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Abstract

In this study, the effectiveness of new hypothesized treatment methods for ADHD and Autism including
Transcranial Magnetic Stimulation, Interactive Metronome Therapy, and Primitive Reflex Therapy on
response inhibition was studied based on clinical data from 14 individuals at Neurofit Connections,. This
clinical data included the initial and most recent response inhibition test scores. These scores evaluate the
ability of patients to regulate undesired responses such as unintended motor functions and thoughts. The
treatment methods used in combination were found to be effective in improving response inhibition
scores in the paired groups for all admitted individuals and the ADHD only paired groups, creating a need
for future, more specialized research into these developing methods and potential clinical integration of
these noninvasive methods into future treatment of ADHD and Autism.

Introduction

ADHD and Autism are both prominent neurodevelopmental disorders that are becoming increasingly
common in the pediatric population. The complex and multifaceted nature of both disorders has made it
difficult to understand the increasing rates and develop effective treatment. For ADHD and Autism,
improved awareness and screening are likely to be a key factor in rising diagnosis rates (Khadka et al.,
2024). While the increasing contribution of environmental influences remains a topic of ongoing research
(Yoo, 2013). The growing prevalence of ADHD and Autism has raised concerns among healthcare
professionals and parents alike, necessitating further research into the methods used to treat Autism and
ADHD. This study aims to investigate the effectiveness of new noninvasive treatments such as
transcranial magnetic stimulation, primitive reflex therapy, and interactive metronome training, utilized
by Neurofit Connections. Current research regarding transcranial magnetic stimulation and primitive
reflex therapy indicates potential benefits in improving cognitive function and overall symptoms in
Autism (Melillo et al., 2023), (Chen et al., 2024). A systematic review of transcranial cranial magnetic
stimulation in ADHD revealed it may be effective in reducing ADHD symptoms (Chen et al., 2024).
However, standardized practices for transcranial magnetic stimulation and primitive reflex therapy are not
clearly defined, and current research typically evaluates executive function or general symptoms of the
disorders, so while effectiveness is demonstrated, the underlying mechanisms behind these treatments are
not completely understood. The evidence behind Interactive Metronome therapy was circumstantial in
preliminary studies (Cosper et al., 2009), suggesting the need for more rigorous studies to evaluate its
effectiveness in treating ADHD and Autism. The goal of this study is to analyze the general effectiveness
of these interventions at improving a significant contributing factor to both disorders. Understanding the
general effectiveness of these noninvasive therapies on response inhibition could provide valuable
insights into the driving factors behind these treatments, in addition to building a foundation for future
research and the development of standardized and well-researched treatment protocols.

Response inhibition became a clear target of the study as a result of the significant impairments observed
in both ADHD and Autism. ADHD resulted in more frequent errors in tasks requiring inhibitory control
(Lee et al., 2024), while individuals with Autism exhibited greater latency in tasks requiring inhibitory
control (Johnston et al., 2011). The Pronounced errors made Creyos’s double-trouble test an excellent
metric for assessing response inhibition abilities for both disorders because it produces a standardized
score that considers both latency and accuracy of inhibitory control (Creyos Online Cognitive Tasks,
n.d.).

We compared the results of Creyos Double Trouble Assessment (CDTA) scores recorded by Neurofit
Connections prior to treatment to the most recent scores of Neurofit Connections patients to explore how



the use of new noninvasive treatments utilized for both Autism and ADHD contribute to the improvement
of response inhibition in affected individuals.

Individual Causes of Autism and ADHD

Autism and ADHD are complex conditions with many contributing factors. Genetic factors play a
significant role in the development of both disorders. DNA abnormalities such as Nucleotide deletion and
duplication in sections of DNA are known to increase the likelihood of both disorders, including specific
chromosomal regions like 15q11-q13 and 16p13.11, which have been associated with both Autism and
ADHD (Badescu et al., 2016), (Shinawi et al., 2011). Neurotoxins like Lead and Mercury are
environmental factors associated with both disorders (Xi & Wu, 2021). The complexity of both disorders
has made it difficult to fully understand their etiology and develop treatment methods.

Impact of Autism and ADHD on Response Inhibition

Autism and ADHD are both complex conditions with many contributing factors making it difficult to
fully understand their etiology and develop effective treatment methods.

