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Abstract

Objective: Pharmacotherapy plays a crucial
role in treating attention-deficit/
hyperactivity disorder (ADHD). However,
current medications for ADHD have
limitations and potential adverse effects.
Glutamate, a neurotransmitter that directly
and indirectly modulates dopamine
neurotransmission, is considered a new
therapeutic target for ADHD. We
conducted a systematic review to
determine the efficacy and safety of
memantine, an uncompetitive N-methyl-
p-aspartate (NMDA) receptor antagonist,
in both pediatric and adult patients

with ADHD.

Data Sources: We searched PubMed,

Library for articles on memantine use in
ADHD patients published up to August
31, 2023, using terms related to ADHD
and memantine.

Study Selection: Studies selected
according to PRISMA guidelines. We
included both randomized and
nonrandomized trials for a
comprehensive review. We excluded
non-English publications, review articles,
and studies without full text.

Data Extraction: Two authors

extracted data using the data

extraction form designed for this
review. Independent authors conducted
a risk of bias assessment using risk of
bias 2 (RoB 2) and Risk of Bias in
Nonrandomized Studies of Interventions

Results: Six studies met the inclusion
criteria, 3 on pediatric populations, and
3onadults. Three studies were conducted
in the United States (2 in adults) and 3 in
Iran (1in adults). Memantine showed
potential benefits in managing ADHD
symptoms and had a favorable safety
profile. However, most studies involved
small patient groups at single institutions,
and their quality was low.

Conclusions: Memantine has the potential
to be a relatively safe alternative or
adjunctive treatment for ADHD, but more
refined studies with larger populations

are needed.

J Clin Psychiatry 2025,86(1):24r15507

EMBASE, PsycINFO, and Cochrane (ROBINS-I).

Author affiliations are listed at the end of this article.

ttention-deficit/hyperactivity disorder (ADHD) is

a widely acknowledged psychiatric disorder

characterized by long-lasting symptoms of
inattention or hyperactivity/impulsivity.! ADHD was
previously recognized as a disorder exclusively present in
children and adolescents, but recent research has
investigated it in the adult population. It is now
considered to be a chronic “lifespan” disorder,? with
evidence indicating personal, social, and occupational
impairments that extend into adulthood.?

ADHD is currently thought to be a multifactorial
neurodevelopmental disorder involving alterations in the
dopamine, norepinephrine, and serotonin systems.*-°
Recent pharmacologic interventions to treat ADHD
regulate the dopaminergic and noradrenergic systems by
blocking the reuptake of those neurotransmitters.
Pharmacologic treatments for ADHD are classified as

stimulants (eg, methylphenidate and amphetamine) and
nonstimulants (eg, atomoxetine, atomoxetine,
guanfacine, clonidine, and viloxazine, recently approved
for ADHD).”-° Both classes of medications have received
approval for use in children, adolescents, and adults.
Especially, stimulants are used as first-line treatment in
both children and adults with reasonable treatment
efficacy and tolerability.!! However, they have limitations
such as a short duration of action® and concerns about
misuse.'? Furthermore, evidence suggests that long-term
treatment with those drugs might have a negative effect
on growth, leading to decreases in the weights and body
mass indexes of children with ADHD®!® and increasing
the risk of cardiovascular disease in both adolescents'*
and adults.'® Furthermore, the occurrence of those
adverse effects can lead to nonadherence to the treatment
of ADHD across all age groups, with reported
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Clinical Points

« Current pharmacologic treatments for attention-deficit/
hyperactivity disorder (ADHD) face limitations in their use
for some patients.

. Glutamate has been implicated in the pathophysiology of
ADHD and holds the potential to be a therapeutic target for
ADHD.

- Memantine may offer a safe treatment option when current
ADHD medications have been ineffective or the patient is
unable to tolerate the medications.

nonadherence rates ranging from 15% to 85%.1° In
adults with ADHD, common adverse effects that increase
proportionally with stimulant dosage include decreased
appetite, dry mouth, sleep problems, headaches, and
nausea, which often lead to reduced medication
adherence.'” For these reasons, various nonstimulant
drugs are now being used to treat ADHD. Additionally,
approximately 40% of patients exhibit an inadequate
response to stimulant medications, necessitating a
medication change to nonstimulant medication.'®
However, the effects of nonstimulant medications tend to
occur more slowly than those of stimulants, and they
exhibit limited efficacy and produce side effects similar
to those of stimulant medications.!*

The Potential Role of Glutamate in ADHD
In this context, glutamate is a noteworthy target
neurotransmitter for treatment of ADHD. Glutamate is an
important neurotransmitter in disease models for
disorders such as schizophrenia** and Alzheimer
disease,?? and it is thought to regulate dopamine release
through a neuronal interaction between the prefrontal
cortex and the striatum, an important brain region in
ADHD.?® The glutamatergic system extends throughout
various brain regions and influences the development
and function of the brain from embryonic stages to
adulthood.?* Disruption of glutamatergic function has
been shown to be associated with symptoms of ADHD
in both animal models?* and human studies, as
evidenced by in vivo studies, magnetic resonance
spectroscopy studies,?®?” and a biomarker study.?®
Although the brain regions affected by ADHD differ
between children and adults, recent meta-analyses have
found that an increase in glutamatergic tone in the
right medial frontal area in children and adolescents is
significant and meaningful in ADHD.?¢ In adults with
ADHD, glutamate levels in the anterior cingulate cortex
correlate positively with symptoms related to
impulsivity and excessively inappropriate behavior.?
Furthermore, in human studies, normalization of
glutamatergic activity has been observed following drug
treatment with both these types of medications to treat
ADHD.24+%03! These findings suggest that glutamate
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alterations in humans might be involved in the
pathophysiology of ADHD.

