
The drug was overall well tolerated. One patient in the tropisetron
group dropped out of the trial due to chest pain. Three in the pla-
cebo group dropped out due to influenza, worsening of illness, and
extrapyramidal symptoms. The scores on the rapid visual informa-
tion processing task of CANTAB were significantly improved by tro-
pisetron while PANSS scores were not changed. QLS scores in all
patients but not non-smoking patients were significantly improved
by the tropisetron trial.

A 1-day trial conducted by Xia et al. in 20208 on tropisetron
improved both cognitive and P50 inhibition deficits in the 40 schizo-
phrenic non-smoking patients studied.
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3.1.4 | Encenicline (1 article)

Encenicline (1 article) was a study drug undergoing clinical trials for
the treatment of cognitive impairment in Alzheimer's disease and
schizophrenia, as a selective partial agonist of the alpha-7 nicotinic
acetylcholine receptor, but failed to meet the study endpoints in
2016 and has been discontinued by the Federal Drug Administration
(FDA) in the United States.”’

A phase 2 double-blinded, randomized, placebo-controlled, par-
allel design, multinational study conducted by Keefe et al. in 2015.%
Three hundred nineteen randomized patients were enlisted in the
study: 317 included in safety population, and 307 included in intent-
to-treat population. All were schizophrenic patients on chronic
stable atypical antipsychotics. The drug was administered 0.27 or
0.9 mg daily or placebo (over the 12-week study period). Cognitive
measures used included the Overall Cognition Index (OCI), MAT-
RICS, the Schizophrenia Cognition Rating Scale (SCoRS), and PANSS.
Encenicline was well tolerated and demonstrated clinically meaning-
ful improvement in cognition and function in patients with schizo-
phrenia. Most significant effects were observed in the 0.9 mg group.
Improvement trends were seen in both the MCCB and PANSS scores
at 0.27 and 0.9 mg with a more beneficial effect observed at 0.9 mg.

The major studies on varenicline can be confounded by inclusion
of the smoking characteristic in some patients making it difficult to
differentiate whether improvement in cognition could be seen in the
administration of varenicline alone. Varenicline did not appear to be
a cognitive enhancer in one major study, which included smokers
only.** Information on tropisetron was limited but showed some
promise in improvement of cognitive features; a major limitation was
no improvement in cognition seen in non-smoking schizophrenic pa-
tients. Studies assessing encenicline while limited showed cognitive
benefits primarily at the 0.9 mg dose range. The presence of smoking
was not discussed in the study and could also serve as a factor influ-

encing cognition.

3.2 | Dopaminergic agents

Dopamine agonists bind to dopamine receptors and activate cel-
lular signaling pathways. Dopaminergic agents researched included
pergolide, tolcapone, I-dopa, and bromocriptine. No full-text arti-
cles meeting the criteria were compiled; a poster abstract was also
excluded. Given the lack of information meeting the study criteria,
conclusions on potential for use in treating cognitive deficits in

schizophrenia cannot be adequately drawn.

3.3 | Psychostimulants
Stimulants help to increase neurotransmitters in the synaptic cleft
through various mechanisms including dopamine, norepinephrine,
and serotonin. They may also increase agonistic activity at catecho-
lamine or serotonin receptors.?!
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Stimulants researched included all amphetamine and
methylphenidate-based medications. No full-text articles meeting
the criteria were compiled, and all poster abstracts were eliminated
from the assessment. Given the lack of information meeting the
study criteria, conclusions on potential for use in treating cognitive
deficits in schizophrenia cannot be adequately drawn. A systematic
review and exploratory meta-analysis of by Solmi et al.?? looking at
psychostimulants and atomoxetine in patients with schizophrenia or
schizoaffective disorder suggested that atomoxetine and amphet-
amines may improve cognitive symptoms, and methylphenidate
should be avoided in this group, as the use consistently worsened

symptoms or predicting relapse.

3.4 | Glutamatergic medications (7 articles)

Glutamate is the major excitatory neurotransmitter in the cen-
tral nervous system. Indirect evidence from animal models,
post-mortem studies, and pharmacological studies have linked
glutamatergic dysfunction to cognitive impairments in schizophre-
nia.?® However, given the heterogeneity of schizophrenia and the
fact that glutamatergic neurons are ubiquitous in the brain, direct
evidence regarding the precise nature of the glutamate system

t.2* Our search

in schizophrenia is still incomplete and insufficien
identified seven studies involving the use of glutamatergic drugs
to treat cognitive dysfunction in patients with schizophrenia,
with six demonstrating positive results. These include three RCTs
and one open-label extension study on memantine, two RCTs on
benzoate, and one RCT on D-cycloserine. These studies primar-
ily investigated the changes in cognition of either monotherapy
or adjunctive therapy when compared to placebo, with treatment
duration ranging from 8 to 52 weeks. Participants were otherwise
healthy adults diagnosed with schizophrenia including both inpa-
tients and outpatients. Cognition was measured in native language
using analogs of tests from the MCCB (MATRICS Consensus Cog-
nitive Battery), BACS (Brief Assessment of Cognition Scale), and
CANTAB.

3.4.1 | Memantine (4 articles)
Memantine (4 articles) is an antagonist of the NMDA receptor sub-
type of the glutamate receptor, that have broad roles in cognitive
processes and other brain functions, typically prescribed to stabi-
lize cognitive and functional decline in the setting of Alzheimer's
dementia.?®

Glutamate excess is hypothesized to lead to increased excit-
ability of the brain and be associated with neurotoxic effects. This
medication has been explored as a possible neuroprotective agent
for the treatment of schizophrenia.? Due to its low affinity, non-
competitive nature, and rapid off-rate kinetics, memantine differs
from NMDA-R blockers such as ketamine, which are known to in-
duce symptoms of psychosis.?’
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In a 2016 study by Veerman et al.,?®

memantine augmentation
in 52 patients with clozapine-refractory schizophrenia showed
significant improvements in verbal and visual memory as as-
sessed by CANTAB, as well as decreased negative symptoms as
assessed by PANSS (Positive and Negative Syndrome Scale). In
the following 1-year extension study,?® the favorable cognitive
effects of adjunctive memantine (20 mg/day) on memory were
sustained in 40 patients with clozapine-refractory schizophre-
nia. Interestingly, further improvement of negative, positive, and
overall symptoms was observed without serious adverse effects.
Similarly, in a proof-of-concept study with 24 patients with schizo-
phrenia, adjunctive memantine (10 mg twice daily) on top of stable
risperidone showed significantly higher performance in attention
intensity, problem-solving, verbal learning, flexibility, and imme-
diate memory when compared to the placebo group,27 Another
study that investigated add-on treatment of memantine (20mg/
day) in 40 patients on a stable antipsychotic regimen saw all sub-
scale scores of the BACS increase significantly in the memantine
group only.?? These studies are in line with recent discussions pos-
tulating that memantine as a NMDA receptor modulator may have
neuroprotective properties to improve long-term outcome and
cognition in patients with schizophrenia. However, it is important
to note that major limitations were present in the above studies.
Most did not control for differences in baseline treatment regimen
and had small sample sizes (n=24-52). This is in keeping with a
meta-analysis and systematic review by Kishi et al.®® looking at
the anti-dementia drugs (which included memantine) for cognitive
impairment in schizophrenia, which suggested that although these
medications may offer some improvement in some measures of
cognition, they are influenced by small study effects and bias and
when looking at composite cognitive test scores, they were not

superior to placebo.

3.4.2 | Sodium benzoate (2 articles)

Decreased function of the NMDA receptor has an important
role in the pathophysiology of schizophrenia and mechanisms to
increase NMDA has been studied for potential improvements in
cognition. Sodium benzoate is a D-amino acid oxidase (DAAO) in-
hibitor that enhances NMDA function by blocking the metabolism
of D-amino acids.®!

In a 2013 study by Lane et al.,*? add-on sodium benzoate (1g/
day) was compared with placebo in 52 patients with chronic schizo-
phrenia. They reported overall improvement of neurocognition,
specifically in processing speed and visual learning/memory as as-
sessed by the MCCB, as well as a 21% reduction in PANSS total
score. A different study by Lin et al.®® that included 49 patients
compared sarcosine (2 g/day) alone, sodium benzoate (1g/day) plus
sarcosine (2 g/day), and placebo, and saw the greatest improvement
in cognition and global functioning in the sodium benzoate group
using the MCCB. They also observed additional improvements
of both positive and negative symptoms in the sodium benzoate

group. Both studies suggest benzoate adjunctive therapy as a novel
approach for improving neurocognition and symptom severity in
patients with schizophrenia. Seetharam et al.** showed in their
meta-analysis that add-on sodium benzoate in the treatment of
schizophrenia did not offer any significant improvement in cogni-
tion, QoL nor overall functioning.

3.4.3 | D-cycloserine (1 article)
D-cycloserine (1 article) is a partial agonist at the glycine site of the
glutamatergic NMDA receptor and most used as antibiotic therapy
in tuberculosis. It has been increasingly studied for its possible ther-
apeutic benefit in neuropsychiatric disorders.®®

To test its potential as a neuroprotective drug for schizophrenia,

Takiguchi et al.%®

compared D-cycloserine (50mg/day) and placebo
in 41 patients with schizophrenia and saw no improvement in cogni-
tive function or positive or negative symptoms. Moreover, the study
suggested that treatment response to D-cycloserine is influenced
by heterogeneity derived from differences in white matter integrity
and age of onset.

In summary, among the glutamatergic agents, there are a few
small-scale studies of memantine with positive results on cognition.
However, these studies suffer limitations and larger scale studies are

required before conclusion could be drawn.

3.5 | Noradrenergic medications

Noradrenaline is an important neuromodulator in normal cognition,
and it has been suggested that disruption of noradrenergic function
could be associated with cognitive deficits in neuropsychiatric ill-
nesses.’’ Despite this, noradrenergic agents as a potential treatment
for cognitive deficits in schizophrenia have been largely unsuccess-
ful in previous trials.

3.5.1 | Guanfacine (1 article)

Guanfacine (1 article) is a selective alpha-2 A-adrenergic receptor
agonist, originally used to manage hypertension, now most used in
the management of ADHD as an adjunctive or second-line agent to
psychostimulants.

Our search identified one RCT by McClure et al.®® that examined
the triple interaction of guanfacine, with computerized cognitive re-
mediation and social skills training on cognitive and functional out-
comes. Specifically, 28 patients with schizotypal personality disorder
received either guanfacine (2mg/day) or placebo while undergoing
computer-based cognitive enhancement exercises and manualized
social skills training modified from cognitive enhancement therapy.
Those in the guanfacine group demonstrated significantly greater
improvements in reasoning, problem-solving, functional skills, and
social cognition.
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These results suggest that guanfacine may augment the results
of cognitive remediation and social skills training, perhaps due to its

hypothesized effect of enhancing attentional ability.

