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Abstract

Objectives To provide an overview of the current literature regarding the neurobiological treatments of psychopharmacol-
ogy, neuromodulation, oxytocin therapy, and psychological resilience, as treatments for autism-related difficulties, and to
distil the research findings from those treatments for everyday clinical application.

Methods Instead of producing another specific systematic summary of the efficacy of these treatments, this review took
an overview of each field of research, identified its key research findings, and evaluated the treatment-ready status of each
of them in terms of their evidence base. From this information, a set of recommendations were derived for their clinical
applications, so as to inform practice in the field.

Results These treatments represent relatively recent and neurobiologically based approaches to the challenges of autism,
and are in the development stage. Each treatment is promising, and has some evidential basis for its success, but all need
further research to establish their evidence-based validity for everyday clinical usage.

Conclusions While most of these treatments can be applied with caution, clinicians should acknowledge their restrictive
benefits and costs, that are described herein. Within those caveats, each of these treatments should be considered as an

emerging therapy that clinicians should consider utilising in appropriate settings and with specific cases.

Keywords Autism - Treatment - Neurobiology - Efficacy - Clinical implications

Increased awareness of variations in autism symptom pro-
files and daily functioning has led to a consideration of
the bases on which individual differences in autistic char-
acteristics might be established, including neurological,
behavioural, and biological factors (Nordahl et al., 2022).
With this trend to consider autism beyond the traditional
diagnostic features (APA, 2022), further focus has been
applied to greater breadth of therapy/intervention modali-
ties beyond psychosocial, educational, and behavioural
approaches. Some of these treatment approaches have
included attempts to directly alter various aspects of neuro-
biological functioning.

These neurobiological treatment models represent a new
and promising approach to the challenges faced by autistic
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people, and cover a wide range of treatments, including a
focus on the role of mitochondria in autism (Frye, 2020;
Frye et al., 2021), adjustment of the gut microbiome (Taniya
et al., 2022), dietary folate (Rossignol & Frye, 2021), and
even stem cells (Riordan et al., 2019). Some of these are still
in their infancy, but three treatment approaches that have
received a good deal of research attention and which hold
promise for clinical settings are psychopharmacology, neu-
romodulation, and the use of oxytocin. Each of these will
be described and discussed below, not to provide exhaustive
reviews of the research underpinning them, but rather to
draw the key findings from that research, and thence distil
the major implications for clinicians who work with autistic
people.

Method
Each of the two authors blindly searched PubMed, Psych

Info, and Google Scholar for the last 23 years (2000
onwards) in March—May, 2023, using the descriptors,
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“autism” and “psychopharmacology” and “neuromodula-
tion” and “oxytocin”. Reference lists from all papers were
also searched by hand, with the overall aim of identifying
those key papers which provided overviews of the respective
treatments, or were valuable examples of how research was
conducted in that field. From the papers identified, a com-
mon list was compiled that each author endorsed. Unlike a
systematic review or meta-analysis, the major aim was not
to provide an exhaustive list of papers and their content in an
historical model, but rather to glean a maximumly informa-
tive overview for clinicians and professionals in the field.
On that basis, the preference was to select the most recent
papers for comprehensiveness of information. All of these
papers are cross-referenced in the review presented below,
with details shown in the reference list.

Because this was not a systematic review as defined by
PRISMA, but rather aimed at providing an overview of the
field as it related to clinical practice, only those PRISMA
items that were relevant were followed, including Introduc-
tion (PRISMA items 3, 4) and Methods (PRISMA items
5-8). Inclusion criteria were that all major empirical and
review papers on these topics identified from the search pro-
cess described above were included if both of the authors
independently judged that the paper made a contribution
rated at least 7/10 on 10-point scale where 10 =vital to
the field and informative to clinicians. Using these papers,
PRISMA items 23a to 23d (Discussion) were followed to
provide a general interpretation of the results in the con-
text of other evidence, describe limitations of the evidence
reviewed, and discuss the implications of the research find-
ings for clinical practice.

