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BACKGROUND: Individuals with autism spectrum disorder (ASD) and comorbid intellectual disability (ID) are particularly vulnerable
to poor developmental trajectories. These individuals are at increased risk of Alzheimer’s disease (AD) relative to those without
comorbid ID and the general population. Considering that there could be an important mechanistic link underlying ASD and AD,
individuals with these conditions may stand to benefit from similar psychopharmacological treatments.

METHODS: This scoping review aimed to evaluate and synthesize the evidence on the effect of AD medications on neurocognitive
outcomes in children and adolescents with ASD and low intelligence quotient (IQ). We performed the search according to PRISMA
guidelines from inception to May 21°', 2025 in four databases: PubMed, PsycInfo, Scopus, and Web of Science. We included studies
of children and adolescents (2 — 21 years) with ASD and low 1Q (<85) treated with at least one Food and Drug Administration (FDA)-
approved AD medication (donepezil, galantamine, rivastigmine, benzgalantamine, memantine, aducanumab, lecanemab or

donanemab) and investigating neurocognitive outcomes.

RESULTS: Twelve studies met the eligibility criteria. Six studies reported on neurocognitive outcomes from N-methyl-D-aspartate
(NMDA) receptor antagonist treatment and six studies from cholinesterase inhibitor treatment. Among studies reporting on
cholinesterase inhibitors, significant improvement was detected in language (60% of five reporting studies), executive function
(100% of two reporting studies), complex attention (100% of one reporting study), and general cognitive ability (50% of two
reporting studies). Among the NMDA receptor antagonist studies, evidence of improvement was detected in language (60% of five
reporting studies), executive function (75% of four reporting studies), learning and memory (100% of two reporting studies),
perceptual-motor functioning (66.6% of three reporting studies), complex attention (100% of one reporting study), and general
cognitive ability (50% of two reporting studies). Across studies, treatment with either a cholinesterase inhibitor or an NMDA
receptor antagonist was associated with improvements in language, executive function, complex attention, and general cognitive
ability. A pattern of significance was detected with age, in that younger children may benefit more from these medications than

adolescents.

CONCLUSION: This scoping review identified promising evidence of neurocognitive improvement in children and adolescents with
ASD and low IQ following treatment with either a cholinesterase inhibitor or an NMDA receptor antagonist. Considering the lack of
FDA-approved treatments for the cognitive deficits associated with ASD and an absence of medications approved to treat core
features of ASD, our findings highlight an opportunity for innovative directions in autism research and treatment.
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder, defined by persistent impairment in social communica-
tion and the presence of restricted, repetitive patterns of behavior,
interests, or activities [1]. One in 31 children aged eight years and
one in 34 children aged four years have been identified with ASD
[2]. Furthermore, the expression of ASD is heterogeneous, often
presenting with medical and psychiatric comorbidities [3-6]. A
frequently occurring comorbidity with ASD is intellectual disability
(ID), which is characterized by deficits in cognitive abilities
(Intelligence Quotient [IQ] < 70) and adaptive functioning [1].

Specifically, 39.6% of children aged eight years with ASD also have
ID [2]. Among children aged four years with ASD, the prevalence
of co-occurring ID is 48.5% (based on the most recent available
data from the 2020 ADDM early identification report; estimates for
2022 were not reported) [7]. Individuals with ASD and ID are
particularly vulnerable to poor developmental trajectories, show-
ing steady decreases in verbal and nonverbal abilities from 2 to 19
years old [8]. Comparatively, those with ASD in the absence of ID
show improvements in verbal and nonverbal abilities over time
[8]. Given the dynamic period of brain growth associated with ASD
in early life [9], some researchers argue that early cognitive
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impairment along with the co-occurring period of substantial
neuroplasticity may provide a greater risk of negatively altering
developmental trajectories [10]. Earlier ASD diagnosis and
intervention may counter poor developmental trajectories that
lead to worse outcomes [10-13].