3.6 | Serotonergic medications (8 articles)

In recent years, new drugs targeting serotonin (5-HT) receptors in
the brain have been intensively investigated as potential targets for
different symptom domains of schizophrenia. Our search identified
eight articles describing the use of serotonergic agents for the treat-
ment of cognitive deficits in patients with schizophrenia: two RCTs
on ondansetron, two RCTs on fluvoxamine, one open-label study on
vortioxetine, one RCT on buspirone, one RCT on citalopram, and one
RCT on avisetron. Each study used a different battery of tests to
measure of cognition and duration of treatment arm ranged from 6
to 24 weeks.

3.6.1 | Ondansetron (2 articles)
Ondansetron (2 articles) is a 5-HT3 receptor antagonist, com-
monly used as an anti-emetic agent of chemotherapy-induced and
radiation-induced nausea and vomiting. Evidence suggests that 5
HT3 receptors are implicated in the pathogenesis of schizophrenia.
Ondansetron has seen modest success in recent trials as a treatment
for cognitive impairments in patients with chronic schizophrenia.39
5-HT3 receptors have increased density in the human prefrontal
cortex, nucleus accumbens, hippocampal formation, and amygdala,
which are areas heavily involved in emotion, cognition, depression,
and anxiety.39 Therefore, the rationale is that modulation of this
system can ameliorate cognitive symptoms seen in schizophrenia.
Our search includes one positive study and one negative study of
ondansetron. A recent study with 85 participants from Kulkarni
et al. in 2018 suggests adjunctive ondansetron (8 mg/day) provides
significant improvement in the cognitive subscale of PANSS and
appears to be well tolerated with no adverse effects. Conversely, a
2010 study by Mohammadi et al.*? that included 30 patients failed
to show significant differences between adjunctive ondansetron
(8mg/day) compared with placebo, which were both in addition to
risperidone (4-5mg/day). There was no improvement in cognitive
deficits at endpoint except for some components of visual memory.
A meta-analysis by Zheng et al.*® shows that data around adjunc-
tive ondansetron on cognition, assessed by different measures, have
shown conflictual results and should be further assessed through

large, prospective, RCTs.

3.6.2 | Fluvoxamine (2 articles)

Fluvoxamine (2 articles) is a selective serotonin reuptake inhibitor

(SSRI), commonly used in the treatment of anxiety and depressive
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disorders, which inhibits reuptake of serotonin through a variety
of mechanisms which ultimately leads to increased serotonin in the
synaptic cleft and increased activity post-synaptically, and also has
high sigma-1 receptor agonism.*!

Fluvoxamine has also been studied as a potential agent for ad-
dressing cognitive deficits in patients with schizophrenia, with
variable results. In a 2018 trial by Haji Seyed Javadi et al.*? with 68
participants, risperidone augmentation with fluvoxamine (50 mg/day
titrated to 100 mg/day) was shown to significantly improve Wechsler
Memory Scale scores when compared to risperidone alone. Inter-
estingly, several subdomains in the SANS (Scale for the Assessment
of Negative Symptoms) also showed significant improvement in the
intervention group only, such as poverty of speech, attention defi-
cit, and curbing of interests. However, these results contrast with an
older study in 2012 by Niitsu et al.*® with 44 patients that suggests
add-on fluvoxamine (50 mg/day titrated to 150 mg/day) has no major
impact on cognitive impairments or clinical symptoms in patients
with schizophrenia.

3.6.3 | Vortioxetine (1 article)

Vortioxetine (1 article) is a serotonergic antidepressant with multi-
modal activity. It acts as both a serotonin receptor agonist and an-
tagonist while also having reuptake inhibition properties.

Our search includes one positive study on Bruno et al.** demon-
strated in a pilot study with 20 patients that vortioxetine (10 mg/day
starting dose, titrated to 20 mg/day) significantly improved perfor-
mances on Verbal Fluency Test and Stroop Task, which correlates to
an improvement in attentional resistance to competing stimuli and
word generation within a given category, respectively. Additionally,
positive symptoms, total average symptoms, and depressive symp-
toms were all significantly improved by the end of the trial, with no

adverse side effects reported.

3.6.4 | Buspirone (1 article)
Buspirone (1 article) is an anxiolytic drug, that has strong, partial
agonist for the serotonin 5-HT1A receptors, weak affinity for sero-
tonin 5HT2 receptors and acts as a weak antagonist on dopamine
D2 autoreceptors.*®

Our search identified one positive study on Buspirone by Wang
et al.* It includes 196 patients and demonstrated that co-treatment
of buspirone with atypical antipsychotics outperformed atypical
antipsychotics alone in improvements in logical reasoning, gener-
alization, visual discrimination/memory/comprehension, and spatial
coordination in patients with schizophrenia, supporting the no-
tion that cognitive dysfunction in schizophrenia may be alleviated
through 5-HT1A stimulation. A recent meta-analysis in this area sug-
gested that buspirone can improve attention and processing speed

in patients with schizophrenia.*’
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3.6.5 | Citalopram (1 article)

Citalopram (1 article) works similarly to other SSRIs, such as fluvox-
amine. Using our search criteria, we identified one RCT on citalo-
pram. In this 12-week study of 198 patients with schizophrenia, it
was found that there were no significant differences between cit-
alopram (20mg/day) and placebo in changes in cognition.”® To as-
sess patients' cognition, a test battery was used which included the
MMSE, Digit Span Distractibility Test, Letter and Category Fluency,
Trail-Making Test, CPT, Digit-Symbol-Coding, Symbol Search, and
Letter-Number Sequencing.

3.6.6 | Avisetron

Avisetron is a new selective 5-HT6R antagonist, currently an investi-
gational agent not currently approved for use in clinical practice, that
is being studied as a novel therapy for schizophrenia.

Our search identified a 6-week study by Morozova et al.*’ com-
paring Avisetron (4 mg starting dose, titrated to 8 mg) and placebo,
which included 80 patients with schizophrenia. BACS and CPT were
used for endpoint assessment. This was a negative study, with no
between-group differences observed at any stage of the study.

In summary, of the very few studies which have explored the
impact of serotonergic agents on cognitive deficits in schizophre-
nia, there is one positive pilot study of vortioxetine and one positive
study for buspirone. The remaining studies did not demonstrate sig-
nificant improvement in cognitive deficits with serotonergic agents.
This is consistent with a meta-analysis of antidepressant medications
more broadly, including those with additional targets to serotonin,
which found that there was a statistically significant but clinically
negligible effect of antidepressant agents on executive function and

cognitive composite score, compared with placebo.50

3.7 | Wakefulness promoting agents

3.71 | Modafinil/armodafinil (3 articles)
Modafinil/armodafinil (3 articles) are wakefulness-promoting drugs
which act predominantly as inhibitors of the dopamine transporter
or dopamine reuptake pump which indirectly activates the release
of orexin neuropeptides which stimulate wakefulness** which are
the major cognitive enhancing mechanisms, although there are other
including effects on glutamate and histamine. Armodafinil is the R
enantiomer of Modafinil.

Modafinil has been suggested to have positive effect in cognitive
improvement studies. Three double-blind, randomized, placebo-

5153 ith a total of 128 cases were identified.

controlled clinical trials
Across all studies, Modafinil was generally well tolerated, with two
reports of increased difficulty of sleeping51 and one report of in-
creased blood pressure.>® All trials administered 200mg per day of

Modafinil. One study®! reported a significant cognitive improvement

in the working memory, spatial working memory, and strategy use of
FES patients.”* Another trial reported a trend toward working mem-
ory improvement and significant improvement in the visual learn-
ing of early schizophrenia patients.”? These results also noted that
healthy volunteers were significantly more responsive to Modafinil
on visual learning measures than schizophrenia patients.>? Combi-
nation of Modafinil and cognitive training did not lead to significant
cognitive improvements in chronic schizophrenia patients.>®

A single double-blind, randomized, placebo-controlled, proof-of-
concept study with 60 stable schizophrenia cases was reviewed.’*
Administered doses (50mg, 100mg, or 200mg per day) were gen-
erally well tolerated; however, cases of folliculitis, hostility, rest-
lessness, and sleep-related side effects were reported. The trial
reported no significant improvements in cognitive measures, and a
reduction in PANSS score without worsening of positive symptoms
in the 200 mg treatment group.>*

Reviewed clinical trials in this category suggest that modafinil
may be a promising agent for preventing deterioration and/or im-
proving memory and learning cognitive domains, particularly in early
schizophrenia. However, future studies needed to replicate these

results as well as to demonstrate tolerability and safety.

3.8 | Cholinergic/muscarinic agents
3.8.1 | Galantamine (2 articles) and donepezil (1
article)

Galantamine (2 articles) and donepezil (1 article) are acetylcholinest-
erase inhibitor medication, that enhances cholinergic function in the
brain through different mechanisms, commonly used in the setting
of Alzheimer's dementia. These include inhibiting the enzyme re-
sponsible for degradation of acetylcholine, and potentiating activity
at nicotinic receptors.> As discussed above, evidence suggests that
individuals with schizophrenia have changes in nicotinic receptor ac-
tivity and consistent with other acetylcholinesterase inhibitors, this
class has been shown to increase frontal cortical dopamine levels.

Two papers looking at the use of galantamine in schizophre-
nia were included, a clinical trial and a position paper were iden-
tified.>®>” Data on the use of galantamine to improve deficits in
cognitive impairment in schizophrenia have been mixed.

A single randomized, double-blind, placebo-controlled trial ad-
ministering donepezil was identified.’® Donepezil was administered
at 5mg per day to 52 schizophrenia patients with no reported side
effects. The 12-week trial identified significant improvements in
working memory, verbal memory, and processing speed.58

As mentioned above in the section on memantine, a meta-analysis
and systematic review by Kishi et al.2° looking at the anti-dementia
drugs (which included acetylcholinesterase inhibitors) for cognitive
impairment in schizophrenia, and suggested that although these med-
ications may offer some improvement in some domains of cognition,
they are influenced by small study effects and bias, and when looking
at composite cognitive test scores, they were not superior to placebo.
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3.9 |
articles)

Anti-inflammatory and related agents (8

Various anti-inflammatory and related agents are being investigated
as the treatment for schizophrenia as a proinflammatory response is
hypothesized to play a role in the development of schizophrenia. Six

59-64

double-blind, randomized, placebo-controlled clinical trials and

65,66

two open-label trials were identified.

3.9.1 | Minocycline (3 articles)
Minocycline (3 articles) is an anti-bacterial agent from the class of
tetracyclines, that exerts anti-inflammatory activity through a vari-
ety of mechanisms and is commonly used to treat several bacterial
infections of the respiratory tract or skin, among other areas.