Response inhibition can be defined as the ability to suppress responses that are inappropriate or not
aligned with the current task demands, which is crucial for effective self-regulation and goal-directed
behavior. ADHD results in a significant deficit in neural activity in regions associated with inhibitory
control. The right inferior frontal gyrus demonstrates decreased activation, while the medial prefrontal
cortex demonstrates increased activation when compared to unaffected individuals during prospective
response inhibition (Bhaijiwala, 2016). The right inferior frontal gyrus (rIFG) is one of the first regions
engaged in response inhibition tests involving a stop signal. It is engaged between the stop signals
appearance and the reaction to the stop signal in these tests (Schaum et al., 2020), suggesting this region
plays an important role in the initiation of response inhibition. A study of the medial prefrontal cortex
(mPFC) in rats demonstrated that they struggled to prevent competing memories and select relevant
memories, indicating the medial prefrontal cortex plays an important role in selecting previous knowledge
to be utilized when deciding to inhibit a response. (Peters et al., 2013). Latency in response inhibition is
associated with Autism, while research doesn’t show a diminished capacity to make inhibitory decisions
(Johnston et al., 2011). Deficits in response inhibition are shown to result in difficulty controlling motor
responses in individuals with ADHD, which is a contributing factor to the impulsive behaviors that are a
common symptom of the disorder. (Suskauer et al., 2008).

Noninvasive Treatment Methods

The Noninvasive treatment methods used by Neurofit Connections include transcranial magnetic
stimulation, primitive reflex therapy, and interactive metronome training, which have shown potential in
enhancing response inhibition in children with Autism and ADHD. Primitive reflex therapy aims to
remove retained reflexes such as the asymmetric tonic neck reflex (ATNR) and symmetric tonic neck
reflex (STNR), when these reflexes are retained for longer than intended, they can hinder the motor
function of individuals with these reflexes. Systematic removal of these reflexes has been shown to
improve cognitive test performance (Melillo et al., 2023). The Research surrounding primitive reflex
therapy is still in its infancy, and requires further investigation to establish its efficacy in improving
ADHD and Autism symptoms.

Interactive Metronome and other methods of synchronization therapy are other newly suggested methods
for the treatment of Autism and ADHD. Interactive Metronome treatment involves subjects completing a
physical action, such as clapping to the beat of a metronome, with a device utilized to describe the
deviation of the physical action from the Metronome. The goal is to synchronize physical action with the
timing of the Metronome as much as possible. (Interactive Metronome, n.d.) Interactive Metronome



training was shown to be effective in improving motor control and reaction time, but had no significant
correlation with improvements in response inhibition in children affected by ADHD (Cosper et al.,
2009). However, A meta-analysis of Musical training studies in individuals affected with ADHD and
other developmental disorders indicated that forms of musical training can help develop improved
response inhibition, likely as a result of the multi-sensory demands of Musical practice, which demands
the improvement of response inhibition (Jamey et al., 2023). While the effectiveness of musical training
in enhancing response inhibition is prominent, Interactive Metronome’s effectiveness in enhancing
response inhibition requires further investigation.

Transcranial Magnetic Therapy (TMS) has been shown to stimulate brain areas by generating an electric
field that can activate Neurons through the skull. It’s applications are becoming increasingly prominent in
research and therapy applications. However, it is difficult to accurately target specific brain regions with
TMS due to anatomical differences and the lack of uniformity in electric field distribution.
(Gomez-Tames et al., 2020).

Measurement of Response Inhibition

The Creyos Double Trouble Assessment (CDTA) shares many similarities with the Stroop test. In the
CDTA, A subject is presented with the word red or blue, in the color red or blue, and must choose the
color rather than the word itself. The Stroop test is a previously established measure of response inhibition
in individuals with ADHD (Celik et al., 2022). The Double Trouble Test uses the same principle as the
Stroop test, making it well suited to measure response inhibition. It also incorporates elements that assess
both latency and accuracy of response inhibition, generating a score based on both accuracy and
timeliness of responses. Creating a normative score that is a factor of both inhibitory control and response
times, allowing us to use it as an indicator of both autism and ADHD.

Inclusion/Exclusion Criteria

14 Subjects were selected from Neurofit Connections that met the following criteria:

e Between the ages of 5-18

e Had taken 2 or more CDTA

e Had been treated by Neurofit Connections for at least 4 weeks

e had at least 3 weeks in between their two most recent assessments

e Lacked any characteristics inhibiting the ability of the subject to participate in the Double Trouble
Assessments such as vision problems or inability to read

e Had either a formal diagnosis of Autism or ADHD, or were heavily suspected to have one or
more disorders by their parents and Neurofit Connections

The admitted patients without a formal diagnosis were required to meet all but one of the
following additional inclusion criteria

For Autism:

Poor social skills

Little to no eye contact

Below average large scale idea recognition
Lack of physical and emotional introspection

For ADHD
e Dimished response inhibition capabilities
Difficulty concentrating
e [earning disability



Between the ages of 5-18, Had taken 2 or more CDTA, Had been treated by Neurofit
Connections for at least 4 weeks, had at least 3 weeks in between their two most recent
assessments to prevent experience from becoming a confounding factor, Lacked any
characteristics inhibiting the ability of the subject to participate in the Double Trouble
Assessments such as vision problems or inability to read, Had either a formal diagnosis of Autism
or ADHD, or were heavily suspected to have one or more disorders by their parents and Neurofit
Connections on the basis of poor social skills, little to no eye contact, lack of large scale idea
comprehension, lack of physical and emotional introspection, or increased pattern recognition
abilities for Autism. For individuals with ADHD, decreased response inhibition abilities,
difficulty concentrating, and learning disability. Subjects still undergoing treatment were included
in the data set. Subjects receiving treatment methods other than those prescribed by Neurofit
Connections, such as medication, were not included in the data.

Study Design

Data regarding all previous CDTA scores were collected from each of the participants to analyze the
potential impact of the noninvasive treatments on response inhibition over time. The initial CDTA scores
of all admitted subjects were placed into Group 1, and the subsequent scores after treatment were placed
into Group 2. This longitudinal design will allow for a comprehensive analysis of the effectiveness of
noninvasive treatments on response inhibition in children diagnosed with Autism and ADHD.

Condition | Groups First Score is Included in Qroup s Most Recent Score is Included

in
Autism 1,2 5,6
ADHD 1,3 5,7
Both 1,4 5.8

Subjects received weekly treatment between the sampling of CDTA scores, Subjects were instructed by
Neurofit Connections to perform various exercises that selectively targeted residual primitive reflexes,
and utilized devices that provided transcranial magnetic stimulation, targeting different hemispheres of
the frontal lobe and cerebellum at varying electrical intensities as prescribed by Neurofit Connections,
along with additional techniques designed to stimulate areas of the brain that showed decreased activation
compared to unaffected individuals. Individuals selected were instructed to perform these exercises for
approximately 30 minutes a night and received Interactive Metronome therapy at least once a week for
10-15 minutes at Neurofit Connections.

A Shapiro-Wilk test will first be run to ensure the normality of the data with an alpha value of 0.9. A
Paired T-Test will be run to compare the mean scores of response inhibition before and after treatment,
comparing groups 1 to 5, 2to 6, 3 to 7 and 4 to 8. A Paired T-Test was chosen because it allows us to



compare the scores of individuals before and after Creyos testing without differences in response
inhibition abilities between trial groups becoming a confounding factor.

HO: Group 1 = Group 5, Group 3 = Group 7, Group 2 = Group 6, Group 4 = Group 8

Ha: Group 1 < Group 5, Group 2 < Group 6 Group 3 < Group 7, Group 4 < Group 8,

Group will be represented by G in table

Statistical Analysis
Conditions:

Due to conducting a retrospective cohort study, the samples do not need to be randomized, selection bias
is avoided due to the historical nature of the data.

There are more than 140 individuals between the ages of 5-18 who are affected by Autism or ADHD,
indicating that our sample size does not interfere with the independence of samples.

For the paired groups representing all conditions, the Shapiro-Wilk test did not show a significant
departure from normality, W(14) = .97, p = .901

For the paired groups representing Autism, the sample size is too small to perform a Shapiro-Wilk test;
we will proceed with caution, and the results of this group are potentially invalid.

For the paired groups representing ADHD, The Shapiro-Wilk test did not show a significant departure
from normality, W(7) = .98, p =.995

For the paired groups representing Both ADHD and Autism, The Shapiro-Wilk test did not show a
significant departure from normality, W(3) = .96, p = .989

m, = The true mean difference between the scores before testing and the scores after testing

Initial Scores - Final Scores

Condition H0 Ha n |a X p t Sx CI
All G1 — G5 =0 G1 — G5 >0 14 10.05 |-13.643 0.0000275 | -5.869 8.697 (-18.629,-8.657)
Autism

G,—G.=016,-6G,>0 2 10.05 [-17.5 0.00272 -11.667 | 2.121 (-23.953,-11.046)




ADHD

G,—G. =0 1]G,—G_>0
3 7

0.05

-18.571

0.0003079

-6.530

7.525

(-25.297,-11.844)

Both

G -G =0 G4—GB>0

0.05

-8.667

0.0667

-2.457

6.110

(-19.891, 2.557)