The medical evaluation of children with ASD and co-occurring
ID often includes first-tier genetic testing, notably chromosomal
microarray to detect copy-number variants and targeted FMR1
CGG repeat analysis to screen for Fragile X syndrome [14]. This
practice reflects the growing understanding that ASD with ID is
genetically heterogeneous, with many cases linked to rare
pathogenic variants [15-17]. Recent advances in precision
medicine have demonstrated the therapeutic potential of
gene-targeted interventions, including Clustered Regularly
Interspaced Short Palindromic Repeats (CRISPR)-based base
editing-a technique capable of correcting single-nucleotide
variants in vivo [18]. In one recent case, a patient-specific CRISPR
base-editing therapy was successfully developed and delivered
via lipid nanoparticles to correct a life-threatening urea cycle
disorder in infancy [19]. Emerging data also support the use of
fetal gene therapy to intervene during prenatal development, a
critical period during which irreversible neurodevelopmental
damage may begin to accumulate [20]. This evidence suggests
that cognitive impairment linked to monogenic causes may not
be static and, if targeted early, could be modified before the
onset of structural and functional deficits. Although no gene
editing therapies have yet been used to directly target
cognition-associated genes in humans, gene-targeted interven-
tions are entering clinical use in conditions where cognitive
decline is a core feature. For example, a first-in-human
intrathecal antisense oligonucleotide (PRAX-222) targeting
gain-of-function SCN2A mutations was administered in pediatric
patients with early-onset epileptic encephalopathy under the
EMBRAVE trial (ClinicalTrials.gov NCT05737784), demonstrating
up to ~44% seizure reduction and absence of treatment-related
serious adverse events [21]. Similarly, case studies of GRIN2A and
GRIN2B gain-of-function variants have guided NMDA receptor
antagonist use (e.g., memantine) in children, showing both
seizure control and neurodevelopmental improvement [22, 23].
These therapies demonstrate how gene-informed interventions
can be administered before or during early cognitive deteriora-
tion. Moreover, recent in vivo animal studies have demonstrated
that gene-targeted interventions can reverse or prevent cogni-
tive and neurobehavioral deficits. In a tauopathy mouse model,
hippocampal delivery of an adenine base editor (NG-ABE8e) via
AAV corrected a pathogenic MAPT variant, reducing tau
pathology and rescuing spatial and object memory performance
[24]. Similarly, targeted CRISPR activation of the remaining wild-
type SCN2A allele in haploinsufficient mice restores vestibulo-
ocular reflex plasticity, a neurobehavioral correlate of learning,
highlighting the therapeutic relevance of in vivo modulation of
cognition-associated genes [25]. Collectively, these findings
underscore that cognitive impairment-particularly when rooted
in known neurobiological or genetic mechanisms-may be
amenable to early therapeutic intervention. While gene-
targeted therapies offer long-term potential, pharmacologic
strategies that modulate implicated pathways represent a
promising and more immediately accessible avenue to enhance
neurocognitive outcomes in children and adolescents with ASD
and co-occurring ID.

Some individuals with ASD have average or above average
intelligence and go on to attend college, maintain employment,
and start families [26]. Other individuals have significant deficits in
intellectual and adaptive functioning, often requiring continuous
lifelong care [26]. Recently, there has been support in the field for
the need to recognize differences in 1Q to better understand
individuals with ASD as well as the differences between
individuals [26]. It is now well established that early deficits in
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cognitive abilities precede ASD manifestation. Low 1Q in early
infancy and toddlerhood is predictive of ASD diagnosis and may
indicate a different etiology relative to children with ASD with IQ
scores within or above the average range [27]. Given the potential
influence of early individual differences in cognitive abilities on
developmental trajectories and the role of IQ in early ASD
diagnosis, the question of whether early cognitive enhancement
may improve future outcomes remains unexplored.

Recent research investigated developmental trajectories among
individuals with ASD and ID. An epidemiological study that
examined the prevalence and incidence of dementia among
individuals with ASD found that those with ASD and co-occurring
ID had a nearly three times increased risk of Alzheimer's disease
(AD) and related dementias in adulthood relative to the general
population [28]. Individuals with ASD and co-occurring ID had the
highest risk of dementia even when compared to those without
co-occurring ID, in addition to being more likely to be diagnosed
with early-onset dementia [28]. Given that there could be an
important mechanistic link underlying ASD and AD, individuals
with these conditions may benefit from similar pharmacother-
apeutic treatments.

AD is a neurodegenerative disorder characterized by memory
impairment and cognitive decline [29]. The first signs often
manifest as memory problems (i.e, memory decline that disrupts
daily functioning) followed by a decline in other neurocognitive
domains [30]. However, biological markers of AD can precede
cognitive symptoms by years [30]. Neuropathological changes
associated with AD include the aggregation of B-amyloid into
plagues, neurofibrillary tangles of hyperphosphorylated tau, and
brain atrophy [31]. These changes result in neurocognitive
impairments associated with AD including deficits in learning,
memory, language, and visuospatial skills [32]. Accordingly, it is
critical to detect signs of neurocognitive deficits as early as
possible to initiate treatment and prevent or delay progression.

There are eight FDA-approved medications to treat cognitive
impairment in AD: donepezil, galantamine, rivastigmine, benzga-
lantamine, memantine, aducanumab, lecanemab and donanemab.
Aducanumab, lecanemab, and donanemab were the most recent
drugs that were FDA-approved for the treatment of AD and are
monoclonal antibodies that work to substantially reduce
-amyloid aggregates [33-35].

Donepezil, galantamine, rivastigmine, and benzgalantamine are
cholinesterase inhibitors that work by inhibiting the breakdown of
acetylcholine released into the synapse, by blocking acetylcholi-
nesterase, thus enhancing cholinergic transmission [36]. In
addition to its involvement in AD pathology, the cholinergic
system has also been implicated as a potential therapeutic target
in ASD [37-40]. Structural differences in the basal forebrain
cholinergic neurons have been identified in postmortem samples
from individuals with ASD, including both children and adults [37].
Postmortem studies of adults with ASD have revealed cholinergic
dysfunction, including loss of nicotinic receptor in the cerebral
cortex and thalamus and reduced muscarinic M, receptor binding
in the cortex [38-40].

