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Introduction: Autism spectrum disorder (ASD) is a neurodevelopmental
condition that impairs social interaction, communication, and
appropriate behavior.

Methods: Out of 1,740 articles initially identified through electronic databases
using PRISMA guidelines and the PICOS framework, only 15 met the inclusion
criteria for this review.

Results: Although the precise etiology of autism remains unclear in most cases,
from cohort studies, the heritability as a potential cause is estimated to range
between 50% and 80%, taking into account consistent environmental risk factors
such as parental age, pollution, and maternal infections during pregnancy.
Several autism-related gene mutations have also been identified.
Recommended interventions include applied behavior analysis, speech
therapy, pharmacological treatment, and emerging techniques such as artificial
intelligence, virtual reality, and microbiome-based approaches. Pharmacological
agents like Risperidone and Aripiprazole can alleviate specific symptoms but do
not target the core features of ASD. Additional evidence-based therapies,
including occupational therapy and sensory integration, have demonstrated
benefits in enhancing functional outcomes.

Discussion: Montessori education, a sensory-focused, individualized, and play-
based learning approach, aligns well with the individual learning needs of ASD
and shows considerable potential in improving communication and social skills in
children with ASD. This systematic review underscores geographic disparities and
risk factors associated with autism while uniquely assessing Montessori
education as a promising intervention, paving the way for further research in
low-resource settings.

autism spectrum disorder, ASD prevalence, ASD early intervention, ASD educational
solutions, Montessori, ASD behavioral therapy, ASD pharmacological treatment,
artificial intelligence in ASD
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1 Introduction

Autism Spectrum Disorder (ASD) is a developmental disorder
impacting social interaction, communication, and the presentation
of repetitive behaviors or intensely fixated interests. It is not evenly
spread between males and females and tends to manifest in very
early years. Although the manifestation and type can be different,
ASD is, at its core, a condition that impairs a person’s way of
interacting with others and their inability to cope with the
environment (1). In the last 20 years, more people, both
domestically and internationally, have been diagnosed with ASD,
and the epidemiology, etiology, and treatment of ASD have become
emerging research focuses.

1.1 ASD global overview

The WHO estimates that 1 in every 160 children in the world
have ASD (2), whereas, according to CDC, about 1 in every 36
children who are 8 years old in the United States were diagnosed
with ASD in 2020, a prevalence that was as 1 in 150 in 2000 (3).
These increases are attributed to advancements in diagnostic
criteria, increased awareness, and enhanced screening/surveillance
systems (4, 5). The 2013 shift from DSM-IV to DSM-5 revised
diagnostic thresholds by grouping disorders like Asperger’s
syndrome and PDD-NOS into ASD, potentially contributing to
increased prevalence (6, 7). However, these changes also posed
diagnostic difficulties because females and adults are often
paucisymptomatic and are underdiagnosed (8, 9). Past criteria
have proved to be wanting when identifying high-functioning
persons and females, as they are likely to feign or exhibit
symptoms dissimilar to those of male patients (10).

1.2 Genetic and environmental factors

Scientific information has strengthened the evidence for the role
of genetic factors in the development of ASD, with twin studies
suggesting a heritability index of between 50%-80% (11). Studies
have pointed out that ASD has connections with several gene
mutations and copy number variations like the SHANK3, CHDS,
NRXN1, and FMR1 (12, 13). These mutations impact synaptic
transmission, neuronal growth, and structural plasticity, essential
for cognitive and behavioral control. DNA methylation and histone
modification facilitate gene-environment interactions (epigenetic
mechanisms), mediating the impact of environmental factors on
genetic predispositions during neural development, potentially
contributing to ASD’s connectivity and learning deficits (14).
Other research indicates that epigenetic mechanisms may play a
role in the disruption of connectivity and learning deficits in
children with ASD (15).

Environmental risks are also very influential in the development
of this ASD. Previous prenatal factors, including greater maternal
age, paternal age, Gestational Diabetes Mellitus (GDM), preterm
birth, cesarean section, and low birth weight, have been categorized
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as prenatal and perinatal risk factors for ASD (16-18). Airborne
pollutants such as nitrogen dioxide and particulate matter, metals
including mercury and lead, pesticides, and endocrine-disrupting
chemicals are other environmental factors that have been shown to
adversely affect neurodevelopment and influence the likelihood of
ASD development (19-21). One notable factor is Maternal Immune
Activation (MIA), which occurs when the mother’s immune system
is triggered by increasing factors such as infection, autoimmune
diseases, or inflammation during pregnancy. MIA has been
demonstrated in animal and human studies to disrupt fetal brain
development (21, 22). Children with ASD may have low vitamin D,
B6, B12, folates, zinc, magnesium, and omega-3 fatty acids, which
are crucial for neurotransmitter synthesis and immune
function (23).

Emerging trends indicate that Maternal Metabolic Outcomes
(MMO) such as GDM, obesity, and preeclampsia augment the odds
of ASD in offspring (24). These disruptions are believed to trigger
inflammatory responses, oxidative stress, and hormonal
imbalances, which can negatively impact fetal brain development
(25). For example, maternal diabetes, especially during the third
trimester, may affect brain plasticity and synaptogenesis due to
hyperglycemia and insulin resistance (2).

1.3 ASD diagnostic challenges

There are striking differences in ASD diagnosis and further
management of the disorder regarding the region and
socioeconomic status (SES). ASD is often undiagnosed in low-
and middle-income countries (LMICs) because the healthcare
systems are scanty; there is a dearth of specialists to attend to
these patients. Society has a nondescriptive attitude towards mental
health disorders (26). For instance, research on sub-Saharan
African and South-Asian countries makes lower prevalence rate
estimates, which might have been influenced by under-diagnosis
instead of under-incidence (27, 28). In many such regions, children
can end up being diagnosed with intellectual disability or
psychiatric disorders when, in truth, they have ASD because of
inadequate culturally sensitive screening tools (29). Racial and
ethnic minorities, in particular, are documented to receive a
diagnosis and are provided early intervention services later than
others in high-income countries (30, 31). These disparities are
attributed to language solutions that act as barriers, disparate
healthcare access, and institutional racism that hinder good
diagnosing and early intervention.

New systems of picturing autism have proposed concepts such
as the attribute LAZY that encompasses Late-diagnosed, Atypical,
Zero-yield screen patients with ASD forms that are less likely to be
diagnosed at an early age or are high-functioning or female (25).
These may not present classical diagnostic signs during initial
assessments performed during childhood, especially when the
diagnostic instruments are not sensitive to gender or cultural
differences. Reluctance to acknowledge “My child is Autistic,”
especially in Arab countries, widens this gap. Recent studies
indicate Qatar has a high ASD prevalence, with 2019 research
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estimating 1.4% among school-aged children (32) and another
reporting 1.14% among children aged 6 to 11 years (33). Some
communities attribute ASD behaviors to possession by evil spirits or
witchcraft, delaying diagnosis and treatment.

M-CHAT and ADOS-2: Current large-scale screening methods
used globally to identify the early signs of ASD include the Modified
Checklist for Autism in Toddlers (M-CHAT) and the Autism
Diagnostic Observation Schedule (ADOS-2) (34).

1.4 ASD- interventions

1.4.1 Dietary interventions

Various dietary therapies like gluten-free casein-free (GFCF)
diets have been tried with learners with AD/HD. Without a clear
overall impact of elimination diets, some meta-analyses indicate
positive results in social behavior, hyperactivity, and irritability
when dietary changes are sustained and personalized (35).
Randomized pellets have also shown minor language and social
competency improvement through supplementation with Omega-3
fatty acids (36). These results have implications for nutritional
screening and individualized supplementation as part of the
comprehensive therapy of ASD. This is more so in LMICs, where
nutrient deficiencies, together with systemic health and dietary
accessibility challenges, already amplify symptoms of ASD (37, 38).
Research shows that approximately 70% of children with ASD show
gastrointestinal symptoms with irregular gut microbiota, known as
the gut-brain axis, prompting speculation that microbes within the
gut may play some role regarding behaviors (39, 40).

