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Abstract

The formulation of a therapeutic model centered on neurology can be
crucial for the effective treatment of neurodevelopmental disorders.
This research investigates the development and evaluation of an
innovative "Neuro-Exuberant Proliferation Therapy" as a treatment
modality for symptoms and developmental indicators in children
diagnosed with Autism Spectrum Disorder (ASD). A mixed-methods
approach was employed. In the qualitative component, inductive
qualitative content analysis was applied to formulate the theoretical
foundations and operational plan of the therapy. In the quantitative
phase, an experimental design with a pre-test-post-test control group
was used to assess the treatment's effectiveness. A total of 30
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participants aged 3-5 years with autism spectrum disorder were
recruited through convenience sampling and randomly allocated into
an experimental group and a control group, each with 15 individuals.
The therapeutic intervention consisted of 36 sessions, each lasting 45
minutes, over a period of 3 months. The measurement tools used were
the GARS-3 (Gilliam Autism Rating Scale) and the ASQ-11 (Ages and
Stages Questionnaires, Parent-Administered). Data were analyzed
using the Mann-Whitney U test, revealing significant positive
outcomes in the domains of problem-solving, gross motor skills,
communication, and autistic symptoms (p < 0.01). However, these
positive changes were not observed in the areas of fine motor skills
and personal-social behaviors. It can be concluded that Neuro-
Exuberant Proliferation Therapy has a positive impact on the
development and reinforcement of broader, foundational (macro)
functions. However, this intervention does not appear to have a
significant direct effect on specific, learned (micro) functions within a
3-month period.

Keywords: Neuro-centered Intervention, Autism Spectrum Disorder,
Developmental Indicators, Neuro Exuberant Proliferation Therapy
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Extended Abstract

1. Introduction

Autism spectrum disorder is a neurodevelopmental disorder with a
substantial prevalence rate and considerable potential for causing
functional limitations. It is characterized by two primary features:
persistent deficits in social communication and social interaction, and
restricted, repetitive patterns of behavior, interests, or activities
(DSM-5). These symptoms pose significant challenges to the
cognitive, communication, and social development of affected
children (APA). The recent revisions in the DSM-5-TR emphasize the
neurological underpinnings of autism spectrum disorder. Additionally,
the theme chosen by the World Health Organization (WHO) for
World Autism Awareness Day in both 2023 and 2024, which focuses
on the necessity to transition toward a neurocentric approach, further
underscores the significance of a neurological perspective in autism
care.

It is crucial to recognize that autism spectrum disorder is
primarily caused by defects in essential neurobiological processes
such as neurogenesis, neuronal development, synapse formation, and
synaptic plasticity, which disrupt the proper formation of layers of the
cerebral cortex, as well as neural differentiation and signaling (Van
Koten et al., 2008; Vegil et al., 2010; Parikshak et al., 2013; Gilbert &
Manji, 2017). Among the various complications associated with
children diagnosed with autism spectrum disorder, comorbid
conditions such as depression, anxiety, attention deficit, hyperactivity,
and sleep disturbances (Yang et al., 2022), along with cognitive-
perceptual dysfunctions, executive dysfunction, and information
processing difficulties, are commonplace (Weir et al., 2022). The
collective accumulation of these functional and behavioral
deficiencies culminates in increasingly divergent patterns of
development from normative standards (Woznik et al., 2017). In
examining autism spectrum disorder, two principal approaches come
to light. The first approach focuses on addressing behavioral
symptoms and remediating behavioral deficits via symptom-based
interventions. Simultaneously, a neurodevelopmental perspective
(which encompasses the researcher's viewpoint) prioritizes a
developmental-oriented approach. Since development is intrinsically
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tied to the functionality of neuronal structures, transformation must
originate from changes to those very structures (Chakraburty, 2021).

To effectively address this class of neurodevelopmental disorders
through rehabilitation, it is imperative to identify interventions
capable of instigating transformation in the neural development
process and activating intrinsic self-repair mechanisms by harnessing
the adaptive capabilities of the nervous system. Studies have revealed
that certain techniques traditionally employed solely for educational
purposes can also stimulate brain function and promote neurogenesis.
Aerobic exercise is one such intervention that falls into this category.
Aerobic exercise functions by activating the cardiovascular system
and increasing heart rate while simultaneously pumping greater
amounts of oxygen to the brain (Datta, 2019). Another highly
effective intervention within the field of neurodevelopmental
disorders is sports training. This is significant given that anomalies in
the central oxytocinergic and serotonergic systems are recognized as a
root cause behind the social-functional deficits exhibited by
individuals diagnosed with autism spectrum disorder (Mohdi et al.,
2013). It has been documented that sports training can help modulate
this metabolism (Mohdi et al., 2013), which furthermore diminishes
disruptive behaviors such as aggression.

The essence of this research revolves around the deliberate design
of a therapeutic approach, coined as "Neuro-Exuberant Proliferation
Therapy" by the researcher. This approach embodies a comprehensive,
neurodevelopmental orientation, taking into account the dimensions
and scope of the impairment and the unique individual variations of
each child. By applying principles of play therapy, a targeted regimen
of exercises is implemented to achieve desired transformational
outcomes. The differentiation of the "Neuro-Exuberant Proliferation
Therapy” method from traditional utilization of sports or mental
exercises lies in its emphasis not only on employing the principle of
synergy but also on directly targeting the activation of brain
structures, fostering neurogenesis, and promoting neural network
formation through behavioral interventions.

The execution model of "Neuro-Exuberant Proliferation Therapy"
adheres to the mind's networking model, which pertains to the
utilization of cognitive and executive functions. The exercises
employed are designed to mimic the developmental stages of
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children's cognitive and executive functions. This modeling approach
facilitates the activation of brain networks associated with cognitive
tasks and decision-making. The foundational theory behind the Neuro-
Exuberant Proliferation Therapy (NEPT) methodology is centered on
the premise that the proliferation of beneficial neurons leads to the
formation of developmental stages and milestones. Over time, this
process leads to the elimination of non-useful neuronal pathways.
From this perspective, exercises have been selected that are
extensively researched and proven to vyield significant
neurodevelopmental advancements, specifically those categorized as
"exuberant proliferation."

2. Literature Review

The meta-analysis conducted by Delani (2021) reveals that employing
aerobic exercise, particularly at high intensity, is highly effective in
mitigating the symptoms associated with autism spectrum disorder.
Some observed effects of this intervention include a reduction in
stereotyped behaviors and repetitive movements, as well as
improvements in sleep pattern regularity and attention span.
According to Delani (2021), these findings have the potential to
substantially influence the design of therapy programs and the
organization of special education in schools. Additionally, recent
research by Jackson et al. (2022) highlights that performing aerobic
exercises synergistically can yield even more substantial positive
effects.

It has also been observed that when these exercises are performed
intermittently at a high intensity and at a moderately to intensely
challenging level, they can lead to significant enhancements in
cognitive flexibility and social performance among individuals
(Mamari et al., 2017). Sensory integration plays a pivotal role in the
effectiveness of these interventions. Researchers have observed that
the successful integration of sensory inputs, encompassing the
proprioceptive (body position), vestibular (balance and movement),
and interoceptive (internal bodily sensations) systems, has a profound
impact during combined exercise training. This integrated sensory
input is critical for developing the skills necessary for participating in
a broad spectrum of daily activities (Miller et al., 2014).
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3. Methodology

The research employed a mixed-methods approach, being both
fundamental and applied in nature. To design and assess the desired
intervention, the Goodman Delphi method (1987) was utilized. In the
first step, the “pre-clinical stage,” an extensive review of scientific
databases was conducted using the keywords "Neurodevelopment,”
"Autism," and "Proliferation.” A total of 103 studies demonstrating
the highest reported rates of neurodevelopmental progress in children
diagnosed with neurodevelopmental disorders, particularly autism
spectrum disorder, were identified and collected for reference.

The review process, specifically the second step in the research
methodology, involved the selection of 15 meta-analysis studies that
comprehensively assessed recent research and included larger sample
sizes with input from a broad group of expert researchers. The
theoretical foundations and main aspects of the desired treatment
method were extracted from these studies, in accordance with
neurological functions and aligned with relevant specialized texts. The
initial treatment plan was subsequently developed under the
supervision of psychology professors. The principles, techniques, and
theoretical and functional areas considered by the author in designing
the chosen treatment method were presented to relevant field experts.
These experts evaluated the components and provided feedback,
which the author incorporated into the final intervention.

4. Results

The comparative analysis of the average scores of the subjects in the
experimental group between the pre-test and post-test phases
demonstrates a favorable progression in the attributes linked to
communication, gross motor skills, and problem-solving abilities. The
findings indicate a significant impact of the intervention strategy on
these three specific factors.

The research data reveal statistically significant improvements in
the problem-solving (p = 0.000), communication (p = 0.008), and
gross motor skills variables. These three factors also exhibit
substantial effect sizes of 43%, 27%, and 26%, respectively. Notably,
the personal-social skills and fine motor skills variables, while
showing change, were not statistically significant (p = 0.427 and p =



177 | Formulation and Effectiveness of Neuro Exuberant ... | Rouhani et al.

0.221, respectively) and did not demonstrate substantial effects within
the three-month study period.

Table 1- The results of multivariate analysis of covariance of ASQ scales

Source Sum of |Degree of| Mean F Level of Eta
Squares | Freedom | Square Significance | Squared

Communicating | 246.637 1 246.637 | 8.458 0.008 0.269

Gross 157.877 1 157.877 | 7.896 0.009 0.256
Movements

. 4,948 1 4,948 1.586 0.221 0.064
Movements

Problem Solving| 161.24 1 161.24 | 17.334 0.000 0.430

Persogsi'l'goc'a' 8.854 1 8.854 | 0.653 0.427 0.028

The GARS-3 test scores of the experimental group show considerable
improvement between the pre-test and the post-test assessment across
all dependent variables. According to the results obtained during the
post-test phase, the NEPT method was found to be effective in
addressing symptoms related to repetitive and stereotyped behaviors
(67%), social interactions (57%), social communication (57%), and
emotional reactions (67%). The overall efficacy of the therapy on the
total symptoms of autism is estimated at 86%.