Psychopharmacological Treatments

Currently, there are no approved psychopharmacological
treatments that have been developed to target the core fea-
tures of autism (i.e., impaired social communication and
social interaction, plus presence of restricted and repetitive
behaviour patterns) (Boksha et al., 2023). Vorstman et al.
(2017) and Chawner et al. (2021) argued that incapacity to
address autism impairment arises from the fact that cur-
rent medications were not developed concurrently with an
explicitly stated a priori autism-related molecular target.
Because behavioural intervention and psychosocial therapy
modalities continue to form the foundation for systemati-
cally addressing core features of ASD (Carthy et al., 2023),
the principal role for psychotropic medications is to act as
an adjunctive treatment option aimed at managing “high fre-
quency—high intensity” behavioural challenges and comor-
bid conditions (Feroe et al., 2021; Siafis et al., 2022).
There is evidence that, even within the current adjunctive
role that psychotropic medication occupies in autism treat-
ment models, medication is given to about a third (31%) of
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autistic children and adolescents (Rasmussen et al., 2019). In
an Australian study, the most frequently- supplied medica-
tions were for symptoms of ADHD and (to a lesser extent)
depression (Rasmussen et al., 2019). For autistic adults,
Lim et al. (2021) found that 72% were taking at least one
psychotropic medication, with 35% of participants receiv-
ing antidepressants (most commonly sertraline and esci-
talopram), 11% taking antipsychotics (most commonly
quetiapine and risperidone), and 10% had prescriptions for
hypnotics. Figures on the percentage of autistic people on
psychotropic medication for Australia and the UK (e.g., Alf-
ageh et al., 2020) appear lower than those for North America
and Europe, where approximately 50% of autistic children/
adolescents receive medication (Henneberry et al., 2021).
Despite evidence that treatment via psychotropic medica-
tion is increasing, the prescribing process is challenging due
to the complex presentation that arises from heterogeneity
in symptom expression and severity, the high rates of co-
existing disorders, and increased susceptibility to medication
side effects (Genovese & Ellerbeck, 2022).

Considering that the reason for including psychotropic
medication in an autism-specific treatment plan is to reme-
diate the adverse effects of behavioural disturbances and/
or comorbid conditions, it is worthwhile noting the efficacy
of these medications for this purpose. Specific behavioural
targets include irritability, physical aggression, outbursts,
hyperactivity, self-injurious behaviour, emotion dysregula-
tion, and sleep disturbances. Risperidone is the approved
psychotropic treatment for challenging behaviours involving
irritability and aggression in autistic people under 18 years
of age (Lim et al., 2021). Efficacy-oriented systematic
reviews, such as that conducted by de Pablo et al. (2023),
agree that risperidone and aripiprazole are efficacious as
interventions for irritability and emotional dysregulation but,
despite this, researchers emphasise that these medications
can only comprise one element of a multicomponent inter-
vention and are best prescribed for only short-term usage.
Seok et al. (2023) conducted a network meta-analysis of ran-
domised control trials of the comparative efficacy of psycho-
tropic medications prescribed to treat disruptive behaviour
in young people (diagnoses included autism, ADHD, con-
duct disorder, disruptive behaviour disorder) and found that
second-generation psychotropic medications with greater
dopaminergic receptor affinity (e.g., risperidone) showed
significant efficacy in reducing disruptive behaviour (Seok
et al., 2023).

A longstanding caveat for this treatment is the recom-
mendation to closely monitor autistic patients to establish
tolerances and to identify the possible presence of adverse
side effects (e.g., weight gain, insulin resistance, intense
drowsiness, anxiety). Of further concern when consider-
ing the research basis for applying psychotropic medication
with autistic persons is the argument made by Carthy et al.
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(2023), who found that pharmacological studies often con-
tain a number of methodological flaws that do not permit
generalizability of their findings across participant groups.
Such flaws (e.g., inter-study variation in design and outcome
measures, poor differentiation between the symptoms of
autism and comorbid conditions, bias towards child partici-
pants) restrict the confidence with which clinicians are able
to employ the findings from this field of research to make
prescribing decisions for psychotropic medication (Bertelli,
2023).