1.4.2 Educational solutions

Children with autism can benefit from Montessori-based
education because it provides structure Lillard. Montessori
education is gradually gaining a reputation as an effective model for
children with ASD because of its nature-based approach, use of
sensory explorations, and promotion of practical life skills. The
teachings inherent in the Montessori approach include freedom of
choice and learning at one’s own pace, which is very valuable for
autistic children because of their learning style preferences. The School
for Asperger has been designed as a structured but very loose program
in which children can interact through play with objects and people
with different stimuli for their senses. Furthermore, focusing on fine
motor skills and coordination increases the child’s independence,
which is generally a concern for children with autism. In addition, it
has been suggested that the Montessori classroom environment is
highly social and allows for social and communication skills
development during peer interactions. The fundamental
characteristics of Montessori education, including the individualized
approach, sensorial activities, and the focus on practical life, contribute
to the effectiveness of the Montessori approach for children with ASD
in the academic, social, and developmental domains (38).

1.4.3 Pharmaceutical interventions

No drug is known to treat ASD, but the side-by-side use of
medications like Risperidone and Aripiprazole may help control

Frontiers in Psychiatry

10.3389/fpsyt.2025.1604937

some symptoms such as anxiety, aggression, and repetitive
actions (27).

1.4.4 Behavioral and communication intervention

Other forms of intervention include ABA, speech therapy, and
occupational therapy, which enhance communication and social
interaction among ASD individuals (41).

1.4.5 Other interventions solutions

Artificial Intelligence (AI) technologies such as diagnostic tools,
Augmentative and Alternative Communication (AAC) devices, and
Virtual Reality (VR) therapy can be regarded as innovations
proposed for the treatment of autism (28).

1.5 Summary

However, the source of ASD is still not well understood due to
its multi-faceted nature and the significant impact of the disorder
on children all over the world; therefore, there is a need to compile
knowledge about different patterns of prevalence and factors related
to the occurrence of ASD as well as interventions for the disorder.
There is growing interest in the use of educational approaches in the
management of ASD, especially those that are individualized. One
such is Montessori training, which is peaceful, systematic, touch-
tangible, and student-centered. A couple of former studies highlight
that Montessori approaches, such as autonomous discovery,
handling things, and group work for a group, are consistent with
learning styles preferred by children with ASD, especially regarding
communication and behavior improvements (38). However, this
promising approach has been used in systematic reviews but not
explored in detail.

Hence, this review will compile a comprehensive synthesis of
the global prevalence rate of ASD and explore genetic, epigenetic,
and environmental factors that underlie the condition and existing
intervention approaches with a special emphasis on the Montessori
approach. This synthesis is drawn to help clinicians, educators, and
policymakers make sense of the current state of ASD research and
to identify future directions of care and research.

2 Materials and methods

2.1 Study design

This systematic review follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) criteria to
guide their conduct to be clear and precise. This review aimed to
review literature documenting the prevalence of ASD worldwide,
the associated genetic and environmental causes, and the
effectiveness of the existing intervention methods with specific
reference to Montessori education. No quantitative meta-
synthesis was performed due to the imbalance and heterogeneity
in some variables employed in the discerned studies that ranged in
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match utilities, interventions and outcomes measures, and

region environment.

2.2 Selection criteria

The study selection process adhered to the PRISMA framework,
involving four stages: identification, screening, eligibility, and
inclusion. A total of 1,740 records were identified through 5
significant databases. The following selection criteria were
applied: 1) answered the study question, 2) written in English,
were published in peer-reviewed journals, 3) used rigorous
methodology, 4) research indicating people with ASD of different
age groups and genders from different geographic and socio-
economic backgrounds, 5) Previous research on screening
approaches to MMO in children and adults categorized the
assessments into behavioral and pharmacological treatment
perquisites, and/or policy-based and educational solutions were
included, 6) researches that compare checklists, including the
Autism Diagnostic Observation Schedule (ADOS-2) and Modified
Checklist for Autism in Toddlers (M-CHAT), 7) targeted
population was clearly defined with sample size greater than 50
cases and controls to give enough power to the study, and 8) the
review only examined the articles published from the year 2000 up
to 2024 to enhance the chances of covering the eventuality of
capturing the recent knowledge in autism. Five analytical and
epidemiological study types were considered for inclusion: cohort,
cross-sectional, case-control, RCTs, and systematic reviews. The
review also focused on those works reporting attempts to apply new
or unique methods or adapt them to the regional particulars for
those with autism, e.g., Montessori education. After applying the
selection criteria, 480 were found to be duplicates, and 1,260 records
were screened by title and abstract. Of these, 980 were excluded for
irrelevance, leaving 280 full-text articles for eligibility assessment.
Following the application of PICOS criteria, 265 articles were
excluded due to lack of primary data, non-peer-reviewed status,
small sample sizes (<50), or methodological limitations. Ultimately,
15 studies were included for qualitative synthesis and risk of bias
assessment. The PRISMA flow chart, presented in the Results
section, visually summarizes this process. The title and abstract
screening steps were performed independently and blinded by two
investigators to minimize bias. Only the full-text articles that met
the initial criteria were evaluated in the second step.

2.3 Exclusion criteria

The excluded studies were: 1) non-peer-reviewed conferences,
editorials, or opinion pieces and did not contain research data; 2)
studies that had articles that were specific to comorbidity and did
not research AUTISM or had it as one of the co-primary diagnoses
were excluded, 3) Any study conducted before the year 2000 was
excluded unless it based research on autism in any way, 4) Studies
with a sample size (<50) participants were also not considered due
to low statistical power, 5) The studies conducted in animals
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without any direct association with clinical diagnosis and
management of ASD, and 6) studies that appeared in journals,
books, or were otherwise published in a language other than English
were excluded if no official translation was available.

3 Methodology
3.1 Search strategy

A comprehensive and systematic literature search was
conducted across five significant databases: PubMed, Scopus, Web
of Science, Cochrane Library, and Google Scholar. The search
spanned publications from January 2000 to March 30, 2024.
Boolean operators (AND, OR) and Medical Subject Headings
(MeSH) were used to construct the search queries. Key terms

» o«

ASD prevalence,”

» «

included: “Autism Spectrum Disorder,

» «

“autism diagnosis,” “genetic factors in ASD,” “environmental risk

» o«

factors for autism,” “early intervention for ASD,” “Montessori
education and autism,” and “behavioral therapy for autism.” The
search strategy was refined repeatedly to maximize sensitivity and
specificity. Grey literature and preprints were not included due to
the scope of the review. The study was not preregistered on
PROSPERO or any other protocol registry, which is

acknowledged as a methodological limitation.

3.2 Study question

The primary research question guiding this systematic review
was: “What are the global prevalence rates of ASD, what genetic and
environmental factors contribute to its variability, and what
intervention strategies—particularly Montessori education—are
reported as effective in existing literature?” This question was
formulated using the PICOS framework in Table 1 below to
ensure a structured evidence retrieval and appraisal approach.

TABLE 1 PICOS framework for research question of the recent study.

Parameter Description

Population (P) Individuals diagnosed with Autism Spectrum Disorder

(ASD) across different regions.

Intervention (I) Early screening programs, behavioral therapies,
pharmacological treatments, assistive technologies, and

policy interventions.

Comparison (C) Differences in autism prevalence across geographical
regions, diagnostic tools, and effectiveness of

treatment strategies

Outcomes (O) Prevalence trends, risk factor analysis, intervention

effectiveness, policy recommendations

Study Design (S) Systematic reviews, cohort studies, case-control studies,

cross-sectional studies, and RCT's
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TABLE 2 Characteristics of included studies.