Table 2- Mancova test results of GARS-3 Gilliam autism scales

Source Sum of |Degree of| Mean = Level of Eta
Squares | Freedom | Square Significance |Squared
Stereotyped | ¢, 5, 1 51.252 | 47.507 0.000 0.674
Behaviors
Social 17.696 1 17.696 | 30.091 0.000 0.567
Interactions
Social 5.936 1 5.936 | 30.531 0.000 0.570
Communication
Emotional 11.418 1 11.418 | 47,860 0.000 0.675
Reactions
All Symptoms of | 505 g5q | 1 |392.869 | 147.814|  0.000 0.865
Autism
5. Discussion

The findings align with several preceding meta-analytical studies
pertaining to stereotypic behaviors, obsessive interests, and emotional
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reactions (Elliott et al., 1994; Seliberti et al., 1997; Long et al., 2010;
Delaney, 2021). However, certain other investigations, such as
Linderman et al. (1999), display conflicting results. These
discrepancies can be attributed to various factors, including the age of
the children at intervention, session quality, the combination of
exercises, the level of the child's engagement in activities, and the
number of sessions provided.

Studies conducted by Schaff et al. (2014), Basu et al. (2017), and
Hong et al. (2020) corroborate the findings of this research. These
researchers highlight that aerobic exercise leads to increased levels of
brain-derived neurotrophic factor (BDNF), which supports the
expansion of neural networks. This process results in modified
behavioral patterns through heightened flexibility and the formation of
new neural connections (Lees & Hopkins, 2013; Mandelsi et al., 2018;
Arida et al., 2021).

Numerous meta-analyses, including those conducted by Liao et
al. (2015), Basu et al. (2017), Hong et al. (2020), Jia et al. (2022), and
Li et al. (2023), affirm the overall positive influence of aerobic
exercise on cognitive performance, tasks related to the prefrontal
cortex, and its beneficial impact on emotional states, mood, and
emotional regulation. This positive effect can be attributed to the
mechanisms of action of brain-derived neurotrophic factor (Caro et
al., 2003) and nerve growth factors.

6. Conclusion

It can be stated that the NEPT method, as an initial behavioral
intervention with a neurodevelopmentally oriented approach, has
demonstrated considerable effects on developmental factors.
Emphasizing the importance of development, rehabilitation must
transcend survival and focus on nurturing growth. The NEPT method
has the potential to spark a profound transformation in the realm of
rehabilitation by shifting the focus from survival to comprehensive
development.
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1. Autism spectrum disorder (ASD)

2. Neurodevelopmental disorder (NDD)

3. American Psychological Association

4. Diagnostic and Statistical Manual of Psychiatric Disorders (DSM_5)
5. Kiami & Goodgold

6. Pervasive Developmental Disorders (PDD)
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10. Parikshak

11. Gilbert & Man

12. connectivity disorder model
13. lesion model

14. Minshew & Williams

15. cortico-cortical

16. Vissers

17. subventricular

O©CoO~NOOOIh~WNBE



\AY I O\)&M}@l’}) ﬁ...)gg,‘aﬁc},}\):;&{)gg’&.gOL&))&‘»}’Q}H}@JM

s e S 1)) a8 g aden 3 g ym sanY e 5 s gl Y Tz
S S el iy e Al B ) Bl b b Sl () S S5 5003
)Aa.,\_.‘.&Qyw\w}ou&»\_{:.\_}))):é:;)l_fjL;)lb'-\_w%;:.u
21,8 Ity SNV NY O 5 5 s) LS o sloul re 5 Shes s (5 5LuaSls
2315555 Il 53 adi 5 (sladlate d 3l i JLail 6 S Vb 555 L (EEG)
i ) 53 (rnb ot (63, Mo JLasl ol ual 0315 OLE O3 S pl jae 5 Slos
AJSLQ&Q&L::‘A;&‘J%@QYLAJU ool g3 Il 5 g T 8L 4 e
O jon " omabline (613 51 5 3ea5 Dolalllas 3o (Yo ‘ol,m)o%\));};@@m’
°@uﬁﬁ‘*¢@yw‘avw\)“q@ s s pis aS) 50 b, leal oyl
3% e Sl) 355 o odalin e oo 5V 55 il Oy’ MBS
chgu?\ﬁ\_a;oug.(vw‘o\)m,’gawur.w@1)\_@@
Vs Y007 O 5 ile) ol o e gl 3 3 gudons (Lol 5 (slaidST
9T YOV OLLSr 5 Tl Y 1Y LS 5 Sl 6Y 04 OLSn

KT EPARTWIPRGH IS X] PR LRGN

Tz g ek oo sl (( 83 bl A5l Olejen YNl & s i s il

. heocortex

. magnetic resonance imaging (MRI)
. cerebellum

. Limbic system

. frontal lobe

. Temporal lobe

. Phenotype

. Volume

. Skefos

10. Stoodley

11. Munson

12. Schumann

13. Hazlett

14. Pote

15. Girault & Piven

16. Attention Deficit (AD)

O©oO~NOOOIh~WNPEF



VEF g | oV oyled] pasl dle | o liial 3131 lid 01y, | VAT
el el tmen 5 (T YY O 57800 Yol oS O b
) oS e ;K0 51 a8 o DL 33ls 1y 5 gl s Shas s SIS ¢ ST)s!
(VXY OLSan 57 59) 55 o sl auk ;8 ae Ay Cpan 1 55 (l OS5 S
57 ) LS o 5 |y sl (L5 5 (plai] Lol o Me 355 Su e s
LYY O,

(o gmn G4 S50 53 5 (60 5 63 e el ol § ez Tl b
YWY OIS 5768555) Wi o oanb iy (6681 3l 0ty] 33 Bl il 40 i
c@ﬁwm G ie pls 5 mlinl  aes (glas; 5 3L 55 0Ty osdle
o alge 03ls s I 2 5 L Sjlgs S s Ul v,\;)q,béﬁi,-t
S sadas 503 O b i (Gl pnae Ly 0T 5 s st s ool S)
>j_.z@u;,)6u¢gw¢@\,>,>;ﬁfdm)\§ugﬁa,wu;‘w\, (Eodxza
5305 Ol g en I al 53 8 55 S i (slaala (s e Ol e (YA FOL)
it Sl F (b SIS s SIS Y DLl 03, el
VXY U aT wlisirlyy pemeil) alins Jo 0 5 slozr b

33 53l e sl Gl ISzl gadam 55 Gloys et e S ey sy 0 T o,
di}gdg_w\)w‘.:)bc»%m‘_}ﬁu>J§J_,)¢§i.¢#\w,ﬂ&ub§w,
e i 45) ;8033055 5 350 e 5185 alE a5 (5,515 SbLS!
e ey Lol (J s a5 5 b e ) S (S
LSTT Sy mae WS 0 e Joole Ol ey (e A8 5 53 IVt s

)}}é)‘)o—f“ﬁ‘;;:.:.40u)éoy‘m@iﬁéo%‘@_hMud}fub‘cu\}‘aéﬂ

. Attention Deficit and hyperactivity disorder (ADHD)
. sleep disturbances

Yang

Weir

. Toscano

. Wozniak

. Pan

NouhwN R



VAS | O1)an 9 Gl gy beuept (oS 0501 STy (ias Bloyd is S g o g

Olays ok 3 bdlv ol b aS (ool o tays pelos 5 shOl s oo
Sl Slard gt S50 50350 5 gome (I8 3 S0 55 5 e Jo W s 5 o) 00
,;.(Ma“,;i,\_;,ﬁ>;._wla.\_:“s;_fur_m::,l@_dv_m&p‘)_ﬂt{o;;w,_{u
,L;,\_:;,r_sypL;mt_.u;lw_;ﬁ;u,;Kw\d\ﬂy\,,mv:wsu‘;ﬁ)
5o a3 o 0lis Sldlas STl bl o a5 1) OT 4 bgy 1o Sl a3 (63 SKhes
N oy 03 5m aa 0T 3 jlomipl (omnae saaSd JSTi5 (slins g coadle a
5 S38) 358 ga 3 gdome e OT )3 e iy 2ol OISGI 8, 0T (6,8 JSs
Slaal s 5 Ay 5lkin o 4y iy Sds & Sl B85 O b 5O VLS
Cod o 385 4 g o 2 jeans (G125 OT 1SS S 55 0 5d 55 OT (6l 5
o (TP T b)) b oo RalS OT Ol ez 5 4Bl S 5 ol 31 )k, oT
e sl SEU JSs ol oSS a oS sl s b 51 &S
s (PS5 S 0T sl gl e 655 515 5 ol OT L o o slaaS
NAERL PwN-T3))
o;,:.éu_;;yT}&,u,é\u;l.uJ,L_m;,_},d\,muﬁ@;a;d,m
S 5 o s ¢ s SLATablB 1 5 ad (sl 48 (Y Y TSY)
ol b 534S gy pl (YN0 g din ) 3315 e Culam 5 Si5aeT 5 4,8 LG
C,...w‘a__:"%,..ilaﬂcj.ij_?re.o41.«.?)".))‘.)‘5)%%WQ‘J}?}AJ})@}J}‘&
Ol i g (Goalin (gl 9 Sl 03,88 Oy guots Jow 9 Obo La3ls B9y opl1aS
cbwfjj) 5,05 5k ol sladlu (gl azin 55 iiael Colu Fr B ¥ 4 55w