Glutamate-Dopamine Neurotransmission
Interaction in ADHD

Considering the complex interactions identified
between dopaminergic neurons and glutamatergic
neurons in various brain regions defined in human and
animal studies,?!?32532-39 glutamate holds potential as a
crucial neurotransmitter in the pathophysiology of
various psychiatric disorders, including ADHD
(Figure 1). Furthermore, integrated findings from
genomic studies of glutamate receptors in individuals
with ADHD?*40-#% support their role in the
pathophysiology of ADHD.

Previous in vivo studies have verified the involvement
of glutamate in ADHD symptoms.?” The results of those
studies indicate that noncompetitive N-methyl-p-
aspartate (NMDA) receptor blockers* or glutamate
allosteric modulators* improve hyperactivity and
attention, which are the core symptoms of ADHD. It has
also been shown that spontaneously hypertensive rats,
an animal model of ADHD, have increased glutamate-
induced dopamine release in the substantia nigra.**
However, another animal study*® reported that
activating NMDA receptors triggers dopamine release in
the striatum. Results about the association between
NMDA receptors and dopamine are mixed.

The Glutamate-Modulating Effects of
Memantine and Its Therapeutic Potential in
ADHD

Memantine, an uncompetitive and reversible
antagonist of the NMDA receptor, has been approved by
the US Food and Drug Administration to treat Alzheimer
disease.?” Its pharmacologic kinetics involve rapid
blocking and unblocking of the NMDA receptor that is
mediated by membrane depolarization.*$4°
Consequently, memantine is deemed to regulate
glutamatergic neurotransmission through its low affinity
to the NMDA receptor.>®*! It also has a unique
characteristic termed partial trapping to indicate that
its occupancy of the receptor fluctuates depending on the
concentration of glutamate, a neurotransmitter that
activates the NMDA receptor.*-53

According to previous human research, memantine
controls both prefrontal glutamate and dopamine activity
and the overall activity level in prefrontal regions.>>4-57
Furthermore, memantine exhibits neuroprotective
effects by modulating excessive NMDA receptor activity,
which prevents an influx of neurotoxic calcium ions and
increases the release of neurotrophic factor from
astroglia in the brain.*®

In this context, memantine might ameliorate the
symptoms of ADHD by regulating dopamine
neurotransmission and can exert neuroprotective effects
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Figure 1.

Interactions Between Glutamate and Dopamine Neurotransmission
Demonstrated in Animal and Human Studies
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Alteration of glutamatergic-dopaminergic balance
can cause various psychiatric disorders

Abbreviations: AMPA-R = a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor, DAT = dopamine
transporter, D1-R = dopamine receptor D1, D2-R = dopamine receptor D2, D4-R = dopamine receptor D4, NMDA-

R =noncompetitive N-methyl-p-aspartate receptor.

by modulating glutamatergic neurotransmission. Lately,
interest has been growing in the use of memantine not
only to treat Alzheimer disease but also to manage other
psychiatric disorders, including cognitive function in
schizophrenia®® and aggression and behavioral problems
associated with autism spectrum disorder.*

Recently, Abdi Dezfouli et al®! conducted a systematic
review of the efficacy of antidementia drugs such as
donepezil and memantine in ADHD; however, that study
focused on the association between Alzheimer disease

and ADHD, and it did not differentiate treatment efficacy

or safety between pediatric and adult ADHD patients.
Given the therapeutic potential of memantine in

ADHD, there is a need to establish its therapeutic efficacy

and safety, as well as the associated glutamate
modulation mechanism and its correlation with ADHD.
Thus, our systematic review of relevant studies aims to
elucidate the efficacy and safety of memantine among
pediatric and adult patients with ADHD.

METHOD

Study Search Strategy and Data Sources
The present review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines.®> We searched the PubMed,
EMBASE, Scopus, PsycINFO, and Cochrane Central
Register of Controlled Trials electronic libraries to find
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studies published before August 31, 2023. Following
previous systematic reviews of memantine,®>®* we
combined the search terms “adhd” OR “add” OR
“attention deficit” with a list of search terms related to
memantine: memantine OR memantin OR memantine
hydrochloride OR 1,3-dimethyl-5-aminoadamantane OR
1-amino-3,5-dimethyladamantane OR namenda OR
ebixa OR axura. Two authors (W.-S.C. and Y.S.W.)
independently conducted the initial search. This study
was registered with PROSPERO (CRD42023460516).

Inclusion and Exclusion Criteria

We included randomized clinical trials (RCTs) with
double-blind, parallel group, and placebo- or active-
controlled designs in our review. In addition, to
comprehensively evaluate the safety and efficacy of
memantine by examining adverse effects across various
studies, we also included non-RCTs.

To accommodate the heterogeneity of diagnostic tools
used for ADHD, we included studies of patients diagnosed
by any set of ADHD diagnostic criteria (eg, Diagnostic
and Statistical Manual of Mental Disorders [DSM] or
International Classification of Diseases) or a
standardized screening/diagnostic tool (eg, Adult ADHD
Self-report Scale [ASRS]%). Our search was not limited
based on ADHD subtype or presentation, gender,
intelligence quotient, socioeconomic status, or
comorbidities. We excluded review articles (including
systematic reviews, narrative reviews, and meta-
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analyses), nonrelevant articles, non-English papers,
studies without full-text access, and abstract-only
papers.

Study Selection and Data Extraction

First, the studies obtained from the initial search
were deduplicated by EndNote 20. Then, inclusion/
exclusion screening was performed by 2 reviewers
(W.-S.C. and Y.S.W.). The initial evaluation assessed the
titles and abstracts for inclusion or exclusion. For articles
whose relevance was uncertain, a full-text review was
conducted. Subsequently, the complete texts of all
included articles were acquired for a comprehensive
assessment against our detailed eligibility criteria. All
disparities that occurred during study selection were
addressed through discussion, with the involvement of
other authors as needed.

This review extracted the following data from the full
texts of the selected studies: (1) description of study
characteristics (country, year of publication, type of
study, sample size, age range or mean age/SD, and
gender composition); (2) diagnostic tools used for ADHD;
(3) intervention method, dosage of memantine, and
duration of intervention; (4) study outcome, adverse
events, and all-cause dropouts during the trial. All
extracted data were logged in a Microsoft Excel
spreadsheet.