Author
(s)

Publication

year

Journal

Demographics

Autism
prevalence
rate

Classification
system used

Outcomes

Findings

Volk, H. E., | 2011 (42) Environmental Case- 304 Children with ASD 1 in 68 DSM-1V Association between Higher autism prevalence was observed in
Health Perspectives Control and controls, USA freeway pollution and children exposed to freeway pollution
Study ASD risk during gestation.
Schmidt, 2012 (43) American Journal of = Case- 837 Mothers and 1in 54 DSM-1V Impact of folic acid Higher maternal folic acid intake was associated
R.J, Clinical Nutrition Control offspring, USA supplementation on with a reduced risk of autism in offspring.
Study ASD risk
Zerbo, O., 2013 (44) Journal of Autism Case- 772 Pregnant women 1 in 36 DSM-IV Influence of maternal Maternal fever during pregnancy was linked to
and Control and offspring, USA fever and influenza on an increased risk of ASD, particularly in the
Developmental Study autism risk second trimester.
Disorders
Lyall, K., 2014 (45) International Journal | Systematic N/A Multiple Varied DSM-1V & DSM-5 Review of maternal risk Factors such as air pollution, poor diet, and
of Epidemiology Review studies, Global factors for autism maternal stress increased autism risk.
Hertz- 2010 (46) Environmental Case- 452 Children with ASD 1in 88 DSM-IV Blood mercury levels in No significant association was found between
Picciotto, I, Health Perspectives Control and controls, USA autistic children blood mercury levels and autism.
Study
Fombonne, 2006 (47) Pediatrics Cross- 2256 Children with 1in 100 ICD-10 Prevalence of autism and = No link was found between immunization
E, Sectional ASD, Canada vaccine safety history and increased autism risk.
Study
Smeeth, L., 2004 (48) The Lancet Case- 1294 Children with 1 in 150 DSM-1V Examining MMR vaccine | No association was found between the MMR
Cook, C,, Control ASD, UK and autism risk vaccine and autism prevalence.
Study
Baron- 2015 (49) Molecular Psychiatry = Case- 128 Amniotic fluid N/A DSM-1V Role of prenatal steroid Higher levels of prenatal steroid hormones were
Cohen, S., Control samples, Denmark hormones in ASD risk linked to increased autism risk.
Study
Hodge, S. 2010 (50) Journal of Autism Cross- 180 Individuals with 1in 80 DSM-1V Examining cerebellar Differences in cerebellar volume correlated with
M., and Sectional ASD, USA structure and language and cognitive impairments in autism.
Makris, N., Developmental Study language development
Disorders
De 2004 (51) Annals of Neurology = Cross- 236 Individuals with 1in 75 DSM-IV Brain structure Differences in cortical asymmetry were observed
Fossé, L., Sectional ASD, USA and autism in individuals with ASD.
Study
Hultman, 2002 (52) Epidemiology Cohort 408 Infants with 1in 130 ICD-10 Perinatal complications Increased autism risk was associated with
C. M., Study ASD, Sweden and autism risk preterm birth and maternal complications.
Baron- (2001) (53). Journal of Autism Cross- 90 Adults with 1in 90 DSM-1V Measuring autism traits High AQ scores were associated with autism
Cohen, S., and Sectional ASD, UK across different groups and certain personality traits
Study

(Continued)
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TABLE 2 Continued

fesid Autism N
Author  Publication Sample . Classification .
Journal : Demographics prevalence Outcomes Findings
(s) year size system used
rate

Developmental

Disorders
Dawson, (2010) (54). Pediatrics Randomized 80 Toddlers with 1in 50 DSM-1V Evaluating Early Start Children who received therapy showed
G, Controlled ASD, USA Denver Model improved language and cognitive skills.

Trial

TABLE 3 Risk of bias assessment.

Publication . Selection Performance Detection Attrition Reportin Overall risk
Author(s) Study design . : . : ep 9 .

VLS bias bias bias bias bias of bias
Volk, H. E,, et al. (2011) (42). Case-Control Study 304 Moderate Low Moderate Low Low Moderate
Schmidt, R. J., et al. (2012) (43). Case-Control Study 837 Low Low Low Moderate Low Low
Zerbo, O., et al. (2013) (44). Case-Control Study 772 Moderate Low Moderate Low Low Moderate
Lyall, K., et al. (2014) (45). Systematic Review N/A Low N/A Low N/A Low Low
Hertz-Picciotto,
L etal (2010) (46). Case-Control Study 452 Moderate Low Moderate Low Low Moderate
Fombonne, E., et al. (2006) (47). Cross-Sectional Study 2256 Low Moderate Low Low Low Low
Smeeth, L., et al. (2004) (48). Case-Control Study 1294 Low Low Moderate Low Low Low
B -Cohen,
Sarec:nal ohen (2015) (49). Case-Control Study 128 Moderate Low Low Low Low Moderate
Hodge, S. M., et al. (2010) (50). Cross-Sectional Study 180 Moderate Low Low Low Low Moderate
De Fossé, L., et al. (2004) (51). Cross-Sectional Study 236 Low Moderate Low Low Low Low
Hultman, C.
M ;131 (2002) (52). Cohort Study 408 Low Low Low Moderate Low Low
Baron-Cohen, .
S etal (2001) (53). Cross-Sectional Study 90 Moderate Low Moderate Low Low Moderate
Dawson, G., et al. (2010) (54). Randomized . 80 Low Low Low Moderate Low Low

Controlled Trial

Hertz-Picci N
L eetzal icciotto (2010) (46). Case-Control Study 452 Moderate Low Moderate Low Low Moderate
Fombonne, E., et al. (2006) (47). Case-Control Study 2256 Low Moderate Low Low Low Low

n
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3.3 Data extraction

Data collection was done using data extraction forms to make
the process more accurate and uniform. These consisted of the
study title, authors, year of publication, and the source of the
journal. Further information included the type of studies, the
sample size, participants’ age and/or sex, prevalence rates by
geographical location, and diagnostic methods used (DSM-IV,
DSM-5, or ICD-10). Other aspects used systematically included
information about the genetic/hereditary and environmental
factors, the details of the intervention procedures, and the success
rate of the various treatment options, including educational impact.
Guidelines and policy proposals for managing ASD were retrieved
when formulating healthcare frameworks were provided. Data
extraction was completed by two authors individually, and
disagreements were adjudicated with consensus through a review
of primary sources.

3.4 Study outcomes

The key findings of this systematic review are: 1—the rates of ASD
in samples; 2—the identification of genetic and environmental risk
factors for ASD; 3—the behavioral, pharmacological, and educational
approaches adopted in the study, including those associated with the
Montessori system. The review sought to situate these outcomes in
various cultural and socio-economic environments.

3.5 Quality assessment

The methodological quality of the included studies was assessed
according to the Newcastle-Ottawa Scale (NOS) for observational
studies and the Cochrane Risk of Bias for the RCTs. The NOS
evaluates the studies according to selection bias, proper
comparability, and outcome assessment. In contrast, the
Cochrane tool assesses factors including random sequence
generation, allocation concealment, blinding participants and
personnel, the issue of incomplete outcome data, and reporting
bias. The Newcastle-Ottawa Scale and the Cochrane risk bias
assessment identified high-quality studies when assigned 7 points
and above. Moderate-risk studies were considered cautiously, while
this review did not include high-risk studies.

3.6 Risk of bias assessment

At the study level, potential sources of bias included selection,
performance, attrition, reporting, and other types of bias. Bias was
further checked through recruitment procedures and sample
selection, and performance bias was checked by blinding the
participants and implementing the intervention. Bias on detection
was assessed through the relevance and the applicability of the
outcome assessment methods. Attrition bias was investigated based
on the completion rate of the studies while reporting bias was
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assessed based on the selective reporting of outcomes. Meta-analysis
was also done with the exclusion of either moderate or high-risk
publications to see the difference in the results.

