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The challenges for early intervention
and its effects on the prognosis

of autism spectrum disorder:
a systematic review
Jackson Frederico Pires'™, Caroline Cajuela Grattdao'“, Regiane Maria Ribeiro Gomes?

ABSTRACT. Autism spectrum disorder (ASD) is expressed with neurobehavioral symptoms of different degrees of intensity. It is
estimated that, for every three cases detected, there are two cases that reach adulthood without treatment. Objective: To
establish what challenges are still present in the implementation of early intervention (El) and its effects on the prognosis of
ASD. Methods: A systematic review using the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (Prisma)
methodology was carried out in the PubMed and ScienceDirect databases in January 2023. The search keywords were “autism
spectrum disorder”, “early intervention” and “prognosis”. Results: Sixteen studies were included, two randomized and 14
non-randomized. Knowledge about the signs of ASD, diagnostic and therapeutic methods, age at the start of treatment, and
socioeconomic factors were the main challenges encountered in the implementation of the El. Gonclusion: El is capable
of modifying the prognosis of ASD and challenges in its implementation persist, especially in developing regions with low
socioeconomic status.
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Os desafios para a intervencao precoce e seus efeitos no progndstico do transtorno do espectro autista: uma
revisdo sistematica

RESUMO. O transtorno do espectro autista (TEA) expressa-se com sintomas neurocomportamentais de diferentes graus de
intensidade. Estima-se que, para cada trés casos detectados, existam dois casos que atingem a idade adulta sem tratamento.
Objetivo: Estabelecer quais sdo os desafios ainda presentes na implementacéo efetiva da intervencéo precoce (IP) e quais
sd0 os seus efeitos no prognostico do TEA. Métodos: Revisdo sisteméatica com a metodologia Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (Prisma) foi realizada nos bancos de dados PubMed e ScienceDirect em janeiro de 2023.
As palavras-chave da pesquisa foram “autism spectrum disorder”, “early intervention” e “prognosis”. Resultados: Dezesseis
estudos foram incluidos, sendo dois randomizados e 14 nao randomizados. O conhecimento sobre 0s sinais do TEA, os métodos
diagndsticos e terapéuticos, a idade de inicio de tratamento e os fatores socioecondmicos foram os principais desafios encontrados
na implementacéo da IP. Conclusao: A IP é capaz de modificar o progndstico do TEA e os desafios em sua implementagdo
ainda afetam, principalmente, regides em desenvolvimento e de baixo status socioecondémico.

Palavras-chave: Transtorno do Espectro Autista; Transtorno Autistico; Intervengao Médica Precoce; Prognostico.

INTRODUCTION classic triad that comprises communication,

Autistic spectrum disorder (ASD) is a mul- social interaction, and the execution of ste-
tifactorial neurodevelopmental disorder reotyped repetitive behaviors®.

with strong genetic influence’ that is expressed In the last decade, there has been a con-

in neurobehavioral symptoms of different de- siderable increase in ASD diagnoses, with

grees of intensity, with manifestations of a the highest prevalence observed in males®*
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and, in addition, there was a high probability of these
individuals being diagnosed with other developmental
disorders and psychiatric disorders*®.

Several theories as to the neuropathology of ASD
have been raised, so that reaching a consensus is diffi-
cult due to the heterogeneity of factors, such as genetic
mutations, the clinical condition of each individual, al-
terations in the brain anatomy observed in post-mortem
studies, and the gender of each patient®’.

Inheritance of the ASD-related gene is considered
common based on the more than one hundred genes and
genomic regions associated with ASD. However, when
discovering a rare mutation, geneticists considered
a functional effect on the protein-coding regions of
the genome that are associated with a greater chance
of ASD; however, the contribution of this gene to the
risk calculation of ASD is around 3%®. The cerebellum
is the main region of the brain affected in non-motor
disorders. Significant changes likely occur following
multiple genetic insults in the structure and function
of the cerebro-cerebellar closed circuits, resulting in
sensory, motor, and cognitive dysfunction”.

It should be noted that the proper recognition, as
well as the determination of the diagnosis of ASD cases,
depends on the clinical correlation and the individu-
ality of each patient. However, the heterogeneity of
symptoms made the diagnosis more complex and less
accurate. Thus, the American Psychiatric Association
standardized diagnostic guidelines with the publication
of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), which mainly considers social and
cognitive symptoms and, through tests and question-
naires, consolidated the diagnosis of ASD%2,

However, despite this standardization, many pa-
tients reach adulthood without a defined diagnosis, or
even without any diagnosis at all**!*. The prevalence
is approximately one in every hundred children diag-
nosed with ASD in the world. Still, it is estimated that
the prevalence has increased over time and has varied
greatly among sociodemographic groups'®. and that
ASD affects one in 36 children'® and one in one hundred
adults. However, for every three cases of ASD detected,
there are two undiagnosed ones".

Much has been said about early intervention (EI)
as a treatment approach that can change the prognosis
of ASD, as well as potentially more effective screening,
diagnosis, and intervention tools for this disorder.
Due to being a complex disorder with variable severity
and symptomatology, the prognosis of patients with
ASD remains highly subjective and influenced by var-
ious factors. However, assessing the prognosis based
on the stratification of symptoms such as language
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and communication, stereotypies, social skills, and
cognition can serve as valuable prognostic indicators.

Previous reviews have quantified the prognostic
outcomes regarding symptoms of ASD in the context of
different types of interventions. Our goal, therefore, is
not only to report the key indicators of a favorable prog-
nosis but also to identify the factors that still influence
the achievement of such an outcome; in other words,
what factors still hinder its occurrence. This review
seeks to identify in the current literature the effects of
Elin cases of ASD, in order to seek answers to questions
that are still relevant, involving the ideal age to obtain a
reliable diagnosis, how much the age at diagnosis alters
the prognosis of patients with ASD and other factors
that may influence EI.

The object of this systematic review is significant at
a time when its results may contribute to guiding new
scientific research involving EI strategies and changes
in prognosis, as well as directing effective public policies
that aim to improve care for this population, mainly in
vulnerable situations and in developing countries that
lack efficient strategies and resources.