9> sl sl ble g Sl Saa (LM Wi (6 6 S50 sl (YA

1. Brondino

2. Stereotypical behavior
3. Roscigno

4. Landa

5. Foxx



VEF g | oV oyled] pasl dle | o lial 3131 ulid 01y, | VAS

SLa s iy peant (VAL S 5, 8 ool (63,5 slacslis
sl gl = 1y ey o SN S35 Ol g ot 5 Lol Cunds 5l OT 5 ot sa
e 530 SL5 slacles = 65U La gy ol idoas o S 3 Sl el
OLE 5 by (Y NY O 57 s o) Sl 557 ate (655 50 b (Lo,
Lsuob‘j\ﬁ-j&lf);d‘d)m&ﬂd)@uﬂkbﬁf@b)b&\k&))gv\ﬁ)@
ais 55 U Al Wlg e 5 LT8G 5 comliol cCimns Oloys 5 Cons OUT
YOVF O 57 o) 50) sl awsls gl b Slas

5Ol e gl bl Cld CniS ol iy STl ey o i
F oIS ) G p L0 sl L OT ol U s o J 5o glaadd 3o Gl
L oMl Jlis 4 Lb ¢ Lasuil s b 51 oWl jlazws -l Oleys (gl ¢(Y Y)Y
e 8 S 03,57 55 il & 5 e 5 16 3 S Sl L
503500 gomn 5 355 AT 3 ST 3 0T s sla 187550 ool 4 pllsl ¢ oae
35l psa |y b iy o) e Gl

g B i 5,55 Gk 57 il s Lo iy s e DL b e
ot e S 2 b aST Lyl 1y ClbB ol i s Ll (i gd e 03 48 4 B jge T
L;j\j_auijjj.wlaéj\ﬁuij)jb)\:'-\.ua\j\é.ij)\w\)wdﬁ
4 (e O3S g s on (RIBN1 B OL o ¢S o b 1 (S5 po (oS it
Sladlr oacb ¢ sl i a0 gy 50 35 00581 GV Oljn LS (0 Sloay s
Sl s Slad g 4T3 ol (b tas o (IIL (L) (s 8 5 s

358 g oy 585 6 S 93 G DLl 5 Al o Rl e (6 dsalleall 555 0 A 5

1. Koegel

2. Lofthouse

3. Horlin

4. Chakraborty

5. Aerobic Exercise (AE)
6. Glial
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. Dutta

. Delaney

. Physical exercise (PE)

. Oxytocinergic

. serotonergic

. aggressive behaviors

. Oriel

. Bremer

. combined physical training

10. Jackson

11. high intensity interval training (HITT)
12. moderate-to-vigorous physical activity (MVPA)
13. cognitive flexibility
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14. social function

. Miller

. Schoen

. Purkinje cell

Yun

. Balance skills

. Ketcheson

. Batey

. Executive functions
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. Planning

. response inhibition

. Reasoning

. Problem solving

. self-regulation

. Working memory

. cognitive flexibility

. Stuss

. Knight

10. Dakin

11. Frith

12. Theory of Mind

13. Weak Central Coherence
14. Falter-Wagner & Hemmers
15. Neuro Exuberant Proliferation Therapy (NEPT)
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1. Exuberant Proliferation



4 I Oblﬁwj‘j‘l’;) E...ﬁw\aﬁoﬂ\x&ﬁwdlﬁjbgﬁq;‘jdjﬂ

b 63,3 b5 s 5 b sy Ll Gl b el b ool gl L5
s ) it Sl ey g 3 p s 4o 34ls Aad aalllas ol b3 S S g ey
OS5 55" i 5l (e 5 S o Sl s 03l 2S5y (e Olays (sl

315, JMesd olhyls Juwoty

We£|£&3ﬁ‘;¢bbjau§3)@_,@i«dh.\ Jg.’é

[ ..r.“’r-.":.-‘-‘-‘,-e.,i.-;“ﬂ]

~ A o
[w‘“*-‘“-é‘? ] qu;-'.ﬂa';‘J L o e 2 J

» . % v v
N\
MEEE | St |y ey e 2t 4 Apa>
w=s ) s o ey (o gl
[ : / |

A A R / v A
3

& 4 /
N bgnds alf /|
e o) Sk /| st 5,51t 3yt
o At s - /
-~ - / ! ’/ ez gloes Gy e

4 ;
AR W — culis 22 ) BDNF g2
D s, “.JJ&J_#'S (r“m
—r A |

Lina ) JSaA ) it s
(33 oy 2 5 S)




VEF Sl | oV oyled] pasl dle | o litmal 3181 ulid Oy, | VY

B XD
sl 63,508 o 5 (63l £ 8 5 OBr ey 5 (oS 5 S 5l ol e,
Ol iy o ) s Sloys [y K a5 (slaly 55 gy (&S e )3
sz B 6 oS g 38 5 e 3l b B Sl Cilg
an 3 gdoa 5 (651 ST SLal ) S5 s 5 Sl 5 LU, s e L oS ol
S Jomi_ mnae Dl Wyl b 3 A 93 Jold i w0 0l (58 o0
3 ot s g 5 5 aite 33 ren 4 U ST0T paiet (Bl pss i
=l Sled SLa s (s) sl s S S pete SV il (Ganlllas
=l ol 52,550 Sl o b o 5 (Wls 5 g0 (ol o3V oo 4 &S
S ol sl e b b e b (Gl S Esals pde s 40 S
5 b S s 8 ) (e o B L g sl )
53 dsl C‘f)’ s a8 50 (VAAY) s 8 s gy sy e galslde b
Slas3Is S Sl eslial Ly cale sLaolll 3 o U (Il iy s o IS

Ol jms o i 45" aslllae V¥ "Proliferation” 5 "Autism" "Neurodevelopment"
SN e 3| b o33 94 (J soi— e SYM| 4 Mas OS5 ST 53 s J o
S 5 s el 5 gilsa IS eld s ‘-”’TC“* Lsgoes S
assls b g OT CLol ) o ol ot b &S ol 3 (asdllas 10 5
o G B3 5 el Ly (55 pmaiie O Shins 5 pey (Sl gas Joli
las SO bl o Jhis)se Slass o) (ool Gl s 5 6 -5 Glon 2
Ao S il s e paais O g b Olajea Gl b 5 0T Obe 51 s lbnas
0375 Lo b ¢ owledOl gy Aslal ol Comd s go Ol adsl o b pss o6 5o
b @5 5o Skl oS Slllas ASTE 550 Ll 5 S a5 by (S (slay s sitoe
Al (65 S HLS 5 5 laadas 5 LacSiSS o gl i gdS dins s il B

AP el sy se Ol o 5 cdh - s ab sy o raaiie b gy ol D3 i e



\qy I O\)&M}@l’}) ﬁ...ﬂwcﬁ\)&'ﬂwdbjé&ﬁqj\gwjﬁ

(Sloss Olal iy e o (6 dn G S 3 S Jlesl Ol S 5 23
b s g et Doy OT 3,187 5 (53wl OISl (k5 (slaplS L Ol jon
ol O Lo Sl 53 gl b5l S ot 0Ly b ot S o
53 VFY BOYAF gladlu Jsb s Sleys sy opl ctolesT anT 3.08 5 5l 505
HESS e Oleys ey ST 8 53 s Ll g sl (b panaies $SCilST
ESo B 3 VFe ) Jlw ) G ddiyl (asbObL Ol siea Hb ool 6l oms 058l
s 55w hle)T (gddstle
O3t b b talo3T g5 51 o iie (658 a5l iy (oS (sel> o
LY 0L, salS iass ol 53 LT samelr Al o J 287 05 5 4 05057 e
Dbl o gl 7S50 VY ol 5 Okl 55 487 5 g1 a3l ik ISl (5115 L 0
A 33§ S Nsmd ) B 3 sy, cn) 53 S e 8L 53 Dlants Dl
sl 2 45D iy 55 e e s i IS Sls L B B Y ST ST FY (galS
S Jlasl 31 o 5 olsasl (dles ST bl s 1, Mjlﬁs;uv_w,t?gyﬂ
3353 $3Las LS L eSs ST slae il b 5 o bl (5lubion S
s e egde 39,5 S s sl J S5 nlesT 6,810 05 S
poe (57358 (USS pue (i gal 53 Sl (Slien b ST S o 5 e oS ¢ )
S 0ls Gl b g Olejen Do) oty Olays 58 e il pde co)l3 O3 g
Soloss 5 AR5 53 S 0 S pllly Culd pde sy opl 5l m g 5 @S o
3,8 JSa5 0873587 plly 5 g b Sl dlst e 5 15 31 5 3 pn e (oomir
A onls 0Lyl 4y Jlide galst e CoAST 5 Canle g o st 53 Y Slwd 5
e R 0 S8 lhe g olad D 53 b s D pes OUT I 5 il o
stk (el 3,28 D) o Sl Sialon 5 il g 5 Suls 03 055
i ol Ol 53 55y S D) ot ole dn b oS 5 (6lakds FO gaud> VP Lals

A 5}4Cﬁ3gﬁ~bw&°°}~‘p&"ﬁwduﬁ33)6419"4-‘6“(@6“3*’



VEF g | oV oyled] pasl dle | o liial 5131 lid 01y, | 14F
o Jales slaae 3,57 1 Y S0lays 5 sbdl cdasmn b &S558 byl Sy 5 5 3l
Sl ¥ S5 58 T sl 5 e ¢ s 4 5 L S o) 2575557 3000 5 (6,
BO.04 9 Oy 93 dhea Sl (5l pa Db o3 £ 9,0 F L Sle a5l e 3 el Dby o3
b F Dl T 52 655 05,5 Blad 0. (S e b L g5l Db el S S
A DLy a3 038 odamy VS e & Lod 5555 35555k bl (Gkmy (s 503
35 Sl el e Sb) slasbitle 6,8 8w AL ol glas SIS L Ol e oS 5
s S, sl Bles e

olie 5 ASQ-ID) el ol o 5 e olin c0503T g 5 0505 0 Ctr
Ol 3 ¥ pslE aliie 03 8 1,5 eslizals s o (F_ s ol S i sl o5
s IS A0 ek Twsay #l5 S ST Olje o7 b Sloia (1¥48) (6 BL Law
i ¥ Galitn V4 (5l ASQ i 33 a5 35 ASQ_2 ulie K55 15!
oSG 6573587 L3l e b pllly Lo a5 il o Sale#0 B F 51 swos SN (gl
5o e 0wty o S o (BN g g Sl 523 8 o0
Slalge calins 05,57 Jo 0155 e b O 0y O BTl B
2150 25t G o0 (5SS Dot 453,83 ) el - i
s OT (5o olide 03,5 3 aabi i IS0 3 oy (Sims gy oll 2 030
S ST o Go b 5 IS ol 5 i e S0 0 G055 DS o
S0 /40
sl
Jador 55 b oslial Hlane ol ol 5 1S (sla ot Li | Laesls Camwo 5 (6
5ol o5, 0358 ;3 ASQ elide Ol ol Hline ol il 5 2 S0Le ) (g0 lecd
ol e T J 28