4 Results

A PRISMA flow chart Figure 1 represents the selection process,
which resulted in 15 studies being included for qualitative synthesis.
Table 2 shows the data extraction results and characteristics of the
selected 15 studies. Table 3 shows the assessment results of the Risk
of Bias.

4.1 Global prevalence of autism spectrum
disorder by region

The literature used in this narrative synthesis consists of 15
studies providing information about the prevalence of ASD
globally, while geography is not uniformly covered. Studies
showed the prevalence rate of tying across all age groups;
differences were observed when it came to diagnostic criteria,
health care facilities, availability of screening, culture, etc.; there is
sufficient data for North America, specifically the United States and
Canada, the Precise prevalence percent ranges from 2.8% to 1.0%.
The most recent statistics from the U.S. Centers for Disease Control
and Prevention show that the incidence is about 2.8 percent or one
in thirty-six children of 8 years old (1). The included studies used
surveys based on DSM-IV or DSM-5 enhanced surveillance systems
in the USA, leading to precise real-life prevalence estimates (2-6).

In Europe, the rate of ASD is 1 in 150 children in a study
conducted in the United Kingdom and the use of standard
diagnostic tools, including the DSM-IV and ICD-10 (7).
However, there are not enough studies in European literature
published in recent years concerning intervention and education,
including Montessori

In Asia, studies were mainly done in China and India. Another
publication from China indicates underdiagnosis due to the lack of
early detection programs and little professional education, with
prevalence rates as low as 1:250 in rural areas (8). In other regions,
such as India, there are no available data because people with special
needs are fewer, services offered are scarce, and there is a stigma in
the society. However, there is evidence that it was close to 1% in the
urban areas (9).

In Africa, especially in sub-Saharan regions, studies reporting
the incidence of ASD are limited. A scoping review in sub-Saharan
Africa reported prevalence rates as low as 1 in 500 or unknown due
to limited surveillance (41). Due to cultural beliefs that consider
autism as an effect of endowment by evil spirits, spirits, or
witchcraft, children with ASD suffer delayed diagnosis and
treatment (11).

ASD prevalence studies in Latin America are limited, and most
of the research is not published in indexed journals. In Brazil and
Argentina, data shows increased awareness, and increasing
diagnosis rates are estimated to be between 1 and 150 people.
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FIGURE 1
PRISMA flow chart.

However, as far as I am aware of a level 1 literature review (12),
there are not many well-controlled epidemiological surveys or
investigations in this area temporarily.

In the Middle East, there have been increasing trends in the
consistency of the prevalence ratio estimates. For instance, recent
prevalence studies in Qatar showed that the prevalence rates range
from 1.14% to 1.4% among school-going children due to enhanced
efforts in early diagnosis and treatment in the region (13, 14). Still,
knowledge of ASD is somehow restricted, and specific education and
therapy for this disorder are also scarce in many Gulf and
Arab countries.

4.2 Summary of findings from included
studies

Of the 15 investigated studies, 10 were case-control, 3 cross-
sectional studies, a single prospective cohort study, and one RCT. The
sample numbers were between 80 and 2256 participants. These features

Frontiers in Psychiatry

were genetic factors such as SHANK3, CHDS, and NRXN1 mutations,
epigenetic factors such as DNA methylation, and environmental factors
like prenatal toxins, maternal infections, and parental advanced age.

For instance, some papers looked into air pollution during
pregnancy, maternal fever or influenza, and perinatal nutrition,
such as folic acid use, and their relationship with the risk of ASD.
For example, Schmidt et al. (2012) reported a reduced risk of ASD
when the mother had taken high levels of folic acids early in the
pregnancy (4), while Zerbo et al. (2013) established that fever
experienced by the mother during the second trimester of
pregnancy was associated with a higher risk of ASD (5).

Regarding the interventions, most of the studies compared the
effectiveness of behavioral therapy, such as Applied Behavior Analysis,
Speech and Language therapy, pharmacological treatment like
Risperidone and aripiprazole, and newer approaches, which include
artificial intelligence and virtual reality. Most of these investigations
revealed improved results regarding communication, behavior, impulse
control, and cognitive skills, where child-based interventions were used
and applied early (2, 6, 9).
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4.3 Montessori education and ASD:
findings and gaps

while the review focuses on the results of studies highlighting
Montessori education, only one of the cited articles alluded to using
Montessori-based treatments. This research (Lillard, 2012) compared
students’ achievement results in classic Montessori, supplemented
Montessori, and control groups. It stated that children in a
Montessori environment showed better prosocial and regulatory
skills than children in conventional learning settings (39). Still, this
study was not ASD-specific, and children with autism were included
in the analysis as a group, which makes the generalization of the
results more challenging. There is a dearth of literature concerning
Montessori education among students with ASD, and therefore,
future research should specifically address it. There is little
research-based information, however, about Montessori education
and specifically on children with ASD - even though some tenets in
the Montessori approach seem pretty applicable to children with
ASD: emphasis on sensory learning, structure, and child-controlled
pace of learning. However, it can be concluded that Montessori-based
education is promising for students with autism, but more research is
needed for a definitive understanding.

4.4 Risk of bias assessment

There was variability in the methodological quality and risk of
bias in the included studies. Applying the Newcastle-Ottawa Scale
(NOS) and Cochrane Risk of Bias Tool, nine were considered low
risk, five had moderate risk, and one was at high risk. Thus, Samples
in such studies selected arbitrarily failed to incorporate a
population-based sampling framework. For example, several
cross-sectional studies included participants from hospitals or
clinics and are not necessarily generalizable to other ASD samples.

Performance bias was considerably low, especially in
randomized and blinded trials. In contrast, detection bias
depended on the systematic use of standardized assessment tools
and instruments such as the DSM-IV, DSM-5, or ICD-10 diagnostic
systems. Dropout rates were either low or adequately addressed in
most studies; thus, attrition bias could be controlled accordingly.
Bias in reporting was noticeable in cross-sectional studies that did
not report ns-findings or did not report on the CIs and ESs.

Overall, methods categorized as moderate risk included low
sample size, regional restriction, such as using data collected within
a single city, and failure to control variables such as socio-economic
status. These methodological variations are among the key reasons a
quantitative meta-analysis could not be done since combining such
data would dilute the analysis.

4.5 Synthesis and research alignment
The results of this review agree with this index, identifying the

differences in the prevalence of ASD worldwide and demonstrating
how genetic, epigenomic, and environmental influences interact.
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Interventions are often of a different type and availability and are
most popular in behavioral therapies available worldwide. Thus, even
pharmacological and technological advances are more supportive,
secondary to early behavioral and education interventions.

However, the review highlights an area in ASD education that
lacks much research, namely Montessori-based learning. While
presented in the included literature as limited, Montessori
educational principles of structure, independent learning, and use
of multiple senses reflect the requirements of children with ASD
(39). This aligns well with the need to conduct more research to
establish its usefulness in children with ASD.

5 Discussion

These results highlighted the global nature of this disorder and
pointed to the prevalence, diagnosis, and treatment of ASD
worldwide. However, despite the current general public awareness
of ASD, access to research and information remains relatively scarce
and concentrated more in countries within the higher-income
bracket, especially those in the Americas and the European
Union. These disparities in prevalence, with higher rates in North
America (1 in 36) and Europe (1 in 150) compared to lower
estimates in LMICs (e.g., 1 in 500 in sub-Saharan Africa), raise
questions about diagnostic capacity and cultural barriers rather
than actual epidemiological variation.