Three clinical trials administered minocycline at a maximum
dose of 200mg per day to a total of 203 early and chronic schizo-
phrenia patients.®%6%%% Several adverse side effects reported,

60,61

including weight gain, indigestion, pigmentation, suicide at-

tempt, and weight gain.61 Studies reported improvement in atten-

0

tion domain,®® visuospatial memory, executive functioning,®* and

verbal fluency.®®

3.9.2 | Tocilizumab (2 articles)

Tocilizumab (2 articles) is an interleukin-6 (IL-6) receptor inhibitor, is
a biologic medication approved for the treatment of rheumatologic
conditions such as rheumatoid arthritis and giant cell arteritis.

In two reviewed clinical trials, tocilizumab was administered at
4mg/kg® and 8mg/kg® to a total of 41 schizophrenia patients.
Tocilizumab was generally well tolerated with several mild adverse
effects reported.®* While one clinical trial reported no significant
cognitive effects,®* the other study reported improvement in digit
symbol and global cognition.%®

3.9.3 | Pregnenolone (1 article)
Pregnenolone (1 article) is the precursor to gonadal steroid hor-
mones and the adrenal corticosteroids, which also exhibits anti-
inflammatory actions.

Similarly, a single eight-week trial administering pregnenolone at
50mg per day to 60 patients reported no adverse side effects and

improvements in visual attention.?

3.9.4 | Cilostazol (1 article)

Cilostazol (1 article) is classified as an antiplatelet agent but is also

shown to exhibit anti-inflammatory effects.

REPORTS

A single 8-week open-label pilot trial administering 50mg per
day of cilostazol to six stable chronic schizophrenia patients was
identified.®® No adverse side effects were reported. Results indi-

cated a mixture of cognitive improvement and worsening.®®

3.9.5 | Salsalate (1 article)
Salsalate (1 article) is a nonsteroidal anti-inflammatory agent.

A single, 12-week clinical trial administering combination anti-
inflammatory therapy (Salsalate 4g per day, omega-3 FA and Flu-
vastatin 40mg per day) to 39 schizophrenia patients was reviewed.
No significant cognitive changes were observed over the course
of the study, and three cases of tinnitus as an adverse effect were
reported.59

Overall, some anti-inflammatory and related agents appear to
have positive effects on cognitive functioning in schizophrenia pa-
tients the results of these studies remain conflictual.

3.10 | Hormone-modulating drugs
There are two potential hormone-modulating treatments for cogni-
tive decline in schizophrenia: raloxifene and oxytocin. Pregnenolone

is included above under anti-inflammatory agents.

3.10.1 | Raloxifene (7 articles)

The significant sex difference that is seen in schizophrenia between
males and females and the later median age of onset in females com-
pared with males, has been suggested to be accounted for by estro-
gen levels. As a result, the potential beneficial effect of estrogen has
been studied with the use of selective estrogen receptor modulator
(SERM) as an augmentative agent.®” SERM effects on the body de-
pend on their variable tissue-dependent interaction with an estro-
gen receptor, acting either as an agonist or antagonist.

Raloxifene is one of these agents and has been studied in multi-
ple randomized-control trials (n=5) with varying results depending
on the patient population. Two RCTs showed significant cognitive
improvement with raloxifene in both postmenopausal women®® and
middle-aged men and women.®? Specifically, raloxifene improved
memory, attention, processing speed, and executive functioning.
Recently, the authors of the first study attempted to reproduce their
results, and over a longer period of 24 weeks instead of 12weeks,

but were unsuccessful.*’

Compared with the first study, the women
in the Huerta-Ramos study of 2020%” were more symptomatic, rated
their schizophrenia as more severe and were on higher dosages of an-
tipsychotics. In line with these findings, additional studies’®”* found
no significant improvement in cognition for postmenopausal women
with severe refractive schizophrenia, as did a meta-analysis of ral-

oxifene augmentation in men and women showing no significant
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effects on cognitive functioning.72 Therefore, raloxifene may have

limited effectiveness in more severe cases of schizophrenia.

3.10.2 | Oxytocin (8 articles)

Oxytocin (8 articles) is commonly known as a key regulator of repro-
duction and childbirth and has a role in social bonding, behavior, and
cognition. As a result, it has been studied for a possible role in the
expression of schizophrenia.

The data around the impact of oxytocin on cognition have been
conflictual, and it may lead to further improvement on certain do-
mains of cognition than others, such as social cognition. In one
study, intranasal oxytocin was shown to improve theory of mind.”®
Oxytocin was also seen to improve a patient's ability to perceive
emotions evaluated with the TASIT.”*7® Improvement in other cog-
nitive domains with oxytocin has been less convincing; outcomes on
MCCB and MSCEIT (emotional intelligence) were not significantly
improved,”” and one study showed beneficial effect of oxytocin on
verbal learning but not on working memory,”® while another showed
beneficial results with one dose of oxytocin on Digit Span, evaluat-
ing working memory.”? Overall, intranasal oxytocin is well tolerated

by patients, with no reported side effects in all studies.

3.11 | Other agents (Insulin [1 article], exenatide—
GLP-1 agonist [1 article], agomelatine [1 article], and
rosiglitazone [1 article])

Other studies have been done on hormone-modulating drugs for the
treatment of cognitive deficits in schizophrenia. Randomized con-

trolled trials of rosiglitazone®

an antidiabetic drug in the thiazoli-
dinedione class, agomelatine81 a novel and atypical antidepressant
agent that acts as a melatonin receptor (MT, and MT,) agonist and
serotonergic (5HT,.) antagonist and intranasal insulin®? and exena-
tide®® did not demonstrate significant cognitive improvement.
Overall, despite some initial positive results, the overall effect of
hormone-modulating agents on cognitive deficits in schizophrenia

does not appear promising.

3.12 | Supplements

Dietary supplementations, which are easy to use and relatively ac-
cessible compared with other medications, have received growing
interest among researchers in the treatment of psychiatric disorders.
Furthermore, patients are increasingly using supplements to manage
symptoms of illness across medicine and frequently ask their physi-
cians for guidance on these agents and the evidence behind them.
Below are a few supplements targeting specific markers that may
be involved in cognitive impairments such as oxidative stress, cy-

tokines, and inflammation in the brain.848°

3.12.1 | Bergamot (1 article)
Bergamot (1 article) is a citrus fruit native to Southern Italy.

Bergamot has recently been tested to help with cognitive defi-
cit in schizophrenia. The research was based on prior evidence
that flavonoids, phenolic structures found in bergamot, may have
neuroprotective effects in the brain against neurodegenerative
diseases.8¢%7

In an Italian 8-week open-label pilot study, researchers used
Bergamot polyphenolic fraction (BPN) on 20 adults with schizo-
phrenia.®® Results showed significant improvement in some areas
of cognition. They noted significance in the Wisconsin Card Sorting
Test (WCST) preservative errors and semantic fluency test while
WCST categories, phonemic fluency, and Stroop Color-Word Test

also showed optimistic results.

3.12.2 | Omega-3 fatty acids (2 articles)

Omega-3 fatty acids (2 articles) are among essential nutrients and
have been linked to having effects on suppressing inflammation,
regulating neurogenesis, and protecting against oxidative stress in
the brain.%?

Studies on omega-3 fatty acids and cognitive deficits in schizo-
phrenia were previously summarized in the Goff review which found
that it had unconvincing effects on cognitive improvements; how-
ever, a more recent trial showed more promising results.

An RCT involving 80 schizophrenia patients with olanzapine-
induced metabolic syndrome was done over a 12-week period using
omega-3 (2400mg of fish oil combined with 720mg of long-chain
omega-3 fatty acid).”® Results showed enhanced delayed memory
factor in the Repeatable Battery for the Assessment of Neuropsy-
chological Status (RBANS) at the end of the 12-week study as well as
enhanced brain-derived neurotropic factor and reduced inflamma-
tion factors for the omega-3 group.

3.12.3 | N-acetyl cysteine (NAC) (1 article)

N-acetyl cysteine (NAC) (1 article) is a form of the amino acid
cysteine, which acts as a precursor to the powerful antioxidant
glutathione.

Similarly to omega-3, a recent study found the effects of NAC
on schizophrenia-induced cognitive deficits differed from the
Goff review which again was determined to have unconvincing
effects.® Adjunctive NAC (1200 mg) were used in a 12-week RCT
invoking 84 participants with stable chronic schizophrenia.’* The
results showed improvement in areas of cognition such as atten-
tion, short-term memory, working memory, executive functioning,
and speed of processing after the 12-week trial. Furthermore,
patients given NAC had improved in both positive and negative
PANSS subscale.
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3.12.4 | Other supplements

Other notable supplements included Curcumin, or curry extract and
Coenzyme Q10. Curcumin, which targets epigenetic dysregulation
inhibiting histone deacetylase (HDAC), has shown early signs of im-
proved cognition in a 2018 letter to the editor open-label parallel-
group randomized study.”?

In summary, supplements such as bergamot and curcumin have
each had one or two preliminary positive study in the treatment of
cognitive deficits in schizophrenia. Omega-3 and NAC have shown
more promising results since the Goff review. However, none of
these studies had a follow-up period, to assess whether the noted
improvement persist over time. Coenzyme Q10 results were uncon-
vincing. Future studies are needed to assess replicability of these

findings, as well as applicability in clinical setting.

3.13 | Miscellaneous

3.13.1 | Sodium nitroprusside (SNP) (1 article)
Sodium nitroprusside (SNP) (1 article) exerts its vasodilator actions
through breaking down to nitric oxide in circulation.

SNP has shown varying results in its effects on cognition in
schizophrenia. In a 6-week RCT, SNP was given to 42 patients with
schizophrenia and found no significant effect of SNP over placebo
on cognitive functions.”® However, a 2015 pilot study demonstrated
significant change in executive function in their trial involving 18 par-
ticipants.”* In a 2017 letter to the editor, the authors of the latter pilot
study stipulated that differences in patient demographics such as du-
ration of disease, ethnicity, and lifestyle may lead to such disparities
among trials.”® Thus, larger scale studies using more homogeneous
samples are required to assess whether SNP can demonstrate repli-

cable positive effects on cognitive deficiencies in schizophrenia.

3.13.2 | Cannabidiol (CBD) (1 article)
Cannabidiol (CBD) (1 article) is one of the over 100 phytocannabi-
noids identified in Cannabis sativa, and constitutes up to 40% of the
plant's extract, being the second most abundant component. CBD
antagonizes the action of CB, and CB, receptor agonists, and is sug-
gested to act as an inverse agonist of these receptors.‘?5

Pre-clinical studies demonstrated protective effects of cannabi-
diol (CBD) against cognitive deficits brought upon by acute use of
THC in mice; however, studies on its effect against cognitive impair-
ments seen in schizophrenia are still limited.”®

A 2018 study measured the effects of CBD (300mg twice daily)
over a 6-week period to 36 patients with treated schizophrenia.”’
Cognition was evaluated using the MCCB. Results showed no signifi-
cant differences between the CBD and placebo. Other studies such as
Hallack et al. 20107® and McGuire et al. 201777 showed similarly neg-
ative results using doses as high as 600mg and 1000 mg respectively.