138 | 01)Ken 9 Gl g) beept (oo 0501 ST e Bloyd iz S g o g

ASQ rbie jloms 1l 5 oSiks ) iz

oo I il S Ogo3l 095 (n=r+) ASQ s wbio
0.4Y A hay RPN ~
- Rl
gy \i2 05057
7 V4.V Pyl LA
. . Ol
- Jzs
5f Yoy 05037 g
Vo \% 35T o ~
- Us]
Al vy 05057 m
— Sy ol
\Al \\22 35T o
- Jzs
vy \W24 05037 g
aA ™\ RPN ~
% vy SnsT !
- O o
- b o~
A 4 35T o
- Jzs
AR ey 05057 e
FA \ARS RPN _
- ialesT
£.0 \i22 O30T s
- e J
A8 A\ RPN
- Js
£.0 \AF4 03057 s
Ny A RPN _
- oRlesl
Yy 4 05057
pyo - . Florb casd Gl
. Ol Ay
- Jzs
V.o ¥ 05057

UJ_?L;LAG}}A}TQb_QJ u:iL:» 34h oo odalin ) (g0 led JJ.LQ-JASAJ‘,?QLQA
Lol o)1 slaadl i 55 O 5a T S 4o Camd 0503 T g g 50 53 S2LaST
ez 93 534S Jloys das L OLE |y godbe Wiy i Jo g iy OIS >
Ol e 3 st 5 BB Dlis i b OIS o 5 elerl - il (S lge
s 53 edbiedalin Dl i s Sl 300 sy ialesT 05 8 sl s sa5T

e g by o by 0 S BAV L i o ity SIS 015 o0 D e S0l el



VEF g | oV oyled] pasl dle | o lital 3131 ulid 01y, | V48

o s OF HlZe a1y J g Ol jen (s s Alians Jom olite OT 1y sl D51 (5505
,;.u@w\jfbuﬂ,gaw,;g\sfw@(wdm“;)aawow
Dl e S0le (g e 55 Lg 2 3L il 5o 53 ()13 Do J 257 05 S
Aals olamrl - paied Sslge e 53 J 28 05 8 5 ale3T 05,8 05037
Car LaS s LT os 8 o J S 0n 8 5 80e 53 ity L85 0500 )
a3 s i Yot J 287058 55 Sl i ol ey oo i s Wnosl il 21 S
.C,.w‘o.\.fuJ«al:-&?b;é)\ibjﬁ-éugujuﬁr\?d‘w;)%C_,.@.‘g—d.ﬂ‘)
03,5 O35S ;5 GARS-3 lie Ol ol jlme ol ol 5 5:0Le ¥ it 53

Sl ou\.aTJJ:.f) u:..iLAJT

GARS-3 I AS i sl ol slome Sl il 5 Kiles =Y J g

Jlre S il S U0l 095 (n=r+) GARS-3 _wlao
LAAR YAFY 05051 o _
- sl
FFPA Yoy O5a3T s
F2AY YAXY a0 A 32t S
. . O3l A
- Jzs
FAVF YAX: O5a3T s
YYoo Y45 RIS _
- sl
v.YeY YAXY Ry
— sl Jolas
F.AYA Y5y 05057 o
- Jzs
0.0 ¥4 FIYY Ry
LAAL Yoo 05051 o _
— ialesT
v.Yo§ \kR)¥ RES I
Yyav V4.5 RYVSIN- ezl bl
— Jzs
¥ FEA \L¥aY RESIp
Y.Yay WAL RYVSIN- _
- SRl
YE¥ VS VY RES I
\RAD WAL RPN sible sla isT
- Jxs
YASD VALY RES I




VY | O 5 Gl g) be s (oo 050) ST e Bloyd iz S g o gl

oo I il S Ogo3l 095 (n=r+) GARS-3 _wlao
VY. 9Y a8.YV ansT e ]
- Rl
- s sl (e IS
VEY40 494V an5T e
- Jzs
VF.YY av.vy O350

505037 e Ol ad 5l e 358 o0 adaDe ¥ (o lacs S 3 457 5 sb0les
sly Sl ke Gaen > (6 et ali ) 0sasT L3 3T o5 8 0sasT e
33 03037 oy o o 53 5 LaiT 058 (Gla 3 5n3T O s (o Kik 355 oo oy
SLa STy 5 (olamrl BLs )l elazl Jales ¢(6)) ST 5 3 5udomn (a5 slaad 3o
I o3 Sl Jpebor ol ATl ns oo LS |y g § B 2l ibole
ol ol ol M 3 5 6L OT )3 0505 28l il sl (b
33 03m3T g 5 0505 oy sl o 53 08 5 Sils (Gl p by s Ol oo 2
Ly o mas YVF Sl 4 il (6,1 S5 5 3 gome (sla )by (gaba 4 by o alstle 05,8
Jeales 3 Il slaad 3o ol as 5:le 2alS dals s 5 a0 OT 3l s o OLS
Ao Gla S5 a0 0 AV 5 1Y Ol 4 ol a olazrl B3| 5 oloz]
DAL 0 s v BV Ol 4 5 okiis g (Slalslde gy S &S Sl (Slad 5o o T
03,5 5l Jeblis s 1 L3 sl3 35 5 O Jokond 53 35 SIS sl a8 ol il
o) Solig )t Cotle ax ge olaiml Juls 5 ble (gla STy laadd jo 3 J 28
50 PV ible ST Gl 5 4 Ol ol A el 5 e ) OS5 557 )5 add e 9o
s o Db g b g ) 585 s p Gl S les gt P elen] b
55 2zl O & 5 gy g 0 pin L iyl S
AU JAS S el 0 030zl SPSS-25 13l 5 Sl Laesls st 54 5 g
ijt.xu@u‘;\?J;{,u:,iuja,;ﬁ,;wwuxom;‘w&u
ab_?,;,:s\oju:,iuﬁwf);,a\ouu};.;,“,uscs,umm:)lsg;v.



VEF Sl | oV oyled] pasl dle | (o bl 3181 ulid 015, | 14A

JS (6l ded Sl ST, SV b 5 B fwog S m s 5 b S 515 S
5Y cbr_.ﬁgj\is,sv;u,gJ;S,Jguﬂe,f,aﬁwg,\gucb&u
))Q\J_A.;g:)ju:w)ﬁ&‘ﬁﬂb—ﬂjh)).uc)‘))“}_;vcb_w&ifb}_{/\
Ep 5 Sas b ) man 5 GleT 5 S 058 93 0g03T m 5 Os05T b
pLowil Laesls 03 4 I3 (oo 1 155S0he bomd (611 51 iy o osliztal [5S5e oot
e e ol s 35 0 g By (Boon i 0T Ko slan g e 0TSl g 5
Sl sy slaesls (5 8 15 s po)sn ba il sls (Ked il 5 Ly ys S
2y S 03 28 L 0 saST g 0 55Tk (tnleST b oll o 150U s
030wl Ul ygdimn pg; 3l 03T i Joole 5108 (gl o o 8 515 udowi g0
b L 8 15 ) 3 g0 s fhe s il ols ST oo (61 5 0 S
o ile 6l sl s g e A e (sOLeT Bay ol 3l eslial LSSl laacs 5 e
133 4y jie Ao 8 eslical ST ol 03037 3 4o g phn cpl gy g Aa il ylg S
e tp e g fhn 23S I3 oy 23550 SPSS-25 41 le i 55 55 laesls 03 e
o3ty go 043 0 e T s s il gt g b o) 2 35 03,5 33 Sl bl
33 2 33 ASQ 5 ol e 33 58 O e dlie g ills S b 23513
S35 2 & piatir (il )l S el gl o )840 0585 ST 0,8

Sl AR ‘_;a)la..fb d‘gu\> BE) ASQ ‘_ghw[:in

ASQ s b (g pitadinr il S Jodos §ge3l gl ¥ Jgur

299%0 Thw Sle 450 Egomo )
G Glolxe | F I PTREN &7 I BYRES e

A I DRV AFOA \AgZan' ) A Kan% LUl

2 YoF LR} YA$ VOVAVY \ VOVAVY by ;Aff

cofF L \ OAP FAFA \ FAFA b oS -

(A a0 e \V.YYF V7). YYF \ V7). YF b J>

YA CFYY oY AAOF ) AAOF e
el




138 | 01K 5 Gl g) bept (oo 0501 WiSS e Bloyd iz S g o gl

J}JJLg\.bﬁ‘.&ﬂ;la‘&c}ﬁ@o.&wvLSa)ud)u\q-)JS))LQM
J})M}b&‘jﬁtk@)\d)\ﬁﬁéd}nM)J«dﬁf}ﬁbjro};):).s
u&‘d‘_,_gdé\mjj\gj\suanj\ébc@\:}.dd\n;uﬁ‘)Ls}')u:.av\ij)cdiwa

033&9 ML@ (p='.'\')d‘}fﬂ\{¢~:)b C)KF}(p='."/\) Q‘J;.AAJLUJ‘ LSJ‘J';}’