Memantine is a low affinity antagonist of the N-methyl-D-
aspartate (NMDA) glutamate receptor [41]. Excessive glutamate-
induced excitation plays a role in AD pathology, and memantine is
thought to function in preventing excitotoxicity through modulat-
ing glutamate activity [41]. The imbalance between excitatory and
inhibitory neurotransmission during early development has been
proposed as one mechanism involved in the pathology of ASD
[42, 43]. Previous clinical studies have reported elevated plasma
glutamate levels in individuals with ASD compared to neurotypical
controls [44-46]. Moreover, neuroimaging studies have reported
increased brain glutamate levels in individuals with ASD
compared to neurotypical controls, with one study reporting a
significant negative association between glutamate levels and IQ
[45, 47].
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Currently, pharmacological treatments for ASD are limited to
addressing irritability, not core symptoms or associated comorbid-
ities [13]. Risperidone (for ages 5 to 16 years) and aripiprazole (for
ages 6 to 17 years) are the only FDA-approved medications
indicated for the treatment of irritability in ASD [13]. Individuals
with ASD are frequently treated with off-label medications (e.g.,
selective-serotonin  reuptake inhibitors, stimulants, alpha-2-
adrenergic agonists, melatonin, and metformin), but robust
evidence regarding their safety and efficacy in pediatric ASD
populations remains limited [13, 48]. No pharmacological agents
are approved for the cognitive deficits that characterize ASD.

Given the potential neurobiological link between ASD and AD,
along with the need for FDA-approved drugs for the treatment of
cognitive impairment associated with ASD, it remains to be
investigated whether neurocognitive outcomes among individuals
with ASD can be improved following treatment with AD
medications. A previous systematic review that examined the
use of AD medications in ASD was done about 15 years ago and
included a sample of individuals across a range of cognitive
abilities, however since then, there may have been some new
developments [49]. The effect of AD medications on neurocog-
nitive outcomes specific to children and adolescents with ASD and
intellectual disability remains to be explored.

Accordingly, the objective herein was to evaluate and
synthesize the existing evidence on whether treatment with
FDA-approved medications for the cognitive deficits associated
with AD impacts neurocognitive outcomes among children and
adolescents with ASD and low IQ. Our research questions were: (1)
How do AD medications affect neurocognitive outcomes in
children and adolescents with ASD and low 1Q? (2) Is there
evidence for improvement in neurocognitive outcomes from AD
medications in children and adolescents with ASD and low IQ?
Neurocognitive outcomes were assessed across six neurocognitive
domains as recognized by the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5): complex attention,
executive function, learning and memory, language, perceptual-
motor function, and social cognition [1, 50]. Further details are
provided in the methods section.

METHODS

This scoping review was conducted in accordance with the Joanna
Briggs Institute (JBI) methodology for scoping reviews [51] and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) [52]. This
scoping review was conducted in accordance with an a priori
protocol, which was registered on Open Science Framework
(https://OSF.I0/8PKRC) [53]. Due to the nature of this scoping
review and the guidelines outlined by JBI, critical appraisal of the
study methodology was not performed.

Search strategy

The search strategy aimed to locate published empirical studies in
humans. An initial limited search of PubMed/MEDLINE was
undertaken to identify articles on the topic. The text words
contained in the titles and abstracts of relevant articles, and the
index terms used to describe the articles were used to develop a
full search strategy. The full search strategy was built according to
the PCC framework (Population/Concept/Context) in consultation
with a librarian and is explained in detail below. The databases
that were searched included: PubMed, Psyclnfo, Scopus, and Web
of Science.

To ensure transparency and reproducibility, we explicitly report
both the databases searched and the specific platforms through
which each was accessed. PubMed—considered both a database
and a search platform and inclusive of MEDLINE records—was
searched directly. PsycInfo was searched via the EBSCO platform,
Scopus via the Elsevier platform, and Web of Science via the
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Clarivate platform. In addition to database searching, we
conducted backward citation searching (i.e., reference list screen-
ing) for all included studies to identify additional relevant records.
If any newly identified articles had met inclusion criteria through
this process, we planned to perform iterative citation chasing on
those as well. This supplementary method ensured that poten-
tially relevant literature not captured by the primary database
searches was also considered.

The full search strategies are provided in Supplementary Table
1. Articles published from database inception to May 21°, 2025
were included. Studies published in any language were consid-
ered for inclusion. Non-English studies were translated using
publicly available tools (e.g., https://translate.google.com/), where
necessary, to assess eligibility and extract data.

