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Augmentation of Antipsychotic Treatment with Memantine in
Patients with Schizophrenia: A Systematic Review and Meta-Analysis
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SUMMARY

Objective: Many patients with schizophrenia respond partially to treatment with antipsychotic medications. A wide range of pharmaceutical agents
are utilized as augmentation therapy in order to increase the efficacy of antipsychotic medication treatment. Memantine, a noncompetitive N-methyl-
D-aspartate (NMDA) receptor antagonist is one of these add-on agents. In this study we aimed to assess the efficacy of memantine augmentation by
conducting a systematic review and meta-analysis on the psychopathology of patients with schizophrenia receving antipsychotic medication.

Method: We analyzed the double-blind, randomized, placebo-controlled trials of memantine add-on treatment given to schizophrenia patients
receiving antipsychotic medications. The primary outcome measure was amelioration of negative symptoms and the secondary outcome measures
were amelioration of positive, total and general psycopathology symptoms. Publication bias was evaluated by the Funnel plot and Egger test.

Results: Eleven studies on a total of 570 cases were included. Although memantine add-on treatment was superior to placebo for ameliorating
negative symptoms (SMD=0.596, 95% CI=0.075-1.118, p=0.025), there were not any statistically significant differences in the amelioration of
general psycopathology (SMD=0.034, 95% CI=0.419-0.488, p=0.883), the positive (SMD=-0.041, 95% CI=0.217-0.135, p=0.650) and the overall
symptoms. (SMD=0.315, 95% CI=0.256-0.887, p=0.280). Publication bias was not observed between studies according to the results of the Funnel
plots and Egger tests.

Conclusion: Memantine augmentation treatment is beneficial for treating particularly the negative symptoms of schizophrenia patients. Further
studies on the subject with larger sample size and longer follow-up durations are needed.
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INTRODUCTION

of social and occupational functioning (Andreasen 2000,

Andreasen 1982).
Schizophrenia is a serious mental disorder affecting 1% of

the world’s population (Kirkpatrick et al. 2001) and is among Although antipsychotic drugs are the main components

the top ten medical reasons leading to disability (Bosia et al. of the effective treatment of schizophrenia, response to

2005). Discase-related treatment and indirect expenses cost
an annual economic burden of 50 billion US dollars (Mueser
ve McGurk 2004). In patients diagnosed with schizophrenia
the prominent observations consist of positive symptoms of
hallucinations and delusions, negative symptoms of speech
deprivation, loss of will, social withdrawal, blunting in affect
and symptoms of impaired cognition as well as deterioration

treatment may be limited, and high prevalence of residual
disease symptoms such as cognitive destruction and persistent
positive and negative symptoms may be observed among
patients (Stahl and Grady 2004).
effects of antipsychotics with dopamine receptor antagonism

Despite the beneficial

in schizophrenia, they have less efficacy on negative symptoms
and cognitive impairment (Miyamoto et al. 2012).
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In schizophrenia, brain regions such as the prefontal cortex,
hippocampus and thalamus are affected and the interactions
of a series of chemical neurotransmitters are implicated in
the pathogenesis of the disease (Sadock 2007). Although
the pathophysiological mechanisms of schizophrenia are not
completely known, development of the positive and negative
symptoms has been attributed to altered glutamatergic
signalization via the N-methyl D-aspartate (NMDA)
receptors (Bosia et al. 2015, John et al. 2014), which has been
supported by experimental studies showing that persistent
blockage of the NMDA receptors are associated with the
clinical pathological features of schizophrenia (Coyle 2012).
Reduction of NMDA receptor function leads to a reduction in
the stimulation of GABAergic neurons in the central nervous
system (Farber 2003). This results in neuronal death due to
excess secretion of glutamate in the synapse (Millan 2005). It
is thought that this NMDA receptor mediated neuron death
plays a role in the pathology of schizophrenia and that drugs
that block excess NMDA receptor-stimulated glutamatergic
activity may decrease this excitotoxic effect (Ikonomidou and
Turski 2002).

According to the glutamate hypothesis in schizophrenia,
impaired NMDA receptor activity may be the result of a
primary defect in the NMDA receptors (Silver et al. 2005,
Beneyto and Meador-Woodruff 2008). Memantine, an
NMDA receptor antagonist, has been approved by the US
Food and Drug Administration (FDA) for the treatment of
moderate to severe Alzheimer’s disease (Koch et al. 2005)
and has been used off-label in various psychiatric disorders,
including schizophrenia (Zdanys and Tampi 2008).
Memantine demonstrates its therapeutic effect as an NMDA
receptor antagonist by binding with low-to-medium affinity
to non-selective voltage-dependent NMDA receptor-efficient
calcium channels (Berman et al. 2012, KishiandIwata 2013).
Memantine is also capable of enhancing NMDA receptor
expression in the presence of a strong stimulus (Joshi et
al. 2007). Based on these effects, addition of memantine
to antipsychotic therapy of schizophrenia may ameliorate
cognitive impairment and negative symptoms (Di Iorio et al.
2017, Sani et al. 2012).