In terms of future developments of psychotropic medica-
tions suitable for use with autistic people, Aishworiya et al.
(2022) suggested that there is a solid foundation for targeted
medications (e.g., oxytocin, metformin) capable of improv-
ing the core impairments in clearly differentiated autism sub-
groups. The definition of such autism subgroups depends on
the use of neurobiological parameters that are inclusive of
the clinical, behavioural, and biological variation inherent in
autism. Boksha et al. (2023) proposed that these parameters
should be developed from multi-method classifications (e.g.,
clinical assessment of behaviour, in-depth genetic investi-
gation, brain/neural/molecular profiling) and embedded in
studies involving large participant numbers in order to cap-
ture the full range of neurobiological domains that would
require biomedical treatment. Further focussing of psycho-
tropic medications on the specific underlying neural circuits
involved in (for example) prosocial behaviour (Walsh et al.,
2023) also has the potential to deliver individualised treat-
ment protocols for autistic persons (Insel, 2013).

Neuromodulation Treatment

Neuromodulation is an umbrella term for a group of proce-
dures in which brain function is altered by applying weak
electrical current to particular brain regions that are thought
to be responsible for specific behaviours, and which com-
municate with other brain regions via neural “connectivity”
(Thivierge & Marcus, 2007). Although this “brain region-
behaviour” model has been recently challenged by findings
that suggest the shape of the brain may be more important
than connectivity between brain regions in determining
cortical activity (Pang et al., 2023), ongoing research still
supports a role for the connectivity-across-regions explana-
tion of brain-behaviour communication (Cabral et al., 2023;
Murphy, 2023), including in autistic youth (Bitsika et al.,
2023; Sarmukadam et al., 2023).

Neuromodulation may be undertaken by enhancing,
suppressing, adjusting, and regulating neural activity and
functioning (Henry et al., 2016) and is primarily used to
treat disorders known to be under the influence of atypical
nervous system functionality. Neuromodulation techniques
are generally classed as being invasive (i.e., a surgical proce-
dure is used to implant a stimulation device) or non-invasive

(i.e., stimulation electrodes are placed on the cranium and
removed after each session). Depending on the disorder
under treatment, electrodes may be applied to the brain,
spinal cord, and/or peripheral nerve tracks. Non-invasive
techniques include transcranial magnetic stimulation (TMS)
and direct current stimulation (DCS), with these modalities
delivering magnetic stimulation (for TMS) or electrical cur-
rent (for DCS) through probes positioned outside the head
(for TMS) or on the surface of the skull (for DCS) over
multiple sessions (indicated by the prefix r before TMS or
DCS) (Lewis et al., 2016). (DCS may also have the prefix ¢,
to denote transcranial application.) Non-invasive DCS and
TMS techniques have been examined as therapeutic options
for reducing the pathological neuroplasticity of autism, with
particular improvements targeted for autism symptomatol-
ogy, neurophysiological functions, and behavioural difficul-
ties (Khaleghi et al., 2020).