Higher population rates of ASD in North America and Europe
can be partly attributed to more developed AS surveillance systems,
well-implemented screening programs, and greater awareness
among parents and professionals. On the other hand, LMICs
typically experience shortages in professional human resources for
health, the use of non-standardized diagnostic instruments, and
cultural taboos that exacerbate late diagnosis and treatment (31).
For instance, a study from Bangladesh found that parents do not
seek treatment soon because they think that autism is rooted in evil
spirits or witchcraft, which hinders proper assessment and
treatment (55). The same issues have been cited in South Africa,
where teachers and healthcare workers reported inadequate training
to distinguish ASD from other development or behavior disorders
(55). This underdiagnosis in LMICs underscores the need for
accessible interventions like Montessori education, which can be
adapted to low-resource settings due to its individualized and
sensory-based approach.

The choice of interventions such as Applied Behavior Analysis
(ABA) and Early Start Denver Model (ESDM) has become
predominant in high-income societies because they are well
documented to have a positive impact on language, cognitive
development, and adaptive behavior of children with ASD during
their early developmental years (56). These interventions are
effective because they are individualized and structured, meeting
the needs of children with ASD for predictability and consistency in
learning (57). However, unlike traditional classroom structures,
which often rely on rigid group-based instruction and high
sensory stimuli, Montessori education’s self-pacing and low-
arousal environment better address ASD’s sensory processing
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challenges and need for predictability. Self-pacing allows children to
engage in their rhythm, hypothetically reducing sensory
overstimulation and supporting executive functioning, which is
often impaired in ASD due to altered synaptic transmission.
However, they entail a lot of training, capital investment, and
long-term commitment, thus making them less practical in low-
resource environments. Previous research has indicated that
community-based interventions and parent training models may
potentially increase a child’s developmental progress where formal
therapy is unavailable (58). However, culturally appropriate ABA
changes that include applying the methods in non-western spaces
are crucial to making the strategies more generalizable.

Medical treatments are largely non-curative and are focused on
control of aggression, hyperactivity, and anxiety. Risperidone and
aripiprazole are the only drugs approved for managing irritability in
children and adolescents with ASD. However, the long-term side-
effect profile, inability to reduce the core domains of ASD, and
scarcity in LMICs further hamper the use of these drugs (59). New
approaches, such as VR for social skills knowledge and biosensors
for real-time behavior tracking, are in development and use.
However, they are expensive and still considered experimental
and can exacerbate the disparities in global ASD treatment (60).

Research work shows that approximately 70% of children with
ASD show GI symptoms with irregular gut microbiota, prompting
speculation that dietary interventions like probiotics and dietary
changes may improve both GI and behavioral symptoms (40).
Higher maternal folic acid intake during early pregnancy was also
linked to reduced ASD risk (48). Dietary changes, such as gluten-
free or casein-free diets, are speculated to support behavioral
improvements by addressing irregular gut microbiota in children
with ASD (40).

Under these circumstances, the education system offers a new
perspective, especially in the Montessori Model, which can be easily
integrated into various settings. Traditionally self-directed and
involving the use of hands, the Montessori learning environment can
be considered as suitable for children with ASD from fundamental
perspectives of the way the disability affects their thinking and
perceiving. Montessori approaches, such as autonomous discovery,
handling things, and group work for a group consistent with learning
styles preferred by children with ASD, especially regarding
communication and behavior improvements (39). Compared to
traditional classrooms, where auditory-heavy instruction and rapid
transitions can overwhelm children with ASD’s sensory sensitivities,
Montessori’s multisensory materials and structured autonomy foster
sensory integration and communication, potentially enhancing neural
pathways for cognitive control disrupted by gene mutations like
SHANKS3. Montessori’s individualized and sensory-based learning
approach, mainly through multisensory materials and self-pacing,
supports children with ASD by addressing sensory processing
challenges and fostering communication improvements (39, 61). For
instance, including multisensory materials in Montessori classrooms
has positively affected a child’s executive functioning and eradicated
behavioral problems in kids with neurological disorders (61). Further, it
is explicit that the low arousal and structure of Montessori classrooms
are perfectly suitable for most children with ASD because they may feel
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overstimulated in conventional school settings (62). Montessori’s
individualized and sensory-based learning approach, mainly through
multisensory materials and self-pacing, supports children with ASD by
addressing sensory processing challenges and fostering communication
improvements (39, 61). Freedom in movement and self-pacing in
Montessori classrooms align with the developmental needs of children
with ASD, reducing behavioral problems by allowing structured, child-
controlled learning (61). This indicates a theoretical match between the
Montessori approach to learning and the neuropsychological
endowment of autistic children.

Despite this, the literature has reported weak empirical evidence for
Montessori as a targeted pedagogy for learners with ASD. Previous
studies assess general educational performance indicators without
comparing outcomes for students with neurological differences.
Furthermore, RCTs exclusively examine the effects of Montessori
approaches for individuals with ASD on aspects like social
interaction, impulse control, or perception of touch and sound are
scarce to non-existent. A small research study that has recently
examined the possibility of using Montessori concepts and
equipment for children with ASD described general beneficial
quantitative changes in peer relationships and increased interest in
the tasks at hand. However, the research had no control group, nor was
it statistically analyzed (63). Another study of mainstream and
Montessori-based classrooms for learners with SEN revealed that
pupils in the Montessori environment demonstrated increased
compliance and less anxiety. However, the sample sizes were small,
and the results only applied to children with autism in some cases (64).

This paper has highlighted some necessary implications for
future research on Montessori Schools because of the match
between Montessori structure and ASD learners. This calls for
considering data from the long-term RCT of Montessori relative
to traditional instructional models, especially the current research
on language development, adaptive behavior, and achievement in
children with ASD. There should also be a determination of which
components of Montessori, like freedom of movement, self-pacing,
or insisting on real-life skills, are most effective for autism learning.

Where widespread formal autism services are often unavailable
in certain countries, adopting Montessori methods in public schools
could be an affordable and inclusive solution. Modifying the
curriculum should be possible in public schools before adopting
new curricula based on specificity, flexibility, and sensory profiles.
Teacher training programs should ensure that the fundamental
ideas of Montessori are taught as part of the certification process for
Special Education so that ordinary classroom teachers can apply the
concepts in their classes. Moreover, policymakers should consider
supporting the Montessori-based programs as such an option might
be inexpensive for schools compared to other intensive therapies
but valid for underprivileged regions.

However, this research is not without its limitations. The total
number of included studies (15) was relatively small, and
methodological variability in study type, participants, and
endpoints adds significant heterogeneity. These modal differences
barred the researchers from conducting a meta-analysis, resulting in
a narrative approach. In addition, the review was not conducted by
the registration process on PROSPERO and, therefore, has
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methodological discrepancies. This study also has several
limitations, such as the absence of RCTs for specifically
Montessori education and the low-representativeness of LMICs.
There could also be a publication bias problem since the sources
considered for the review did not include the grey literature or the
articles published in languages other than English.

Nevertheless, the paper contributes to a growing discussion of
educational and therapeutic plurality in ASD support. To this end,
it bears a research deficit, especially for post-behavioral change
approaches in education. Tagging Montessori education as a
potentially effective though underrepresented method sets a
framework for the subsequent interdisciplinary work that
integrates pedagogy, psychology, and developmental neuroscience.

All in all, despite the existing discrepancies in diagnosing and
treating ASD, as well as the lack of equal educational opportunities
worldwide, adapting the Montessori model of early childhood
education can significantly enhance the quality of life for children
with ASD. Thus, research needs to shift from well-developed clinic-
based, western world models of ASD treatment toward studies
relevant, culturally appropriate, and feasible interventions that fall
in line with the developmental levels of children with ASD and the
classroom provision globally.