METHODS

This article presents a systematic review based on
the analysis of scientific articles published between
2013 to 2023, in PubMed and ScienceDirect, carried
out using the Patient or Population, Investigation/
Interest, Comparison, Outcome, and Study Design
(PICOS) strategy'®. The following aspects were includ-
ed in this systematic review: the patients with ASD
(population), challenges for the implementation of
effective early intervention (research/interest), use
of different intervention methods, with or without
parental participation, in situations of high and low
socioeconomic status (comparison), delay in early in-
tervention, neurodevelopmental delay, and symptom
exacerbation (outcome), and randomized, non-ran-
domized and case-control studies (study design).
According to the pillars defined for the establishment
of PICOS, it was possible to define the central question
of this review: What are the still persistent challenges
for the implementation of effective early intervention
in the population with ASD? This systematic review
was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist®®.

Search strategy and selection criteria
Applying the Boolean operator AND, a search was con-
ducted with the following keywords: “autism spectrum



disorder”, “early intervention”, and “prognosis”. The in-
clusion criteria were:
- original article, reviews or case reports published in
the past ten years (January 2013 to January 2023);
+ published in English;
+ studies on the influence of early intervention on
the prognosis of ASD; and
+ studies on interferences in early intervention
for ASD.

The exclusion criteria were:

+ monographs, dissertations, reviews, theses,
book chapters and research protocols still under
development;

+ studies that did not mention the theme “The
effects and challenges of early intervention on
autism spectrum disorder”;

« articles that were not found in English;

- articles that exclusively reported screening stud-
ies and diagnostic tests; and

+ articles that reported only risk analysis for ASD.

Study selection

The selection of studies was performed in three phases
(identification, screening and inclusion). In the first
phase, two reviewers (CCG and RMRG) performed
a search of all the electronic databases adopted in
our investigation. The reviewers (CCG and RMRG)
independently reviewed the titles and abstracts of all
electronic citations from databases related to the study.
Articles that objectively did not meet the inclusion
criteria were excluded.

In the second phase, an independent reviewer (JEP)
analyzed the articles preliminarily selected according
to the established inclusion criteria and the references
were retrieved. In the first and second phases of this
search protocol, disagreements among the three review-
ers (JFP, CCG and RMRG) were resolved by consensus.

In the third phase, all previously screened articles
had their eligibility confirmed or not after the complete
reading of the text. This step was performed inde-
pendently by two reviewers (JFP and CCG), standard-
ized by a previously defined form with the eligibility
criteria. Any disagreements were resolved by consensus.
Agreement between raters in the selection of studies
was assessed using Cohen’s Kappa coefficient.?

Data extraction

Two reviewers (JFP and CCG) extracted the data us-
ing a table where they included the name of the first
author, year of publication, kind of study, sample size
and characteristics, study objective and method, main
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results and conclusions. Any disagreement during data
extraction was resolved by consensus.

Study risk of bias assessment

To assess the risk of bias (RoB) of the included studies,
the Mixed Methods Appraisal Tool (MMAT, version
2018)?* was adapted for the present study and used
as the review instrument. The assessment of RoB was
conducted using the screening questions from items
2 and 3 of the MMAT, according to the design of the
selected study, as follows: (Item 2) Quantitative ran-
domized controlled trials; and (Item 3) Quantitative
non-randomized studies.

The responses obtained from the MMAT were classi-
fied as “yes”, “no”, or “cannot tell”, and were categorized
into five levels of evidence based on the percentage of
criteria met (20%, 40%, 60%, 80% and 100%). Studies
received 20 percentage points for each “yes” response.
In order to create a visual representation of the RoB, the
RevMan software (Review Manager, software version
5.4.1, Cochrane Collaboration, Copenhagen, Denmark)
was used, with modifications made to align with the
MMAT questions. The responses from the MMAT
tool (“yes”, “no”, or “cannot tell”) were interpreted as
indicating low, high, or unclear risk, respectively, in
the RevMan table for assessing the RoB. Higher per-
centages indicate greater quality, with 100% indicating
that all quality criteria were satisfied. The MMAT was
administered by the first author (JFP), with the third
author (RMRG) examining the first 15% of the included
studies. Upon reaching 100% agreement regarding the
application of the rating criteria, the primary reviewer
(JFP) proceeded to independently apply the tool to the
remaining studies.

RESULTS

Based on the Medical Subject Headings (MeSH) terms
initially used, this systematic review retrieved 1,152
article records (Figure 1), with 166 and 986 retrieved,
respectively, from the PubMed and ScienceDirect data-
bases. In the PRISMA identification stage, 22 articles
were excluded because they were duplicates (n=12) or
because they were articles that addressed other diseases
without including ASD (n=10). Thus, 1,130 articles were
registered for the screening phase.

According to the title and/or abstract of the remain-
ing 1,130 articles, 1,080 papers not related to El and its
effects on ASD, articles not published in English or even
unpublished studies were excluded, leaving 50 articles.

The complete files of the articles were obtained
(n=50). Of these 50 remaining articles, research
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Identification of new studies via databases and registers

= Records identified from: Records removed before
o Databases (n=2) screening:

® e PubMed (PM)

;,‘:’ e ScienceDirect (SD) ___ o Duplicate records removed
£ Registers (n=1,152) (n=12)

% e PM (n=166) e Records marked as ineligible

e SD (n=986) by automation tools (n=0)
e Records removed for other

reasons (n=10)

Records excluded (n=1,080)

Records screened (n=1,130) — Excluded by human®

Reports sought for retrieval

(n=50) Reports not retrieved (n=0)

Reports assessed for
eligibility (n=50)

Reports excluded:

e Research protocols still under
development (n=1)

Articles  that  exclusively
reported screening studies
and diagnostic tests (n=13)
Articles that did not

specifically report early
Total studies included in intervention in ASD (n=18)
review (n=16) e Articles that reported only risk
analysis for ASD (n=2)

Abbreviations: ASD, Autism spectrum disorder; PM, PubMed; SD, Science Direct.
Figure 1. The article selection process according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses initiative
recommendations.

protocols still under development (n=1) were excluded.
Still in this phase of complete reading of the articles,
studies that exclusively reported screening exams and
diagnostic tests (n=13), but that had no correlation with
the application of these tests and changes in prognosis
were excluded. Articles that did not specifically report
Elin ASD (n=18), that is, which addressed other issues
of the disorder such as its relationships with other
disorders were also excluded. Articles that only re-
ported risk analysis for ASD (n=2) were excluded too.
After selection was carried out independently by each
researcher, Cohen’s Kappa coefficient was obtained with
an approximate value of 0.66, which can be considered a
substantial agreement between the evaluators®.