In terms of efficacy, Khaleghi et al.’s (2020) systematic
review of 32 studies of tDCS and rTMS (8 tDCS, 23 rTMS,
and 1 tDCS plus rTMS studies) with autistic participants
reported positive effects on repetitive and restricted behav-
iour, socialisation, and some aspects of executive cognitive
functions. However, those authors cautioned against overly
optimistic interpretations of the findings they reviewed,
citing methodological limitations arising from poor study
design, heterogeneity of data resulting from variations in
stimulation protocols (e.g., the number of sessions ranged
from single- to multiple applications), and bias towards ado-
lescent/adult participant groups causing findings to be of low
generalisability to children. These sentiments were echoed in
Garcia-Gonzales et al.’s (2021) systematic review and meta-
analysis of the use and effectiveness of tDCS in 16 studies of
autistic children and adults. The left dorsolateral prefrontal
cortex was the most frequently chosen brain site for stimula-
tion, with improvements in socialisation, behavioural diffi-
culties (e.g., irritability, agitation), and overall functionality.
Like Khaleghi et al. (2020), Garcia-Gonzales et al. (2021)
noted that the veracity of research findings was undermined
by variation in methodology across studies, with a prepon-
derance of studies not suited to evaluating efficacy across
studies (e.g., n=1 designs). Additionally, Smith et al. (2022)
reviewed clinical trials involving the use of TMS to remedi-
ate behavioural and cognitive symptoms in autistic children/
adolescents that were classified as being cognitively capable.
Mild to moderate improvements were noted for restricted
and repetitive behaviours, and strong increases were found
in cognitive functions. However, despite these reasonably
promising findings, Smith et al. (2022) also emphasised
that limitations in study design needed to be addressed
prior to these findings being translated into clinical recom-
mendations. Most recently, Griff et al. (2023) discussed
the therapeutic components and relative efficacy of non-
invasive brain modulation techniques (e.g., tDCS, rTMS)
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in modifying pathological neuroplasticity in autism. Their
analysis of findings from pilot and cohort studies plus clini-
cal trials, suggested that there was some evidence that tDCS
and rTMS created therapeutic improvements in the atypical
behaviour and cognitive patterns observed in autism. How-
ever, those authors also suggested that research to date is
unable to support a conclusive case for meaningful conclu-
sions to be drawn, particularly regarding the issues of clini-
cal significance and maintenance of effects over time.
Overall, these reviews were unanimous in their caution
about voicing strong support for neurostimulation effects,
principally due to persistent methodological flaws in study
design and delivery. In offering suggestions for future
research, they recommended development of standardised
brain stimulation protocols and agreement on the outcome
measures used to evaluate efficacy (Garcia-Gonzalez et al.,
2021; Griff et al., 2023), use of design standards to aid
accurate efficacy analyses (including randomised, double-
blind controlled trials with embedded follow-up periods
(Khaleghi et al., 2020)), use of technological advances such
as neuronavigation software (Smith et al., 2022), explora-
tion of a greater number of brain regions in which to deliver
neurostimulation (Khaleghi et al., 2020), and incorporation
of inter-disciplinary teams to create more insightful data-
collection and data-interpretation processes (Zhang et al.,
2021). On the bases of these reviews and studies, at present,
it is most accurate to conclude that neuromodulation holds
definite promise as a treatment for some of the core symp-
toms and associated features of autism, but cannot be recom-
mended as an evidence-based treatment for this purpose yet.

Oxytocin Therapy

Oxytocin is a neuropeptide synthesised in the hypothalamus
and secreted into the blood stream by the posterior pituitary.
It is known to exert significant effects on social functioning
and, due to this, has drawn interest as a biochemical treat-
ment option for some of the features of autism (Tanaka et al.,
2018). As a basis for treatment studies, oxytocin levels are
lower in autistic people compared to same-age neurotypical
peers. For example, in their meta-analysis of 31 studies that
measured oxytocin concentration in plasma/serum (26 stud-
ies), saliva (4 studies), and cerebrospinal fluid (1 study) in
1233 autistic and 1304 neurotypical participants, John and
Jaeggi (2021) reported significantly lower oxytocin levels in
blood samples of autistic children compared to their neuro-
typical peers. Those authors also found positive correlations
between oxytocin levels and autism symptom severity, sup-
porting the hypothesis that the oxytocin system is implicated
in onset and/or expression of autism impairment. However,
this finding is not universal: Moerkerke et al. (2021) reported
meta-analytic data indicating that oxytocin levels of autistic
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adolescents adults did not differ from those of their neuro-
typical counterparts.