6 Conclusion

ASD remains one of the most prevalent neurodevelopmental
disorders observed in the global population, necessitating
innovative interventions like Montessori education, which is
theoretically robust but empirically underexplored. In this review,
the researcher synthesized information on the prevalence of ASD in
the global community, genetics and environment, and interferential
options. From the study, it was established that ASD was
underdiagnosed in LMIC due to a lack of skilled human capital
and unavailable and culturally appropriate screening tools and
facilities. Also, high-income countries continue to progress in the
identification of interventions and research on new technologies.

This suggests that there are indeed better ASD interventions that
are contextual, developmentally appropriate, and integrated for
treatment as well as learning. However, among the latter,
Montessori-based education was distinguished as theoretically
protected, but the empirical base was based on the shortage list as a
model. Montessori approaches, such as autonomous discovery,
handling things, and group work groups, are consistent with learning
styles preferred by children with ASD, especially regarding
communication and behavior improvements (39). Therefore,
teaching children with ASD entails individualization, structure, and
focus on sensory approaches because they meet the child’s
developmental needs. However, the research studies in the current
literature providing evidence of the Montessori intervention strategies
to support learning disability is lacking.

Future studies should preferably look into the developmental and
psychosocial advancement of learners who have attended Montessori-
based schools compared to those who have not through longitudinal
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RCTs. Research in low- and middle-income countries is essential to
develop culturally tailored solutions. Emerging technologies, such as
Al, VR, and microbiota-related interventions, should be explored to
complement educational approaches. Policymakers should support
integrating Montessori principles into public schools, leveraging
teacher training to bridge intervention gaps. There is also a need to
involve more LMIC groups and implement a better sampling so that
more suitable solutions for ASD can be provided. There is also a need
to increase the number of policy-level reviews to outline how other
countries and organizational environments encourage identification,
knowledge, and intervention as soon as possible.

This supports all the previous discussions, highlighting the type
of study as a qualitative narrative review, not a meta-analysis,
because of the methodological and population heterogeneity of
the included studies. However, it gives a baseline for future
multicultural qualitative and quantitative investigations and
proves that Montessori education is rather an innovative field for
empirical research. It advocates for Montessori as a transformative
educational strategy and calls for evidence-based practices that
empower children with ASD globally.

Data availability statement
The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Author contributions

YL: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing —
original draft, Writing — review & editing,

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1604937
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Li

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Volkmar FR, Paul R, Rogers SJ, Pelphrey KA. Handbook of Autism and Pervasive
Developmental Disorders. 4th ed. Hoboken, NJ: John Wiley & Sons (2014). doi: 10.1002/
9781118911389

2. World Health Organization. Autism spectrum disorders. In: WHO Fact Sheets.
World Health Organization, Geneva, Switzerland (2019). Available at: https://www.
who.int/news-room/fact-sheets/detail/autism-spectrum-disorders.

3. Maenner MJ, Shaw KA, Bakian AV, Bilder DA, Durkin MS, Esler A, et al.
Prevalence and characteristics of autism spectrum disorder among children aged 8
years — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2020. MMWR Surveillance Summaries. (2023) 72:1-14. doi: 10.15585/
mmwr.ss7202al

4. Hansen SN, Schendel DE, Parner ET. Explaining the increase in the prevalence of
autism spectrum disorders: The proportion attributable to changes in reporting
practices. JAMA Pediatr. (2015) 169:56-62. doi: 10.1001/jamapediatrics.2014.1893

5. King M, Bearman P. Diagnostic change and the increased prevalence of autism.
Int ] Epidemiol. (2009) 38:1224-34. doi: 10.1093/ije/dyp261

6. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5th ed. American Psychiatric Publishing (2013).

7. Lord C, Brugha TS, Charman T, Cusack J, Dumas G, Frazier T, et al. Autism
spectrum disorder. Nat Rev Dis Primers. (2020) 6:5. doi: 10.1038/s41572-019-0138-4

8. Loomes R, Hull L, Mandy WPL. What is the male-to-female ratio in autism
spectrum disorder? A systematic review and meta-analysis. ] Am Acad Child Adolesc
Psychiatry. (2017) 56:466-74. doi: 10.1016/j.jaac.2017.03.013

9. Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet. (2014) 383:896-910.
doi: 10.1016/S0140-6736(13)61539-1

10. Mandy W, Tchanturia K, Skuse D. Examining the cognitive similarities between
autism spectrum disorder and anorexia nervosa: A review of the evidence. Eur Eating
Disord Rev. (2012) 20:361-71. doi: 10.1002/erv.2176

11. Tick B, Bolton P, Happeé F, Rutter M, Rijsdijk F, Eley TC, et al. Heritability of
autism spectrum disorders: A meta-analysis of twin studies. J Child Psychol Psychiatry.
(2016) 57:585-95. doi: 10.1111/jcpp.12499

12. De Rubeis S, He X, Goldberg AP, Poultney CS, Samocha K, Cicek AE, et al.
Synaptic, transcriptional, and chromatin genes disrupted in autism. Nature. (2014)
515:209-15. doi: 10.1038/naturel3772

13. O'Roak BJ, Vives L, Girirajan S, Karakoc E, Krumm N, Coe BP, et al. Sporadic
autism exomes reveal a highly interconnected protein network of de novo mutations.
Nature. (2012) 485:246-50. doi: 10.1038/nature10989

14. Loke YJ, Hannan AJ, Craig JM. The role of epigenetic change in autism spectrum
disorders. Front Neurol. (2015) 6:107. doi: 10.3389/fneur.2015.00107

15. Kishi N, Macklis JD. MECP2 is progressively expressed in post-migratory
neurons and involves neuronal maturation rather than cell fate decisions. Mol Cell
Neurosci. (2004) 27:306-21. doi: 10.1016/j.mcn.2004.07.006

16. Gardener H, Spiegelman D, Buka SL. Perinatal and neonatal risk factors for
autism: A comprehensive meta-analysis. Pediatrics. (2011) 128:344-55. doi: 10.1542/
peds.2010-1036

17. Leonard H, de Klerk N, Glasson E, et al. Maternal health in pregnancy and
intellectual disability in the offspring: A population-based study. Ann Epidemiol. (2007)
17:488-94. doi: 10.1016/j.annepidem.2007.01.003

18. Abel KM, Dalman C, Svensson AC, Susser E, Dal H, Idring S, et al. Deviance in
fetal growth and risk of autism spectrum disorder. Am ] Psychiatry. (2013) 170:391-8.
doi: 10.1176/appi.ajp.2012.12040543

19. Roberts AL, Lyall K, Hart JE, Laden F, Just AC, Bobb JF, et al. Perinatal air pollutant
exposures and autism spectrum disorder in the children of Nurses’ Health Study II
participants. Environ Health Perspect. (2013) 121:978-84. doi: 10.1289/ehp.1206187

20. Braun JM, Kalkbrenner AE, Just AC, Yolton K, Calafat AM, Sjodin A, et al.
Early-life environmental chemical exposures and child neurodevelopment: An update
and discussion of emerging areas. Curr Environ Health Rep. (2017) 4:1-11.
doi: 10.1007/s40572-017-0125-7

21. Lyall K, Schmidt RJ, Hertz-Picciotto I. Maternal lifestyle and environmental risk
factors for autism spectrum disorders. Int J Epidemiol. (2014) 43:443-64. doi: 10.1093/
ije/dyt282

22. Estes ML, McAllister AK. Immune mediators in the brain and peripheral tissues
in autism spectrum disorder. Nat Rev Neurosci. (2015) 16:469-86. doi: 10.1038/nrn3978

Frontiers in Psychiatry

12

10.3389/fpsyt.2025.1604937

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

23. Brown AS, Patterson PH. Maternal infection and schizophrenia: Implications for
prevention. Schizophr Bull. (2011) 37:284-90. doi: 10.1093/schbul/sbq146

24. Krakowiak P, Walker CK, Bremer AA, Baker AS, Ozonoff S, Hansen RL, et al.
Maternal metabolic conditions and risk for autism and other neurodevelopmental
disorders. Pediatrics. (2012) 129:e1121-8. doi: 10.1542/peds.2011-2583