The search was restricted to published empirical studies
involving human participants, using a double NOT strategy—also
referred to as a human search hedge. To ensure reproducibility
and sensitivity, we applied customized human hedges across
databases. For PubMed, the following human hedge was used:
NOT ((“Animals”[MeSH] OR “Animal Experimentation”[MeSH] OR
“Models, Animal”[MeSH] OR “Vertebrates”[MeSH]) NOT (“Humans”[-
MeSH] OR “Human experimentation”[MeSH])). Comparable human
search hedges were developed for PsycInfo, Scopus, and Embase
(see Supplementary Table 1).

Eligibility criteria

Population. This scoping review focused on individuals aged
2-21 years with a diagnosis of ASD. The minimum age was set
based on the generally agreed upon reliability of ASD diagnoses
starting around 2-3 years of age [54]. The maximum age was set
based on the end of adolescence [55]. Because there was no
limitation on publication date, studies were expected to have
diagnoses from the DSM-4 as well as the DSM-5 [1, 56]. Therefore,
ASD diagnoses were based on DSM-5 or DSM-4 criteria (Autistic
Disorder, Asperger's Syndrome, or Pervasive Development
Disorder-Not Otherwise Specified). All or a subset of participants
had low 1Q. While individuals with ID have 1Q scores approximately
two standard deviations or more below the mean (IQ < 70), studies
were included with 1Q scores that reflected one standard deviation
or more below the mean (IQ < 85). Since the focus of this scoping
review was not limited to individuals with ID, but to those with
below average 1Q, only including studies with 1Q scores that fell
two standard deviations or more below the mean would have
been too restrictive. Thus, for the purposes of this scoping review,
low 1Q was defined as an 1Q score that fell one standard deviation
or more below the mean.

Concept. This scoping review included studies with the admin-
istration of at least one of the following FDA-approved
pharmacological interventions for the treatment of neurocognitive
symptoms of AD: donepezil, galantamine, rivastigmine, benzga-
lantamine, memantine, aducanumab, lecanemab or donanemab.
These included studies must have at least one estimate of
intellectual ability and assessment of neurocognitive ability. To
ascertain if there was evidence of neurocognitive improvement in
studies lacking comparison groups, data at baseline and after
treatment were compared.

This scoping review included studies that assessed neurocog-
nitive outcomes from at least one neurocognitive domain. The
DSM-5 recognizes six neurocognitive domains, each with sub-
domains: (a) complex attention (i.e., sustained attention, divided
attention, selective attention, and processing speed), (b) executive
function (i.e., planning, reasoning, working memory, inhibition,
and cognitive flexibility), (c) learning and memory (i.e.,, immediate
memory, recent memory, semantic memory, and implicit learn-
ing), (d) language (i.e., expressive and receptive), (e) perceptual-
motor function (visuospatial and motor), and (f) social cognition
(recognition of emotions and theory of mind) [1, 50, 571.
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Fig. 1 PRISMA Flow Diagram. The study selection process.

Context. This scoping review included studies conducted in any
geographic location and setting, with no limitation on publication
date. The search was limited to published empirical papers
reporting original work including randomized controlled trials
(RCTs), quasi-experimental studies, cohort studies, case series, case
reports, case control studies, and cross-sectional studies.

Exclusion criteria. Studies were excluded if they focused on non-
ASD populations, individuals without a diagnosis of ASD,
individuals with an 1Q score greater than 85, and those less than
or greater than two and 21 years old, respectively. Studies that did
not have at least one estimate of intellectual ability at baseline
were excluded. Studies that did not include the administration of
at least one AD medication and one assessment of neurocognitive
ability were not considered. Reviews, opinion papers, letters to
editors, commentaries, and unpublished studies were excluded.

Source of evidence selection

Following the search, all identified records were collated and
uploaded into Zotero and duplicates removed. Titles and abstracts
were screened by two independent reviewers for assessment
against the inclusion criteria for the review. Potentially relevant
studies were retrieved in full and imported into Covidence [58].
The full text of selected citations was assessed in detail against the
inclusion criteria. Full-text articles that did not meet the inclusion
criteria were excluded, and reasons for their exclusion are
provided in Fig. 1. Any disagreements that arose between the
reviewers were resolved through discussion or with a third
reviewer.

Data extraction

Data were extracted from included studies by two independent
reviewers using a data extraction tool developed in accordance
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with JBI methodology for scoping reviews [51]. The data extracted
included specific details about the author(s), year of publication,
country of origin, study population, sample size, study design,
intervention and dosage, control, 1Q, and neurocognitive out-
comes. To assess improvements in neurocognitive outcomes
following intervention, outcomes were extracted at baseline and
at least one additional timepoint thereafter. In studies that also
assessed estimates of 1Q (general cognitive ability) following
intervention, improvement in IQ was examined. If needed,
corresponding authors of included papers were contacted to
request missing or additional information.