Finally, a total of 16 articles were included in this
systematic review study, and the main findings are
included in Table 1.

Study design and risk of bias in studies
The 16 articles included in this review are quantitative
studies, two of them randomized controlled trials and
14 non-randomized studies. All articles underwent
rigorous methodological evaluation using the MMAT
instrument, in an attempt to quantify possible RoB.
Figure 2 shows a tab describing the RoB assess-
ment by the RevMan software, with each bias item

4 Early intervention and autistic disorder prognosis. Pires JF, et al.

expressed in all studies included in the analysis. These
assessments revealed that four studies were classified
as having a moderate RoB, with a score of 60%, and
12 studies were classified as having a low RoB, with a
score of 80%, and six studies had achieved 100% on the
MMAT scale (Table 1).

Selected studies and main findings
For organizational reasons, we divided the 16 articles
included in this review according to the study objectives
of each one of them. In this sense, the main research
objectives found were:
1. Studies that compared prognoses according to
the initiation of EI for ASD at different ages®?;
2. Studies that sought to establish prognostic gains
in the face of different intervention programs?’34;
3. Studies that observed whether there was main-
tenance of EI results over time®;
4. Studies on the knowledge of professionals about
the disease®®;
5. Studies that sought to establish predictive factors
for intervention adjustments®, and;
6. Studies on screening method and its effects on
final prognosis®.

The main aspects of each of these studies are better
seen in Table 1.

In general, the selected studies agree that EI is
essential for the improvement of ASD symptoms and
contributes significantly to changing the prognosis of
the disorder. Among the studies comparing age at the
beginning of the intervention (1), Maksimovi¢ et al.**
emphasize the importance of specifying the exact age
when using the terms “early intervention” and “early
development” as a measure to determine exactly when
to start the intervention. Clark et al.?, reported that
children diagnosed early at two years of age had a better
prognosis than children diagnosed at three years of age.
Lombardo et al.?® agree and even suggest that the ideal
age to start the intervention is earlier than 24 months,
in addition to reporting for the first time the possibility
of using gene expression in the blood to detect response
to early intervention. All these studies are followed
by Vinen et al.*® who consider promising results of EI
applied to children of preschool age.

In a search to determine the gains from the dif-
ferent modalities of EI (2), Howard et al.*! reported
greater gains with intensive behavior analytic inter-
vention when compared to other eclectic therapies.
Similarly, Frazier et al.”®, MacDonald et al.?*, and Waters
et al.’%, evaluated the effectiveness of and compared
the intensive intervention methods (EIBI) with other
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Table 1. Detailed representation of studies.
Author Year  Study design Sample Objective Main results MMAT
y g P d score (%)
I Experimental Comparison of prognoses . L
Clark etal® 2018 nog”g:gg:q‘ie ; (n=48) according to the initiation of 'm(‘j’f:;'zz'af"r: (f\sig ‘S’afo";"s;:geocftg’e;" 80
Comparison (n=37)  El for ASD at different ages 9 p y ge.
N o ) Comparison of prognoses Autistic symptoms are reduced more in
z"taa‘f;{“ ovie 2023 nog?;r:(ljt:rtrlﬁe d Exp((re]rlgg)n el according to the initiation of  younger children than in older children. El 100
' - El for ASD at different ages had better effects in younger children.
Shows the importance of early treatment
Lombardo Quantitative Experimental Comp.arlson of prqgngses starting |Qeally before 24 months. Also shgws
etal 2021 non-randomized (n=41) according to the initiation of  for the first time that blood gene expression 60
’ El for ASD at different ages  characteristics can predict how fast toddlers
with ASD respond to early treatment.
. I Experimental Comparison of prognoses The results of school-aged children
Vinen Quantitative ) A . . . }
et al® 2018 non-randomized (n=31) according to the initiation of with ASD who received El during their 80
' Comparison (n=28) El for ASD at different ages preschool years are promising.
Quantitative . Establishment of prognostic . [ spem.f 18 Ll ‘that the.
Green . Intervention (n=28) ) . intervention increased the baby’s attention
- 2015 randomized gains from different L . 100
etal. ) Control (n=26) . . to parents. Parent-mediated intervention
controlled trials intervention programs .
was applied.
. . The EIBI method demonstrated significant
. - . Establishment of prognostic ) .
Frazier Quantitative Experimental ) . changes in the prognosis of ASD,
- 2021 ] B gains from different - " 60
etal. non-randomized (n=131) . ) mainly with regard to language. More
intervention programs :
representative surveys are needed.
MacDonald Quantitative 2ozl Estabh;hment of.prognostlc Significant gains with EIBI, especially
- 2014 . (n=83) gains from different . 60
etal. non-randomized - . ) when applied before 24 months
Comparison (n=58) intervention programs
) . . The study demonstrates that the EIBI
- Experimental Establishment of prognostic . L . .
Waters Quantitative . . method is effective in community settings
2020 . (n=48) gains from different ) . . . f 100
etal.® non-randomized Comparison (n=46) S for children with ASD starting an intervention
p - prog in different ages throughout early childhood.
Howard Quantitative gz Estabh_shment of_prognosnc ABA therapy achieved better results than
5 2014 . (n=29) gains from different - B 100
etal non-randomized . . ) eclectic therapies.
Comparison (n=32) intervention programs
Quantitative . Establishment of prognostic Use of a tailored (parent-mediated)
Rahman ) Intervention (n=32) ) . . . L
- 2016 randomized - gains from different intervention was effective in low- and 100
etal ) Control (n=33) . . . B .
controlled trials intervention programs middle-income countries.
- Experimental Establishment of prognostic The home El results found a statistically
Perera Quantitative ) . o
2016 . (n=62) gains from different significant improvement between pre- and 80
etal® non-randomized ) . ; . o
Comparison (n=42) intervention programs post-intervention in all measured parameters.
) . _ Establishment of prognostic The low-intensity early intervention
Kltzegg)w 2020 Quantltatn{e Gase (n=20) gains from different called A-FFIP was effective and brought 80
etal. non-randomized Control (n=20) . ) . .
intervention programs important prognostic results.
- Experimental Assessment of whether There is evidence that gains from early
Estes Quantitative ) . . L . A
- 2015 . (n=24) early intervention results intensive intervention are maintained for 100
etal. non-randomized - o -
Comparison (n=24)  are maintained over time at least 2 years afterwards.
Quantitative Medical Workers Knowledge survey about . .
non-randomized (n=269) ASD in people who work or Fiistgils e s 6k
Weietals 2022 , - . early signs of ASD but had an inadequate 80
A Cross-sectional  Educators (n=181)  will have early contact with understanding of the disorder
analytic study ~ Community (n=188) children with ASD 9 ’
Investigation of the
development trajectory of Diagnosis and early intervention are
Coelho 2021 Quantitative Experimental two groups of children with determinants of different prognoses. 80
etal.¥ non-randomized (n=55) ASD in search of predictive Parent participation is critical to the
factors and adjustments for success of El.
better intervention strategies
Jonsdottir 2020 Quantitative Experimental Stlﬁijoi?ssgfrfii?slnfnrzﬁ?()d The M-CHAT-R method was able to detect 60
etal.® non-randomized (n=1,586) cases of underdiagnosis at 30 months of age.