Study Classification

We classified the selected studies into research
targeting pediatric and adult populations, defining
pediatric populations as people aged 17 years or younger
and adult populations as people aged 18 years or older.
We included all types of clinical studies, both RCTs and
non-RCTs, and did not categorize them by type.

Assessing the Risk of Bias

Two authors (W.-M.B. and S.M.W.) independently
assessed the risk of bias in the included studies. The
second version of the Cochrane risk of bias tool (RoB.2)
was used to assess RCTs, and non-RCTs were assessed
using the Risk of Bias in Nonrandomized Studies of
Interventions (ROBINS-I) tool.°® This instrument
evaluates potential biases from confounding, participant
selection, intervention classification, deviations from
intended interventions, missing data, outcome
measurement, and reported result selection.

RESULTS

In total, 1,630 articles were identified by the
aforementioned method, and 468 duplicates were
removed. An additional 1,082 were excluded by
screening titles and abstracts. The remaining 80 articles
were reviewed in full to identify whether they met the
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inclusion and exclusion criteria of our study, and

74 articles were excluded. Therefore, 6 articles were
included in our systematic review. The PRISMA flow
diagram, including the detailed reasons for exclusion, is
presented in Figure 2.

Characteristics of the Included Studies

Of the 6 studies, 3 focused on pediatric
populations®”-%° and the remaining 3 targeted adults.”-72
Among the studies targeting pediatric populations, 1 was
conducted in the United States,%” and 2 were carried out
in Iran.®®® Among the studies targeting adults, 2 were
conducted in the United States,”®”> and 1 was carried out
in Iran.” Only 1 study distinguished between subtypes of
ADHD and included only the combined type.®” A
summary of each included study is presented in Table 1.

Studies About Pediatric Patients With
ADHD

Findling et al®” conducted an open-label study of
memantine in children aged 6-12 years with ADHD.
Their research objective was to determine a dosage of
memantine that is both safe and efficacious in children.
They included patients with the combined type of ADHD
based on the DSM-IV-TR diagnostic criteria (called the
combined presentation in DSM-5). The diagnosis of
ADHD in the children involved a 2-step process of
screening and diagnosis confirmation. The screening
used DSM-IV-TR and the Kiddie Schedule for Affective
Disorders and Schizophrenia for School-Aged
Children—Present and Lifetime Version (K-SADS-PL),”
and diagnosis confirmation used the ADHD Rating
Scale, Fourth Edition (ADHD-RS-IV),” the Clinical
Global Impressions Severity scale (CGI-S),” and the
Peabody Picture Vocabulary Test, Third Edition (PPVT-
I11),7® to evaluate intellectual function. The investigators
initially recruited 8 participants (3 boys and 5 girls).
They started with a memantine dose of 10 mg/d, but
some patients did not show sufficient symptom
improvement, resulting in challenges in patient
retention. Therefore, they recruited 8 more participants
(6 boys and 2 girls), all receiving a higher dose of 20 mg/
d. As a result, both dosage groups showed positive
effects, with the higher dose group (20 mg/d) exhibiting
greater improvement in ADHD-RS-IV and CGI-S scores.
Furthermore, they estimated the maximum plasma
concentration of memantine and reported a dose-
dependent therapeutic effect when the plasma
concentration of memantine reached a certain initial
threshold. No severe adverse effects were observed in
either group.

One of the 2 pediatric studies conducted in Iran® was
a single-center, parallel group, double-blind clinical trial.
The study focused on children aged 6-11 years and used
DSM-IV-TR and K-SADS-PL to diagnose ADHD. Each
child diagnosed with ADHD was randomized into a group
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Figure 2.

PRISMA Flow Diagram Detailing the Manual Screening
Process Used to Gather Eligible Studies
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receiving methylphenidate or a group receiving
memantine. Patients received medication for 6 weeks,
with both drugs titrated up over 3 weeks to a maximum of
30 mg/d for methylphenidate and 20 mg/d for
memantine. The ADHD-RS-IV and CGI-S instruments
were used for efficacy comparison, and measurements
were collected at baseline, 3 weeks, and 6 weeks. Forty
patients were enrolled in the study (18 for
methylphenidate and 22 for memantine). Neither drug
caused serious side effects, and their effectiveness did
not differ significantly. However, according to the 6-
week ADHD-RS-IV assessment, methylphenidate showed
better treatment results. The main limitation of this
study is the absence of patients treated with a placebo.
The researchers argued that memantine could serve as a
safe alternative treatment for patients unable to use
methylphenidate.

The second pediatric trial conducted in Iran® was a 6-
week, single-center, double-blind trial to investigate the
efficacy and safety of memantine to augment
methylphenidate treatment. Children aged 6—12 years
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participated in the study. The researchers diagnosed
ADHD using the DSM-5 and included children with
Conners Parent Rating Scale (CPRS)”” scores of 20 or
higher. They randomly divided the patients into low-dose
memantine (0.1 mg of memantine/kg) and high-dose
memantine (0.25-0.5 mg of memantine/kg) groups. In
both groups, the children were titrated up to a maximum
of 20 mg of methylphenidate per day for 4 weeks. During
the remaining 2-week observation period, a fixed dose of
methylphenidate and memantine was administered.
Throughout the trial, the parents provided CPRS scores
at 2-week intervals. The researchers initially recruited
72 patients, but only 39 (16 from the low-dose group and
23 from the high-dose group) completed the study.
Among the 33 patients who dropped out, 5 (2 from the
low-dose group and 3 from the high-dose group)
withdrew due to side effects. However, the authors did
not provide details about those side effects. The study
reported no significant difference in therapeutic effects (as
shown by CPRS scores) between the low-dose and high-
dose groups. The researchers suggested that adding a
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Table 1.