REPORTS

Both SNP and CBD demonstrated negative results in treating
cognitive impairments seen in schizophrenia; however, this may in
part be due to the sample demographics. For SNP, the patients used
in the negative study had significantly longer iliness duration than in
the studies showing more positive results.***> CBD does not seem
very promising given the multiple trials using a fairly wide dose range

all showing limited results.””??

3.13.3 | Roflumilast (1 article)

Roflumilast (1 article) is a long-acting PDE-4 inhibitor that prevents
the hydrolysis of cyclic adenosine monophosphate (cCAMP) in inflam-
matory cells. This results in elevated cAMP levels which has anti-
inflammatory effects through various mechanisms. It is primarily
used in the treatment of COPD due to its anti-inflammatory proper-
ties in the lungs,'°® but has been suggested to improve cognition
secondary to preventing the breakdown of cAMP.

A 2021 RCT compared a previously published RCT with results
of a healthy control taken from another study. In this cross-over
RCT, 10 patients with schizophrenia received consecutive 8-day
treatments of 100 pg followed by 250 pg of roflumilast with a 14-
day washout period between treatments and results suggested a
dose-dependent effect on attention and cognitive flexibility.1%!
Roflumilast has also been shown to improve verbal memory in
schizophrenia.!0?

With preliminary positive results, larger scale studies are re-

quired to replicate these findings.1°1102

3.13.4 | Valacyclovir (1 article)
Valacyclovir (1 article) is an antiviral medication that has been in
medical use since 1995 for the treatment of herpes simplex virus
(HSV) and varicella zoster virus (VZV). Its effect on cognitive impair-
ments of schizophrenia has been studied as it was found that HSV
infection may lead to negative effects on cognition, and more so in
patients with schizophrenia.'®

In a 24-patient RCT, HSV1-seropositive subjects with schizo-
phrenia/schizoaffective disorder were given 1.5g twice daily of
oral valacyclovir. Cognition was measured using the Penn Comput-
erized Neurocognitive Battery with results showing improved cog-
nition among the treated individuals.?* Although positive results
were observed in the valacyclovir trials, the drug remains limited to
those suffering from HSV and is not likely to apply to the general
population.’®*

4 | DISCUSSION

This review aimed to explore pharmacological augmentation agents
for the treatment of cognitive deficits in schizophrenia. Many of the
agents listed in this review have approval for use in conditions other
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than cognitive deficits in schizophrenia and are used off-label. While
the review showed a few preliminary positive studies in different
classes, the overall evidence remains conflictual and inconclusive for
any pharmacological classes studied for the treatment of cognitive
deficits in schizophrenia. To the best of our knowledge, to date there
are no approved agents in this area.

Our review of the studies conducted in the past 11 years yielded
similar results to the review by Goff et al.® despite a decade of re-
search and advances in various areas of psychopharmacology. There
are several potential explanations for the unsuccessful search for
psychopharmacological treatment of cognitive deficits in schizo-
phrenia, namely heterogeneity of the illness, heterogeneity of the
cognitive deficits, challenges in recruitment, and confounding ef-
fects of various medications.

From the methodology perspective, conducting clinical trials in
schizophrenia has several ongoing chaIIenges.los'm6 Schizophrenia
is a heterogeneous illness, and therefore inclusion of participants
under a heterogeneous diagnostic umbrella may contribute to low-
yield results which are difficult to replicate, in many schizophrenia-
related trials.

Furthermore, the cognitive deficit profile could also be hetero-
geneous among patients with schizophrenia. Up to 75% of patients
with schizophrenia have some degree of cognitive impairment
in various domains of memory, attention, motor skills, executive
function, and intelligence.107 None of the studies in this review,
considered inclusion of participants based on their baseline cog-
nitive deficit profile. Furthermore, many studies face recruitment
and retention challenges in schizophrenia trials, and therefore,
considering a wider inclusion criterion to ensure enough recruit-
ment, such approach may add to the heterogeneity of the partici-
pants, and inconclusiveness of the results. Lastly, the confounding
effects of medications on cognitive functioning is another barrier
in this area.

To overcome the above-mentioned challenges, potential solu-
tions may include for future studies to consider inclusion criteria that
is narrowed down to a homogenous group of patients with schizo-
phrenia with a similar cognitive profile at baseline. Furthermore,
consideration of antipsychotic medications as well as stage of illness
(early on vs chronic) into inclusion criteria, may also improve the ho-
mogeneity of the sample. Even though cognitive deficits in schizo-
phrenia are generally stable over time, it is possible that the stage
of illness have an impact on response to treatment with cognitive
enhancing agents, considering the potential impact of duration of
exposure to various psychotropics as well as duration of untreated

psychosis108

on underlying neurobiological pathways.

Another potential strategy to bypass a number of confounding
factors (such as medications, duration of illness, and psychosocial
factors) is to assess the pharmacological interventions on unaffected
first-degree relatives of patients with schizophrenia, who also is
shown to exhibit cognitive deficits.?®?

Nonetheless, noting the inconclusive results of studies over
several decades raises the question as whether the pathology un-

derlying cognitive deficits in schizophrenia is reversible? And if so,

perhaps we need to shift our intervention strategies, to improve

adaptive functioning.

AUTHOR CONTRIBUTIONS

Naista Zhand provided overall supervision of the article, design,
search, writing the manuscript, and revising it. Kyle Arsenault-Mehta
compiled all the results of the search from the small working groups,
authored portions of the manuscript, and revised supplementary
table and manuscript. Mario Hochman-Bérard, Alexander Johnson,
Dar'ya Semenova, Bea Nguyen, and Jessie Willis each contributed
to the literature search, reading abstract, and extracting data from
different medication classes. Natalia Mouravska and Ridha Joober

assisted in revision of the final manuscript.

FUNDING INFORMATION
There were no sources of funding for this manuscript or project.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study. A table containing additional details
on all the included studies is provided as a supplementary material.

ETHICS STATEMENT
Approval of the Research Protocol by an Institutional Reviewer
Board: N/A.
Informed Consent: No patient contact was involved in this
project.
Registry and the Registration No. of the Study/Trial: N/A.
Animal Studies: N/A.

ORCID

Naista Zhand "= https://orcid.org/0000-0002-6443-0056

REFERENCES

1. Keefe RSE, Harvey PD. Cognitive impairment in schizophrenia. In:
Geyer MA, Gross G, editors. Novel antischizophrenia treatments.
Berlin, Heidelberg: Springer Science + Business Media; 2012. p.
11-37. https://doi.org/10.1007/978-3-642-25758-2_2

2. Gold JM, Harvey PD. Cognitive deficits in schizophrenia. Psychiatr
Clin North Am. 1993;16(2):295-312.

3. Green M. What are the functional consequences of neurocogni-
tive deficits in schizophrenia? Am J Psychiatry. 1996;153(3):321-
30. https://doi.org/10.1176/ajp.153.3.321

4. Hassan |, Ali R. The association between somatic symptoms, anxi-
ety disorders and substance use. A literature review. Psychiatry Q.
2011;82(4):315-28.

5. Galuppi A, Turola M, Nanni M, Mazzoni P, Grassi L. Schizophrenia
and quality of life: how important are symptoms and func-
tioning? Int J Ment Health Syst. 2010;4(1):31. https://doi.
org/10.1186/1752-4458-4-31

6. Goff DC, Hill M, Barch D. The treatment of cognitive impairment
in schizophrenia. Pharmacol Biochem Behav. 2011;99(2):245-53.
https://doi.org/10.1016/j.pbb.2010.11.009


https://orcid.org/0000-0002-6443-0056
https://orcid.org/0000-0002-6443-0056
https://doi.org/10.1007/978-3-642-25758-2_2
https://doi.org/10.1176/ajp.153.3.321
https://doi.org/10.1186/1752-4458-4-31
https://doi.org/10.1186/1752-4458-4-31
https://doi.org/10.1016/j.pbb.2010.11.009

ARSENAULT-MEHTA ET AL.

NLUROPSYCHOPHARMACOLOGY

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Paterson D, Nordberg A. Neuronal nicotinic receptors in the
human brain. Prog Neurobiol. 2000;61(1):75-111. https://doi.
org/10.1016/50301-0082(99)00045-3

Levin ED. Alpha7-nicotinic receptors and cognition. Curr Drug
Targets. 2012;13(5):602-6. https://doi.org/10.2174/1389450128
00398937

Hahn B, Harvey AN, Concheiro-Guisan M, Huestis MA, Holcomb
HH, Gold JM. A test of the cognitive self-medication hypoth-
esis of tobacco smoking in schizophrenia. Biol Psychiatry.
2013;74(6):436-43. https://doi.org/10.1016/j.biops
ych.2013.03.017

Hahn B, Shrieves ME, Yuille MB, Buchanan RW, Wells AK. Nicotine
effects on cognitive remediation training outcome in people with
schizophrenia: a pilot study. Psychiatry Res. 2019;280:112498.
https://doi.org/10.1016/j.psychres.2019.112498

Tonstad S, Arons C, Rollema H, Berlin I, Hajek P, Fagerstrom K,
et al. Varenicline: mode of action, efficacy, safety and accu-
mulated experience salient for clinical populations. Curr Med
Res Opin. 2020;36(5):713-30. https://doi.org/10.1080/03007
995.2020.1729708

TanzerT,Shah S, Benson C, Monte V, Gore-Jones V, Rossell SL, et al.
Varenicline for cognitive impairment in people with schizophre-
nia: systematic review and meta-analysis. Psychopharmacology.
2020;237(1):11-9. https://doi.org/10.1007/s00213-019-05396-9
Kozak K, George T. Dose effects of varenicline on cognition as a
function of smoking status in schizophrenia and non-psychiatric
controls. Neuropsychopharmacology. 2017;43(Supplement
1):5607-8. https://doi.org/10.1038/npp.2017.266

Smith RC, Amiaz R, Si TM, Maayan L, Jin H, Boules S, et al.
Varenicline effects on smoking, cognition, and psychiatric symp-
toms in schizophrenia: a double-blind randomized trial. PLoS
One. 2016;11(1):e0143490. https://doi.org/10.1371/journ
al.pone.0143490

ShimJC,Jung DU, JungSS, SeoYS,Cho DM, Lee JH, etal. Adjunctive
varenicline treatment with antipsychotic medications for cog-
nitive impairments in people with schizophrenia: a randomized
double-blind placebo-controlled trial. Neuropsychopharmacology.
2012;37(3):660-8. https://doi.org/10.1038/npp.2011.238
Callahan PM, Bertrand D, Bertrand S, Plagenhoef MR, Terry AV.
Tropisetron sensitizes o7 containing nicotinic receptors to low
levels of acetylcholine in vitro and improves memory-related task
performance in young and aged animals. Neuropharmacology.
2017;117:422-33. https://doi.org/10.1016/j.neuro
pharm.2017.02.025

Shiina A, Shirayama Y, Niitsu T, Hashimoto T, Yoshida T, Hasegawa
T, et al. A randomised, double-blind, placebo-controlled trial of
tropisetron in patients with schizophrenia. Ann Gen Psychiatry.
2010;9:27. https://doi.org/10.1186/1744-859X-9-27 (Adler LE,
Cawthra EM, Donovan KA, Harris JG, Nagamoto HT, Olincy A,
et al. Improved P50 auditory gating with ondansetron in medicated
schizophrenia patients. Am J Psychiatry. 2005;162:386-388.).