prognosis

Abbreviations: MMAT, Mixed Methods Appraisal Tool; ASD, Autism Spectrum Disorder; El, Early Intervention; EIBI, Early Intensive Behavioral Intervention; ABA, Applied Behavior Analysis.
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3.2. Are measurements appropriate regarding both the outcome and intervention (or exposure)?
3.5. During the study period, is the intervention administered (or exposure occurred) as intended?

2.4. Are outcome assessors blinded to the intervention provided?
3.1. Are the participants representative of the target population?
3.4. Are the confounders accounted for in the design and analysis?

2.1. Is randomization appropriately performed?
2.2. Are the groups comparable at baseline?
2.5 Did the participants adhere to the assigned intervention?

2.3. Are there complete outcome data?
3.3. Are there complete outcome data?

Green et al.?’

Rahman et al.®?

Howard et al.%'

MacDonald et al.?® .

Estes et al.®

Perera et al.3®

Clark et al.?

Vinen et al.?®

Waters et al.>°

Kitzerow et al.3

Jonsdottir et al.3®

Coelho et al.®”

Frazier et al.?®

Lombardo et al.?

Wei et al.3

Maksimovi¢ et al.?*

Figure 2. Risk of bias summary.

methods, reporting significant gains, mainly related to
language?®?® and reduction of stereotyped behaviors®.
In addition, it was concluded that early age is a predictor
of greater gains®®?’; however, without defining the exact
age, preschool age was chosen as the ideal age group for
the application of the EI

Considering the need to adapt the methods to re-
alities where human and socioeconomic resources are
lower, Kitzerow et al.>* demonstrated the effectiveness
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of a low-intensity intervention method (A-FFIP), with
important cognitive effects. With the same objective,
other authors such as Green et al.?’, Rahman et al.*?, and
Perera et al.?® described the importance of parent-me-
diated methods in home settings, followed by Coelho
et al.¥”, who demonstrated the importance of parental
perception as predictors for ASD (5).

Estes et al.®, in a pioneering study, reported
the sustained effects of EI for at least two years (3).
Wei et al.*, in turn, demonstrated failures in early
detection resulting from lack of knowledge of warning
signs by professionals who work with the population
at risk for ASD (4).

The study by Jonsdottir et al.*® is the only one includ-
ed in this review that involves a screening method, as
it specifically addresses correlated changes in prognosis
for ASD (6).

DISCUSSION

Current overview of diagnosis and intervention

Every year, numerous studies and protocols seek to
understand and diagnose individuals with ASD at an
early stage, but, despite all the work, many cases are still
neglected, impacting the life and development of each
patient who stopped receiving his diagnosis®’. The main
objective of rapid ASD detection is EI and the conse-
quent prevention of disabilities related to this disorder.

The American Academy of Neurology, in order to
promote a more efficient diagnosis, developed a guide
based on two levels to help health professionals in
early diagnosis. Thus, level 1 consists of observing the
child in primary health care, for example, in child care
consultations, to select those who are at high risk of
ASD, in addition to monitoring, at each consultation,
whether the child’s developmental milestones are being
met. In the scope of level 2, after screening is carried
out, the patient is referred to specialized professionals
for the application of tests and confirmation of the di-
agnosis®. Each of these levels has its assessment tools,
to be elucidated in this review.

In fact, medical professionals are able to identify
the main symptoms of this disorder and effectively
and safely establish a diagnosis at around two years of
age and, with the support of standard screening tools,
even before 24 months. However, what is commonly
observed in practice is that this process is often delayed,
so the current average age for diagnosis is around four
to five years old®. Considering that early diagnosis is
what leads to El, it can be said that recognition of the
disorder is relevant in the prognosis of ASD.



Children who are diagnosed early have access to
more interventions, resulting in better verbal cognition
and general expression at school age and, as a conse-
quence, they need less ongoing support at school than
children diagnosed later?®. However, it is considered
that factors such as less severe symptoms, social com-
munication difficulties at an appropriate age, lack of
routine surveillance and even oppressive and confusing
social environments for children with ASD contributed
significantly to later diagnoses®.

Another situation that highlights the importance of
early childhood diagnosis is the underdiagnosis of cases
that persist into adulthood". Usually, ASD symptoms in
adults manifest differently and may be more impercepti-
ble or easily confused with other psychiatric disorders*.
However, this lack of diagnosis can cause deficits in so-
cial integration, unemployment and mental disorders'’,
that is, they have a profound impact on quality of life.

A recent survey conducted in China listed the main
factors that lead to the misdiagnosis of autistic children.
The main factor listed would be the lack of knowledge
about ASD on the part of health professionals, educators
and the general population. Differences in knowledge
on the subject were related to age, education and occu-
pation. Younger people were the ones who knew more
about the subject due to the internet and social media®.

On the other hand, education and profession also
influenced the depth of knowledge on the subject and,
as expected, health professionals were more informed
than the general population. Lack of knowledge about
the initial manifestations of ASD is associated with
low likelihood of receiving a diagnosis. In addition, the
stereotype and common sense that ASD manifests itself
homogeneously in all autistic people is also a determin-
ing factor for diagnostic failure®.