Summary of Findings From Studies Using Memantine in Pediatric and Adult Patients With ADHD
Study Diagnostic

design Target criteria Inclusion Exclusion
and setting patients for ADHD criteria criteria Duration

Studies of pediatric patients with ADHD

Findling et al,*” 2007, US Open-label, dose-finding, 8-wk Pediatric patients 612y old with DSM-1V-TR and K-SADS-PL Diagnosis of combined type ADHD Primary diagnosis: only patients with combined 8wk after a 2-wk screening
trial at University Hospitals of combined type ADHD with scores on ADHD-IV (>24), C61-S  type ADHD were included, excluding other period
Cleveland (>4), PPVT =70, and normal primary psychiatric diagnoses except
physical ination, laboratory itional defiant disorder.
finding, electrocardiogram, p- Neurological conditions: Individuals with
human chorionic gonadotropin neurological diseases such as epilepsy or Tourette

disease were excluded.

Medical conditions: Any significant medical
conditions that could interfere with the study or
pose a risk to the participant led to exclusion.
Medication and therapy: Patients who had not
properly washed out psychoactive medications or
were undergoing psychotherapy changes were

excluded.
Mohammadi et al,®® 2015, Iran 6-wk, parallel group, randomized Children and adolescents aged DSM-V-TR and K-SADS-PL ADHD-RS-IV School Version scores Pervasive developmental disorders, 6 wk
clinical trial at Roozbeh Psychiatric ~ 6-11 with ADHD 1.5 standard deviations above schizophrenia, psychiatric comorbidity requiring
Hospital, Tehran norms for age and gender pharmacotherapy, suicide risk, mental
retardation (10 <70), significant chronic medical
condition
Riahi et al,®® 2020, Iran Double-blind clinical trial at Children with ADHD aged DSM-5 Children aged 6-12 y with ADHD Serious psychiatric disorder, seizure, 6 wk
Golestan Hospital, Ahvaz 6-12y old based on DSM-5 and Conners cardiovascular problems, diabetes, allergy to
Jundishapur University of Medical Parent onnaire 220 ine, severe side effects to memantine or
Sciences, Ahvaz, Iran methylphenidate
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Number
of patients Age,
(male/female) meansSD, y
Cohort 1 Cohort 1
8 (3/5) -10 mg/d of memantine
Cohort 2 7.6 (6-10, min-max)
8 (612) Cohort 2

-20 mg/d of memantine
8.6 (6-12, min-max)

Intervention
(drug type, dosing)

Once-daily morning dose of memantine oral
solution (2 mg/mL), with or without food,
titrated over a 4-wk period to a target dose of
10 mg/d (Cohort 1)

Titrated over a 4-wk period to a once-daily
memantine dose of 20 mg/d (Cohort 2)

Outcome,
mean (SD)

Cohort 1

Baseline (SD)/final (SD)
CGI-S rating
46(0.52)/4.3 (0.7)
ADHD-RS-IV-1

21.0 (5.68)/18.9 (6.20)
ADHD-RS-IV-H

23.6 (2.07)/22.0 (2.62)
ADHD-RS-IV total score
-38(2.31)

Cohort 2

Baseline (SD)ffinal (SD)
CGI-S rating

45 (0.53)/3.3(1.04)
ADHD-RS-IV -1

21.9 (4.82)18.6 (7.09)
ADHD-RS-IV -H

20.0 (4.90)/14.3 (1.74)
ADHD-RS-IV total score
9.0 (10.00)

Adverse
effects, N (%)

Patients with >1 TEAE
Cohort 1: 4 (50.0),
Cohort 2: 6 (75.0)
Total 10: (62.5)

Cohort 1n, (%)/Cohort 2 n, (%)/Total n,
(%)

Dizziness 0, (0)/3, (37.5)3, (18.8)
Headache 1, (12.5)/2, (25.0)13, (18.8)
Pyrexia 1, (12.5)2, (25.0)13, (18.8)
Vomiting 2, (25.0)(0, (0)/2, (12.5)
Nasopharyngitis 1, (12.5)/1, (12.5)12,
(125

Upper abdominal pain 0, (0)/1, (12.5)/
1,(63)

Stomach discomfort 1, (12.5)/0, (0)/1,
(6.3)

Tinea infection 1, (12.5)/0, (0)/1, (6.3)
Upper respiratory tract infection 0, (0)/
1, (12.5)1, (63)

Enuresis 1, (12.5)/0, (0)/1, (6.3)
Cough 0, (0)/1, (12.5)1, (6.3)

Nasal congestion 0, (0)/1, (12.5)/1,
(6.3)

Sinus congestion 0, (0)/,1(12.5)/1,
(6.3)

Final conclusion

The 20 mg/d memantine dose was
associated with a higher rate of
completion and larger mean
improvement on the ADHD-IV and
CGI-S than the 10 mg/d memantine
dose.

Memantine was well tolerated, with
most adverse events occurring
during the titration phase of the
study and rated as mild in severity,
with no discontinuations due to
adverse events.

Initially, memantine at 10 mg/d (Cohort
1) showed inadequate efficacy and a
high dropout rate. Subsequently, an
additional 20 mg/d (Cohort 2) was
recruited.