Xia L, Liu L, Hong X, Wang D, Wei G, Wang J, et al. One-day
tropisetron treatment improves cognitive deficits and P50 in-
hibition deficits in schizophrenia. Neuropsychopharmacology.
2020;45(8):1362-8. https://doi.org/10.1038/s41386-020-0685-0
Prickaerts J, van Goethem NP, Chesworth R, Shapiro G, Boess FG,
Methfessel C, et al. EVP-6124, a novel and selective o7 nicotinic
acetylcholine receptor partial agonist, improves memory perfor-
mance by potentiating the acetylcholine response of a7 nicotinic
acetylcholine receptors. Neuropharmacology. 2012;62(2):1099-
110. https://doi.org/10.1016/j.neuropharm.2011.10.024

Keefe RS, Meltzer HA, Dgetluck N, Gawryl M, Koenig G, Moebius
HJ, et al. Randomized, double-blind, placebo-controlled study
of encenicline, an alpha7 nicotinic acetylcholine receptor ago-
nist, as a treatment for cognitive impairment in schizophrenia.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

REPORTS

Wi LEYH

Neuropsychopharmacology. 2015;40(13):3053-60. https://doi.
org/10.1038/npp.2015.176

Foley KF. Mechanism of action and therapeutic uses of psycho-
stimulants. Am Soc Clin Lab Sci. 2005;18(2):107-13.

Solmi M, Fornaro M, Toyoshima K, Carvalho AF, Kohler CA,
Veronese N, et al. Systematic review and exploratory meta-
analysis of the efficacy, safety, and biological effects of psycho-
stimulants and atomoxetine in patients with schizophrenia or
schizoaffective disorder. CNS Spectr. 2019;24(5):479-95. https://
doi.org/10.1017/51092852918001050

McCutcheon RA, Krystal JH, Howes OD. Dopamine and glu-
tamate in schizophrenia: biology, symptoms and treatment.
World Psychiatry. 2020;19(1):15-33. https://doi.org/10.1002/
wps.20693

Merritt K, McGuire P, Egerton A. Relationship between gluta-
mate dysfunction and symptoms and cognitive function in psy-
chosis. Front Psychiatry. 2013;4:151. https://doi.org/10.3389/
fpsyt.2013.00151

Johnson J, Kotermanski S. Mechanism of action of memantine.
Curr Opin Pharmacol. 2006;6(1):61-7. https://doi.org/10.1016/j.
coph.2005.09.007

Veerman SRT, Schulte PFJ, Deijen JB, de Haan L. Adjunctive me-
mantine in clozapine-treated refractory schizophrenia: an open-
label 1-year extension study. Psychol Med. 2017;47(2):363-75.
https://doi.org/10.1017/50033291716002476

Schaefer M, Sarkar S, Theophil I, Leopold K, Heinz A, Gallinat J.
Acute and long-term memantine add-on treatment to risperidone
improves cognitive dysfunction in patients with acute and chronic
schizophrenia. Pharmacopsychiatry. 2020;53(1):21-9. https://doi.
org/10.1055/a-0970-9310

Veerman SRT, Schulte PFJ, Smith JD, de Haan L. Memantine
augmentation in clozapine-refractory schizophrenia: a random-
ized, double-blind, placebo-controlled crossover study. Psychol
Med. 2016;46(9):1909-21. https://doi.org/10.1017/S003329171
6000398

Hassanpour F, Zarghami M, Mouodi S, Moosazadeh M, Barzegar F,
Bagheri M, et al. Adjunctive memantine treatment of schizophre-
nia: a double-blind, randomized placebo-controlled study. J Clin
Psychopharmacol. 2019;39(6):634-8. https://doi.org/10.1097/
JCP.0000000000001115

Kishi T, Ikuta T, Oya K, Matsunaga S, Matsuda Y, Iwata N. Anti-
dementia drugs for psychopathology and cognitive impair-
ment in schizophrenia: a systematic review and meta-analysis.
Int J Neuropsychopharmacol. 2018;21(8):748-57. https://doi.
org/10.1093/ijnp/pyy045

Sershen H, Hashim A, Dunlop DS, Suckow RF, Cooper TB, Javitt
DC. Modulating NMDA receptor function with d-amino acid ox-
idase inhibitors: understanding functional activity in PCP-treated
mouse model. Neurochem Res. 2016;41(1-2):398-408. https://
doi.org/10.1007/s11064-016-1838-8

Lane HY, Lin CH, Green MF, Hellemann G, Huang CC, Chen PW,
et al. Add-on treatment of benzoate for schizophrenia. JAMA
Psychiatry. 2013;70(12):1267. https://doi.org/10.1001/jamap
sychiatry.2013.2159

Lin CY, Liang SY, Chang YC, Ting SY, Kao CL, Wu YH, et al.
Adjunctive sarcosine plus benzoate improved cognitive function
in chronic schizophrenia patients with constant clinical symptoms:
a randomised, double-blind, placebo-controlled trial. World J Biol
Psychiatry. 2017;18(5):357-68. https://doi.org/10.3109/15622
975.2015.1117654

Seetharam JC, Maiti R, Mishra A, Mishra BR. Efficacy and safety
of add-on sodium benzoate, a D-amino acid oxidase inhibitor, in
treatment of schizophrenia: a systematic review and meta-analysis.
Asian J Psychiatr. 2022;68:102947. https://doi.org/10.1016/j.
ajp.2021.102947



https://doi.org/10.1016/S0301-0082(99)00045-3
https://doi.org/10.1016/S0301-0082(99)00045-3
https://doi.org/10.2174/138945012800398937
https://doi.org/10.2174/138945012800398937
https://doi.org/10.1016/j.biopsych.2013.03.017
https://doi.org/10.1016/j.biopsych.2013.03.017
https://doi.org/10.1016/j.psychres.2019.112498
https://doi.org/10.1080/03007995.2020.1729708
https://doi.org/10.1080/03007995.2020.1729708
https://doi.org/10.1007/s00213-019-05396-9
https://doi.org/10.1038/npp.2017.266
https://doi.org/10.1371/journal.pone.0143490
https://doi.org/10.1371/journal.pone.0143490
https://doi.org/10.1038/npp.2011.238
https://doi.org/10.1016/j.neuropharm.2017.02.025
https://doi.org/10.1016/j.neuropharm.2017.02.025
https://doi.org/10.1186/1744-859X-9-27
https://doi.org/10.1038/s41386-020-0685-0
https://doi.org/10.1016/j.neuropharm.2011.10.024
https://doi.org/10.1038/npp.2015.176
https://doi.org/10.1038/npp.2015.176
https://doi.org/10.1017/S1092852918001050
https://doi.org/10.1017/S1092852918001050
https://doi.org/10.1002/wps.20693
https://doi.org/10.1002/wps.20693
https://doi.org/10.3389/fpsyt.2013.00151
https://doi.org/10.3389/fpsyt.2013.00151
https://doi.org/10.1016/j.coph.2005.09.007
https://doi.org/10.1016/j.coph.2005.09.007
https://doi.org/10.1017/S0033291716002476
https://doi.org/10.1055/a-0970-9310
https://doi.org/10.1055/a-0970-9310
https://doi.org/10.1017/S0033291716000398
https://doi.org/10.1017/S0033291716000398
https://doi.org/10.1097/JCP.0000000000001115
https://doi.org/10.1097/JCP.0000000000001115
https://doi.org/10.1093/ijnp/pyy045
https://doi.org/10.1093/ijnp/pyy045
https://doi.org/10.1007/s11064-016-1838-8
https://doi.org/10.1007/s11064-016-1838-8
https://doi.org/10.1001/jamapsychiatry.2013.2159
https://doi.org/10.1001/jamapsychiatry.2013.2159
https://doi.org/10.3109/15622975.2015.1117654
https://doi.org/10.3109/15622975.2015.1117654
https://doi.org/10.1016/j.ajp.2021.102947
https://doi.org/10.1016/j.ajp.2021.102947

14 Wl LEY— NEUROPSYCHOPHARMACOLOGY

35.

36.

37.

38.

39.
40.

41.

42.
43.

44,

45.

46.
47.
48.

49.

ARSENAULT-MEHTA €T AL.

REPORTS

Schade S, Paulus W. D-Cycloserine in neuropsychiatric dis-
eases: a systematic review. Int J Neuropsychopharmacol.
2016;19(4):pyv102. https://doi.org/10.1093/ijnp/pyv102
Takiguchi K, Uezato A, Itasaka M, Atsuta H, Narushima K,
Yamamoto N, et al. Association of schizophrenia onset age and
white matter integrity with treatment effect of D-cycloserine: a
randomized placebo-controlled double-blind crossover study.
BMC Psychiatry. 2017;17(1):249. https://doi.org/10.1186/s1288
8-017-1410-3

Borodovitsyna O, Flamini M, Chandler D. Noradrenergic modula-
tion of cognition in health and disease. Neural Plast. 2017;2017:1-
14. https://doi.org/10.1155/2017/6031478

McClure MM, Graff F, Triebwasser J, Perez-Rodriguez M, Rosell
DR, Koenigsberg H, et al. Guanfacine augmentation of a com-
bined intervention of computerized cognitive remediation therapy
and social skills training for schizotypal personality disorder. Am
J Psychiatry. 2019;176(4):307-14. https://doi.org/10.1176/appi.
ajp.2018.18030349

Mohammadi N, Noroozian M, Karamghadiri N, Akhondzadeh
S. 5-HT3 antagonist for cognition improvement in schizophre-
nia: a double blind, placebo-controlled trial. Basic Clin Neurosci.
2010;1(2):10-4.