RESULTS

Study inclusion

The search strategy yielded 404 records after duplicates were
removed. Of the 404 records, 16 were identified for full-text
review. Twelve studies including a total of 353 participants (range
N=1 - 151) met inclusion criteria. Figure 1 shows the PRISMA
flow diagram of the study selection process. The included studies
were published between 2002 and 2024. Most of the studies were
conducted in the United States (n = 9), followed by Canada (n =1)
and Israel (n=2). Four studies were RCTs [59-62], one was a
prospective open-label trial [63], one was a retrospective open-
label trial [64], two were retrospective observational studies
[65, 66], three were retrospective case series [67-69] and one was
a case report [70]. Two RCTs were followed by an open-label
extension study [59, 61].

Characteristics of included studies

Of the 12 included studies, six studies (152 participants) reported
neurocognitive outcomes following treatment with a cholinester-
ase inhibitor and six studies (201 participants) with an NMDA
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receptor antagonist in children and adolescents with ASD. Among
the cholinesterase inhibitor studies, donepezil treatment was
initiated at a dose of 2.5 or 5 mg/day and titrated to maintenance
doses ranging from 5 to 10 mg/day; the one rivastigmine tartrate
study initiated and maintained treatment at a dose of 0.4mg
twice daily. Treatment duration ranged from 8 to 52 weeks. For
the NMDA receptor antagonist studies, memantine treatment was
initiated at doses ranging from 2.5 to 10 mg/day and titrated to
maintenance doses ranging from 2.5 to 30 mg/day. Treatment
duration was variable and ranged from 1.5 to 212 weeks. The full
details of the 12 included studies are outlined in Table 1.
Tables 2 and 3 provide summaries of the neurocognitive
outcomes from RCTs and non-randomized studies, respectively.
Table 4 summarizes the neurocognitive outcomes from Handen
et al's [61] open-label extension studies.

Neurocognitive outcomes following cholinesterase inhibitor
treatment in ASD

Six studies [59-61, 64, 67, 69] reported neurocognitive outcomes
following cholinesterase inhibitor treatment. Of the five studies that
reported on language [59-61, 67, 69], three (60%) found significant
improvements. Gabis et al.'s [60] RCT of 60 children and adolescents
reported significant improvements from baseline on the Preschool
Language Scale-Fourth Edition [71] after a 24-week washout period
(36 weeks from baseline), but not after 12 weeks of treatment with
donepezil. Separate analyses of children (age range 5 - 10 years)
and adolescents (age range 10 — 16 years) revealed significant
improvements in receptive language ability in children, but not
adolescents, after 12 weeks of treatment; these improvements
persisted after the 24-week washout. Chez et al.'s [59] RCT of 43
children reported significant improvements from baseline on both
the Receptive One-Word Picture Vocabulary Test (ROWPVT) [72] and
Expressive One-Word Picture Vocabulary Test (EOWPVT) [73] after 6-
and 12-weeks of treatment with donepezil. Moreover, Chez et al.'s
[67] retrospective case series of 32 children detected significant
improvements on the EOWPVT following 12 weeks of treatment
with rivastigmine tartrate. Nissenkorn et al.’s [69] retrospective case
series of 4 children reported significant increases on the expressive
language subtest of the Child Development Inventory (CDI) [74]
following 12-months of treatment with donepezil, with one patient
showing a 94% increase in the subtest score.

Of the two studies that reported on executive function [61, 64],
both (100%) detected significant improvements. Hardan &
Handen's [64] retrospective open-label trial of eight children and
adolescents reported significant improvement in ratings of
hyperactivity on the Aberrant Behavior Checklist (ABC) [75] after
eight weeks of treatment. Although no treatment effect was
detected following the RCT, Handen et al's [61] open-label
extension study of 14 children and adolescents revealed
significant improvements on the Delis-Kaplan Executive Function
System (D-KEFS) Sorting Test [76] after 10 weeks of treatment
compared to baseline (Table 4) [61].

The one study that reported on complex attention [67] detected
significant improvements on the Conners’ Parent Rating Scale
(CPRS) [77] after 6- and 12-weeks of treatment.

Of the two studies that reported on general cognitive ability
(61, 70), one (50%) found significant improvements. Specifically,
Nissenkorn et. al's study reported significant increases in
performance on the CDI [74] following 12 months of treatment.

Neurocognitive outcomes following NMDA receptor
antagonist treatment in ASD

Six studies [62, 63, 65, 66, 68, 70] reported neurocognitive
outcomes in children and adolescents with ASD following NMDA
receptor antagonist treatment. Significant evidence of improve-
ment in learning and memory following memantine administra-
tion was found in the two (100%) reporting studies [62, 63]. In
Soorya et al.’s [62] RCT of 23 children, significant improvements on
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the NEPSY-Il Narrative Memory-Recognition subtest [78] were
reported following 24 weeks, but not after 12 weeks of treatment.
Additionally, Owley et al.’s [63] prospective open-label trial of 14
children reported significant improvements on the Children’s
Memory Scale-The Dot Locations Subtest [79] after eight weeks of
treatment.