Total 40 (34/6)

Memantine 9.09+1.94
Memantine 22 (20/2) I

Memantine 10-20 mg/d (group 1) or
at a dose of 20-30 mg/d

Methylphenidate 18 (14/4) ~ 8+1.32

depending on weight (20 mg/d for <30 kg
and 30 mg/d for >30 kg (group 2)
Memantine titrated on following
schedule:

Week 1: 10 mg/d

Week 2: 20 mg/d

Methylphenidate titrated on following
schedule:

Week 1: 10 mg/d

Week 2: 20 mg/d

Week 3: 30 mg/day for children >30 kg

Parent ADHD Rating Scale,
inattention, score +SD
Memantine/methylphenidate
Baseline 14.9+3.3117.1+4.2
Week 3 13.5+5.1/11£35
Week 6 13.9+4.8/10.8 +4.4

Parent ADHD Rating

Scale, hyperactivity/impulsivity
Baseline 14.9+5.1114.5£5.1
Week 3 1346.9/12.05+5.8
Week 6 12.3+6.03/10.9+4.2
CGI-S Scale at week 6 compared
with baseline in the 2 groups
t=3.05; df =38, P=.04

can be considered as an

idate (n), (n. P
Abdominal pain 0, 1, 1.0000
Appetite loss 5, 6, 1.0000
Emotional liability 1, 1, 1.0000
Iritability 7, 3, .1401
Restlessness 4, 2, .3810
Fatigue 2, 3, 1.0000
Headache 1, 3, .6133
Sadness 1, 0, .4500
Trouble sleeping 2, 1, .5976
Tic1, 1, 1.0000
Vomiting 2, 3, 1.0000
Nausea 2, 3, 1.0000

alternative treatment for ADHD,
although it was less effective than
methylphenidate

Low-dose memantine
group: 7.79+2.15
High-dose memantine
group: 10.57+1.67

Low-dose memantine
group: 36 =16
High-dose memantine
group: 3623
Completed treatment: 39

(3475

Low-dose group: 0.1 mg/kg of
memantine + methylphenidate
High-dose group: 0.25-0.5 mg/kg of
memantine + methylphenidate

Conners Parent Questionnaire
Score, N, Mean, (Min, Max), SD, P

Baseline

Low-dose group: 16, 23.38
(20, 28), 2.45

High-dose group: 23, 24.17
(17,31), 2.76

P=.215

Week 2

Low-dose group: 16, 19
(14, 25), 3.20

High-dose group: 23, 18.78, (13,
24),2913

-P=.921

Week 4

Low-dose group: 16, 15.69
M, 22),3.14

High-dose group: 23, 15.22,
(10, 21), 291

P=1

Week 6

Low-dose group: 16, 12.69,
(8, 18), 3.07

High-dose group: 23, 12.52,
(7,19), 2.84

P=.966
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5 patients were excluded due to
adverse effects (2 from the low-dose
group and 3 from the high-dose
group)

Memantine was effective in
reducing ADHD symptoms; no
significant benefit of higher dose
over lower dose; recommend lower
dose to minimize side effects

The gender distribution and types of
adverse effects among study
participants are not specified.

(continued)
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Table 1 (continued).
Study Diagnostic

design Target criteria Inclusion Exclusion
and setting patients for ADHD criteria criteria Duration

Studies about adult patients with ADHD

Surman et al,”? 2013, US Open-label, prospective study at Adults aged 18-60 with ADHD or DSM-IV with structured Diagnosis of ADHD or ADHD NOS, Renal/hepatic impairment, organic brain 12 wk
Massachusetts General Hospital ADHD NOS interview score 214 on AISRS inattentive disorder, seizure disorder, 1Q <75, unstable
items, and CGI-S ADHD score of 4 or psychiatric conditions, substance dependence/
higher abuse within 6 mo, pregnant/nursing,

hypersensitivity to memantine

Biederman et al,”® 2017, US 12-wk, double-blind, placebo- Adults aged 18-57 with ADHD and DSM-v Full DSM-IV ADHD criteria, AISRS 10 <80, unstable psychiatric condition, history of 12 wk

controlled, randomized clinical trial executive function deficits (EFDs) score =20, T-score 265 on at least nonresponse or intolerance to stimulant-class

with open-label stimulant 2 BRIEF-A subscales medications or memantine, depression or anxiety

pharmacotherapy unless had been stabilized for at least 2 mo on an

SSRI

Mohammadzadeh et al,”* Randomized, double-blind, Adult patients with ADHD aged DSM-IV-TR criteria, Conners Age 18-45, not on medication Mental disability, other psychiatric disorders, 6 weeks
2019, Iran placebo-controlled trial at 18-45y screening questionnaire, affecting mental status for 2 wk substance/alcohol abuse, pregnancy, allergy to

Kurdistan University of Medical K-SADS-PL for childhood prior, confirmation of childhood memantine, serious medical illness, uncontrolled

Sciences, Sanandaj, Iran ADHD ADHD by clinical interview and K- seizures, specific blood pressure/pulse rates

SADS-PL

Abbreviations: ADHD-RS-IV = ADHD Rating Scale, fourth edition, ADHD-RS-IV-:I = ADHD Rating Scale, fourth edition-inattentive domain, ADHD-RS-IV-H=ADHD Rating Scale,
BRIEF-A-GEC = Behavior Rating Inventory of Executive Functions-Adults-Global Executive Composite, CGI-S = Clinical Global Impressions-Severity, CAARS-S:S = Conners
Manual of Mental Disorders, Fifth Edition, K-SADS-PL =Kiddie Schedule for Affective Disorders and Schizophrenia for School-Aged Children—Present and Lifetime Version,
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Number

of patients
(male/female)

Age, Intervention
mean:SD, y (drug type, dosing)

Outcome,
mean (SD)

Adverse

effects, N (%) Final conclusion

34 (25/9) 41.8 (18-60, min-max) Memantine was initiated at AISRS change of score, [95% CI], P Number of subjects with 1 adverse Memantine was well-tolerated and An open-label pilot study by Biederman
5 mg in the morning at ADHD total symptoms event during the trial, N, (%) associated with improvement in et al, 2017, conducted by the same
the baseline visit and increased Bt vieek 6-15.5, [-11.1, -19.8] ADHD symptoms and cognitive research team.
as tolerated to 5 mg twice a day P<.001 ’ ! g Dizzyllightheaded 8, (24) performance; randomized studies
(BID) at week 1-10 mg in the At week 12 Gastrointestinal 6, (18) are recommended.
moming and 5 mg later in the 175, [-12.6, -22.3], P< 001 Musculoskeletal 6, (18)
day at week 2, and to 10 mg o ’ Headache 5, (15)