However, there is also a discussion about what is
considered early in terms of intervention for ASD.
The dissemination of this information is essential to
guide health professionals and avoid delays in diagno-
ses, since ASD symptoms and language deficits occur at
school age and reach other areas of development.

In this sense, a recent study selected patients with
a possible diagnosis of ASD from 12 months to four
years of age and instituted therapies both for language
and communication, as well as for repetitive and ste-
reotyped behaviors, in order to then visualize which age
would have the most benefit from the interventions.
As a result, it was observed that 3-year-old children,
when compared to 4-year-olds, had a very significant
improvement in social skills. The same was observed
with children over four years of age, who showed less
significant progress in this area.
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Accurately quantifying the presence of autistic
symptoms and language ability through the Gilliam Au-
tism Rating Scale (GARS-3) and Estimated Speech and
Language Development (ESLD) tests, respectively, the
non-randomized study®* with a sample of 40 children
demonstrated a statistically significant difference in
symptom reduction post-intervention between children
who started therapy at three and four years of age in
repetitive behavior (F=5.397, p=0.02), social interaction
(F=11.19, p=0.002), and social communication (F=6.70,
p=0.01), but with a non-significant difference in emo-
tional reactions (F=3.60, p=0.06) and language ability
(F=2.06, p=0.626). Patients with other neurological
disorders, visual, auditory, or motor impairments were
excluded from the study, and the study had a dropout
rate that we considered low given the duration of the
study. In the initial assessment evaluating repetitive
behavior, social interaction, and social communication,
there was no statistically significant difference between
the groups (p>0.05) prior to early intervention.

Thus, using the fact that from 24 months of age the
child begins to produce words with greater meaning and
that the following six months are of great importance
for the development and consolidation of language
skills, in addition to adaptive behavior, the study
emphasized the need for early intervention to avoid
intercurrences in the child’s development potential.

In addition, other evidence demonstrates that inter-
vention before 24 months has a potentiated effect on
the ASD prognosis change. This seems to happen mainly
due to intervention variations and increased hetero-
geneity after 24 months of age. Lombardo et al.”, in a
study comparing the age of intervention onset — before
24 months and after 24 months of age — reported a
significant age effect (F=134.09; p=2.22e-16) and a sig-
nificant effect based on the group they belonged to (>24
months or <24 months of age) (F=20.92; p=5.47e-5),
indicating that the age of the children at the start of
treatment influenced the obtained results.

The findings are limited due to the correlational na-
ture of the study, which employed mixed intervention
methods, requiring caution in the interpretation and
generalization of these results. Additionally, it lacked
blinded assessors and had a small sample size of only
41 children, without providing a detailed description of
the baseline characteristics of this sample. However, al-
though limited, it brings important results to be taken
into account that indicate a favorable approach before
24 months of age.

Therefore, based on the mechanisms of neuroplas-
ticity, when stimulating the development of children
with ASD early, since the brain is even more adaptable
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in child patients and their neural networks are able to
reorganize themselves, as well as due to the charac-
teristics under which ASD seems to develop with ad-
vancing age, EI may be able to provide greater changes
in prognosis when applied before 24 months of age.
Taking into account the factors discussed above,
the implementation of public policies such as training
and improvement programs for education profes-
sionals and other professionals working with poten-
tial cases of ASD is likely to expand access to early
screening and diagnosis, favoring a reduction in the
age of intervention initiation, which we have already
suggested to be beneficial before 24 months of age.

Diagnostic and therapeutic methods of early
intervention

Screening and early diagnosis protocols appear to
be an important and effective tool in reducing the
time between the ideal age to establish diagnosis and
the actual age at which individuals receive it. In this
sense, understanding the capabilities and effective-
ness of each test as applied in different contexts can
contribute to their effective application in the pop-
ulation, providing important gains in the prognosis
of the disorder by reducing the main symptoms in
the long term.

Thus, the Modified Checklist for Autism in Chil-
dren (M-CHAT) is the most studied tool within the
ASD screening level 1, used in primary health care®®*.
This tracking tool is answered by the parents of chil-
dren between 16 and 30 months of age. Considering
the rate of false positives when using this method, a
follow-up interview with repetition (M-CHAT-R/F)
was developed, which mitigated this problem. The use
of this scale proved to be quite satisfactory for track-
ing ASD, reducing the age at diagnosis by two years,
in addition to detecting cases of underdiagnosis at 30
months of age, with a positive predictive value (PPV)
of 0.72 for ASD?, slightly higher when compared to
previous studies.

In that study, Jonsdottir et al.?® applied this type
of screening to 1,580 children with a mean age of
32.08 months. Children at high risk of ASD were
referred to a reference center for confirmation of the
diagnosis through the application of the Observation
Protocol for Diagnosis of Autism (ADOS-2) by spe-
cialized professionals. There was an average time of
18.28 months between the screening and definitive
diagnosis. Ho ever, the study has some limitations,
mainly due to the fact that some parents (n=60) did
not accept to participate in the screening. This was
attributed to the parents’ self-perception, as they
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did not consider their children to have an atypical
development. Furthermore, important factors such
as the characteristics of the included parents, and
whether they were comparable to parents in the
general population, were not taken into account,
which constitutes a limitation. The study was careful
in ensuring the application of the diagnostic test by
expert professionals, but it failed to make important
quantitative comparisons between the final screening
results and the final diagnosis.

In addition to the M-CHAT-R/F, other screen-
ing tools can be applied by people without special
training, such as the Ages and Stages Questionnaire
(ASQ-3) and the Social Communication Question-
naire (SCQ), which are effective to detect ASD in the
first years of life* and, therefore, are able to provide
measures of EI. The Infant Autism Observation Scale
(AOSI) also seems to be significant for this review,
since, through a semi-structured assessment that
aims to observe behaviors typically associated with
ASD risk, this scale is capable of detecting, at 14
months of age, a future diagnosis at age three®.

We emphasize that there are specific level 1
screening tests for the adult population, such as
the Autism Spectrum Quotient (AQ), capable of
effectively identifying traits of autism in this age
group (PPV=0.84)*?, successfully recognizing cases
of underdiagnosis.

From this perspective, the positive screening of
ASD cases makes it possible to refer them to a level
2 approach, that is, this individual is evaluated and
monitored by specialized professionals. This practice
saves time, costs and human resources, which may
be relevant for the implementation of EI measures
in developing countries.