YV calie o (1 m TP Ol e 4 o 3 Olos 4 aadl o 5 ol 5o il oI ol

_MQ)L@&J—;’:&)))J.Q‘MJQCJ\SJP-LS‘J{'/.Y?)LL;)"5)‘}J.!L_S‘J.:
Al (p=1 YY) (g)laline L o b DS o 5 (P=1 FYV) (g labias o b olazer|

o355 anlaaw (503 ol 3 lsline £t a}f@a

b Osa3T ey Sl pad 695 1y (6 pitn iz (il 1S ol (et ¥ (goslads Jguter

o e Ol g (gatwly la e Lg\.ao‘,.ajTuiﬁ JJ:.S

GARS-3 ol IS i sl (5o oliis 15 55Le 0 3031 gulis £ g

J99 | o RS 45 Egomo i
G & labixe F I PTRESN &7 K PYREN &
56 sl
+ SVF VoY bY.YOY y 0).YOY
6
(14 ¥4y \V.74¢% y \v.24% Q;L.,;?\ SMalas
OV oo b.AYS? \ b.AY? 69\4::.-! Sl
2V FVY AP ARRAYN y ARRAT &b\; L;l.au,':;flj
Rt &acy
C APO VFYAVF YaY A4 \ YaY.APQ
r*:;ﬁ‘

bdﬁs&bﬁm;‘dj;cjb)‘wb}&@ou\ﬁuaf JJJ?)JS)}LOM

J})w‘MoML&.ﬁNEPT j})&)‘bh&ﬁ;\coﬁi&&g-wﬂi)‘;&z}jﬁ)

W&Lﬂj"-cjf‘)}rﬂ:}.)‘r}w6“&\{))6)‘3&”)}»4{@‘M“’:

sl e 55 edeToowsa gla s 5 Gb NEPT iy, sl J5e J 28 05 5 4




VEF g | oV oyled] pal dlo | ol 5131 ulid O1gy | ¥

EMls o do ;3 O (I 5 (41,5 oyl o y3 BV Olges 40 05057 g
S sible gla STy 1 dw 3 ¥V 5 elanl S, deoys OV ¢ olaz]

Wl 0l 3,55T 2 Ao 3 AP 55 ol @I £ gamme  OT 5T o ol 03
2o S sl et s o Se NEPT iy, S 015 o Laaly ¢ samms (o) 53
aale ¥ ol S Sloj o3k 53 OT (18 51 .l 3 f3a 35 gl (3
5o n bl 3 st b (oo Gl pat i 4 Sl S| (e
3 e Yt a8 sy o 5 e i 09057 53 ) OV 4 pazme (G e
~ NEPT ‘J:j)}_:;“)ﬁJM&M‘PQMJ‘M}‘HWH&JW

Sy M!P;:W

S amt 5 Loy
S oo s ees o SB L Slys ) s ol e Sl O
S V.m:.?)\;,'a.:.b&‘ﬁ)\:s\ shyls Qlf:;u_\)a_? ‘_;Laubl.&)v.mgjl vﬁ)\.&ﬁ[)T
SoleT slaaml ¢ iolosT gadstlae LIB L5 0T (iluesly 5 Shay cpa Sl w
sy s o sl 5SS 1 e Oleyd oy 5 sl e J6 oo s
S5 5 e Olaalin (g LeT glaesls oD s O NP, ERERE
kS 55 5 B by Odo b)) LS Sl ey Culem 55 p
L aoms o) il (o sl maiels ol 5o 90 Olgeas) bliylla, oS0
OLLSan 5O dD) 35 ket SelST 5 Jodous! 5 sdaze sl g slaasl
53 YY) (S Yy LS 5 TSN 8AY LS 57 5l €194F
STl o aol ible gla 2815 5 (B Ge (gladdS (slajly oy

5SS e e ) e oS 5,5 5 55 G Tl GRIAL e A5

1. Elliot

2. Celiberti

3. Lang

4. Brain-derived neurotrophic factor (BDNF)



Yo I O\)&M}@l’}) ﬁ...ﬂwcﬁ\)&'ﬂwdbjé&ﬁqj\gwjﬁ

Ay 5 s pdglanil (1530 G b SHALT 5 ol 658 e e G450 LS
o e 45T g pmas Sla s S DL (e DLl sl ) LG
FANPSSRUV SR ) gt ISP RS TR)ES I Pt S PP g B Jr{ 1= 3
P O U e VPR JE S IRA T AR PSS APRRVSY I SR VAPRIFCOW
Sl e (s SV L5 (0 5 &S ] 53 2 g 50 i 5 (S >
Slasls, gadas 55 o saddl Jo ads SYLG o Kl g ean 45 S
AT Sl L anT 5 ol b Cid 5 (VYY) n 5°55) 558 latls”
3 Sl g a7 (S 5SS b S LSS 5 S
OHLSen 5768 o) 4l 2ul 531 Sl jgms Ss S > gl 230l jle
|y e oSG s IMstl a8 el S S (oS e 5 AuT 5 ol 5 (Yo
L S Dl yad T posdle S (o 575 eSmd) (B bl s Ol g
s Codlad @5 J s oSG Sl Ie 3 el 4y e Gla ey SalS
) AU e Sl IS lasly cabte b ot S lan
W15 o 355 st s man ol ol (Yoo OLSan 5% ek s) LS e 5 5uouse
.;5@@;\,5;;6,\;;);3\;&,@50&.1
g oo a5l IV 53 el glaad 3o 51 (S Ol e Lo e
b 53 5 55 S S SRSy s e 3 e ila b G (6l

GOl 5 sl 5,5 L o e (le il 55 DUl sl G b Sl o !

1.Lees

2. Hopkins

3.Mandolesi

4, Arida

5. Zhou

6. Praxis

7. Dziuk

8. brain circuits

9. Dishman

10. Event-related potential (ERP)



VEF Sl | oV oyled] pasl dle | (o litnal 3181 ulid 01y, | ¥

Olgeas a5 ok 5 (e 3125 ((SeinSil 03 Vst 4 nis OT bl
(YVF 58 ol 51158550 55 o LU0l 5 6l 03 8 slo el
S Ol s &jﬁfﬁw&ﬁdQNEpT 90 03 35 58 Slea Ol s
OLLSan 555 v 0¥ Ol 576l by 5 g s Shes 1 Sl S s
05 55 el LS (i gla el JSi5 5 (Y008 O 5% e ¢Y 00 F
S5 5 05,8 Calf ST lanlyly G055 5 olS s s slals) 5 53 1,0V
37 S S eI das o il 5l e ST a5 S sn 55 Y o) aoT
ie goza U ol o Sl 3 Sl 65,8050 B s g 1LYV F 01, K
o fld 5 a8 (Gys AT A eyl 03 Slamr igr Su s slaadl s
st Pl s g 5 g das o iy 1y LU L1 5 s o e 6 Sy e 5 i
mls ol Joole <S558 G555 AW 5 bl ol e 4 605 )5S et b
Ll 0353 anlllas () (b LU el 5o 5o a5 J6 s
sl ol b Gasls s (19489) 01, 5 ¥ e ited Wb Slallls 5 s
CtS adst e Lol s a5 (035050 Gle 53 OIS oo 1y 0T e 87
Sl slins U Lesdlad plasil 4 &S558 filed Ol e el jad S 5 el
31Ol Sladlas ades 3l (6olmn b dalpd b oy p Gab 23S gota
S B LY ) oL 51 eSS 5 (1) 0L 5 gl (Y1 F) 01,80

15 G sean anlllas

1. Orekhova
2. Stroganova
3. Kawai

4. Zhou

5. Massey
6.Albuquerque
7. Linderman
8. Schaaf

9. Basso

10. Haung



Y.y I O\)&M}@l’}) ﬁ...ﬂwcﬁ\)&'ﬂwdbjé&ﬁqj\gwjﬁ

Ali_waJ_a-,ge.u).w\.lﬁ-lv\.aqui‘hs-Ja%‘f':,mtg)l.ﬂ)bduu;gw.sﬁ-)

A S Iy S e oles s o Sl gl asl e 5T )
J}};.st_.:ﬁ&;ffc,t_;i,,:&,u_?,;‘ur,\_pL;‘c:,,,'ﬁ@m;\;.w@
o) 03 658 (et g e Gla s b Ll Bl 4Bl s g AL dis
Olallas ados il adam ol 53 sddplonit ol 3 Sladllan LI s S5L 4
O Len 570 (YY) B 5 sl o(Y10) 0L 5 gl ot 3
Sl o3 ool s o OLas (YY) 0 en 50 J 5 (Yo YY) O 5 Tl (YY)
Cals slae) g )3 ohsan o GRS 5 s s Shee 5 IS ote 3G
5 S 3l Slowa 5 Sl (ible DY pmen 5 Sl iy S5 4wl
Gz bSS Ul o e 2555 6T s pl ey (e 4 (YN0 (O
Ao e Jold s5lunST| b e plte (Ghdoa s STl e 5 a SIS 5 D8
373 ) ss 0 LE 5 Sl o8 o5 san Tl maae slaodins JUas!
K CJFESUYITrNNY |4 C SR W PN o IO DU PR S EPITL SR TAPRIBICONY
i3l sl 53 0T (a5 I 3 o 45 ol 0Ll ha 53 (655,
B Gk 5 B 45 55 e blinal im (Y0 NY F 695 5) Sl o S
(ol (6 2y S 5 Hln tn 5 (a5 Ay 35 b 605 LG8 s
(YN LOlal) dtdu o 35 1) alibl 5 6,850 asle olis glas Shes
DS (YooY O 57 5,18 e 5l Grte &K 5,5 5S> Ses 15150