BID at week 3 Inattentive symptoms Sedation 4, (12)

At week 6 Decreased energy 3, (9)
-9.9, [-7.0, -12.8], P<.001; At Aty 2, (6)
week 12 Cold/infection/allergy 2, (6)
-10.6, [-7.5, -13.7], P<.001 Hearing change 2, (6)
Hyperactive symptoms Impaired concentration 2, (6)
At week 6 Insomnia 2, (6)
5.6, [-3.7, -1.4), P<.001 Asthma 1, (3)
At week 12 Change in sexual function 1, (3)
-6.9, [4.7,-9.0], P=.002 Decreased appetite 1, (3)
BRIEF-A Increased energy 1, (3)
Al subscales of the BRIEFA, which iy 1, ()
measures executive function, M”(?Sﬂ! dryness 1, (3)
showed significant improvement Palpitation 1, (3)
from baseline to end point. Tenseljtery 1, (3
Cognitive performance by CANTAB Visonfocular 1, (3
Improvements were observed in
measures of attention, working
memory, and other executive
domains by weeks 6 and 12, with
P<.05.

Memantine + stimulant Memantine + stimulant Memantine group: start 5mg QD to 10 mg BID  AISRS Stimulant only group Memantine might improve Only 1 participant on stable

group: 12 (5/7)
Stimulant-only group: 14
(1

group: 34.3+9.8
Stimulant-only group:
36.2+10.9

by week 3

OROS-MPH is prescribed openly, beginning at
36 mg/d, and titrated to optimal response up to
a maximum of 1.3 mg/kg or 108 mg/d

by clinician judgment

SMD = -0.29; 95% Cl, [-1.07,
0.48]; P=.67

BRIEF-A-GEC

SMD =0.02; 95% Cl, [-0.79, 0.84];
P=95

Memantine group showed
improvement on BRIEF-A individual
scale SMD 0.5

Inhibition scale

SMD=1.07; 95% CI, [-0.24, 2.32]
Self-monitor scale

SMD=0.56; 95% CI, [-1.21, 2.27)
Stimulant-only group showed
improvement in SMD 0.5
Organization of materials scale
SMD=-0.71; 95% Cl, [-1.74, 0.35]
Memantine group showed
improvement on the BRIEF-A-GEC
scale

50% vs 20%, P<.05

More memantine participants

(OR > 3) than placebo participants
normalized their abnormal baseline
BRIEF-A scales

(512 vs 2112).

10f 14,7.1%; reported hand twitching behavioral of EFDs in

for more than

Memantine + OROS-MPH group 2 of
12, 16.6%; reported hand twitching
1 increased anxiety and
lightheadedness

1increased anxiety and changes in
vision

ADHD, warranting further research.

Memantine group/placebo group, n,

(%)

Any event 10, (83.3)/13, (92.9)
Alcohol intolerance 2, (16.7)/0, (0.0)
Anxiety 2, (16.7)/2, (14.3)

Appetite decrease 5, (41.7)1, (1.1)
Chest discomfort 0, (0.0)/2, (14.3)
Dizziness 2, (16.7)/0, (0.0)

Dry mouth 6, (50.0)/6, (42.9)
Fatigue 4, (33.3)13, (21.4)
Forgetting 1, (8.3)12, (14.3)

Head discomfort 1, (8.3)/3, (21.4)
Headache 6, (50.0)/2, (14.3)
Insomnia 3, (25.0)/6, (42.9)
Iritable 2, (16.7)12, (14.3)

Jittery 2, (16.7)/4, (28.6)
Lightheaded feeling 2, (16.7)/0, (0.0)
Nausea 2, (16.7)1, (7.1)
Palpitations 4, (33.3)/3, (21.4)
Perceptual change 2, (16.7)/0, (0.0)
Sweaty palms 2, (16.7)/0, (0.0)

2y entered the study; other
participants began OROS-
methylphenidate at baseline.

(One memantine group participant had
a stable, years-long history of SSRI use
(escitalopram) before enrollment.

Memantine group: 20
(317
Placebo group: 20 (3/17)

Memantine group:
347+4.48
Placebo group: 31.5+7.4

Memantine or placebo: 10 mg 1 tablet for week
1,10 mg 2 tablets after week 2

Memantine/placebo, mean + SD
CAARS-S:S Inattention/memory
problems f =14.07, P<.001
Baseline: 1.8+11.8/12.2+1.6
Week 3: 2.7+9.2/11.8+ 2.1
Week 6:7.6+3/12.4+1.5
Hyperactivity/restlessness
F=14, P<.001

Baseline: 7+3.5/11.4+1.8
Week 3: 9.05+2.6/11.5+2.2
Week 6: 12.6+1.5/11.8+1.5
Impulsivity/emotional lability £=14,
P<.001

Baseline: 9.6+2.4/9.9+2.3
Week 3: 8+2.5/9.8+2.6
Week 6: 6.2+3.4/10.3+2.7
Problems with self-concept f =4,
P<.001

Baseline: 7+2.112.4+1.8
Week 3: 7.7+ 2.9/11.7£ 2.4
Week 6: 9429 11.6+24
ADHD Index =24, P<.001
Baseline: 56.4+5.1/59.3+5.4
Week 3: 43.9+9.1/57.2+8.5
Week 6: 36.7+12.9/59.7+ 6.2

Memantine was well tolerated, and
severe side effects were not observed,
but mild to moderate side effects
were common, and the medication
was discontinued in 6 patients.

Memantine is effective in reducing
symptoms of ADHD in adults and has
tolerable side effects.

The participants of this study were
parents whose children were
diagnosed with ADHD before
enrollment.

fourth edition-hyperactive/impulsive domain, AISRS =Adult ADHD Investigator Symptom Rating Scale, BRIEF-A =Behavior Rating Inventory of Executive Functions-Adults,
Adult ADHD Rating Scale-Short Self-Report, DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision, DSM-5 = Diagnostic and Statistical
SMD = standardized mean difference, TEAE = treatment-emergent adverse events.
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low dose of memantine to methylphenidate might be
better than adding a high dose. A limitation of their
study, as in the other studies, was the absence of a
placebo group.