Zheng W, Cai DB, Zhang QE, He J, Zhong LY, Sim K, et al.
Adjunctive ondansetron for schizophrenia: a systematic review
and meta-analysis of randomized controlled trials. J Psychiatr Res.
2019;113:27-33. https://doi.org/10.1016/j.jpsychires.2019.02.024
Stahl SM. Stahl's essential psychopharmacology. 5th ed.
Cambridge, UK: Cambridge University Press; 2021. https://doi.
org/10.1017/9781108975292

Haji Seyed Javadi A, Shafikhani AA, Zamir SM, Khanshir ZF.
Evaluation of the effect of fluvoxamine in patients with schizo-
phrenia under risperidone treatment. J Clin Psychopharmacol.
2018;38(2):119-24.  https://doi.org/10.1097/JCP.0000000000
000850

Niitsu T, Fujisaki M, Shiina A, Yoshida T, Hasegawa T, Kanahara N,
et al. A randomized, double-blind, placebo-controlled trial of flu-
voxamine in patients with schizophrenia: a preliminary study. J Clin
Psychopharmacol. 2012;32(5):593-601. https://doi.org/10.1097/
JCP.0b013e3182664cfc

Bruno A, Zoccali RA, Troili GM, Scala L, Pandolfo G, Cedro C, et al.
Vortioxetine on cognition in schizophrenia: a pilot study. J Clin
Psychopharmacol. 2020;40(4):381-5. https://doi.org/10.1097/
JCP.0000000000001242

Jann MW. Buspirone: an update on a unique anxiolytic agent.
Pharmacother J Hum Pharmacol Drug Ther. 1988;8(2):100-16.
https://doi.org/10.1002/j.1875-9114.1988.tb03543.x
WangY, Yang X, Song X, Zhao L, WeiJ,Wang J, et al. Co-treatment
of buspirone with atypical antipsychotic drugs (AAPDs) im-
proved neurocognitive function in chronic schizophrenia.
Schizophr Res. 2019;209:135-40. https://doi.org/10.1016/j.
schres.2019.05.006

Yamada R, Wada A, Stickley A, Yokoi Y, Sumiyoshi T. Effect of 5-
HT1A receptor partial agonists of the azapirone class as an add-on
therapy on psychopathology and cognition in schizophrenia: a sys-
tematic review and meta-analysis. Int J Neuropsychopharmacol.
2023;26(4):249-58. https://doi.org/10.1093/ijnp/pyad004
Dawes SE, Palmer BW, Meeks T, Golshan S, Kasckow J, Mohamed
S, et al. Does antidepressant treatment improve cognition in
older people with schizophrenia or schizoaffective disorder
and comorbid subsyndromal depression? Neuropsychobiology.
2012;65(3):168-72. https://doi.org/10.1159/000331141
Morozova M, Burminskiy D, Rupchev G, Lepilkina T, Potanin S,
Beniashvili A, et al. 5-HTé receptor antagonist as an adjunct treat-
ment targeting residual symptoms in patients with schizophrenia:
unexpected sex-related effects (double-blind placebo-controlled

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

trial). J Clin Psychopharmacol. 2017;37(2):169-75. https://doi.
org/10.1097/JCP.0000000000000673

Vernon JA, Grudnikoff E, Seidman AJ, Frazier TW, Vemulapalli
MS, Pareek P, et al. Antidepressants for cognitive impairment
in schizophrenia - a systematic review and meta-analysis.
Schizophr Res. 2014;159(2-3):385-94. https://doi.org/10.1016/j.
schres.2014.08.015

Scoriels L, Barnett JH, Soma PK, Sahakian BJ, Jones PB. Effects
of modafinil on cognitive functions in first episode psychosis.
Psychopharmacology (Berl). 2012;220(2):249-58. https://doi.
org/10.1007/s00213-011-2472-4

Lees J, Michalopoulou PG, Lewis SW, Preston S, Bamford C, Collier
T, et al. Modafinil and cognitive enhancement in schizophrenia and
healthy volunteers: the effects of test battery in a randomised
controlled trial. Psychol Med. 2017;47(13):2358-68. https://doi.
org/10.1017/50033291717000885

Michalopoulou PG, Lewis SW, Drake RJ, Reichenberg A, Emsley R,
Kalpakidou AK, et al. Modafinil combined with cognitive training:
pharmacological augmentation of cognitive training in schizophre-
nia. Eur Neuropsychopharmacol. 2015;25(8):1178-89. https://doi.
org/10.1016/j.euroneuro.2015.03.009

Kane JM, D'Souza DC, Patkar AA, Youakim JM, Tiller JM, Yang R,
et al. Armodafinil as adjunctive therapy in adults with cognitive
deficits associated with schizophrenia: a 4-week, double-blind,
placebo-controlled study. J Clin Psychiatry. 2010;71(11):1475-81.
https://doi.org/10.4088/JCP.09m05950gry

Razay G, Wilcock GK. Galantamine in Alzheimer's disease. Expert
Rev Neurother. 2008;8(1):9-17. https://doi.org/10.1586/14737
175.8.1.9

Lindenmayer J-P, Khan A. Galantamine augmentation of long-
acting injectable risperidone for cognitive impairments in chronic
schizophrenia. Schizophr Res. 2011;125(2-3):267-77. https://doi.
org/10.1016/j.schres.2010.08.021

Koola MM, Buchanan RW, Pillai A, Aitchison KJ, Weinberger DR,
Aaronson ST, et al. Potential role of the combination of galan-
tamine and memantine to improve cognition in schizophrenia.
Schizophr Res. 2014;157(1-3):84-9. https://doi.org/10.1016/j.
schres.2014.04.037

Zhu W, Zhang Z, Qi J, Liu F, Chen J, Zhao J, et al. Adjunctive treat-
ment for cognitive impairment in patients with chronic schizophre-
nia: a double-blind, placebo-controlled study. Neuropsychiatr Dis
Treat. 2014;10:1317-23 (Schizophrenia & Psychotic States [3213]
Addington, D., Addington, J., Maticka-Tyndale, E. (1993). Assessing
depression in schizophrenia: the Calgary Depression Scale. Br
J Psychiatry Suppl. 1993;22:39-44.1994-23949-001Amenta, F.,
Tayebati, S. K. (2008)).

Buchanan RW, Weiner E, Kelly DL, Gold JM, Chen S, Zaranski J,
et al. Anti-inflammatory combination therapy for the treatment
of schizophrenia. J Clin Psychopharmacol. 2020;40(5):444-50.
https://doi.org/10.1097/JCP.0000000000001253

Liu F, Guo X, Wu R, Ou J, Zheng Y, Zhang B, et al. Minocycline
supplementation for treatment of negative symptoms in early-
phase schizophrenia: a double blind, randomized, controlled trial.
Schizophr Res. 2014;153(1-3):169-76. https://doi.org/10.1016/j.
schres.2014.01.011

Levkovitz Y, Mendlovich S, Riwkes S, Braw Y, Levkovitch-Verbin H,
Gal G, et al. A double-blind, randomized study of minocycline for
the treatment of negative and cognitive symptoms in early-phase
schizophrenia. J Clin Psychiatry. 2010;71(2):138-49. https://doi.
org/10.4088/JCP.08mO04666yel

Kreinin A, Bawakny N, Ritsner MS. Adjunctive pregnenolone
ameliorates the cognitive deficits in recent-onset schizophrenia:
an 8-week, randomized, double-blind, placebo-controlled trial.
Clin Schizophr Relat Psychoses. 2017;10(4):201-10. https://doi.
org/10.3371/CSRP.KRBA.013114


https://doi.org/10.1093/ijnp/pyv102
https://doi.org/10.1186/s12888-017-1410-3
https://doi.org/10.1186/s12888-017-1410-3
https://doi.org/10.1155/2017/6031478
https://doi.org/10.1176/appi.ajp.2018.18030349
https://doi.org/10.1176/appi.ajp.2018.18030349
https://doi.org/10.1016/j.jpsychires.2019.02.024
https://doi.org/10.1017/9781108975292
https://doi.org/10.1017/9781108975292
https://doi.org/10.1097/JCP.0000000000000850
https://doi.org/10.1097/JCP.0000000000000850
https://doi.org/10.1097/JCP.0b013e3182664cfc
https://doi.org/10.1097/JCP.0b013e3182664cfc
https://doi.org/10.1097/JCP.0000000000001242
https://doi.org/10.1097/JCP.0000000000001242
https://doi.org/10.1002/j.1875-9114.1988.tb03543.x
https://doi.org/10.1016/j.schres.2019.05.006
https://doi.org/10.1016/j.schres.2019.05.006
https://doi.org/10.1093/ijnp/pyad004
https://doi.org/10.1159/000331141
https://doi.org/10.1097/JCP.0000000000000673
https://doi.org/10.1097/JCP.0000000000000673
https://doi.org/10.1016/j.schres.2014.08.015
https://doi.org/10.1016/j.schres.2014.08.015
https://doi.org/10.1007/s00213-011-2472-4
https://doi.org/10.1007/s00213-011-2472-4
https://doi.org/10.1017/S0033291717000885
https://doi.org/10.1017/S0033291717000885
https://doi.org/10.1016/j.euroneuro.2015.03.009
https://doi.org/10.1016/j.euroneuro.2015.03.009
https://doi.org/10.4088/JCP.09m05950gry
https://doi.org/10.1586/14737175.8.1.9
https://doi.org/10.1586/14737175.8.1.9
https://doi.org/10.1016/j.schres.2010.08.021
https://doi.org/10.1016/j.schres.2010.08.021
https://doi.org/10.1016/j.schres.2014.04.037
https://doi.org/10.1016/j.schres.2014.04.037
https://doi.org/10.1097/JCP.0000000000001253
https://doi.org/10.1016/j.schres.2014.01.011
https://doi.org/10.1016/j.schres.2014.01.011
https://doi.org/10.4088/JCP.08m04666yel
https://doi.org/10.4088/JCP.08m04666yel
https://doi.org/10.3371/CSRP.KRBA.013114
https://doi.org/10.3371/CSRP.KRBA.013114

ARSENAULT-MEHTA ET AL.

NLUROPSYCHOPHARMACOLOGY

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Zhang L, Zheng H, Wu R, Kosten TR, Zhang X-Y, Zhao J. The ef-
fect of minocycline on amelioration of cognitive deficits and
pro-inflammatory cytokines levels in patients with schizophre-
nia. Schizophr Res. 2019;212:92-8. https://doi.org/10.1016/j.
schres.2019.08.005 (Ahmed AO, Richardson J, Buckner A,
Lindenmayer JP, Romanoff S, Feder M, et al. Do cognitive defi-
cits predict negative emotionality and aggression in schizophren.
Psychiatry Res. 2018;259:350-357.).