. Liao

. Basso
Huang

Jia

Li

. Richard

. Choudhury
. Mahan

. Carro

©CONOUAWNPE



VEF g | oV oyled] paal dle | o lital 5131 ulid 01y, | ¥ F

b s () O TS s VE 5 (Y 0L 5 6K e s
ol ST Cosls a5 ol 5 ) a5 cpl oSl gy pped 4 (5555 Dl e
EPVIPURPS PG EISUCIP PP PN c RGN PRyt 1] BP-T A PP |
o) el (6,851 ol ald a5 STl bl e SLLs oSS a5 gl 5
S5 s oL (YY) ((SYs) 55d dis o sl )lge Ly 4 e Ll 5 o s
Lg.\_g&u.ogul,:@ 34 oo 0dsd &)2));“}:}63@ @Lﬁ Cils
il Sleys bide Jleys Ooldal 5 Slads CoiS calst e s cOleys 0350

ssbOLen (imul 8 Sl ja3 I JSKze i, ol sl oS opl 4 a5 L
33 352 e Al i Cowl a5 BB OT 55 s LS o Uiy 39, e Hlas) &S
OT odasOlas (VFAY) 0L, Lan 5 o Siiul gd i ss dhes i Shash Gain
e il Ollanl 5 Jsles ((ches e 3 b (GBS Dl eSS
v_.“::j\u_@”s._:;‘_;u)lcmﬁ%f\.m@&fcﬁsﬁgf‘_;uo,@
OLSer 57 o) (monds J 28 pde dsle (55 o St Ll (Cnl 0k 0 ilnS
by oy 4 x lagolnial (YooY L 57 ) Jslw odSas (YA VY
Slges) =S o Kalan 01 5 iy ged (Y O LS 5065 4)
Al S el ) b OLSTs 8T Ll St 1YV T 5Ssly
54BN Aol s s IS on o e (S Sl e b e e o) SlaaiL
Ay oL K

. Ang

. Tong

Lim

. Green

. Dufek

. Mihai Badescu
. Levante

NouhwN R



Yoo | OLKan 5 Slgy S oS 0551 LS e Olayd iy 31 g o g

Ssline aa nl 53 09037 gl (S (YVF O 5 ks (oo o) 555 oo
=Ne 5 Sl i b G b OS> Wiy sain ) s Olallles LIl s 00
RT3 P RH EROR iy B T P - STS SR A A £ A DRT-EI PR
s 4 Ll o st ie 55 s (s)lalian pute e sy o 5 4 5 Lilastls
AL L les OT Wiy 6l iy b (et D el Sl s 0

S S alsle (b O s8 elezrl 5 it Loyl s da 5 s
SLnsl8 s Laslsy ol 5T 4 W oa 5 g sn 25 Gilgm 135 (6 l3kine
Sl Ll e(Pe e Ty N o7 5 ) Ulastls 0T S 55 5 sloml Cgr
e Glaais Wlg oo S5,9 Las o0 OLE Lles S 58 ad Ji5,9 paS Slalles
b (YN0 e g) das 1,5 3T o gl e BTy 53 4k, 5 s S
sl glad)les L) il slanrl 5 amed lajlis ) Ld ) dia a0
ol S 5 Gl At e Sles e bl el ol ol glas S8 5 ctlis o S >
358 s p 85 SVsb galslle bl ol aS Cnl 5L 5035 IS el

Tl I T e b b bl & ol 4 5 0L &S5l ST s
S Sl Jodms 60l 93 5 (5 s e 0 (gl (S
33 505 A1 53 mas laedins Uil b & G ois 5 L odiph ik slaods 5
Slads sy 5> OV g 05 ol il 3550 53 5B 5 sl it I BLS
3,55, S5 Olgean |y a5 5 (mae ol JUS| 0t ¢ 555 o SSSS
3L;‘,;u“dl.ac\_&)j.nﬂl_ww)ﬂ%&\Mﬁ\rwl.ﬁ@wﬁ@h)a
238 o5 S m e DYV Kos (655 i

i aS 5,5 oyl OT gyl (amelr 4 Ol 5 oo Sinss ool GBS 5dmes

1. Mcphillips
2. Beishier
3. Laverdure
4. \Weaver

5. GPCR



VEF g oV oyled] pasl dle | o lial 3131 lid Oy, | Y8

s gl ;505 51 NEPT ig) S odus 50T (50 3 5maS Jds
s b S 5 glas S ol Gl plie .35 O35S Jioiw sl il
035 ;S CE5 LB S gy amatie Lo g b L3Ol 5 28 S e gl
N 05T 5 03T i stk o 55 53 @a0Tepdlly bow o libions 3 JeaSS
R B P P ) T I EP RO o
Fo3 8 LT Gamalr Lo Jsb S0 5 S SYab Sl o3l s Lrs)
YN b S35 = o m o 358 el Sl s eyl

555 sl 55 i s

e’l:.a ool

.b)\ﬁbﬁjdttsij

ORCID
Sara Rouhani https://orcid.org/0009-0004-5389-528 X
Mohammad Narimani https://orcid.org/0000-0001-7533-2323
Nader Hajloo https://orcid.org/0000-0002-2935-7455

Reza Farzizadeh https://orcid.org/0000-0003-0213-1867


https://orcid.org/0009-0004-5389-528X
https://orcid.org/0000-0001-7533-2323
https://orcid.org/0000-0002-2935-7455
https://orcid.org/0000-0003-0213-1867
https://orcid.org/0009-0004-5389-528X
https://orcid.org/0000-0001-7533-2323
https://orcid.org/0000-0002-2935-7455
https://orcid.org/0000-0003-0213-1867

Y.v I O\)&M}@l’}) ﬁ...ﬂwcﬁ\)&'ﬂwdbjé&ﬁqj\gwjﬁ

GL:A

SLaler iladinil 5 st sy 5 s O F ) S ()l i (L5,
63550 garlllan i Jpomi-cmme IS L OLS5 S (o35 ((BLs ) (oS i
YA (TN (bt af 55 aled Ol s thome o 5 sl L OS5 S
DOI: 10.22054/JPE.2022.61406.2333

Sl e S e (BT e anlb (ol ity gl e e rol o Siinl 6l
R 2 L S NCTS PSP S (N

NS a8t uiST (VF1Y) Lo sbamms (sble ¢ o o3l (26 ey o Jlar
sz izl S (palidOlsy sl Gk M) 4 Vs A58 L besl sl LS
XYV-Y ey (O

References

Albuquerque, M. S., Baraldi-Tornisielo, T., Rotulo, C. C., Caetano, A. L.,
Martins, A. K. A, et al. (2016). Treadmill exercise improved memory
evocation and upregulated alpha7 nicotinic receptors density in lower
cognitive performance rats. Neurochemistry and Neuropharmacology
Open Access, 1, 108.

Alipour, V., Shabani, R., Zarrindast, M., Rahmani-Nia, F., & Nasehi, M.
(2022). Treadmill exercise improves stereotypical behaviors in autistic
rats: treadmill exercise improves ASD. Galen Medical Journal.

Ang, E. T., Wong, P. T. H, Mochhala, S., & Ng, Y. K. (2003).
Neuroprotection associated with running: Is it a result of increased
endogenous neurotrophic factors? Neuroscience, 118, 335-345.

Arida, R. M., & Teixeira-Machado, L. (2021). The contribution of physical
exercise to brain resilience. Frontiers in Behavioral Neuroscience, 14,
626769.

Basso, J. C., & Suzuki, W. A. (2017). The effects of acute exercise on mood,
cognition, neurophysiology, and neurochemical pathways: A review.
Brain Plasticity, 2(2), 127-152. doi:10.3233/BPL-160040. PMID:
29765853; PMCID: PM(C5928534.

Batey, C., Missiuna, C., Timmons, B., Hay, J., Faught, B., & Cairney, J.
(2013). Self-efficacy toward physical activity and the physical activity
behavior of children with and without developmental coordination
disorder. Human Movement Science.

Beisbier, S., & Laverdure, P. (2020). Occupation- and activity-based
interventions to improve performance of instrumental activities of
daily living and rest and sleep for children and youth ages 5-21: A



VEF Sl | oV oyled] pasl dle | (o bl 3181 i 015y | YA

systematic review. American Journal of Occupational Therapy, 74(2),
7402180040p1-7402180040p32. doi:10.5014/ajot.2020.039636.
PMID: 32204775.

Bremer, E., Crozier, M., & Lloyd, M. (2016). A systematic review of the
behavioral outcomes following exercise interventions for children and
youth with autism spectrum disorder. Autism, 20, 899-915.

Brondino, N., Fusar-Poli, L., Rocchetti, M., Provenzani, U., Barale, F., &
Politi, P. (2015). Complementary and alternative therapies for autism
spectrum disorder. Evidence-Based Complementary and Alternative
Medicine.

Carro, E., Trejo, J. L., Nunez, A., & Torres-Aleman, I. (2003). Brain repair
and neuroprotection by serum insulin-like growth factor I. Molecular
Neurobiology, 27, 153-162.

Celiberti, D. A., Bobo, H. E., Kelly, K. S., Harris, S. L., & Handleman, J. S.
(1997). The differential and temporal effects of antecedent exercise on
the self-stimulatory behavior of a child with autism. Research in
Developmental Disabilities, 18(2), 139-150.

Chakraborty, R., Vijay Kumar, M. J., & Clement, J. (2021). Critical aspects
of neurodevelopment. Neurobiology of Learning and Memory, 180,
107415. doi:10.1016/j.nIm.2021.107415.

Choudhury, P. R., Lahiri, S., & Rajamma, U. (2012). Glutamate mediated
signaling in the pathophysiology of autism spectrum disorders.
Pharmacology Biochemistry and Behavior, 100, 841-849.

Cole, D. K. (2021). The effect of aerobic exercise on children with autism
spectrum disorder: A systematic literature review (Honors
Undergraduate Thesis). 894.

Dakin, S., & Frith, U. (2005). Vagaries of visual perception in autism.
Neuron, 48, 497-507. doi:10.1016/j.neuron.2005.10.018.