25. Bowers K, Li Q, Bressler J, et al. Glucose intolerance during pregnancy and the
risk of autism spectrum disorders in the offspring: A prospective cohort study. Am J
Obstetrics Gynecol. (2015) 212:657.e1-9. doi: 10.1016/j.ajog.2015.01.007

26. Bakare MO, Munir KM, Bello-Mojeed MA, Ogun OC, Igwe MN, Odinka PC,
et al. Public health and research funding for childhood neurodevelopmental disorders
in Sub-Saharan Africa: A time to balance priorities. Health Promotion Int. (2014)
29:601-8. doi: 10.1093/heapro/dau028

27. Divan G, Vajaratkar V, Desai MU, et al. Challenges, coping strategies, and unmet
needs of families with a child with autism spectrum disorder in Goa, India. Autism Res.
(2012) 5:190-200. doi: 10.1002/aur.1233

28. Tekola B, Baheretibeb Y, Roth I, Tilahun D, Fekadu A, Hanlon C, et al.
Challenges and opportunities to improve autism services in low-income countries:
Lessons from a situational analysis in Ethiopia. Global Ment Health. (2016) 3:e21.
doi: 10.1017/gmh.2016.17

29. Mandell DS, Wiggins LD, Carpenter LA, Daniels J, DiGuiseppi C, Durkin MS,
et al. Racial/ethnic disparities in the identification of children with autism
spectrum disorders. Am ] Public Health. (2009) 99:493-8. doi: 10.2105/AJPH.2007.
131243

30. Zuckerman KE, Lindly OJ, Sinche BK. Parental concerns, provider response, and
timeliness of autism spectrum disorder diagnosis. J Pediatr. (2015) 166:1431-1439.e1.
doi: 10.1016/j.jpeds.2015.03.007

31. Franz L, et al. Autism spectrum disorder in sub-Saharan Africa: A
comprehensive scoping review. Autism Res. (2017) 10:723-49.

32. Alshaban F, Aldosari M, al-Shammari H, el-Hag S, Ghazal I, Tolefat M, et al.
Prevalence and correlates of autism spectrum disorder in Qatar: A national study. J
Child Psychol Psychiatry. (2019) 60:1254-68. doi: 10.1111/jcpp.13066

33. Salhia HO, Al-Nasser LA, Taher LS, Al-Khathaami AM, El-Metwally AA.
Systemic review of the epidemiology of autism in Arab Gulf countries.
Neurosciences. (2014) 19:291-6.

34. Kang DW, Adams JB, Gregory AC, Borody T, Chittick L, Fasano A, et al.
Microbiota Transfer Therapy alters gut ecosystem and improves gastrointestinal and
autism symptoms: An open-label study. Microbiome. (2017) 5:10. doi: 10.1186/s40168-
016-0225-7

35. Hurley LL, Kovacevic N, D’Souza H. The effectiveness of dietary interventions on
autistic behaviors in children: A systematic review. J Autism Dev Disord. (2011) 41:175-
86. doi: 10.1007/s10803-010-1036-0

36. Bent S, Bertoglio K, Ashwood P, Bostrom A, Hendren RL. A pilot randomized
controlled trial of omega-3 fatty acids for autism spectrum disorder. J Autism Dev
Disord. (2014) 44:587-93. doi: 10.1007/s10803-013-1907-9

37. Emond A, Emmett P, Steer C, Golding J. Feeding symptoms, dietary patterns,
and growth in young children with autism spectrum disorders. Pediatrics. (2010) 126:
€337-42. doi: 10.1542/peds.2009-2391

38. Adams JB, Audhya T, McDonough-Means S, Rubin RA, Quig D, Geis E, et al.
Nutritional and metabolic status of children with autism vs. neurotypical children, and
the association with autism severity. Nutr Metab. (2011) 8:34. doi: 10.1186/1743-7075-
8-34

39. Lillard AS. Preschool children’s development in classic Montessori

supplemented Montessori and conventional programs. J School Psychol. (2012)
50:379-401. doi: 10.1016/j.jsp.2012.01.001

40. Rose DR, Yang H, Serena G, Sturgeon C, Ma B, Careaga M, et al. Differential
immune responses and microbiota profiles in children with autism spectrum disorders
and gastrointestinal symptoms. Brain Behavior Immun. (2018) 70:354-68.
doi: 10.1016/j.bbi.2018.03.025

41. Franz L, Chambers N, von Isenburg M, de Vries PJ. Autism spectrum disorder in
sub-Saharan Africa: A comprehensive scoping review. Autism Res. (2017) 10:723-49.
doi: 10.1002/aur.1769

42. Volk HE, Hertz-Picciotto I, Delwiche L, Lurmann F, McConnell R. Residential
proximity to freeways and autism in the CHARGE study. Environ Health Perspect.
(2011) 119:873-7. doi: 10.1289/ehp.1002835

frontiersin.org


https://doi.org/10.1002/9781118911389
https://doi.org/10.1002/9781118911389
https://www.who.int/news-room/fact-sheets/detail/autism-spectrum-disorders
https://www.who.int/news-room/fact-sheets/detail/autism-spectrum-disorders
https://doi.org/10.15585/mmwr.ss7202a1
https://doi.org/10.15585/mmwr.ss7202a1
https://doi.org/10.1001/jamapediatrics.2014.1893
https://doi.org/10.1093/ije/dyp261
https://doi.org/10.1038/s41572-019-0138-4
https://doi.org/10.1016/j.jaac.2017.03.013
https://doi.org/10.1016/S0140-6736(13)61539-1
https://doi.org/10.1002/erv.2176
https://doi.org/10.1111/jcpp.12499
https://doi.org/10.1038/nature13772
https://doi.org/10.1038/nature10989
https://doi.org/10.3389/fneur.2015.00107
https://doi.org/10.1016/j.mcn.2004.07.006
https://doi.org/10.1542/peds.2010-1036
https://doi.org/10.1542/peds.2010-1036
https://doi.org/10.1016/j.annepidem.2007.01.003
https://doi.org/10.1176/appi.ajp.2012.12040543
https://doi.org/10.1289/ehp.1206187
https://doi.org/10.1007/s40572-017-0125-7
https://doi.org/10.1093/ije/dyt282
https://doi.org/10.1093/ije/dyt282
https://doi.org/10.1038/nrn3978
https://doi.org/10.1093/schbul/sbq146
https://doi.org/10.1542/peds.2011-2583
https://doi.org/10.1016/j.ajog.2015.01.007
https://doi.org/10.1093/heapro/dau028
https://doi.org/10.1002/aur.1233
https://doi.org/10.1017/gmh.2016.17
https://doi.org/10.2105/AJPH.2007.131243
https://doi.org/10.2105/AJPH.2007.131243
https://doi.org/10.1016/j.jpeds.2015.03.007
https://doi.org/10.1111/jcpp.13066
https://doi.org/10.1186/s40168-016-0225-7
https://doi.org/10.1186/s40168-016-0225-7
https://doi.org/10.1007/s10803-010-1036-0
https://doi.org/10.1007/s10803-013-1907-9
https://doi.org/10.1542/peds.2009-2391
https://doi.org/10.1186/1743-7075-8-34
https://doi.org/10.1186/1743-7075-8-34
https://doi.org/10.1016/j.jsp.2012.01.001
https://doi.org/10.1016/j.bbi.2018.03.025
https://doi.org/10.1002/aur.1769
https://doi.org/10.1289/ehp.1002835
https://doi.org/10.3389/fpsyt.2025.1604937
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Li