Among the instruments used by professionals for
the diagnosis of ASD, the most recognized seem to
be the ADOS-2 and the Revised Diagnostic Interview
for Autism (ADI-R). The ADOS-2 is an observational
protocol capable of measuring, in a structured and
objective way, social affection and restricted and re-
petitive behaviors, while the ADI-R is a structured in-
terview carried out by professionals with the parents
of children with a diagnostic hypothesis of ASD%,
Both require administration by a specialist and have
demonstrated robust psychometric properties for
ASD diagnosis®.

It is evident that each case of ASD requires man-
agement with its specificities and specific individual-
ities. This happens precisely because of the different
degrees of the spectrum that an individual can find
themselves in, that is, because of the heterogeneity



of symptoms that each person manifests, also taking
into account care for the desires and needs of the
person with ASD and caregivers.

There are several successful EI programs based
on scientific evidence. Currently, there are two
well-established groups of EI. One is related to the
theory of Applied Behavior Analysis (ABA) that uses
three fundamental pillars: learning, motivation and
positive reinforcement. The other is a method linked
to structured education that focuses on visual work,
known as Treatment and Education of Autistic (TE-
ACCH)*. Both strategies integrate parents or guard-
ians into the intervention process.

Among the treatment strategies, Early Intensive
Behavioral Intervention (EIBI) had a significant
prevalence in the articles selected for this review.
EIBIis a method based on ABA, which analyzes spe-
cific behaviors of patients with ASD and individual-
izes their therapeutic goals, gradually dividing the
intervention into behaviors, with positive reinforce-
ments until the desired behavior is obtained. This
method uses repeated discrete attempts to modify
behavior and, normally, recognizes the patient’s
successes with two distinct positive reinforcements:
a primary one, for example, a food preferred by the
individual, and a secondary one, which is usually a
verbal compliment.

A promising longitudinal study conducted by
Frazier et al.?® analyzed the results of the EIBl in one
of the important symptoms of ASD. The language
acquisition trajectory of a total of 131 children
with a confirmed diagnosis of ASD was analyzed
in five serial assessments covering the period from
the beginning of the intervention to the end of the
program. The evaluations were conducted by trained
professionals and the evaluation instruments were
adequate and had strong internal consistency and
reliability, as reported in the current literature.

In the EIBI program, children received an average
of 30 hours per week of intervention in the class-
room and were divided into three groups based on
whether they required educational support from an
assistant or not. All groups had substantial gains
in the five aspects of language evaluated (total,
expressive and receptive language, receptive and
expressive vocabulary), with a linear slope ranging
from 1.09 to 1.37. Accompanying these estimates,
the standard deviation of the estimate standard
error (SE) was reported to range from 0.14 to
0.17. The p-values associated with these estimates
were all less than 0.001, which indicates high
statistical significance?®®.
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However, we consider it important to interpret
these results with caution given some important
limitations, mainly because this is not a randomized
study and uses a convenient clinical sample. Other
important aspects are the characteristics of the study
sample and the characteristics of the participants,
with a high proportion of individuals with significant
cognitive and developmental delay and with severity
assessed as moderate or severe for ASD. Furthermore,
the use of multiple measures may have limited the
relationships between ASD severity and language
trajectory.

The EIBI, with all the caveats, proved to be a
significant EI method, with substantial gains not
only in language, but also in social interaction (eye
contact) and joint attention®%!, possible increase
in Intelligence Quotient (IQ), non-verbal IQ and
academic performance®. However, the starting age
for the application of this method was also relevant,
and each year of delay in the intervention using EIBI
resulted in important losses in language gain when
compared to other children who received the meth-
0d?®. When compared to other eclectic intervention
methodologies, ABA-based therapies showed greater
changes in prognosis, with the greatest benefits
already observed in the first year of intervention®.

Beneficial results in social interaction and joint
attention were demonstrated by MacDonald et al.?
in a study of 83 children diagnosed with ASD who
received intensive intervention for 20 to 30 hours
a week. The interrater reliability and agreement of
the assessment process for results excellence were
evaluated and demonstrated to be substantial for
all measures. The assessment took place at two time
points: at program entry and one year after the im-
plementation of EIBI. Children diagnosed with ASD
were compared to children with typical development
(TDC) who, at program entry, outperformed them
in all measures (p<0.01), except for joint attention.

To indicate and compare the results, the authors
considered the standard deviation (SD) values for
each age group among children with ASD and TDC.
High responders were defined as those within 1 SD
of their peers, average responders as those between
1 and 2 SD below their peers, and low responders as
those 2 SD below the normative average.

The most significant change was observed in
cognition for all age groups. Additionally, the group
with an age range of 18 to 24 months exhibited the
highest percentage variation in all measures com-
pared to their TDC, with notable improvements in
cognition scores (SD:7.21; t:9.93; p<0.01), followed

Pires JF, etal.  Early intervention and autistic disorder prognosis. 9



Bl Dement Neuropsychol 2024;18:€20230034

by enhancements in early joint attention (SD:1.87;
t:5.04; p<0.01) and eye contact (SD:1.14; t:4.93;
p<0.01), except for stereotypy, which did not yield
significant results in any of the groups. This finding
regarding the age of entry in EIBI is consistent with
those reported by Maksimovi¢ et al.** and Lombardo
et al.?%, as previously discussed.

The study is limited by the lack of a standardized
comparison sample and the use of limited or eclectic
methods, which would make the results more robust
for the application of EIBI. Additionally, potential
confounding factors are poorly explicit, such as the
socioeconomic conditions of the involved families,
whether the participants had access to other in-
terventions outside the program or not, and other
factors like retention rate.

Howard et al.?*, however, despite not conducting
a randomized controlled study, overcame the afore-
mentioned obstacles and proceeded to describe re-
sults of the intensive method in cognition (M:27.44;
SD:14.18; p<0.01) and communication (M:26.23;
SD:21.27; p<0.01), superior to other eclectic methods
which, although also achieving success, were statisti-
cally lower for cognition (M:8.44; SD:15.04; p<0.05)
and communication (M:3.57; SD:17.96; p>0.05).