Of the five studies [62, 63, 65, 68, 70] that reported on language,
three (60%) detected improvements following treatment. Chez
et al's [68] retrospective case series of 151 children detected
significant improvements in language ability following 4 — 8 weeks
of treatment. Despite the lack of formal statistical analysis,
Bouhadoun et al.’s [65] retrospective observational study of eight
children and adolescents found improvements in receptive and
expressive language abilities in two patients (treatment duration
2.5 - 53 months) on the basis of clinical evaluations and caregiver
reports. Similarly, based on clinical evaluations and caregiver
reports, Cosme-Cruz et al. [70] described a 13-year-old male who
demonstrated improvements in expressive language after
48 weeks of treatment.

Of the four studies [62, 63, 65, 66] that reported on executive
function, three (75%) found improvements following treatment.
Bouhadoun et al. [65] reported improvements in working memory
in one individual at a 12-month follow-up neuropsychological
evaluation after treatment discontinuation. Erikson et al.s (2007)
retrospective cohort study of 18 children and adolescents
reported significant improvement in ratings of hyperactivity on
the ABC [75]. Significant improvement on the hyperactivity
subscale of the ABC was also detected by Owley et al.’s [63] study.

Of the three studies [62, 65, 70] that reported on perceptual-
motor functioning, two (66.6%) showed improvements in
visuospatial abilities. In Bouhadoun et als [65] study, improve-
ments in visuospatial abilities were reported in one individual at a
12-month follow-up neuropsychological evaluation after treat-
ment discontinuation. Moreover, Cosme-Cruz et al.s [70] case
report detected improvements in visuospatial skills.

The one study [65] that reported on complex attention found
improvements. Bouhadoun et al. [65] reported improvements in
ratings of attentiveness in one individual following 14 months of
memantine treatment.

Of the two studies [62, 63] that reported on general cognitive
ability, one (50%) indicated improvements in verbal abilities in
memantine-treated individuals. In Soorya et al.’s [62] study, 5 of 7
participants receiving memantine showed =10-point improve-
ments in verbal 1Q (VIQ), compared with none in the placebo
group, indicating a marked treatment-related effect on verbal
intelligence.

DISCUSSION

This scoping review aimed to evaluate and synthesize the existing
evidence on the effect of FDA-approved AD medications on
neurocognitive outcomes in children and adolescents with ASD
and low 1Q. Twelve studies met eligibility for inclusion, and all
showed significant evidence for improvement in at least one
neurocognitive domain or general cognitive ability following
treatment with a cholinesterase inhibitor or NMDA receptor
antagonist. Of the FDA-approved medications for the treatment of
cognitive deficits associated with AD, only three met eligibility
criteria for inclusion in this scoping review (i.e, donepezil,
rivastigmine tartrate, and memantine). Following treatment with
cholinesterase inhibitors, children and adolescents with ASD and
low 1Q showed neurocognitive improvements in language (60% of
five reporting studies), executive function (100% of two reporting
studies), complex attention (100% of one reporting study), and
general cognitive ability (50% of two reporting studies). Further-
more, NMDA receptor antagonist-treated individuals showed
substantial improvements in learning and memory (100% of two
reporting studies), language (60% of five reporting studies),
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Table 4. Neurocognitive outcomes from Handen et al.'s [61] open-label extension.

NC Domain Assessment Baseline
Week 0
Executive Function T™MT? 108.3 (42.7)
VF 8.15 (2.73)
DFT 5.23 (2.59)
cwri? 87.4 (23.6)
sTcc® 6.54 (2.11)
STFS© 23.15 (7.90)
Language EOWPVT 110.7 (12.9)
Learning and Memory SR 32.5 (6.1)
PAL 36.5 (5.7)

Endpoint
Week 5 p Week 10 p
101.5 (48.6) >0.05 98.0 (46.2) >0.05
8.23 (3.79) >0.05
5.23 (2.28) >0.05 5.69 (2.63) >0.05
87.2 (33.1) >0.05 84.2 (26.9) >0.05
8.31 (1.70) <0.01**
30.92 (6.90) <0.007***
111.6 (14.0) >0.05 113.3 (14.4) >0.05
36.2 (6.1) >0.05 35.8 (7.2) >0.05
36.1 (8.3) >0.05 37.0 (6.1) >0.05

TMT, trail making test; VF, verbal fluency; DFT, design fluency test; CWI, color-word interference; EOWPVT, expressive one word picture vocabulary test; SR,

selective reminding; PAL, paired-associate learning test.
“Lower score at endpoints indicates improvement.

PMeasured by Sorting Test (Delis-Kaplan Executive Function System) and indicates the number of correct sorts generated by the subject.
“Measured by Sorting Test (Delis-Kaplan Executive Function System) and indicates the number of correct verbal descriptions generated by the subject.