43. Schmidt RJ, Tancredi DJ, Ozonoff S, Hansen RL, Hartiala J, Allayee H, et al.
Maternal periconceptional folic acid intake and risk of autism spectrum disorders and
developmental delay in the CHARGE study. Am ] Clin Nutr. (2012) 96:80-9.
doi: 10.3945/ajcn.110.004416

44, Zerbo O, Iosif AM, Walker C, Ozonoff S, Hansen RL, Hertz-Picciotto I. Is
maternal influenza or fever during pregnancy associated with autism or developmental
delays? Results from the CHARGE study. J Autism Dev Disord. (2013) 43:25-33.
doi: 10.1007/s10803-012-1540-x

45. Lyall K, Schmidt R], Hertz-Picciotto I. Maternal lifestyle and environmental risk factors
for autism spectrum disorders. Int J Epidemiol. (2014) 43:443-64. doi: 10.1093/ije/dyt282

46. Hertz-Picciotto I, Green PG, Delwiche L, Hansen R, Walker C, Pessah IN. Blood

mercury concentrations in CHARGE study children with and without autism. Environ
Health Perspect. (2010) 118:161-6. doi: 10.1289/ehp.0900736

47. Fombonne E, Zakarian R, Bennett A, Meng L, McLean-Heywood D. Pervasive
developmental disorders in Montréal, Quebec, Canada: Prevalence and links with
immunizations. Pediatrics. (2006) 118:e139-50. doi: 10.1542/peds.2005-2993

48. Smeeth L, Cook C, Fombonne E, Heavey L, Rodrigues LC, Smith PG, et al. MMR
vaccination and pervasive developmental disorders: A case-control study. Lancet.
(2004) 364:963-9. doi: 10.1016/S0140-6736(04)17020-7

49. Baron-Cohen S, Auyeung B, Norgaard-Pedersen B, Hougaard DM, Abdallah
MW, Melgaard L, et al. Elevated fetal steroidogenic activity in autism. Mol Psychiatry.
(2015) 20:369-76. doi: 10.1038/mp.2014.48

50. Hodge SM, Makris N, Kennedy DN, Caviness VS, Howard J, McGrath L, et al.
Cerebellum, language, and cognition in autism and specific language impairment. J
Autism Dev Disord. (2010) 40:300-16. doi: 10.1007/s10803-009-0872-7

51. De Fossé L, Hodge SM, Makris N, Kennedy DN, Caviness VS, McGrath L, et al.
Language-association cortex asymmetry in autism and specific language impairment.
Ann Neurol. (2004) 56:757-66. doi: 10.1002/ana.20275

52. Hultman CM, Spareén P, Cnattingius S. Perinatal risk factors for infantile autism.
Epidemiology. (2002) 13:417-23. doi: 10.1097/00001648-200207000-00009

53. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-
spectrum quotient (AQ): Evidence from Asperger syndrome/high-functioning autism,
males and females, scientists, and mathematicians. ] Autism Dev Disord. (2001) 31:5-
17. doi: 10.1023/A:1005653411471

Frontiers in Psychiatry

13

10.3389/fpsyt.2025.1604937

54. Dawson G, Rogers S, Munson J, Smith M, Winter J, Greenson J,
et al. Randomized, controlled trial of an intervention for toddlers with autism:
The Early Start Denver Model. Pediatrics. (2010) 125:e17-23. doi: 10.1542/
peds.2009-0958

55. Rabbani MG, Alam MF, Ahmed HU, Sarkar M, Sarker M, Hossain MD. Mental
health of children in Bangladesh: Status, services, and policies. Bangladesh ] Psychiatry.
(2012) 26:1-6.

56. Pillay AL, Girdwood M. Autism in South Africa: The challenges of diagnosis and
assessment in resource-constrained environments. | Child Adolesc Ment Health. (2020)
32:1-14. doi: 10.2989/17280583.2020.1734697

57. Zwaigenbaum L, Bauman ML, Choueiri R, Kasari C, Carter A, Stone WL, et al.
Early intervention for children with autism spectrum disorder under 3 years of age:
Recommendations for practice and research. Pediatrics. (2015) 136:560-81.
doi: 10.1542/peds.2014-3667E

58. Oono IP, Honey EJ, McConachie H. Parent-mediated early intervention for
young children with autism spectrum disorders (ASD). Cochrane Database Syst. Rev.
(2013), CD009774. doi: 10.1002/14651858.CD009774.pub2

59. McPheeters ML, Warren Z, Sathe N, Bruzek JL, Krishnaswami S, Jerome RN,
et al. A systematic review of medical treatments for children with autism spectrum
disorders. Pediatrics. (2011) 127:e1312-21. doi: 10.1542/peds.2011-0427

60. Lord C, Elsabbagh M, Baird G, Veenstra-VanderWeele J. Autism spectrum
disorder. Lancet. (2018) 392:508-20. doi: 10.1016/S0140-6736(18)31129-2

61. Marshall D, Gidley Larson JC, Monda L, Rowe K, Young S. Neuropsychological
development of sensory processing and executive function in Montessori
preschool environments. Early Child Educ J. (2020) 48:597-608. doi: 10.1007/s10643-
020-01031-8

62. Bagby JH, Dickie VA, Baranek GT. How sensory experiences of children with
and without autism affect family occupations. Am J Occup Ther. (2012) 66:78-86.
doi: 10.5014/ajot.2012.000604

63. Allen DG, Gann C. Montessori methods adapted for children with autism
spectrum disorder: A pilot project. Int ] Special Educ. (2019) 34:45-58.

64. Kamal S, Holroyd C. A comparative study on the impact of Montessori-based
and traditional classroom interventions on children with ASD. Asian J Educ Res. (2022)
10:82-91.

frontiersin.org


https://doi.org/10.3945/ajcn.110.004416
https://doi.org/10.1007/s10803-012-1540-x
https://doi.org/10.1093/ije/dyt282
https://doi.org/10.1289/ehp.0900736
https://doi.org/10.1542/peds.2005-2993
https://doi.org/10.1016/S0140-6736(04)17020-7
https://doi.org/10.1038/mp.2014.48
https://doi.org/10.1007/s10803-009-0872-7
https://doi.org/10.1002/ana.20275
https://doi.org/10.1097/00001648-200207000-00009
https://doi.org/10.1023/A:1005653411471
https://doi.org/10.1542/peds.2009-0958
https://doi.org/10.1542/peds.2009-0958
https://doi.org/10.2989/17280583.2020.1734697
https://doi.org/10.1542/peds.2014-3667E
https://doi.org/10.1002/14651858.CD009774.pub2
https://doi.org/10.1542/peds.2011-0427
https://doi.org/10.1016/S0140-6736(18)31129-2
https://doi.org/10.1007/s10643-020-01031-8
https://doi.org/10.1007/s10643-020-01031-8
https://doi.org/10.5014/ajot.2012.000604
https://doi.org/10.3389/fpsyt.2025.1604937
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Global autism prevalence, and exploring Montessori as a practical educational solution: a systematic review
	1 Introduction
	1.1 ASD global overview
	1.2 Genetic and environmental factors
	1.3 ASD diagnostic challenges
	1.4 ASD- interventions
	1.4.1 Dietary interventions
	1.4.2 Educational solutions
	1.4.3 Pharmaceutical interventions
	1.4.4 Behavioral and communication intervention
	1.4.5 Other interventions solutions

	1.5 Summary

	2 Materials and methods
	2.1 Study design
	2.2 Selection criteria
	2.3 Exclusion criteria

	3 Methodology
	3.1 Search strategy
	3.2 Study question
	3.3 Data extraction
	3.4 Study outcomes
	3.5 Quality assessment
	3.6 Risk of bias assessment

	4 Results
	4.1 Global prevalence of autism spectrum disorder by region
	4.2 Summary of findings from included studies
	4.3 Montessori education and ASD: findings and gaps
	4.4 Risk of bias assessment
	4.5 Synthesis and research alignment

	5 Discussion
	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