Dishman, R. K., Berthoud, H. R., Booth, F. W., Cotman, C. W., Edgerton, V.
R., Fleshner, M. R., Gandevia, S. C., Gomez-Pinilla, F., Greenwood, B.
N., Hillman, C. H., Kramer, A. F., Levin, B. E., Moran, T. H., Russo-
Neustadt, A. A., Salamone, J. D., Van Hoomissen, J. D., Wade, C. E.,
York, D. A., & Zigmond, M. J. (2006). Neurobiology of exercise.
Obesity (Silver Spring), 14(3), 345-356.

Dufek, J. S., Eggleston, J. D., Harry, J. R., & Hickman, R. A. (2017). A
comparative evaluation of gait between children with autism and
typically developing matched controls. Medical Sciences, 5(1), 1.

Dutta, S. S. (2019, August 20). Hippocampus functions. News-Medical.
Retrieved April 1, 2021, from https://www.news-
medical.net/health/Hippocampus-Functions.aspx.

Dziuk, M. A., Gidley Larson, J. C., Apostu, A., Mahone, E. M., Denckla, M.
B., & Mostofsky, S. H. (2007). Dyspraxia in autism: Association with


https://www.news-medical.net/health/Hippocampus-Functions.aspx
https://www.news-medical.net/health/Hippocampus-Functions.aspx

Y.q I O\)\i@j@l’}) ﬁ...)gg.».‘a&c}ﬁ\):ig'ﬂgwdbjégiﬁq;\gdjﬁ

motor, social, and communicative deficits. Developmental Medicine
and Child Neurology, 49(10), 734-739.

Elison, J. T., Paterson, S. J., Wolff, J. J., Reznick, J. S., Sasson, N. J., Gu, H.,
et al. (2013). White matter microstructure and atypical visual orienting
in 7-month-olds at risk for autism. American Journal of Psychiatry,
170, 899-908. doi:10.1176/appi.ajp.2012.12091150.

Elliott, R. O., Dobbin, A. R., Rose, G. D., & Soper, H. V. (1994). Vigorous,
aerobic exercise versus general motor training activities: Effects on
maladaptive and stereotypic behaviors of adults with both autism and
mental retardation. Journal of Autism and Developmental Disorders,
24(5), 565-576.

Elsabbagh, M., Fernandes, J., Webb, S. J., Dawson, G., Charman, T.,
Johnson, M. H., et al. (2013). Disengagement of visual attention in
infancy is associated with emerging autism in toddlerhood. Biological
Psychiatry, 74, 189-194. doi:10.1016/j.biopsych.2012.11.030.

Falter-Wagner, C., & Hemmers, J. (2022). Are executive dysfunctions
relevant for the autism-specific cognitive profile?

Gilbert, J., & Man, H. Y. (2017). Fundamental elements in autism: From
neurogenesis and neurite growth to synaptic plasticity. Frontiers in
Cellular Neuroscience, 11, 359.

Girault, J. B., & Piven, J. (2020). The neurodevelopment of autism from
infancy through toddlerhood. Neuroimaging Clinics of North America,
30(1), 97-114. doi:10.1016/j.nic.2019.09.009.

Green, D., Baird, G., Barnett, A. L., Henderson, L., Huber, J., & Henderson,
S. E. (2002). The severity and nature of motor impairment in
Asperger’s syndrome: A comparison with specific developmental
disorder of motor function. Journal of Child Psychology and
Psychiatry, 43(5), 655-668.

Hazlett, H. C., Gu, H., Munsell, B. C., et al. (2017). Early brain development
in infants at high risk for autism spectrum disorder. Nature,
542(7641), 348-351.

Hazlett, H. C., Poe, M. D., Gerig, G, et al. (2011). Early brain overgrowth in
autism associated with an increase in cortical surface area before age 2
years. Archives of General Psychiatry, 68(5), 467-476.

Horlin, C., Falkmer, M., Parsons, R., Albrecht, M. A., & Falkmer, T. (2014).
The cost of autism spectrum disorders. PLOS ONE, 9(9), e106552.

Huang, J., Du, C., Liu, J., & Tan, G. (2020). Meta-analysis on intervention
effects of physical activities on children and adolescents with autism.
International Journal of Environmental Research and Public Health,
17(6), 1950.

Jackson, S., Abel, E., Reimer, S., & McPartland, J. (2022). Brief report: A
specialized fitness program for individuals with autism spectrum



VEF g | oV oyled] pal dlo | ol 5131 lid O1p, | YA

disorder benefits physical, behavioral, and emotional outcomes.
Journal of Autism and Developmental Disorders.

Jia, Y., Yao, Y., Zhuo, L., Chen, X., Yan, C,, Ji, Y., Tao, J., & Zhu, Y.
(2022). Aerobic physical exercise as a non-medical intervention for
brain dysfunction: State of the art and beyond. Frontiers in Neurology,
13, 862078. doi:10.3389/fneur.2022.862078.

Kawai, H., Zago, W., & Berg, D. K. (2002). Nicotinic alpha 7 receptor
clusters on hippocampal GABAergic neurons: Regulation by synaptic
activity and neurotrophins. Journal of Neuroscience, 22, 7903-7912.

Ketcheson, L., Hauck, J., & Ulrich, D. (2017). The effects of an early motor
skill intervention on motor skills, levels of physical activity, and
socialization in young children with autism spectrum disorder: A pilot
study. Autism, 21, 481-492.

Kiami, S. R., & Goodgold, S. (2017). Support needs coping strategies as
predictors of stress level among mothers of children with autism
spectrum disorder. Autism Research and Treatment, 2017, 8685950.
doi:10.1155/2017/8685950.

Landa, R. (2007). Early communication development and intervention for
children with autism. Mental Retardation and Developmental
Disabilities Research Reviews, 13, 16-25.

Lang, R., Koegel, L., Ashbaugh, K., Regester, A., Ence, W., & Smith Roley,
S. (2010). Physical exercise and individuals with autism spectrum
disorders: A systematic review. Research in Autism Spectrum
Disorders, 4, 565-576. doi:10.1016/j.rasd.2010.01.006.

Lees, C., & Hopkins, J. (2013). Effect of aerobic exercise on cognition,
academic achievement, and psychosocial function in children: A
systematic review of randomized control trials. Preventing Chronic
Disease, 10, E174.

Levante, A., Martis, C., Antonioli, G., et al. (2023). The effect of sports
activities on motor and social skills in autistic children and
adolescents: A systematic narrative review. Current Developmental
Disorders Reports, 10, 155-174. doi:10.1007/s40474-023-00277-5.

Li, L., Wang, A,, Fang, Q., & Moosbrugger, M. E. (2023). Physical activity
interventions for improving cognitive functions in children with
autism spectrum disorder: Protocol for a network meta-analysis of
randomized controlled trials. JMIR Research Protocols, 12, e40383.
d0i:10.2196/40383.

Liao, Y., Shonkoff, E. T., & Dunton, G. F. (2015). The acute relationships
between affect, physical feeling states, and physical activity in daily
life: A review of current evidence. Frontiers in Psychology, 6, 1975.

Lim, Y. H., Partridge, K., Girdler, S., & Morris, S. L. (2017). Standing
postural control in individuals with autism spectrum disorder:



AR I O\)\i@j@l’}) ﬁ...)gg.».‘a&c}ﬁ\):ig'ﬂgwdbjégiﬁq;\gdjﬁ

Systematic review and meta-analysis. Journal of Autism and
Developmental Disorders, 47(7), 2238-2253.

Linderman, T. M., & Stewart, K. B. (1999). Sensory integrative-based
occupational therapy and functional outcomes in young children with
pervasive developmental disorders: A single-subject study. American
Journal of Occupational Therapy, 53(2), 207-213.

Lofthouse, N., Hendren, R., Hurt, E., Arnold, L. E., & Butter, E. (2012). A
review of complementary and alternative treatments for autism
spectrum disorders. Autism Research and Treatment, 870391.

Mahan, V. L. (2019). Neurointegrity and neurophysiology: Astrocyte,
glutamate, and carbon monoxide interactions. Medical Gas Research,
9, 24-45.

Mahmoud Saleh, M., & Adel, A. (2019). Autism: A neurodevelopmental
disorder and a stratum for comorbidities.  IntechOpen.
doi:10.5772/intechopen.82496.

Mandolesi, L., Polverino, A., Montuori, S., Foti, F., Ferraioli, G., Sorrentino,
P., & Sorrentino, G. (2018). Effects of physical exercise on cognitive
functioning and wellbeing: Biological and psychological benefits.
Frontiers in Psychology, 9, 5009.

Massey, K. A., Zago, W. M., & Berg, D. K. (2006). BDNF up-regulates
alpha7 nicotinic acetylcholine receptor levels on subpopulations of
hippocampal interneurons. Molecular Cellular Neuroscience, 33, 381-
388.

McPhillips, M., Finlay, J., Bejerot, S., & Hanley, M. (2014). Motor deficits
in children with autism spectrum disorder: A cross-syndrome study.
Autism Research, 7(6), 664-676.

Mihai Badescu, G., Filfan, M., Sandu, R. E., Surugiu, R., Ciobanu, O., &
Popa-Wagner, A. (2016). Molecular mechanisms underlying
neurodevelopmental disorders, ADHD, and autism. Romanian Journal
of Morphology and Embryology, 57(2), 361-366.

Miller, M., Nevado-Montenegro, A. J., & Hinshaw, S. P. (2012). Childhood
executive function continues to predict outcomes in young adult
females with and without childhood-diagnosed ADHD. Journal of
Abnormal Child Psychology, 40(5), 657-668.

Minshew, N. J., & Williams, D. L. (2007). The new neurobiology of autism:
Cortex, connectivity, and neuronal organization. Archives of
Neurology, 64(7), 945-950. doi:10.1001/archneur.64.7.945.

Morris-Rosendahl, D. J., & Crocq, M. A. (2020). Neurodevelopmental
disorders—the history and future of a diagnostic concept. Dialogues
in Clinical Neuroscience, 22(1), 65-72.
doi:10.31887/DCNS.2020.22.1/macrocg. PMID: 32699506; PMCID:
PMC7365295.