Pioneering studies on case series (Gama et al. 2005, John et
al. 2014) and an observational study (Krivoy et al. 2008) have
shown that memantine may have an augmenting effect on
the treatment of schizophrenia. The results shown in Table 1,
of published randomized controlled trials on the efficacy and
safety of adjunctive memantine therapy in schizophrenia do
not show consistency with each other (Lieberman et al. 2009,
de Lucena et al. 2009, Lee et al. 2012, Gu et al. 2012, Reazei
et al. 2013, Omranifard et al. 2015, 2017, Fakhri et al. 2016,
Veerman et al. 2016, Mazinani et al. 2017, Tavakoli-Ardakani
et al. 2018). Limited number of randomized controlled trials
with reduced statistical power have been included in these
meta-analyses, which reported improvements in negative

and general psychopathology symptoms (Singh and Singh
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2011), on cognitive symptoms ( Kishi and Iwata 2013), on
negative and total psychopathology symptoms (Matsuda et
al. 2013), only on negative symptoms (Kishi et al. 2017,
Siskind et al. 2018), on negative and cognitive symptoms
(Zheng et al. 2018, Kishi et al. 2018). A recent randomized
controlled trial (Tavakoli-Ardakani 2018) not included in
the previously published metaanalyses was included in the
present study with an attempt to re-evaluate in a current
context the effects of memantine augmentation therapy on
the clinical psychopathological symptoms of schizophrenia.
Since cognitive functions were not evaluated in this very
recent study by Tavakoli-Ardakani (2018), further evaluation
was not made on cognitive functions, considering that this
would not contribute to the analysis of cognitive functions
included in the current meta-analyses by Zheng et al. (2018)
and Kishi et al. (2018).

METHOD
Research Strategy and Inclusion Criteria

Two researchers independently scanned the Pubmed,
PsycINFO and Cochrane Library databases using the
key words memantine, schizophrenia, and augmentation
therapy without any languge constraints. The studies with
schizophrenia patients receiving memantine-augmented
antipsychotic treatment under double-blind, randomized,
placebo-controlled conditions for at least 2 weeks were
included in the analysis. The total number of patients in the
studies was 570 with 288 patients being in the memantine
group and 282 in the placebo group.

Data Synthesis and Result Measurements

The primary outcome criteria were based on the Negative
Symptoms subscale of the Positive and Negative Syndrome
Scale (PANSS), (Kay et al. 1987) and the Negative Symptoms
subscale of the Brief Psychiatric Rating Scale (BPRS) (Overall
and Gorham 1962), while the secondary outcome measure
was based on the Positive, Total and General Psychopathology
symptoms subscales of the PANSS and Positive and Total
Symptoms subscales of the BPRS.

Method of Meta-Analysis

Meta-analysis was conducted by using StataCorp 14.1
for Windows. Standardized mean difference (SMD) was
calculated for continuous outcomes when different rating
scales were used in different studies. The difference between
pre-treatment and post-treatment scores was used to indicate
the mean difference. The standard deviation (SD) was used
as a measure of variation for each study. When estimating the
pooled pre-treatment and post-treatment scores, if the trial
was of crossover type, the first evaluation was considered for
the meta-analysis.



Table 1. Double Blind, Placebo Controlled, Randomized Studies on Patients with Schizophrenia Whose Antipsychotic Medication Treatment is Augmented