Girgis RR, Ciarleglio A, Choo T, Haynes G, Bathon JM, Cremers
S, et al. A randomized, double-blind, placebo-controlled clinical
trial of tocilizumab, an interleukin-6 receptor antibody, for re-
sidual symptoms in schizophrenia. Neuropsychopharmacology.
2018;43(6):1317-23. https://doi.org/10.1038/npp.2017.258
Miller BJ, Dias JK, Lemos HP, Buckley PF. An open-label, pilot
trial of adjunctive tocilizumab in schizophrenia. J Clin Psychiatry.
2016;77(2):13353. https://doi.org/10.4088/JCP.15L09920
Shirayama Y, Konishi T, Hashimoto K. Effects of add-on cilostazol
on cognition in patients with schizophrenia: an open-label pilot
trial. J Clin Psychopharmacol. 2011;31(5):659-61. https://doi.
org/10.1097/JCP.0b013e31822c94fd

de Boer J, Prikken M, Lei WU, Begemann M, Sommer |. The effect
of raloxifene augmentation in men and women with a schizophre-
nia spectrum disorder: a systematic review and meta-analysis.
NPJ  Schizophr. 2018;4(1):1. https://doi.org/10.1038/s4153
7-017-0043-3

Huerta-Ramos E, Iniesta R, Ochoa S, Cobo J, Miquel E, Roca
M, et al. Effects of raloxifene on cognition in postmenopausal
women with schizophrenia: a double-blind, randomized, placebo-
controlled trial. Eur Neuropsychopharmacol. 2014;24(2):223-31.
https://doi.org/10.1016/j.euroneuro.2013.11.012

Huerta-Ramos E, Labad J, Cobo J, Nufiez C, Creus M, Garcia-Parés
G, et al. Effects of raloxifene on cognition in postmenopausal
women with schizophrenia: a 24-week double-blind, random-
ized, parallel, placebo-controlled trial. Eur Arch Psychiatry Clin
Neurosci. 2020;270(6):729-37. https://doi.org/10.1007/s00406-
019-01079-w

Weiser M, Levi L, Burshtein S, Hagin M, Matei VP, Podea D, et al.
Raloxifene plus antipsychotics versus placebo plus antipsychot-
ics in severely ill decompensated postmenopausal women with
schizophrenia or schizoaffective disorder: a randomized controlled
trial. J Clin Psychiatry. 2017;78(7):16597. https://doi.org/10.4088/
JCP.15M10498

Kulkarni J, Gavrilidis E, Gwini SM, Worsley R, Grigg J, Warren A,
et al. Effect of adjunctive raloxifene therapy on severity of refrac-
tory schizophrenia in women a randomized clinical trial. JAMA
Psychiatry. 2016;73:947-54. https://doi.org/10.1001/jamapsychi
atry.2016.1383

de Boer J, Prikken M, Lei WU, Begemann M, Sommer |. The effect
of raloxifene augmentation in men and women with a schizophre-
nia spectrum disorder: a systematic review and meta-analysis.
NPJ  Schizophr. 2018;4(1):1. https://doi.org/10.1038/s4153
7-017-0043-3

Pedersen CA, Rau S, Salimi K, Penn D. Intranasal oxytocin reduces
psychotic symptoms and improves theory of mind and social per-
ception in schizophrenia. Biol Psychiatry. 2011;67(9 Suppl. 1):205-
21S. https://doi.org/10.1016/j.biopsych.2010.03.007

Davis MC, Lee J, Horan WP, Clarke AD, McGee MR, Green MF,
et al. Effects of single dose intranasal oxytocin on social cognition
in schizophrenia. Schizophr Res. 2013;147(2-3):393-7. https://doi.
org/10.1016/).SCHRES.2013.04.023

Davis MC, Green MF, Lee J, Horan WP, Senturk D, Clarke AD, et al.
Oxytocin-augmented social cognitive skills training in schizophre-
nia. Neuropsychopharmacology. 2014;39:2070-7. https://doi.
org/10.1038/npp.2014.68

Woolley JD, Chuang B, Lam O, Lai W, O'Donovan A, Rankin KP,
et al. Oxytocin administration enhances controlled social cognition

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

REPORTS

in patients with
2014;47:116-25.
uen.2014.04.024
Buchanan RW, Kelly DL, Weiner E, Gold JM, Strauss GP, Koola
MM, et al. A randomized clinical trial of oxytocin or galantamine
for the treatment of negative symptoms and cognitive impair-
ments in people with schizophrenia. J Clin Psychopharmacol.
2017;37(4):394-400. https://doi.org/10.1097/JCP.0000000000
000720

Feifel D, Macdonald K, Cobb P, Minassian A. Adjunctive intranasal
oxytocin improves verbal memory in people with schizophrenia.
Schizophr Res. 2012;139(1-3):207-10. https://doi.org/10.1016/j.
schres.2012.05.018

Michalopoulou PG, Averbeck BB, Kalpakidou AK, Evans S, Bobin
T, Kapur S, et al. The effects of a single dose of oxytocin on work-
ing memory in schizophrenia. Schizophr Res. 2015;162(1-3):62-3.
https://doi.org/10.1016/J.SCHRES.2014.12.029
YiZ,FanX,WangJ,LiuD, Freudenreich O,Goff D, etal. Rosiglitazone
and cognitive function in clozapine-treated patients with schizo-
phrenia: a pilot study. Psychiatry Res. 2012;200(2-3):79-82.
https://doi.org/10.1016/j.psychres.2012.05.020

Englisch S, Jung HS, Eisenacher S, Lewien A, Becker A, Nowak U,
et al. Neurocognitive effects of agomelatine treatment in schizo-
phrenia patients suffering from comorbid depression. J Clin
Psychopharmacol. 2018;38(4):357-61. https://doi.org/10.1097/
JCP.0000000000000909

Fan X, LiuE, Freudenreich O, Copeland P, Hayden D, Ghebremichael
M, et al. No effect of adjunctive, repeated-dose intranasal insu-
lin treatment on psychopathology and cognition in patients with
schizophrenia. J Clin Psychopharmacol. 2013;33(2):226-30.
https://doi.org/10.1097/JCP.0B013E31828701D0

Ishgy PL, Fagerlund B, Broberg BV, Bak N, Knop FK, Glenthgj BY,
et al. No cognitive-enhancing effect of GLP-1 receptor agonism
in antipsychotic-treated, obese patients with schizophrenia. Acta
Psychiatr Scand. 2017;136(1):52-62. https://doi.org/10.1111/
acps.12711

Upthegrove R, Khandaker GM. Cytokines, oxidative stress and cel-
lular markers of inflammation in schizophrenia. Neuroinflammation
and schizophrenia. Volume 44. Cham, UK: Springer; 2019. p. 49-
66. https://doi.org/10.1007/7854_2018_88

Meyer U, Schwarz MJ, Miiller N. Inflammatory processes in schizo-
phrenia: a promising neuroimmunological target for the treat-
ment of negative/cognitive symptoms and beyond. Pharmacol
Ther. 2011;132(1):96-110. https://doi.org/10.1016/j.pharm
thera.2011.06.003

Kumar A, Dogra S, Prakash A. Protective effect of naringin, a citrus
flavonoid, against colchicine-induced cognitive dysfunction and
oxidative damage in rats. J Med Food. 2010;13(4):976-84. https://
doi.org/10.1089/jmf.2009.1251

Wang D, Liu L, Zhu X, Wu W, Wang Y. Hesperidin alleviates
cognitive impairment, mitochondrial dysfunction and oxida-
tive stress in a mouse model of Alzheimer's disease. Cell Mol
Neurobiol. 2014;34(8):1209-21. https://doi.org/10.1007/s1057
1-014-0098-x

Bruno A, Pandolfo G, Crucitti M, Cedro C, Zoccali RA, Muscatello
MRA. Bergamot polyphenolic fraction supplementation im-
proves cognitive functioning in schizophrenia: data from
an 8-week, open-label pilot study. J Clin Psychopharmacol.
2017;37(4):468-71. https://doi.org/10.1097/JCP.0000000000
000730

Dyall SC. Long-chain omega-3 fatty acids and the brain: a re-
view of the independent and shared effects of EPA, DPA and
DHA. Front Aging Neurosci. 2015;7:52. https://doi.org/10.3389/
fnagi.2015.00052

Tang W, Wang Y, Xu F, Fan W, Zhang Y, Fan K, et al. Omega-3 fatty
acids ameliorate cognitive dysfunction in schizophrenia patients

schizophrenia. Psychoneuroendocrinology.
https://doi.org/10.1016/j.psyne


https://doi.org/10.1016/j.schres.2019.08.005
https://doi.org/10.1016/j.schres.2019.08.005
https://doi.org/10.1038/npp.2017.258
https://doi.org/10.4088/JCP.15L09920
https://doi.org/10.1097/JCP.0b013e31822c94fd
https://doi.org/10.1097/JCP.0b013e31822c94fd
https://doi.org/10.1038/s41537-017-0043-3
https://doi.org/10.1038/s41537-017-0043-3
https://doi.org/10.1016/j.euroneuro.2013.11.012
https://doi.org/10.1007/s00406-019-01079-w
https://doi.org/10.1007/s00406-019-01079-w
https://doi.org/10.4088/JCP.15M10498
https://doi.org/10.4088/JCP.15M10498
https://doi.org/10.1001/jamapsychiatry.2016.1383
https://doi.org/10.1001/jamapsychiatry.2016.1383
https://doi.org/10.1038/s41537-017-0043-3
https://doi.org/10.1038/s41537-017-0043-3
https://doi.org/10.1016/j.biopsych.2010.03.007
https://doi.org/10.1016/J.SCHRES.2013.04.023
https://doi.org/10.1016/J.SCHRES.2013.04.023
https://doi.org/10.1038/npp.2014.68
https://doi.org/10.1038/npp.2014.68
https://doi.org/10.1016/j.psyneuen.2014.04.024
https://doi.org/10.1016/j.psyneuen.2014.04.024
https://doi.org/10.1097/JCP.0000000000000720
https://doi.org/10.1097/JCP.0000000000000720
https://doi.org/10.1016/j.schres.2012.05.018
https://doi.org/10.1016/j.schres.2012.05.018
https://doi.org/10.1016/J.SCHRES.2014.12.029
https://doi.org/10.1016/j.psychres.2012.05.020
https://doi.org/10.1097/JCP.0000000000000909
https://doi.org/10.1097/JCP.0000000000000909
https://doi.org/10.1097/JCP.0B013E31828701D0
https://doi.org/10.1111/acps.12711
https://doi.org/10.1111/acps.12711
https://doi.org/10.1007/7854_2018_88
https://doi.org/10.1016/j.pharmthera.2011.06.003
https://doi.org/10.1016/j.pharmthera.2011.06.003
https://doi.org/10.1089/jmf.2009.1251
https://doi.org/10.1089/jmf.2009.1251
https://doi.org/10.1007/s10571-014-0098-x
https://doi.org/10.1007/s10571-014-0098-x
https://doi.org/10.1097/JCP.0000000000000730
https://doi.org/10.1097/JCP.0000000000000730
https://doi.org/10.3389/fnagi.2015.00052
https://doi.org/10.3389/fnagi.2015.00052

16 Wl LEY— NEUROPSYCHOPHARMACOLOGY

91.
92.

93.

94.
95.
96.
97.

98.

99.

100.

ARSENAULT-MEHTA €T AL.