Four examples of empirical investigations of the effects
of oxytocin on autistic symptoms provide an indication of
the state of therapeutic research in this field. First, Daniels
et al. (2023) employed a double-blind, randomised, placebo-
controlled study to investigate the effects of a 4-week admin-
istration (12 IU delivered two times per day) of intranasal
oxytocin on social responsiveness in 80 autistic children
(age range=28 to 12 years; 61 boys). Data were collected
from parent-reported Social Responsiveness Scale (SRS-
2) (Constantino & Gruber, 2012) responses. Children were
randomly allocated to an oxytocin or placebo group, and
oxytocin effects were measured at two time points (i.e.,
immediately after delivery of the final oxytocin dose and at
4-week follow-up). Daniels et al. (2023) reported significant
improvement in social responsiveness for both oxytocin and
placebo groups, leading to the conclusion that these positive
effects were not solely an outcome of exposure to intranasal
oxytocin.

Second, Guastella et al. (2023) reported contrasting
results to those of Daniels et al. (2023) in their randomised,
placebo-controlled clinical trial of intranasal efficacy in 87
autistic children (age range =3 to 12 years). Intranasal oxy-
tocin (32 IU =16 IU morning + 16 IU evening) was admin-
istered to the treatment group over a 12-week period while
the placebo group received a neutral spray delivered under
the same conditions. Social functioning was measured using
the parent-reported SRS-2 at pre- and-post trial. Overall,
oxytocin had no significant effect on social responsiveness,
and no significant effects were found for general mental
well-being as rated by clinicians, nor for secondary measures
involving repetitive and atypical behaviour.

Third, Sikich et al. (2021) confirmed the trend towards no
significant oxytocin effect in their placebo-controlled trial
of intranasal oxytocin in children/adolescents (age range 3
to 17 years) which extended over a 24-week period dur-
ing which participants received 48 IU of oxytocin per day.
Based on mean change scores on the Social Withdrawal
Scale of the Aberrant Behaviour Checklist (Aman et al.,
1985), Sikich et al. (2021) reported no significant treatment
versus control group differences in social functioning over
the 24-week trial period.

Fourth, a double-blind, randomised, placebo-controlled
parallel design was used by Bernaerts et al. (2020) to address
the issue of longer term effects of oxytocin. A sample of 40
adult autistic men received intranasal oxytocin (24 IU once
per morning) for a 4-week period. Measures of autism symp-
tomatology using the adult version of the SRS (Constan-
tino, 2005) were taken at baseline, immediately following
the 4-week trial, and at follow-up of 4 weeks, and 12-month
post-treatment. Data were collected via self- and informant-
reporting of status in relation to social impairment, repetitive
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behaviour, and attachment (Bernaerts et al., 2020), but no
significant oxytocin treatment-related effects were found
(men in both the treatment and placebo groups stated that
they had experienced social improvements). However, treat-
ment-related reductions were observed for secondary meas-
ures of repetitive behaviour and feelings of avoidance in the
oxytocin group compared to the placebo group.

Although these four empirical studies suggest that the
efficacy of oxytocin as a treatment for social interaction and
communication difficulties in autism has yet to be proven,
a meta-analysis of 28 studies (autistic participants =726;
mean age =32.93 years; percentage male =96.11%) by
Huang et al. (2021) reported strong evidence of positive
change in social, but not non-social behaviour (e.g., repeti-
tive responses, stereotypies).

These results are not conclusive, and it is relevant to
note the comment made by Ford and Young (2022) that,
while oxytocin may facilitate social learning, there is no
evidence that it also directly causes prosocial behaviour.
Those authors argued that future studies of oxytocin ought
to incorporate behaviour therapy protocols to actually teach
social behaviour rather than relying on the effects of the
neurohormone per se.

Oxytocin is a powerful stimulant, and is not without its
negative sequalae. For example, in their systematic review
and meta-analysis on the adverse events (i.e., side effects)
associated with long-term intranasal oxytocin treatment in
autistic participants, Cai et al. (2018) analysed findings from
five randomised controlled trials (total participants =223;
intranasal oxytocin group =123; placebo group=100) and
classified adverse events into mild and severe categories. The
percentage of participants who experienced a mild adverse
event ranged from 4.5 to 14.3%. Severe adverse events were
infrequent (aggression =3 participants; seizures =2 partici-
pants). Although Cai et al. (2018) concluded that intranasal
oxytocin was relatively well tolerated, they also urged the
establishment of large clinical trials to evaluate its efficacy
as a treatment modality. In terms of everyday clinical set-
tings, it may be risky to assume that every autistic child
will avoid side effects from oxytocin therapy. Furthermore,
although oxytocin treatment may be a beneficial treatment
option in some individuals, trends are not universal, and
reported effects relate mostly to immediate rather than long-
term change. The question of whether oxytocin effects are
maintained over time can only be clarified with repeated
post-treatment measures (Yamasue et al., 2020).