with Memantine

Study Numbers of Patient Duration (week) Antipsychotics (%) Result
De Lucena et al. 22 Memantine 11 12 Clozapine (100%) Memantine>Placebo
2009 BPAS total, positive, negative,
Placebo 11 Clozapine (100%) CGIS and MMSE
Lieberman et al. 138 Memantine 70 8 Olanzapine (34.8%) Memantine=Placebo
2009 Risperidone (33.3%) PANSS total, positive, negative,
Aripiprazole (15.9%) general, CDSandCGIS
Ziprasidone (8.7%)
Quetiapine (7.2%)
Placebo 68 Olanzapine (37.3%)
Risperidone (31.3%)
Aripiprazole (10.4%)
Ziprasidone(11.9%)
Quetiapine (9%)
Lee etal. 2012 26 Memantine 15 12 First Generation Antipsychotics Memantine=Placebo
(100%) PANSS total, positive, negative,
First Generation Antipsychotics general, HDS, CGIS and
Placebo 11 (100%) MMST
Gu etal. 2012 64 Memantine 32 12 Clozapine (100%) Memantine>Placebo
PANSS total, negative, general
Placebo 32 Clozapine (100%) psychopathology
Rezaei et al. 2013 40 Memantine 20 8 Risperidone (100%) Memantine>Placebo
PANSS total, negative, general
Placebo 20 Risperidone (100%) psychopathology
Memantine=Placebo
PANSS positive, HDS
Omranifard et al. 64 Memantine 32 12 Olanzapine (33.3%) Memantine>Placebo
2015 Risperidone (50%) GAF and QLS
Aripiprazole (3.3%)
Clozapine (13.3%)
Placebo 32 Olanzapine (23.3%)
Risperidone (53.3%)
Aripiprazole (6.7%)
Clozapine (16.6%)
Fakhri et al. 2016 60 Memantine 30 6 Olanzapine (100%) Memantine>Placebo
PANSS positive and negative
Placebo 30 Olanzapine (100%)
Veerman et al. 52 Memantine 26 26 Clozapine (100%) Memantine>Placebo
2016 PANSS negative
Placebo 26 Clozapine (100%) Memantine=Placebo
PANSS total, positive, general
psychopathology, CGIS
Omranifard et al. 64 Memantine 32 12 Risperidone (50%) Memantine>Placebo
2017 Olanzapine (33.3%) PANSS positive, negative, total,
Clozapine (13.3%) general psychopathology and
Aripiprazole (3.3%) CDS
Placebo 32 Risperidone (53.3%)
Olanzapine (23.3%)
Clozapine (16.6%)
Aripiprazole (6.7%)
Mazinani et al. 46 Memantine 23 12 Risperidone (100%) Memantine>Placebo
2017 PANSS negative, MMST
Placebo 23 Risperidone (100%) Memantine=Placebo
PANSS positive, general
psychopathology
Tavakoli-Ardakani 58 Memantine 29 12 First Generation Antipsychotic Memantine>Placebo
etal. 2018 (44%) PANSS negative and general
Second Generation psychopathology
Antipsychotic (56%)
First Generation Antipsychotic
(43%)
Placebo 29 Second Generation

Antipsychotic (57%)

Abbreviations: > : Greater = : Equal, BPRS: Brief Psychiatric Rating Scale, CGIS: Clinical Global Impression Scale, MSE: Mini Mental State Examination, PANSS: Positive and
Negative Syndrom Scale, CDS: Calgary Depression Scale, HDS: Hamilton Depression Scale, GAF: Global Assessment of Functioning Scale, LS: Quality of Life Scale



A fixed effect model or a random effects model was used for
meta-analysis, depending on the heterogeneity of trials which
was evaluated using the Chi-square heterogeneity test and also
on the [*-statistics. A result of [>50%, was interpreted as the
indication of significant heterogeneity. The overall efficacy of
outcomes was estimated by dividing the effect size estimate by
the standard error of the effect size estimate. Publication bias
was determined by using the Funnel plot and the Egger test.
The Z values have two-tailed statistical significance and p
values less than 0.05 were accepted as statistically significant.

RESULTS

The titles and summaries of the 202 studies obtained from
the literature scan were examined and 38 studies were
determined to be suitable for the purposes of the study. After
identifying and deleting 26 repeated studies, full texts of the
remaining studies were obtained and 11 of these found to
meet the inclusion criteria, were selected. Two of these studies
were by the same authors evaluating different parameters of
the same study two years apart (Omranifard 2015, 2017).

Only clozapine was used for antipsychotic therapy in

three of the eleven studies only (Lucena et al. 2009, Gu et
al. 2012, Veerman et al. 2016), only risperidone was used in
two studies (Rezaei et al. 2013, Mazinani et al. 2017), only
olanzapine was used one study (Fakhri et al. 2016), different
first generation antipsychotics were used in one study (Lee et
al. 2012) and different second generation antipsychotics were
used in two studies (Omranifard 2015, 2017). In another
study first generation and non-clozapine second generation
antipsychotics were used in a 50:50 ratio on a group of
schizophrenia patients (Tavakoli-Ardakani 2018). In all
studies, the daily dose of memantine was 20 mg / day. One
of the studies (Lieberman et al. 2009) was sponsored by a
pharmaceutical company.