In the same vein, Waters et al.3° conducted a
non-randomized study with 94 children divided into
two groups: one group received EIBI for 40 hours per
week over a period of three years (n=48), while the
other group received an eclectic intervention method-
ology. The assessments were well-structured, employ-
ing appropriate tests, and there was a high retention
rate, as indicated by the low number of participants
who did not complete the program (n=2). The results
were significant, and the mean IQ of the EIBI group
was higher in all assessments compared to the eclectic
intervention group. Data analysis revealed a signifi-
cantly higher monthly compared IQ score of 0.364
[95% confidence interval — CI 0.149 to 0.580], with
a significant p-value of p<0.01, indicating a statisti-
cally significant relationship. In this study, baseline
age was similar between groups; however, baseline
IQ was slightly higher for the EIBI group (M: 64.4)
compared to the eclectic intervention group (M: 58.2,
t[92]=1.85), but not statistically significant (p=0.07),
possibly having little impact on the study results.

Another constantly cited method is the Denver
model of EI (ESDM), which also achieved significant
results and the maintenance of such results over
time, especially in receptive and expressive language.
Estes et al.®® investigated, in a prospective study,
the long-term maintenance of ESDM results based
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on the findings from a previous randomized con-
trolled study, which observed a mean gain of 82.86
(SD=22.83) in what they referred to as intellectual
ability, encompassing receptive and expressive lan-
guage. A statistical analysis of variance (F=16.96;
p<0.001) revealed significant differences between
the groups being compared. The current study
demonstrated sustained effects across all evaluated
domains (intellectual capacity, adaptive behavior,
autism symptoms, and challenging behaviors) but
reported a significant reduction in severity for the
ESDM group compared to the Eclectic group. This
model is designed for children aged 12 to 60 months
with ASD and has a focus on social learning.

However, Vinen et al.?® found results for the
Denver method (ESDM) even in school-age children
(72 to 108 months). In this study, 59 children were
divided into two groups — ESDM (n=31) and Com-
parison (n=28) — and the study’s baseline was bal-
anced, ensuring equivalence between the treatment
groups regarding relevant characteristics and the
initially analyzed variables of interest. Although no
superiority of ESDM was found in terms of effects
on severity reduction and other symptoms compared
to other methods, it demonstrated that the method
had an effect when compared to the baseline and was
equivalent to other eclectic methods. The application
of this EI tool provided significant gains in IQ, global
communication, motor and social skills, the latter
shown even in studies that used the evaluation of
electroencephalographic (EEG) activity, proving to
be an effective method of EI*.

Although the results obtained with the application
of these methods do not allow the children submitted
to them to measure and behave similarly to those of
individuals without a diagnosis of ASD, both the EIBI
and the ESDM, with their particularities, proved to be
effective EIl programs, particularly regarding language
and symptoms. ESDM demonstrated a greater effect
in terms of improving IQ, while EIBI proved to be
more effective in improving symptoms*.

Social determinants, environment and early
intervention

A study carried out in the United States of America
(USA) revealed that a person with ASD costs an aver-
age of US$ 1.4 million, and in cases where there is an
intellectual disability that interferes with the devel-
opment of skills related to the independence of that
individual over his lifetime, this figure is estimated
to reach US$ 2.4 million, amounting to approximately
US$ 236 billion per year. Health economists believe



that, by 2025, adding all expenditures, annual costs
with ASD will reach US$ 461 billion**.

Still in the United Kingdom (UK), it is estimated
that the cost of treatments in childhood can reach
£ 31 billion per year, surpassing the amount spent
on treatments for other pathologies such as asthma,
diabetes and other types of intellectual disability. It
is important to note that factors such as adequate
access to EI improve the child’s long-term outcomes
and reduce lifetime costs for the individual, family
and society. This demonstrates the need to seek ef-
fective methods that, at the same time, do not require
high costs and human resources®**°.

Itis estimated that most children diagnosed with
ASD are from low-income countries, mainly in South
Asia, where there is the largest number of children
with ASD in the world, with approximately 5 million
children aged between two and nine years old in
India. The fact that the largest number of children
with ASD reside in developing countries makes it
difficult for this population to receive the necessary
and adequate treatment. Some do not even receive
intervention for ASD, which is due, among other
reasons, to a lack of financial and human resources®.

It is worth mentioning that the EI programs
mentioned in the previous topic provided evidence of
concrete results when applied at high intensity, that
is, over 20 hours a week and in places rich in resourc-
es®®. There is a concern about the efficiency of these
programs when considering this high workload of
EI application from the perspective of both cost and
human resources, as these methods require qualified
professionals for implementation.

In this sense, a recent study in Germany devel-
oped an El program with a naturalistic characteristic
(NDBI) lasting two hours a week, that is, of low in-
tensity. This method, known as the Frankfurt Early
Intervention Program (A-FFIP), has shown success,
although further studies are still needed®!. However,
it has already been demonstrated that it is possible
to perform an effective EI at low intensity.

Another alternative that seems to circumvent this
problem is the application of home EI programs and
intervention mediated by parents. The home modal-
ity of EI occurs after training carried out by profes-
sionals, in a home environment, through recreational
activities for about two hours a day*®. Intervention
mediated by parents, in turn, seeks to train parents
to understand when babies communicate®®. These
programs proved to be effective and inexpensive
EI methods, with a significant improvement in the
assessment of eye contact in children with ASD*3
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and communication between parents and children3?,
which can significantly impact the prognosis of in-
dividuals with ASD.

As we have already demonstrated, several screen-
ing questionnaires use parents’ experiences with
children for possible diagnosis. Furthermore, it was
observed that EI has a significant impact on the
prognosis of ASD. However, when there is greater
parental involvement in therapies, the results tend
to be better, even contributing to the acceptance and
understanding of the child’s diagnosis®”*"**. Programs
that train the family to use strategies that help in
child interaction contribute to the reinforcement
and maintenance of acquired skills. This shows how
important family participation is, so that the inter-
vention can have better results. In most cases, it is the
family who recognizes when a child starts exhibiting
signs of possible developmental delays, which shows
us how their report can contribute to the conclusion
of a possible diagnosis.

Measures being employed to address the treat-
ment gap in children residing in low- and middle-in-
come countries (LMICs) include the adaptation of
interventions. These interventions are tested in
high-income countries to ensure their suitability for
implementation by non-specialized professionals
in LMICs. An EI program called Preschool Autism
Communication Trial (PACT), used in the UK, which
focuses on parent-mediated communication, has
shown several positive effects on social outcomes and
improved communication. This is a method that can
be viable and effective in situations involving socio-
cultural differences, adapting to local beliefs, and can
be used by non-specialized professionals.