It is useful to reflect on several key points regarding
this brief overview of the efficacy of oxytocin for treating
social communication difficulties in autistic persons. First,
the reported findings on oxytocin benefits are inconsistent
in both child and adult participant groups. Second, despite
being heavily populated by double-blind, randomised, pla-
cebo-controlled clinical trials that are well suited to efficacy

research, methodological limitations exist. These are par-
ticularly related to issues such as over-reliance on informant-
reporting methods to measure change, limited control, and
accounting of additional exposures (e.g., social skill train-
ing) that are likely to influence participant performance,
wide variation in oxytocin administration (e.g., dose and
frequency/time of delivery), and lack of consistency in treat-
ment duration. In assessing oxytocin treatment effects, mini-
mal attention has been paid to instituting follow-up measures
which would allow for conclusions to be drawn on longevity
or maintenance of improvements in participant functioning.
Most importantly, female participants continue to be under-
represented in this line of biomedical research. Tabak and
colleagues (Tabak et al., 2023) have provided a valuable
state-of-the-art review regarding methodological issues in
oxytocin efficacy studies, including the tissue source from
which oxytocin is collected (saliva, plasma, urine, cerebro-
spinal fluid), the methods of extracting oxytocin from these
fluids, the processes use to detect concentrations of oxytocin,
the nature of the experimental task (vs baseline) which is
being measured for its effect due to oxytocin administration,
the heterogeneity of the autistic sample, and the methods
of diagnosis and assessment of the particular neurodevel-
opmental disorder being studied. These are considerable
challenges, and with the variety in outcomes reported from
the small (but representative) sample of studies and reviews
described here, leave oxytocin as a treatment with promise
but yet to be evidence-based.

A Place for Individual Resilience?

Neurobiological investigations have generally centred on
delineating the biological and environmental risk factors
for autism in order to permit more accurate predictions of
the manner in which core impairments are likely to influ-
ence functioning across the lifespan. While such studies have
contributed to an array of specialised treatment approaches
capable of assisting positive change, they have also unin-
tentionally minimised exploration of individual’s unique
strengths and talents as well as any protective factors that
could aid positive development. On this point, Szatmari
(2018) and Clark and Adams (2022) have argued for more
studies into autism resiliency and the protective factors that
influence the potential for resilient responses.

For some time, the positive psychology literature has
defined resilience as the person’s capacity to resist the det-
rimental impacts of any adverse stressors encountered in
life, and to continue functioning despite their presence (Her-
rman et al., 2011). Furthermore, resilience enhances adapta-
tion to difficult experiences via use of cognitive, emotional,
and behavioural strategies plus adjustment to environmen-
tal demands (Luthar & Cicchetti, 2000). Szatmari (2018)
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hypothesised that this definition can be applied to autism
by conceptualising the diagnosis or exposure to risk factors
as the adverse event, and “doing better than expected” in
the face of a diagnosis/risk factors as the outcome (p. 225).
Within this framework, protective factors (i.e., sex differ-
ences, infant siblings, natural history) may act to reduce the
influence of risks that lead to poorer functional outcomes
across the lifespan. There is evidence that resilience can
help autistic boys cope more effectively with being bullied
at school (Bitsika et al., 2022), and also is of value to their
parents in managing their own stress, anxiety, and depres-
sion (Bitsika et al., 2013). The challenge to research thus
centres not only on identifying specific protective variables
but also mapping their influence from a longitudinal per-
spective. For example, Stallworthy and Masten (2023), using
high-risk infant siblings as their example, have expanded
on the importance of maintaining a resilient perspective as
a counterpoint to risk-oriented views to help explain which
resilience factors are significant to positive development
despite presence of risk factors in early childhood. Those
researchers differentiated between promotive variables (e.g.,
communication, self-regulation) and protective processes
(e.g., female protective effect), arguing that investigation of
predictors is necessary to explain how both sets of factors
affect adaptive development and the time spent in this posi-
tive phase.