Meta-Analysis Results

Since significant heterogeneity was observed, random
effects meta-analysis model was used for total, negative
and general psycopathology scores. Fixed effect model was
used for negative scores. Memantine was found superior to
placebo for negative scores (SMD=0.596, 95% CI=0.075-
1.118, p=0.025). Memantine did not have significant effects
on general psycopathology (SMD= 0.034), the positive
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Figure 1. Metaanalysis Results in Terms of Positive, Negative, General Psychopathology and Overall Symptoms in Double Blind, Placebo Controlled, Randomized
Studies which are Conducted in Schizophrenia Patients whose Antipsychotic Treatment is Augmented with Memantine
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Figure 2. Funnel Plot Test Results in Terms of Positive, Negative, General Psychopathology and Overall Symptoms in Randomised, Double Blind, Placebo Con-
trolled Studies which are Conducted in Schizophrenia Patients whose Antipsychotic Treatment is Augmented with Memantine

symptom scores (SMD= -0.041) and total scores (SMD
=0.315). According to the funnel plot (Figure 2) and the
Egger test results (p values for the positive, negative, general
psychopathology and total scores were, respectively, 0.643,
0.163, 0.635 and 0.485), and study bias was not observed.

DISCUSSION

This work is an updated systematic review and meta-
analysis of the effects of adjunctive memantine therapy on
psychopathology in patients with schizophrenia who are on
antipsychotic medication and includes 11 reported studies.
In comparison, the meta-analyses by Kishi et al. (2017) and
Zheng et al. (2018), among the other most recently published
meta-studies, include 8 studies and differ in context. The meta-
analysis by Kishi et al. (2017) includes the results of Fakhri et
al. (2016) and that by Zheng et al. (2018) includes the results

of Guetal. (2012). Results of studies on the effects of not only
add-on memantine but also of add-on donepezil, galantamine
and rivastigmine on psychopathology, dementia and cognitive
impairment in schizophrenia were included in a very recent
systematic review and meta-analysis (Kishi et al. 2018), which
also updated the efficacy analysis of adjunctive memantine
therapy by adding the results of the psychopathology data of
Omranifard et al. (2017). There are only 3 studies evaluating
adjunctive memantine therapy in another recent systematic
review and metaanalysis on treatment-augmenting strategies
in patients with schizophrenia resistant to clozapine therapy
(Siskind et al. 2018). Large-sample meta-analyses increase
the power to detect significant results, while reducing the
incidence of type 1 errors (Lelorier et al. 1997). This study
constitutes the largest and current comprehensive meta-
analysis on the efficacy of adjunctive memantine therapy
in patients with schizophrenia and schizoaffective disorder
by including the recent double-blind, placebo-controlled,
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randomized study by Tavakoli-Ardakani et al. (2018) in
comparison to the recently reported meta-analyses cited
above (Kishi et al. 2017, 2018, Zheng et al. 2018, Siskind et
al. 2018). In this meta-analysis, the effect of memantine on
cognitive functions was not re-examined since the study by
Tavakoli-Ardakani et al. (2018), did not include assessments
on cognitive functions, and, therefore, further contribution
to the results of the previous recently published meta-analyses
on the subject was seen not to be necessary. While Kishi et
al. (2017) and Zheng et al. (2017) reported in their meta-
analyses a positive effect of adjunctive memantine therapy
on cognitive symptoms, the Mini Mental State Examination
(MMSE) relied upon in these analyses is not the appropriate
method for evaluating cognitive impairment in schizophrenia

(Andrade 2017).

The beneficial effect of adjunctive memantine therapy shown
in this study on negative symptoms in schizophrenia patients
is consistent with previously published meta-analysis results
(Kishi et al. 2017, 2018, Zheng et al. 2018, Siskind et al.
2018). This effect of memantine on negative symptoms may be
related to hypofunction of a subpopulation of cortico-limbic
NMDA receptors (Tsai and Coyle 2002), improvement of
the glutamatergic tone in certain brain regions (de Lucena et
al. 2009), increased neuron protective activity (Lipton 2004,
Koch et al. 2005) and, given the memantine agonist action
at dopamine D2 high receptors (Seeman et al. 2008). The
amelioration of the hypodopaminergic condition in the
prefrontal cortex and mesocortical pathways thought to be
associated with negative symptoms (Juckel 2016, Kambeitz
etal. 2014),

Another strength of this study when compared to the previous
meta-analyses is in meeting the criteria of including 10 or
more studies for evaluation of the data on the funnel plot
test to assess publication bias, which was not detected in this
analysis.

When we examine the limitations of the study, the sample size
is insufficient although the total patient population of studies
included in this study is larger than those in the previously
published meta-analyses on the adjunctive memantine
therapy. Therefore, the ‘small study effect, the tendency of
small sample studies to show greater treatment efficiency,
cannot be excluded (Moreno et al. 2009). Also, durations
of the studies included in this meta-analysis were generally
between 8-12 weeks and did not allow determination of
the long-term effects of adjunctive memantine therapy on
schizophrenia symptoms.

CONCLUSION

This systematic review and meta-analysis suggest that
adjunctive memantine therapy with antipsychotic treatment
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in schizophrenia has positive effects on negative symptoms.
Further studies with longer term and large patient sample
sizes are required on adjunctive memantine therapy in
schizophrenia.
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