Studies About Adult Patients With ADHD

The memantine studies targeting adult ADHD
consisted of 1 open-label trial”? and 2 RCTs.”*"! The
2 studies conducted in the US were carried out by the
same research group.”®7?

Surman et al”? conducted an open-label trial as a pilot
study to assess the treatment effects on executive function
and the safety and tolerability of memantine in adults
with ADHD. In the study, the target population was
individuals aged 18—60 years who were diagnosed with
ADHD based on the DSM-IV criteria. Because the DSM-
IV criteria required that symptoms be present before age
7 years for an ADHD diagnosis,”® the researchers included
cases that met the diagnostic criteria for ADHD but
exhibited symptoms emerging after age 7, defining them
as ADHD-NOS (not otherwise specified). During the 12-
week observation period, the participants (n =34, 74%
male) started with a daily memantine dose of 5 mg and
titrated up to a daily dose of 20 mg. The Adult ADHD
Investigator Symptom Rating Scale (AISRS)” was used
to assess ADHD symptoms, and the Behavior Rating
Inventory of Executive Function-Adult Version (BRIEF-
A)® and Cambridge Neuropsychological Test Automated
Battery (CANTAB)® were used to evaluate executive
function after 3 weeks. In this study, memantine
presented therapeutic effects for ADHD symptoms in
approximately half of the patients (44%), without
significant serious side effects. Patients with initially lower
scores on CANTAB and BRIEF-A, indicating lower
performance, showed greater improvement in AISRS
scores than others after treatment. This implies increased
responsiveness to the medication in individuals with
lower cognitive functioning. However, this study has
limitations, including a small sample size and the absence
of a placebo group, and the placebo effect cannot be
excluded.

Building upon Surman et al,”? the same research team
presented an RCT in 2017 that investigated the use of
memantine as an adjunct to methylphenidate in adult
ADHD patients aged 18—57 years.” Similar to the earlier
study,” they diagnosed ADHD using the DSM-IV and
AISRS. However, they narrowed the participant window
by including only those with AISRS scores of 20 or
higher and BRIEF-A subscale scores of 65 or higher in at
least 2 areas. All participants had been receiving a
stimulant at an appropriate dose for a minimum of
1 month or were newly initiated to methylphenidate upon
enrollment. The participants were openly prescribed
methylphenidate at a minimum of 36 mg/d, with a
maximum dosage of 1.3 mg/kg (low dose) or 108 mg/d
(high dose), as determined by clinical judgment. This

J Clin Psychiatry 86:1, March 2025 | Psychiatrist.com
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trial was conducted over a 12-week study period, with
patients randomly assigned to either the memantine-
augmentation or stimulant-only group in a 1:1 ratio. A
total of 33 participants were recruited, with

29 randomized. Ultimately, 26 patients (14 for stimulant
only and 12 for memantine augmentation) completed
the 12-week trial. Overall, the reduction in AISRS scores
and improvement in BRIEF-A total scores did not differ
significantly between the stimulant-only and
memantine-augmentation groups. Differences between
the 2 groups were notable in individual BRIEF-A
subscales. The memantine-augmentation group showed
greater improvement in the Inhibit and Self-Monitor
scales, and the Organization of Materials scale
demonstrated higher improvement in the stimulant-
only group. In terms of safety, 3 participants
discontinued the trial due to side effects—1 in the
stimulant-only group (hand twitching) and 2 in the
memantine-augmentation group (anxiety, dizziness,
and visual disturbance). The adverse effect frequencies
were similar between the memantine-augmentation
and stimulant-only groups (83.3% vs 92.9%), with
common issues such as dry mouth, headache, and
insomnia potentially influenced by the use of
concurrent stimulant medications. This study is also
limited by its small sample size, which restricts the
generalizability of the findings and complicates
comparisons of differences in treatment effects using
standardized mean differences or odds ratios.

The most recent study conducted on adults is by
Mohammadzadeh et al,”* conducted in Iran. They
conducted a 6-week, single-center, double-blind RCT
targeting adult ADHD patients aged 18-45 years with
no history of psychotropic medication for at least
2 weeks before the study. A distinctive feature of this
study is that the primary participants were the parents
of children diagnosed with ADHD. Participants were
initially screened for the presence of childhood ADHD
through a psychiatric interview. Subsequently, the
K-SADS-PL was conducted to confirm the diagnosis of
pediatric ADHD according to the DSM-IV-TR
diagnostic criteria. The participants were randomly
assigned to either the memantine or placebo group
(n =20 for both groups). The memantine group
received 10 mg/d for the first week and then 20 mg/d
for the remainder of the trial. The treatment effects
between the 2 groups were compared using the Conners
Adult ADHD Rating Scale—Short Self-Report (CAARS-
S:S).82 The memantine group differed significantly from
the placebo group in the reduction of all 5 subscales of
the CAARS-S:S after 3 and 6 weeks of medication.
Although patients in the memantine group did not
experience severe adverse effects, 6 of the 20 stopped
taking the medication due to mild to moderate side
effects such as dizziness, confusion, constipation, back
pain, and sleepiness.
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Figure 3.
Detailed Risk of Bias Assessment of

the Included RCTs (RoB.2)

Risk of bias domains
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Detailed Risk of Bias Assessment of the Included Non-RCTs (ROBINS-I)
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Risk of Bias Assessment

According to the RoB.2 and ROBINS-I tools used to
assess the risk of bias in each study, only 1 RCT” exhibited
a low level of bias, and only 1 non-RCT study” was
deemed to have a moderate level of bias. The remaining
4 studies®”-%7! all demonstrated a high degree of bias. The
most common reason for the high risk of bias was missing
outcome data. The detailed risk of bias assessments for
each study are presented in Figures 3 and 4.