For All Conditions, Autism and ADHD, Assume H 0 is true. Since p < a, we reject H o There is

significant evidence that noninvasive treatment for individuals with Autism and ADHD works within the
autism-only group, the All-conditions group, and the ADHD Group. For the following groups, our
confidence interval can also be used to reject H 0 because the interval indicates 95% confidence m 0 is

between the confidence interval, and for all of the following groups 0 is not contained within the
confidence interval, allowing us to reject H o

For the Group with both Autism and ADHD, Assume H 0 is true. Since p > a we fail to reject H o There is

insufficient evidence to show the noninvasive treatment methods work for both ADHD and autism. This
is supported by our confidence interval, the interval indicates 95% confidence w 0 is between (-19.891,

2.557), and this interval contains our Null Hypothesis.

Confounding Factors

Due to the variety of treatment methods used by Neurofit Connections, multiple potentially confounding
factors emerged during data collection. The use of different techniques to stimulate underdeveloped
portions of the brain varied among individuals being treated, along with variations in how transcranial
magnetic stimulation was assigned could potentially decrease the validity of the results, however, the
techniques used to stimulate underdeveloped portions of the brain used alongside transcranial magnetic
stimulation should have similar effects due to the same intended function if the different techniques used
for stimulation were confounding. The use of all 3 treatment methods is also confounding, and being
unable to block by treatment is an unfortunate consequence of conducting a retrospective cohort study.
Individuals who were not formally diagnosed are also a potential confounding factor. To alleviate the
consequence of this factor, individuals with uncertain diagnoses were removed from all paired groups
except the paired group containing all of the conditions together. Experience/comfort with the CDTA was
also another potentially confounding factor, we controlled for this by ensuring at least 3 weeks between
the two most recent attempts. Lack of understanding of the test was another potentially confounding
factor, we controlled for this by ensuring subjects completed the test under supervision and watched the
instructional video before attempting the test for the first time, along with having practice rounds to gain
comfort with the test.

Discussion

The P-values for the paired T-Tests indicated significant improvements in response inhibition across all
groups, with p-values consistently below 0.05, demonstrating the effectiveness of the noninvasive
treatments administered, except for the group including scores for both ADHD and Autism. The small
sample sizes of the Autism only paired groups and the both conditions paired groups likely make the
results for these specific groups less reliable, but the findings from the ADHD only groups and the groups
containing all disorders were significantly below our critical value, Suggesting that some combination of
Interactive Metronome Therapy, Transcranial magnetic stimulation, and Primitive Reflex Therapy may
effectively enhance response inhibition in children diagnosed with both ADHD and Autism. The
effectiveness of these treatments highlights the potential clinical future of noninvasive treatment for
autism, as individual methods and clinical supporting data become more refined.




Conclusion

The results of the study reveal that Transcranial magnetic stimulation, Primitive Reflex therapy, and
Interactive metronome training collectively contributed to a mean increase in response inhibitory ability,
this was most significant within the groups including All admitted individuals and individuals with
ADHD Only. This study effectively demonstrated the potential effectiveness of these treatments, but
further research is required to explore these findings. The small sample size limits its external validity,
especially within the Autism and Both conditions paired groups. Increasing the sample size in future
studies is an important step in enhancing the reliability of the findings and achieving more definitive
conclusions regarding the effectiveness of these noninvasive treatments for Autism and ADHD. Future
work should also focus on more specific interventions. Neurofit Connections utilized multiple techniques
to improve the response inhibitory abilities of affected individuals, and while all of these procedures have
some promise, the procedures need to be isolated to determine their individual effectiveness. The future of
Noninvasive treatment of ADHD and Autism is promising, with the general effectiveness of these
treatments now established, we can begin to explore further integration into clinical settings, including
larger randomized controlled trials focused on specific noninvasive treatments to support these findings
and more empirically constructed treatment regimens.
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This Graph represents the initial and final CDTA Scores of All of the individuals included in the study.
Creyos score are normally distributed with an average score of 100 and a standard deviation of 15. A
score of 87 or lower is considered below average, or in the bottom 20% of test scores while a score of 113
or higher is considered above average or in the top 80% of test scores.

NOTE: Will not be included in final study, here because my class requires it as part of the grade
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This Graph represents the mean improvement from initial score to final score for all individuals included
in the study. Creyos score are normally distributed with an average score of 100 and a standard deviation
of 15. A score of 87 or lower is considered below average, or in the bottom 20% of test scores while a
score of 113 or higher is considered above average or in the top 80% of test scores.
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