REPORTS

with metabolic syndrome. Brain Behav Immun. 2020;88:529-34.
https://doi.org/10.1016/j.bbi.2020.04.034

Sepehrmanesh Z, Heidary M, Akasheh N, Akbari H, Heidary M.
Therapeutic effect of adjunctive N-acetyl cysteine (NAC) on symp-
toms of chronic schizophrenia: a double-blind, randomized clinical
trial. Prog Neuropsychopharmacol Biol Psychiatry. 2018;82:289-
96. https://doi.org/10.1016/j.pnpbp.2017.11.001

Chiu SS, Woodbury-Farina M, Terpstra K, Badmaev V, Cernovsky
Z, Bureau Y, et al. Translating curry extract to novel therapeu-
tic approach in schizophrenia: the emerging role of epigenetics
signaling. Planta Med Int Open. 2018;5:DMO02. https://doi.
org/10.1055/s-0038-1644931

Wang X, Zhao J, Hu Y, Jiao Z, Lu Y, Ding M, et al. Sodium ni-
troprusside treatment for psychotic symptoms and cognitive
deficits of schizophrenia: a randomized, double-blind, placebo-
controlled trial. Psychiatry Res. 2018;269:271-7. https://doi.
org/10.1016/j.psychres.2018.08.079 (Aoyama N, Theberge
J, Drost DJ, Manchanda R, Northcott S, Neufeld RW, et al.
Grey matter and social functioning correlates of glutamatergic
metabolite loss in schizophrenia. Br J Psychiatry. 2011;198(6):
448-456.).

Maia-de-Oliveira JP, Abrao J, Evora PR, Zuardi AW, Crippa JA,
Belmonte-de-Abreu P, et al. The effects of sodium nitroprus-
side treatment on cognitive deficits in schizophrenia. J Clin
Psychopharmacol. 2015;35(1):83-5. https://doi.org/10.1097/
JCP.0000000000000258

Peres FF, Lima AC, Hallak JEC, Crippa JA, Silva RH, Abilio VC.
Cannabidiol as a promising strategy to treat and prevent move-
ment disorders? Front Pharmacol. 2018;9:482. https://doi.
org/10.3389/fphar.2018.00482

Murphy M, Mills S, Winstone J, Leishman E, Wager-Miller J,
Bradshaw H, et al. Chronic adolescent A9-tetrahydrocannabinol
treatment of male mice leads to long-term cognitive and behav-
ioral dysfunction, which are prevented by concurrent cannabidiol
treatment. Cannabis Cannabinoid Res. 2017;2(1):235-46. https://
doi.org/10.1089/can.2017.0034

Boggs DL, Surti T, Gupta A, Gupta S, Niciu M, Pittman B, et al. The
effects of cannabidiol (CBD) on cognition and symptoms in outpa-
tients with chronic schizophrenia a randomized placebo controlled
trial. Psychopharmacology (Berl). 2018;235(7):1923-32. https://
doi.org/10.1007/s00213-018-4885-9

Hallak JEC, Machado-de-Sousa JP, Crippa JAS, Sanches RF,
Trzesniak C, Chaves C, et al. Performance of schizophrenic pa-
tients in the Stroop Color Word Test and electrodermal respon-
siveness after acute administration of cannabidiol (CBD). Rev
Bras Psiquiatr. 2010;32(1):56-61. https://doi.org/10.1590/51516
-44462010000100011

McGuire P, Robson P, Cubala WJ, Vasile D, Morrison PD,
Barron R, et al. Cannabidiol (CBD) as an adjunctive therapy in
schizophrenia: a multicenter randomized controlled trial. Am J
Psychiatry. 2018;175(3):225-31. https://doi.org/10.1176/appi.
ajp.2017.17030325

Kawamatawong T. Roles of roflumilast, a selective phosphodies-
terase 4 inhibitor, in airway diseases. J Thorac Dis. 2017;9(4):1144-
54. https://doi.org/10.21037/jtd.2017.03.116

101.

102.

103.

104.

105.

106.

107.

108.

109.

Livingston NR, Hawkins PC, Gilleen J, Ye R, Valdearenas L, Shergill
SS, et al. Preliminary evidence for the phosphodiesterase type-4
inhibitor, roflumilast, in ameliorating cognitive flexibility deficits in
patients with schizophrenia. J Psychopharmacol. 2021;35:1099-
110. https://doi.org/10.1177/02698811211000778

Gilleen J, Farah Y, Davison C, Kerins S, Valdearenas L, Uz T, et al.
An experimental medicine study of the phosphodiesterase-4 in-
hibitor, roflumilast, on working memory-related brain activity and
episodic memory in schizophrenia patients. Psychopharmacology
(Berl).  2021;238(5):1279-89.  https://doi.org/10.1007/s0021
3-018-5134-y

Shirts B, Prasad K, Poguegeile M, Dickerson F, Yolken R,
Nimgaonkar V. Antibodies to cytomegalovirus and herpes sim-
plex virus 1 associated with cognitive function in schizophrenia.
Schizophr Res. 2008;106(2-3):268-74. https://doi.org/10.1016/j.
schres.2008.07.017

Prasad KM, Eack SM, Keshavan MS, Yolken RH, Nimgaonkar VL.
Antiherpes virus-specific treatment and cognition in schizophre-
nia: a test-of-concept randomized double-blind placebo-controlled
trial. Schizophr Bull. 2013;39:857-66. https://doi.org/10.1093/
schbul/sbs040

Kane JM, Leucht S. Unanswered questions in schizophrenia clinical
trials. Schizophr Bull. 2007;34(2):302-9. https://doi.org/10.1093/
schbul/sbm143

Correll CU, Kishimoto T, Kane JM. Randomized controlled trials
in schizophrenia: opportunities, limitations, and trial design alter-
natives. Dialogues Clin Neurosci. 2011;13(2):155-72. https://doi.
org/10.31887/DCNS.2011.13.2/ccorrell

O'Carroll R. Cognitive impairment in schizophrenia. Adv Psychiatr
Treat. 2000;6(3):161-8. https://doi.org/10.1192/apt.6.3.161

Bora E, Yalincetin B, Akdede BB, Alptekin K. Duration of untreated
psychosis and neurocognition in first-episode psychosis: a meta-
analysis. Schizophr Res. 2018;193:3-10. https://doi.org/10.1016/j.
schres.2017.06.021

Sitskoorn MM, Aleman A, Ebisch SJH, Appels MCM, Kahn RS.
Cognitive deficits in relatives of patients with schizophrenia: a
meta-analysis. Schizophr Res. 2004;71(2-3):285-95. https://doi.
org/10.1016/j.schres.2004.03.007

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Arsenault-Mehta K, Hochman-

Bérard M, Johnson A, Semenova D, Nguyen B, Willis J, et al.

Pharmacological management of neurocognitive impairment

in schizophrenia: A narrative review. Neuropsychopharmacol
Rep. 2024;44:2-16. https://doi.org/10.1002/npr2.12382



https://doi.org/10.1016/j.bbi.2020.04.034
https://doi.org/10.1016/j.pnpbp.2017.11.001
https://doi.org/10.1055/s-0038-1644931
https://doi.org/10.1055/s-0038-1644931
https://doi.org/10.1016/j.psychres.2018.08.079
https://doi.org/10.1016/j.psychres.2018.08.079
https://doi.org/10.1097/JCP.0000000000000258
https://doi.org/10.1097/JCP.0000000000000258
https://doi.org/10.3389/fphar.2018.00482
https://doi.org/10.3389/fphar.2018.00482
https://doi.org/10.1089/can.2017.0034
https://doi.org/10.1089/can.2017.0034
https://doi.org/10.1007/s00213-018-4885-9
https://doi.org/10.1007/s00213-018-4885-9
https://doi.org/10.1590/S1516-44462010000100011
https://doi.org/10.1590/S1516-44462010000100011
https://doi.org/10.1176/appi.ajp.2017.17030325
https://doi.org/10.1176/appi.ajp.2017.17030325
https://doi.org/10.21037/jtd.2017.03.116
https://doi.org/10.1177/02698811211000778
https://doi.org/10.1007/s00213-018-5134-y
https://doi.org/10.1007/s00213-018-5134-y
https://doi.org/10.1016/j.schres.2008.07.017
https://doi.org/10.1016/j.schres.2008.07.017
https://doi.org/10.1093/schbul/sbs040
https://doi.org/10.1093/schbul/sbs040
https://doi.org/10.1093/schbul/sbm143
https://doi.org/10.1093/schbul/sbm143
https://doi.org/10.31887/DCNS.2011.13.2/ccorrell
https://doi.org/10.31887/DCNS.2011.13.2/ccorrell
https://doi.org/10.1192/apt.6.3.161
https://doi.org/10.1016/j.schres.2017.06.021
https://doi.org/10.1016/j.schres.2017.06.021
https://doi.org/10.1016/j.schres.2004.03.007
https://doi.org/10.1016/j.schres.2004.03.007
https://doi.org/10.1002/npr2.12382

	Pharmacological management of neurocognitive impairment in schizophrenia: A narrative review
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Search strategy
	2.2|Study selection
	2.3|Data extraction and outcome measures

	3|RESULTS
	3.1|Nicotinic agents (7 articles)
	3.1.1|Nicotine replacement (2 articles)
	3.1.2|Varenicline (3 articles)
	3.1.3|Tropisetron (2 articles)
	3.1.4|Encenicline (1 article)

	3.2|Dopaminergic agents
	3.3|Psychostimulants
	3.4|Glutamatergic medications (7 articles)
	3.4.1|Memantine (4 articles)
	3.4.2|Sodium benzoate (2 articles)
	3.4.3|D-­cycloserine (1 article)

	3.5|Noradrenergic medications
	3.5.1|Guanfacine (1 article)

	3.6|Serotonergic medications (8 articles)
	3.6.1|Ondansetron (2 articles)
	3.6.2|Fluvoxamine (2 articles)
	3.6.3|Vortioxetine (1 article)
	3.6.4|Buspirone (1 article)
	3.6.5|Citalopram (1 article)
	3.6.6|Avisetron

	3.7|Wakefulness promoting agents
	3.7.1|Modafinil/armodafinil (3 articles)

	3.8|Cholinergic/muscarinic agents
	3.8.1|Galantamine (2 articles) and donepezil (1 article)

	3.9|Anti-­inflammatory and related agents (8 articles)
	3.9.1|Minocycline (3 articles)
	3.9.2|Tocilizumab (2 articles)
	3.9.3|Pregnenolone (1 article)
	3.9.4|Cilostazol (1 article)
	3.9.5|Salsalate (1 article)

	3.10|Hormone-­modulating drugs
	3.10.1|Raloxifene (7 articles)
	3.10.2|Oxytocin (8 articles)

	3.11|Other agents (Insulin [1 article], exenatide—­GLP-­1 agonist [1 article], agomelatine [1 article], and rosiglitazone [1 article])
	3.12|Supplements
	3.12.1|Bergamot (1 article)
	3.12.2|Omega-­3 fatty acids (2 articles)
	3.12.3|N-­acetyl cysteine (NAC) (1 article)
	3.12.4|Other supplements

	3.13|Miscellaneous
	3.13.1|Sodium nitroprusside (SNP) (1 article)
	3.13.2|Cannabidiol (CBD) (1 article)
	3.13.3|Roflumilast (1 article)
	3.13.4|Valacyclovir (1 article)


	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