DISCUSSION

This systematic review evaluated the potential of
memantine as a pharmacologic option for treating ADHD
in both pediatric and adult patients. As far as we know,
this is the first systematic review to investigate the
efficacy and safety of memantine.

Posting of this PDF is not permitted. | For reprints or permissions, contact
permissions@psychiatrist.com. | © 2024 Physicians Postgraduate Press, Inc.

The 6 studies included in this review predominantly
used the DSM-IV, DSM-IV-TR, or DSM-5 criteria for
ADHD diagnosis. In studies of pediatric subjects, the
K-SADS-PL was additionally used for diagnosis.
Additional diagnostic tools, such as ASRS, CAARS, or the
Diagnostic Interview for ADHD in adults,®* were not
used for the adult ADHD participants. This is presumed
to be a strategic choice to maximize the inclusion of a
larger number of patients, given the small final
participant number.

In the 3 studies targeting pediatric ADHD,
memantine showed ameliorative effects on ADHD
symptoms when administered as a monotherapy.®”°
When it was compared with methylphenidate, no
significant differences were observed in the treatment
efficacy for ADHD.% A notable characteristic across all
3 studies is the absence of severe adverse events,
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including psychiatric manifestations such as exacerbation
of ADHD symptoms or mood alterations, associated with
either low- (10 mg/d) or high-dose (20 mg/d) regimens
in the pediatric population. Only a few neurological side
effects, such as headaches and dizziness, were observed.
Memantine, approved for use in individuals with
moderate to severe Alzheimer disease, is considered to
have minimal serious adverse effects.®* This safety profile
has been well documented in previous studies in
pediatric and adolescent neurological patients.®> Although
its therapeutic efficacy remains a subject of debate,
antecedent studies using memantine in pediatric
patients with psychiatric conditions such as autism
spectrum disorder,%¢-% pervasive developmental
disorder,®>*° or other neurological disorders such as
epilepsy® corroborate our findings.

In studies of adult ADHD patients, memantine
demonstrated efficacy in addressing ADHD symptoms in
both an open-label study’> and an RCT.”* Also, as an
adjunct to stimulant therapy, memantine exhibited
treatment efficacy superior to stimulant monotherapy in
improving executive function and alleviating ADHD
symptoms.” A previous study indicated that memantine
could lead to increased glucose metabolism in the frontal
lobe of traumatic brain injury patients, accompanied by
corresponding improvements in cognitive function.*!
That finding might be due to memantine’s indirect
agonism for dopamine, which is the primary
neurotransmitter for frontal lobe function.?*°? In
previous studies, memantine administration has been
shown to increase dopamine levels in the frontal cortex
and striatum.>>® Alterations in dopamine transporter
density in these brain regions are thought to be an
important pathophysiology of ADHD.** In this context,
the dopaminergic action of memantine might have
contributed to its improvement of executive function and
ADHD symptoms.

When memantine was used in adults as an adjunctive
therapy with stimulants,” some psychiatric
manifestations were reported, such as an increase in
anxiety, and gastrointestinal adverse effects, particularly
appetite reduction and nausea, were prevalent. However,
the authors suggest that those side effects might have
been due to the coadministered methylphenidate rather
than the memantine. When memantine was used as a
monotherapy, neurological adverse effects, such as
lightheadedness, were relatively frequent. These findings
are similar to the adverse effects observed in pediatric
ADHD patients in this review.

Our review has several limitations that should be
acknowledged in the interpretation. First, most of the
studies (5 of 6) were from a single center, and all were
conducted in either the US or Iran. Thus, there are
limitations in extrapolating the suggested therapeutic
effects and safety of memantine proposed in this review.
Second, most studies targeted only a small number of
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participants (from 16 to 72), which limits the
generalizability of the findings. Third, due to limitations
in the data provided in the included studies, we were
unable to determine whether memantine was more
effective for inattention or impulsivity/hyperactivity in
pediatric and adult populations. In the same vein, most
studies have not differentiated between subtypes of
ADHD, which limits the interpretation of the study
results. Fourth, only 1% of the 3 studies using
methylphenidate®”87° provided information on the drug
formulation. Lastly, 557-¢%772 of the 6 studies in this
review were judged to have a high potential for bias in
reporting their outcome results. This further weakens the
evidence for memantine’s therapeutic benefit in ADHD.

Nevertheless, we consider the potential of
memantine as an agent with dopaminergic and
norepinephrine actions similar to the stimulant and
nonstimulant agents already used to treat ADHD. As an
alternative to developing novel drugs, drug repurposing
is being supported by both governments and industry
due to the high cost of new drug development.”® With
recent advances in proteomics and genomics, this
repurposing is also being applied to various psychiatric
diseases.””*® Furthermore, given the heterogeneous
phenotypes of ADHD and the involvement of multiple
neurobiological factors in ADHD symptoms, medications
that do not target dopamine or norepinephrine directly,
such as memantine, might have therapeutic benefit in
patients who are unresponsive to stimulants. To treat
ADHD in a broad and varied population, economically
favorable off-patent drugs could be targeted for such
repurposing, and memantine could be one option with a
proven safety profile.

CONCLUSION

Memantine appears to be safe for the treatment of
pediatric and adult patients with ADHD. It is also
thought to improve overall ADHD symptoms and
cognitive functioning in both populations, but the
evidence for that is currently weak due to small sample
sizes, short observation periods, and limited outcome
reporting. To support clinical applications of
memantine in children and adults with ADHD,
prospective studies with larger sample sizes and
structured double-blind designs are needed. Moreover,
considering the efficacy and high tolerability of
memantine, future studies are needed to classify ADHD
subtypes and target patients with comorbid conditions
in order to identify populations that may benefit more
from memantine as either monotherapy or
augmentation therapy for ADHD. Further research is
also needed to confirm the complex link between the
glutamate system and dopaminergic regulation in the
human brain.
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