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Benefits of Physical Exercise for Individuals with Fragile X
Syndrome in Humans
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Fragile X syndrome (FXS) is the most common known genetic cause of autism spectrum disorder, and is also linked
to other neurologic and psychiatric disorders. The purpose of this review article is to examine a variety of recent studies
on the correlation between physical exercise and autistic behavior in individuals with fragile X syndrome. Additionally,
we discuss promising approaches for further investigation of the benefits of physical exercise for autism spectrum dis-
order (ASD) patients. A systematic search of the PubMed digital library database for pertinent articles published from
1995 to 2011 was conducted. Individuals with ASD who experience exercise tend to exhibit improvement in physical
function. In addition, exercise promotes neurotrophic factors and boosts the growth of new brain cells. The collected
review articles describe how physical exercise has particular effects on stereotypic behavior and cognition among ASD
patients. Finally, physical exercise may benefit patients with autism spectrum disorder through the improvement of

muscular strength for increased physical capability.

Key Words: Autism spectrum disorders, Fragile X syndrome, Physical exercise

studies report an association between the therapeutic poten-

INTRODUCTION

tial of physical exercise and autistic individuals with fragile

Fragile X syndrome (FXS) is the most frequent form of
inherited intellectual disability, and is the most common
known cause of autism or autism-like behaviors [1]. This
syndrome shares clinical behavioral features with mental re-
tardation, learning disorders, attention deficit disorder, hy-

peractivity disorder, anxiety, and epilepsy [2-4]. Recent

Received: April 20, 2015, Accepted: June 24, 2015

*Corresponding author: Yonggeun Hong

Department of Rehabilitation Science, Graduate School of Inje
University, 197 Inje-ro, Gimhae 50834, Republic of Korea

Tel: 82-55-320-3681, Fax: 82-55-329-1678

E-mail: yonghong@inje.ac.kr

*Corresponding author: Joo-Heon Kim

Institute of Animal Medicine, College of Veterinary Medicine,
Gyeongsang National University, Jinju 52828, Republic of Korea
Tel: 82-55-772-2344, Fax: 82-55-772-2349

E-mail: joohkim@gnu.ac.kr

X syndrome. Physical exercise as an aspect of autism ther-
apy could lead to increased neuronal survival and counter
brain injury in ASD patients [5,6]. In addition, a variety of
activities ranging from light leisure activities to heavy aero-
bic exercise promotes brain vascularization and stimulates
neuronal and glial genesis [7]. Exercise also enhances mem-
ory and cognitive functions [8,9]. Some studies report that
specific molecular factors contribute in multiple ways to the
beneficial effects of exercise on brain function in patients
with autism-like diseases [10-12]. Neurotrophic factors,
such as nerve growth factor (NGF), fibroblast growth factor
2 (FGF-2), and brain-derived neurotrophic factor (BDNF)
are generated in the hippocampus in response to exercise
[13,14]. Thus this review discusses the effects of physical

exercise intervention on stereotypic behavior and physical
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capability in people with ADS.

A systematic search of articles and review papers in the
PubMed digital library database from 1995 to 2011 was
conducted. The criteria of the article search mainly focused
on physical exercise correlated with autism spectrum
disorder. Only papers published in English in international
journals were adopted for this study. The main key search
words were physical exercise, rehabilitation, and autism
spectrum disorder. Additionally, we inserted some synonyms
of autism-like diseases to search a greater number of articles

containing more and deeper results for the present review.

EFFECTS OF PHYSICAL EXERCISE ON
MOVEMENT AND BEHAVIORAL
IMPROVEMENT IN AUTISM

Individuals with ASD tend to have balance problems in
gait, posture instability, and difficulties in joint flexibility.
In addition, they have deficits and delays in the develop-
ment of motor behaviors [15-20]. These difficulties in mo-
tor abilities may be further impaired by reduced oppor-
tunities to engage in physical exercise and behavioral
intervention. The physical exercise of children with autism
alleviates the symptoms of autism [21]. Moreover, game ex-
ercise that combines physical and mental activities has de-
creased stereotypies in individuals with autism and has im-
proved their cognitive function [22]. In the case of aerobic
exercise, improved academic function has been found in
children with ASD [23]. In addition, enhanced motor ability
and sensory integrative function due to physical activity
may be consistently maintained in patients with ASD [24].
The difficulties that arise in community interactions with
ASD mainly pertain to the lack of understanding that results
from an incapability to effectively interpret ASD behaviors.
Physical exercise is confirmed to be an effective means to
prevent these problems between general and ASD
populations. Mild exercise programs involving walking and
jogging decrease stereotypic behaviors in the short term, but
this state of behavior is shown to return to previous levels
after 90 minutes following the exercise. Exercise may pro-
vide important feedback for self-stimulatory behavior in
children with ASD [25]. Some studies confirm that walking

exercise not only improves the physical condition, but also
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reduces the BMI (body mass index) of patients with severe
autism. Following physical exercise, stereotypic and malad-
aptive behaviors in ASD patients have been shown to im-
prove, and sleep disorders and physical capabilities involving

muscular strength have also been enhanced [26].