An example of a scale to measure resilience can pro-
vide a more detailed explanation of the protective factors
underlying resilience. One of the most-used measures of
what those authors refer to as “Psychological Resilience”
(PR) is the Connor-Davison Resilience Scale (Connor &
Davidson, 2003), which asks respondents to rate their level
of agreement with 25 statements such as: [ am able to adapt
to change, When things look hopeless, I don’t give up, and
I am in control of my life. As defined by Connor and David-
son (2003), PR is composed of five underlying components:
personal competence, high standards, and tenacity; trust in
one’s instincts, tolerance of negative affect; positive accept-
ance of change, secure relationships; control over one’s life;
and spiritual influences. Not all of these have protective
effects. Some data show that, although the first four compo-
nents are significant inverse correlates of stress and depres-
sion in cancer patients, this is not so for the fifth component
(Sharpley et al., 2017). Differential effects of the underlying
components of PR as measured by the CDRISC are yet to be
reported in autistic samples.

This paper is focussed upon neurobiological treatments
for autism and comorbid conditions. Resilience is relevant
because, although it was originally defined in psychological
and behaviour terms, it has been shown to have profound
biological, neurobiological, and environmental aspects
(Paban et al., 2019; Velamuri et al., 2022), with a recent
research focus on using EEG and MRI to define and describe
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the neurobiological processes that underlie resilient behav-
iour (Hasan et al., 2022; Long et al., 2019; Watanabe &
Takeda, 2022). In their major reviews of the biology of resil-
ience, Feder et al. (2019) and Boyce et al., (2021) noted that
specific genes interact with environmental factors to influ-
ence the development of the neural circuitry that influences
an individual’s responses to stress. These interactions occur
particularly during developmental periods, and act via epi-
genetic mechanisms to influence the way that brain regions
activate to mediate a threat, regulate emotional responses,
producing adaptive neural pathways that enhance self-man-
agement of changing environmental settings and challenges.
Therefore, resilience may be conceived as a psycho-neurobi-
ological factor rather than simply a set of behavioural attrib-
utes. As such, clinical settings might reasonably emphasise
the value of training resilience behaviours, aware that these
processes may have an underlying neurobiological stratum
that can be influenced by behavioural training.

Implications for Clinical Settings

Based upon the findings drawn from the key research papers
briefly reviewed above, Table 1 focusses this informa-
tion towards informing clinicians by presenting the major
research findings, resources needed, and recommendations
for use in clinical settings for each of the four treatments out-
lined above. As mentioned in the Introduction to this paper,
there is no attempt to provide a detailed exhaustive review of
all of the research on these treatments—that has been done
before in other papers. Instead, this discussion is aimed at
distilling the key information from those previous reviews,
plus major individual empirical studies, so that these can be
presented to clinicians in meaningful and (hopefully) valu-
able summary format.

Overall, these treatments represent relatively recent and
neurobiologically based approaches to the challenges of
autism. As such, most are in the development stage, and
still reliant upon further research to establish their evidence-
based validity for clinical applications. However, within
that limitation, each holds clear promise (at least) of being
of some value in assisting autistic persons to manage the
particular demands of their individual features. While most
should be applied with caution, or acknowledgement of their
restrictive benefit (e.g., medication for comorbidities rather
than autism core features), and the relative costs of their
resources (e.g., TMS) and utilisation (e.g., medical training
for psychopharmacology), each of these may be of value
with specific clinical cases, and for designated purposes.
Clinicians need to remain abreast of developments in their
fields, and this brief summary provides an overview of the
current information state in regard to these treatments which
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are based upon the underlying neurobiological concomitants
of autism.
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