VEF Sl | oV oyled] pasl dle | o litmal 3181 ulid 01y, | YY

Movahedi, A., Bahrami, F., Marandi, S. M., & Abedi, A. (2013).
Improvement in social dysfunction of children with autism spectrum
disorder following long-term Kata techniques training. Research in
Autism Spectrum Disorders, 7, 1054-1061.

Munson, J., Dawson, G., Abbott, R., et al. (2006). Amygdalar volume and
behavioral development in autism. Archives of General Psychiatry,
63(6), 686.

Orekhova, E. V., & Stroganova, T. A. (2014). Arousal and attention re-
orienting in autism spectrum disorders: Evidence from auditory event-
related potentials. Frontiers in Human Neuroscience, 8, 34.
doi:10.3389/fnhum.2014.00034.  PMID:  24567709; PMCID:
PMC3915101.

Oriel, K., George, C., Peckus, R., & Semon, A. (2011). The effects of
aerobic exercise on academic engagement in young children with
autism spectrum disorder. Pediatric Physical Therapy, 23, 187-193.

Pan, C.-Y., Tsai, C.-L., Chu, C.-H., Sung, M.-C., Ma, W.-Y., & Huang, C.-
Y. (2016). Objectively measured physical activity and health-related
physical fitness in secondary school-aged male students with autism
spectrum disorders. Physical Therapy, 96, 511-520.

Parikshak, N. N., Luo, R., Zhang, A., Won, H., Lowe, J. K., Chandran, V., et
al. (2013). Integrative functional genomic analyses implicate specific
molecular pathways and circuits in autism. Cell, 155, 1008-1021.

Pote, I., Wang, S., Sethna, V., et al. (2019). Familial risk of autism alters
subcortical and cerebellar brain anatomy in infants and predicts the
emergence of repetitive behaviors in early childhood. Autism
Research, 12(4), 614-627.

Richard, J., Maddock, G. A., Casazza, D. H., Fernandez, D. H., & Maddock,
M. 1. (2016). Journal of Neuroscience, 24 February, 2016, 36(8),
2449-2457.

Roscigno, C. I. (2004). Neuronal pathway finding: From neurons to initial
neural networks. Journal of Neuroscience Nursing, 36(5), 263-272.
PMID: 15524244,

Sabet, S., & Gholami Heidar Abadi, Z. (2021). The effect of art therapy on
motor skills of children with autism: The effect of art therapy on
motor skills of children with autism. International Journal of Applied
Behavioral Sciences, 8(4), 27-34.
https://doi.org/10.22037/ijabs.v8i4.33684.

Schaaf, R. C., Benevides, T., Mailloux, Z., Faller, P., Hunt, J., van
Hooydonk, E., Freeman, R., Leiby, B., Sendecki, J., & Kelly, D.
(2014). An intervention for sensory difficulties in children with
autism: A randomized trial. Journal of Autism and Developmental
Disorders, 44(7), 1493-1506.


https://doi.org/10.22037/ijabs.v8i4.33684

Yy I O\)\i@j@l’}) ﬁ...)gg.».‘a&c}ﬁ\):ig'ﬂgwdbjégiﬁq;\gdjﬁ

Schoen, S. A., Lane, S. J., Mailloux, Z., May-Benson, T., Parham, L. D.,
Smith Roley, S., & Schaaf, R. C. (2019). A systematic review of
Ayres sensory integration intervention for children with autism.
Autism Research: Official Journal of the International Society for
Autism Research, 12(1), 6-19.

Schumann, C. M., Barnes, C. C., Lord, C., & Courchesne, E. (2009).
Amygdala enlargement in toddlers with autism related to severity of
social and communication impairments. Biological Psychiatry,
66(10), 942-949. doi:10.1016/j.biopsych.2009.07.007.

Skefos, J., Cummings, C., Enzer, K., et al. (2014). Regional alterations in
Purkinje cell density in patients with autism. PLOS ONE, 9, e81255.
doi:10.1371/journal.pone.0081255.

Stoodley, C. J., D’Mello, A. M., Ellegood, J., et al. (2017). Altered
cerebellar connectivity in autism and cerebellar-mediated rescue of
autism-related behaviors in mice. Nature Neuroscience, 20, 1744-
1751. doi:10.1038/s41593-017-0004-1.

Stuss, D. T., & Knight, R. T. (Eds.). (2002). Principles of frontal lobe
function. Oxford University Press.
https://doi.org/10.1093/acprof:0s0/9780195134971.001.0001.

Tong, L., Shen, H., Perreau, V. M., Balazs, R., & Cotman, C. W. (2001).
Effects of exercise on gene-expression profile in the rat hippocampus.
Neurobiology of Disease, 8, 1046-1056.

Toscano, C. V. A., Ferreira, J. P., Quinaud, R. T., Silva, K. M. N., Carvalho,
H. M., & Gaspar, J. M. (2022). Exercise improves the social and
behavioral skills of children and adolescents with autism spectrum
disorders. Frontiers in Psychiatry, 13, 1027799.
doi:10.3389/fpsyt.2022.1027799.  PMID:  36620673; PMCID:
PMC9813515.

van Kooten, I. A., Palmen, S. J., von Cappeln, P., Steinbusch, H. W., Korr,
H., Heinsen, H., et al. (2008). Neurons in the fusiform gyrus are fewer
and smaller in autism. Brain, 131, 987-999.
doi:10.1093/brain/awn033.

Vissers, M. E., Cohen, M. X., & Geurts, H. M. (2012). Brain connectivity
and high functioning autism: A promising path of research that needs
refined models, methodological convergence, and stronger behavioral
links. Neuroscience and Biobehavioral Reviews, 36, 604-626.

Volkmar, F. R., & Reichow, B. (2013). Autism in DSM-5: Progress and
challenges. Molecular Autism, 4(1), 13. doi:10.1186/2040-2392-4-13.

Weaver, L. L. (2015). Effectiveness of work, activities of daily living,
education, and sleep interventions for people with autism spectrum
disorder: A systematic review. American Journal of Occupational


https://doi.org/10.1093/acprof:oso/9780195134971.001.0001

VEF g | oV oyled] pasl dlo | o lital 5131 ulid 01y, | YAE

Therapy, 69(5), 6905180020p1-11. doi:10.5014/ajot.2015.017962.
PMID: 26356654.

Wegiel, J., Kuchna, 1., Nowicki, K., Imaki, H., Wegiel, J., Marchi, E., et al.
(2010). The neuropathology of autism: Defects of neurogenesis and
neuronal migration, and dysplastic changes. Acta Neuropathologica,
119, 755-770. doi:10.1007/s00401-010-0655-4.

Weir, E., Allison, C., & Baron-Cohen, S. (2022). Autistic adults have poorer
quality healthcare and worse health based on self-report data.
Molecular Autism, 13, 23.

Wozniak, R. H., Leezenbaum, N. B., Northrup, J. B., West, K. L., & lverson,
J. M. (2017). The development of autism spectrum disorders:
Variability and causal complexity. Wiley Interdisciplinary Reviews:
Cognitive Science, 8(1-2), e1426. doi:10.1002/wcs.1426.

Yang, T., Chen, L., Dai, Y., Jia, F., Hao, Y., Li, L., Zhang, J., Wu, L., Ke,
X., Yi, M., et al. (2022). Vitamin A status is more commonly
associated with symptoms and neurodevelopment in boys with autism
spectrum disorders: A multicenter study in China. Frontiers in
Nutrition, 9, 851980. doi:10.3389/fnut.2022.851980.

Zhou, X., Nai, Q., Chen, M., Dittus, J. D., Howard, M. J., et al. (2004).
Brain-derived neurotrophic factor and TrkB signaling in
parasympathetic neurons: Relevance to regulating alpha7-containing
nicotinic receptors and synaptic function. Journal of Neuroscience,
24, 4340-4350.

Zong, W., Lu, X., Dong, G., Zhang, L., & Li, K. (2023). Molecular
mechanisms of exercise intervention in alleviating the symptoms of
autism spectrum disorder: Targeting the structural alterations of
synapse. Frontiers in Psychiatry, 14, 1096503.
doi:10.3389/fpsyt.2023.1096503.

Zwaigenbaum, L., Bryson, S., Rogers, T., Roberts, W., Brian, J., &
Szatmari, P. (2005). Behavioral manifestations of autism in the first
year of life. International Journal of Developmental Neuroscience, 23,
143-152. doi:10.1016/j.ijdevneu.2004.05.001.

References [In Persian]

Rezaei, S., & Chowdari, A. (2021). Compilation and validity of pre-verbal
(communicative) skills empowerment package for children with
neurodevelopmental disorder: A case study of children with autism
disorder. Journal of Psychology of Exceptional People, 11(44), 85-
113. [In Persian]

Shahrasfangarh, A., Arab Ameri, E., Daneshfar, A., Ghasemi, A., & Kashi,
A. (2017). The effect of aerobic exercises on motor skills and body



N0 | OLKan 5 Sl gy e oS 0551 ST e Olayd iy 31 g op g

composition of children with autism. Journal of Health and Care,
20(4), 341-332. [In Persian]

Jamali, Y., Fatehizadeh, M., & Abedi, M. R. (2023). Discovery of the
network of themes of communication problems of families with a
child with autism spectrum disorder. Psychology of Exceptional
People, 13(51), 201-237. [In Persian]

u S g S OfFF) Lsy, 033 g2 3 0yl (ol dezea ¢ Slay j eyl ¢ Gl gy o Cﬁ' LY bl

8 (e s ) e SN OIS 587 (3N 5 o Sl oy (g 058l 2S5 (e Oy
DOI: 10.22054/jpe.2024.77376.2661 .Y\0-\VY «(OVND ¢ o Ltz

Psychology of Exceptional Individuals is licensed under a Creative
Commons Attribution-NonCommercial 4.0 International License.