**For comparison of treatment and control group, p-value < 0.01.
***For comparison of treatment and control group, p-value < 0.001.

executive function (75% of four reporting studies), perceptual-
motor function (66.6% of three reporting studies), complex
attention (100% of one reporting study), and general cognitive
ability (50% of two reporting studies).

The findings from this scoping review revealed improvements
in general cognitive ability with memantine treatment among
children with ASD and low IQ. It is important to recognize that
neurocognitive domains are highly interdependent [57]. General
cognitive ability, in particular, supports early information acquisi-
tion, which in turn relies on sensory-motor integration, a
foundational process in which other cognitive skills emerge
[27, 80]. For example, infant memory performance has been linked
to later language outcomes and predicts are associated language
development beyond 36 months of age [81, 82]. In children with
ASD and low IQ, early deficits in general cognition may therefore
exert cascading effects on the subsequent development of more
specific cognitive domains.

Early learning and verbal ability appear to be impacted by
memantine treatment, with two studies [62, 63] reporting
significant improvements in learning and memory and one study
reporting improvements of 10 points or greater in VIQ [62]. The
developmental course of the human central nervous system
includes critical periods of increased neuroplasticity in which
myriad cellular processes are coordinated, and cognitive abilities
develop [9]. Pharmacological interventions targeting these critical
periods may be important for redirecting development along
optimal trajectories [82]. Research examining prognostic factors of
outcomes in ASD consistently indicates that individuals with
higher 1Qs and verbal abilities by age 5 are more likely to have
better outcomes in adulthood and that low 1Q is predictive of
poorer outcomes [83-86]. Given evidence that early intervention
improves outcomes in ASD and preliminary findings suggesting
memantine's potential positive effects on verbal and general
cognitive abilities, future studies should prioritize younger
children with lower cognitive ability who may derive the greatest
benefit from treatments targeting early language and learning
processes [8, 11].

Overall, a consistent pattern of improvement in executive
functioning was observed following treatment with either drug
class, as reported in two cholinesterase inhibitor studies [61, 64]
and three NMDA receptor antagonist studies [63, 65, 66]. Execu-
tive dysfunction in ASD has been implicated across multiple
subdomains including planning, cognitive flexibility, and
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inhibition [87]. Significant improvements in executive function
were detected using both standardized and non-standardized
measures, suggesting broad effects of treatment across assess-
ment modalities. Age-related patterns also emerged across
studies, with younger participants demonstrating earlier or greater
neurocognitive gains, consistent with developmental models of
executive function maturation [87, 88]. Considering the differ-
ences in patterns of executive dysfunction in ASD across
developmental periods, future investigations may benefit in
conducting separate analyses in children and adolescents when
assessing treatment effects.

Noteworthy improvements in the language domain were also
detected following treatment with either drug class, as evidenced
by three cholinesterase inhibitor [59, 60, 70] and three NMDA
receptor antagonist [65, 68, 69] studies. Research examining early
language patterns in ASD indicates substantial language delays in
toddlers with ASD relative to those with developmental delay in
the absence of ASD [89]. Considering that early language ability in
ASD is a strong predictor of broader outcomes later in
development, the potential for language improvement in children
may have profound implications on developmental trajectories
[84]. As those with ASD and ID show steady decreases in broad
abilities from as early as 2 years of age, the potential benefit from
early interventions targeting language improvement is promising
(8l.

Gabis et al. [60] failed to detect any significant neurocognitive
improvements in donepezil-treated children and adolescents after
12 weeks, however, a pattern of significance emerged with age.
When assessing for neurocognitive improvement in children
(aged < 10 years) and adolescents (aged > 10 years) separately,
Gabis et al. [60] found that children showed significant improve-
ments in receptive language 12 weeks earlier than adolescents,
suggesting a differential effect of donepezil across developmental
periods. Moreover, this improvement was sustained for an
additional 6 months following treatment discontinuation. In
comparison, Handen et al. [61] did not find significant differences
in language outcomes between the treatment and placebo
groups after 10 weeks. Given that the sample was older (Mean
age = 11.5 years), the absence of significant findings is consistent
with patterns detected in Gabis et al. [60].

Notably, there were also important differences across studies
with respect to treatment and study durations. Neurocognitive
improvements could emerge at different timepoints following
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treatment and may depend on several factors. Compared to Gabis
et al’s [60] study in which treatment duration lasted 12 weeks,
Handen et al. [61] only acquired endpoint measurements
following 10 weeks of treatment. Gabis et al. [60] also acquired
neurocognitive measurements at 6 months following treatment
discontinuation. Additionally, out of the five included NMDA
receptor antagonist studies, two studies that reported significant
improvements in expressive and receptive language following
memantine treatment had the longest treatment durations across
participants (10 — 230 weeks) [65, 70]. Future research should
address the potential influence of treatment and study durations
on neurocognitive improvement.