Rahman et al.*, in an effort to apply the effects
already obtained and documented by the Parent-Me-
diated Autism Communication Therapy (PACT)
method, this time in low-income countries, con-
ducted a single-blind randomized study comparing
the outcomes of 12 sessions of the PACT with usual
treatment, in 65 children aged two to nine years
from India and Pakistan in the South Asia region,
randomly selected through the use of probabilistic
minimization. The baseline of the study demonstrat-
ed a balance between the intervention groups, with
comparable relevant characteristics and variables.
The Parent-Mediated Autism Communication Ther-
apy for South Asia (PASS) utilizes a similar approach
to the previously mentioned PACT, but is adapted
to the local culture and language where it is being
implemented. The results of this study revealed an
improvement in communication between the children
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and their parents, reinforcing that parent-mediated
intervention can indeed be effective in low- and
middle-income countries. It is important to highlight
that family adherence and involvement are crucial for
these results to occur.

Compared to PACT, PASS demonstrated greater
effectiveness both for parent-child synchrony (effect
size 1.61 [95% CI 0.90 to 2.32]) and child communi-
cation (effect size 1.61 [95% CI 0.90 to 2.32]), which
are attributed to the higher level of parental support
present in PASS. However, regarding shared attention,
the treatment outcome was negative compared to
PACT (effect size —0.70 [95%CI -1.16 to -0.23]). The
study presented cohesive and important results for
the implementation of this type of method in LMICs.

Therefore, it is evident that the study of the appli-
cation of intervention programs in developing coun-
tries can have a significant effect on the implemen-
tation of EI in these regions and, for all the reasons
already explained, positively affect the prognosis of
people with ASD32. In addition, the implementation
of measures of parental involvement in the diagnosis
and treatment of children was recognized as a benefi-
cial factor for both the patient and his/her guardians,
making this practice essential for reducing the time
of diagnosis and application of EI, which promotes an
improvement in the prognosis of patients with ASD.

The implementation of EIBI or ESDM is therefore
favorable for prognostic gains when analyzing certain
symptoms of ASD, as discussed. We also suggest that the
implementation of programs similar to PACT or PASS
in regions with low socioeconomic status can overcome
the economic barrier through sustainable utilization
of human and financial resources, while also achieving
prognostic gains that would be unsustainable in other
situations or eclectic methodologies in those localities.

The synthesis of the main persistent challenges in
the implementation of EI, as well as the effects of this
persistence on the prognosis of patients with ASD,
with a social approach, is unprecedentedly described
in this review. We believe that this could contribute
to the implementation of public policies in the field
of early intervention and the conduct of new studies
that address persistent gaps, such as a more com-
prehensive application of intervention methods for
LMICs, quantification of interference in the severity
of ASD, and novel approaches involving parents more
actively in the treatment of ASD.

Furthermore, the discussions generated here
strongly suggest the importance of different profes-
sionals in implementing intervention measures. Most
of the studies presented involved the participation
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of other health agents, such as psychologists and
nurses, on the front line of identifying warning signs
and interventions for ASD. Education profession-
als are those who have the most contact with the
population at risk of this disorder and, in addition,
were present throughout the implementation of the
proposed interventions in the school environment.
This demonstrates the importance of the multidisci-
plinary team in the care of individuals with ASD and,
also, the alignment between these professionals in a
coordinated therapeutic plan.

In conclusion, EI is able to significantly influence
the prognosis of patients with ASD. The most import-
ant changes involve the improvement of cognition,
the acquisition of social skills and the reduction of
stereotyped behaviors, and the ideal age for diagnosis
and initiation of intervention was before 24 months
of age. The benefits of EI involve changes in prognosis
and may even influence social issues, since the results
showed less need for school monitoring for these chil-
dren, and a gain in functionality and social integration.

There are still challenges in implementing EI pro-
grams, including:

+ knowledge of the main screening, diagnosis

and intervention tools for ASD;

+ the still high costs of implementing EI strate-

gies;

+ the effective involvement of parents in the

stages of EI programs; and

+ recognition of signs of ASD before 24 months

of age.

The implementation of measures that impact these
axes, especially in places lacking specialized profession-
als, can be efficient measures to reduce the impacts of
this disorder on populations in developing countries.

This review is unprecedented and innovative in
that it summarizes and categorizes the main chal-
lenges encountered in implementing EI techniques
for autism (Figure 3). At the same time, it establishes
links between these challenges and the potential im-
pact on various aspects of prognosis. We recognize
that these connections are crucial to the practicality
of this study and any other, serving as guidance for
the development of public policies and social actions.

Thus, despite clarifying significant results, this re-
view presents limitations that deserve consideration.
In this regard, the predefined search period for this
review restricted its results, leading to a relatively
small number of randomized clinical trials included.
This, in turn, reduces its level of evidence, without,
however, invalidating it.



Knowledge e

Knowing the early signs of
ASD is essential to reduce
the age at diagnosis,
especially for those who
serve the population at
risk, such as educators
and health professionals.

Costs

The costs of therapy for
ASD can outweigh the
costs of treating other

illnesses, such as diabetes
or asthma. Home El
strategies can overcome
this problem, in addition to
reducing future symptoms.
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&~ The proper use of
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El while saving human and
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Challenges
for El in ASD

— @ Age

The age of initiation of the
intervention is an
influential factor in the
prognosis of ASD.
Diagnosis before 24
months of age is still a
challenge for EI.

Parents
Parent involvement in El
programs is able to provide
greater adherence and
improved prognosis for ASD
patients.

Figure 3. Challenges for early intervention in autism spectrum disorder.

Furthermore, the selected studies limited our
review, as they have a small sample size and lack
application in heterogeneous populations and
those with low socioeconomic status. Therefore,
quantifying the impacts of each of these axes of
challenges we listed still requires further evidence
and investigation.

Despite this, a significant strength of this review
is the inclusion of populations with low socioeconom-
ic status, despite their limitations. This inclusion is
important because it not only highlights the scarcity
of clinical studies in this area but, more importantly,

it contributes to scientific discourse by shedding light
on the specific, but analogous, challenges faced by
these vulnerable populations.
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