The precise mechanisms through which NMDA receptor
antagonists and cholinesterase inhibitors exert cognitive effects
in children remain poorly understood. As noted in the introduc-
tion, memantine functions as an NMDA receptor antagonist,
whereas donepezil and rivastigmine tartrate are classified as
cholinesterase inhibitors [36, 41]. In addition to NMDA receptor
antagonism, memantine also exhibits antagonist activity at the
serotonergic type 3 (5-HT3) and nicotinic acetylcholine receptors
[90-92]. Furthermore, there is evidence suggesting memantine is
also a dopamine D2 receptor agonist [92, 93]. In addition to its role
as a cholinesterase inhibitor, donepezil upregulates nicotinic
receptors in cortical neurons and downregulates NMDA receptors
[94, 95]. Notably, safety and efficacy data on many medications for
the pediatric population are limited and there is much that is still
unknown about how these drugs work in this population [96]. The
influence of developmental changes on drug absorption, distribu-
tion, metabolism, excretion, interactions between receptors, and
the consequences of these interactions must be studied. It is well
established that several factors can alter the effect of a medication
including developmental differences in pharmacokinetics and
pharmacodynamics [97, 98]. Developmental differences in meta-
bolism, for example, are related to growth and maturational
changes throughout development [98]. As influenced by the ratio
of liver weight to body weight, liver blood flow is increased in
young children compared to adults and can affect metabolic
clearance [98]. To date, few studies have evaluated the safety and
efficacy of memantine or donepezil in the pediatric population
[61, 99, 100]. Well-designed controlled studies evaluating the
safety and efficacy of these medications and particularly those
looking at younger children with lower 1Q are needed to provide
clinical recommendations.

A strength of this scoping review is that it has an original focus
on the effect of AD medications on neurocognitive outcomes in
children and adolescents with ASD and low 1Q. Given the
promising evidence synthesized in the present scoping review,
there may be a need to shift focus from treating core symptoms of
ASD (social communication, restricted or repetitive behaviors or
interests) to cognitive abilities. Previous large clinical trials that
focused on outcomes of core social and communication
symptoms failed to show improvement following pharmacological
treatment (e.g., oxytocin, citalopram) [101, 102]. Moreover,
previous systematic reviews that investigated the effects of one
or more AD medications in individuals with ASD focused on
outcomes of behavioral or core symptoms of autism and did not
focus on neurocognitive outcomes [49, 103]. The original focus of
this scoping review and the promising neurocognitive findings
across included studies encourage future research towards a new
direction of ASD treatment.

This scoping review uncovered important limitations of the
literature. Considering the few identified studies for inclusion,
additional research is needed to further delineate the effect of AD
medications on neurocognitive outcomes in ASD, particularly
studies that utilize longitudinal or RCT study designs. Never-
theless, all twelve studies included in this scoping review found
evidence of improvement in at least one neurocognitive domain,
highlighting an opportunity for new and innovative clinical trials.

SPRINGER NATURE

Particularly, new empirical studies are needed that focus on
children with ASD and low IQ. Notably, some studies did not meet
eligibility for this scoping review due to the absence of a baseline
estimate of cognitive ability. To recognize differences in IQ, future
studies should obtain baseline estimates of cognitive ability using
well-established standardized instruments (e.g., Wechsler Intelli-
gence Scale for Children, Differential Ability Scales, Stanford-Binet
Intelligence Scale, Mullen Scales of Early Learning, etc.) [104-107].
Furthermore, information about medical comorbidities for some
studies was lacking. Conditions that are known to be related to
ASD can alter the presentation of the disorder as well as outcomes
from treatment and heterogeneity may obscure potentially
therapeutic benefits for more individuals [1, 108, 109]. Moreover,
future studies would benefit from the collection of biological
specimens to investigate structural and sequence-level genetic
variants, which may help clarify individual differences in both the
etiology of cognitive impairment and responsiveness to pharma-
cologic or emerging genetic treatments.

This scoping review identified promising evidence of neurocogni-
tive improvement following treatment with cholinesterase inhibitors
or an NMDA receptor antagonist in children and adolescents with
ASD and low 1Q. Across included studies, NMDA receptor antagonist
treatment was associated with improvements in language, executive
function, learning and memory, perceptual-motor function, complex
attention, and general cognitive ability, with particular gains in VIQ.
Cholinesterase inhibitor treatment showed improvements primarily
in language, executive function, and complex attention. Treatment
effects may vary by developmental stage, with younger children
appearing to derive greater benefit. However, the limited number of
studies underscores the need for rigorous, well-controlled trials to
more precisely evaluate efficacy, mechanisms, and long-term
outcomes of these interventions. Future research should employ
longer treatment durations, standardized cognitive assessments, and
extended follow-up periods. Given the lack of FDA-approved
treatments for cognitive impairment or core features of ASD, these
findings highlight a critical opportunity to explore the therapeutic
potential of these pharmacologic classes for improving neurocogni-
tion in this population.
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