PHYSICAL EXERCISE AND
NEUTROPHIC FACTORS

Stimulation of the fragile X mental retardation 1 (FMR1)
gene at postsynaptic sites is associated with the neuronal
plasticity of dendritic spines [27]. Therefore, an absence of
FMR1 genes is expressed in neuronal dysmorphology and
the defection of dendritic spines. A great deal of evidence
suggests that synaptic dysfunction is a cause of autism [28].
Some research points out that autism is characterized by the
disruption of synaptic pathways caused by a rare mutation
[7]. In fact, the disturbance of synaptic pathways may af-
fect neuronal survival. Neurotrophic factors such as
brain-derived neurotrophic factor (BDNF), nerve growth
factor (NGF), fibroblast growth factor 2 (FGF-2), and oth-
er molecules contribute to synaptic transmission. Moreover,
neurotrophic factors play a role in the regulation of syn-
aptogenesis, synaptic plasticity, and neural survival [9].
Physical exercise promotes cerebrovascular activity and acti-
vates neurotrophic factors [10]. Studies show that synaptic
plasticity, neurotransmission, and neural growth factor are
increased in rat and mouse brains due to physical exercise
[11]. Brain-derived neurotrophic factor (BDNF) binds to
receptors trkB and p75NTR, resulting in the regulation of
neuronal differentiation and survival in embryos [29]. In
adults, BDNF may be necessary for both the proliferation
and long-term survival of newborn neurons in the forebrain
[30,31]. These neurotrophic factors tend to increase with
physical exercise, and expression of BDNF is reported in
parts of the brain—particularly the hippocampus—as a result
of physical activity. It is suggested that exercise increases
levels of neurotrophic factors in the brains of humans [12].
The current study confirms the important role played by
BDNF in ASD [13]. Levels of BDNF may be a factor in
clinical diagnosis and intervention for the pathophysiology
of autism is patients. Previous studies show that BDNF lev-

els in autism patients under six years of age are significantly



higher than BDNF levels in autism patients over six years
of age. One study shows a negative association between ex-
pression of BDNF and age [31]. ASD reduces volume in the
forebrain, including the size of the amygdala and hippo-
campus, relative to total brain volume. This finding reflects
the neural connections of limbic systems with other parts
of the cerebral cortex [32]. On the other hand, exercise has
been associated with increases in hippocampal tissue, and
with boosting the growth of new brain cells by increasing
BDNF in the brain cortex [33]. It is probable that the
growth of new brain cells in the hippocampus, together with
the modulation of remaining connections in the brain cortex
are responsible for improvements in brain function due to

physical exercise.

CONCLUSION

The field of autism is linked with extensive research in
areas of molecular biology and has infinite potential for tar-
geted treatment. This study highlights a variety of beneficial
neurological effects of physical therapy in autism. Our re-
view researches the characterization of autism and inves-
tigates preventive and therapeutic approaches to FXS in
ASD. We explore the clinical application of physical ex-
ercise-based therapeutics, leading to effective treatment and
clear benefits in the prevention of disease. However, addi-
tional studies are needed to examine the mechanism of mel-
atonin associated with autism and FXS. As a result of the
positive influence of exercise, neurotrophic factors and the
growth of new brain cells are activated for increased phys-
ical capability. Further research is required to investigate
the mechanisms of interaction between improvement due to
exercise therapy for various ASD behaviors and newly gen-

erated brain cells through increased neurotrophic factors.

ACKNOWLEDGMENTS

This work was supported by grants from the National
Research Foundation (NRF-2012R1A1A2005089 to Y.H.,
2013R1A2A2A01067169 to Y.H.), and by the KRIBB
Research Initiative Program (KGM4611512 to Y.H.), Republic
of Korea. Leading authors S.L.. and Y.H. were supported by

the Post-doctoral Research Program of Inje University for

Minkyung Lee, et al : ASD-friendly Physical Exercise

2014-2015.

10.

11.

12.

13.

REFERENCES

. Willemsen R, Oostra BA, Bassell GdJ, Dictenberg J. The

fragile X syndrome: from molecular genetics to
neurobiology. Ment Retard Dev Disabil Res Rev 2004;10:
60-7.

. Smalley SL. Genetic influences in childhood-onset psy-

chiatric disorders: autism and attention-deficit/hyper-
activity disorder. Am J Hum Genet 1997;60:1276-82.

. McLennan Y, Polussa J, Tassone F, Hagerman R.

Fragile x syndrome. Curr Genomics 2011;12:216-24.

. Musumeci SA, Ferri R, Elia M, Colognola RM, Bergonzi

P, Tassinari CA. Epilepsy and fragile X syndrome: a
follow-up study. Am J Med Genet 1991;38:511-3.

. Nimchinsky EA, Sabatini BL, Svoboda K. Structure

and function of dendritic spines. Annu Rev Physiol 2002;
64:313-53.

. Koukoui SD, Chaudhuri A. Neuroanatomical, molec-

ular genetic, and behavioral correlates of fragile X
syndrome. Brain Res Rev 2007;53:27-38.

. Kemper TL, Bauman M. Neuropathology of infantile

autism. J Neuropathol Exp Neurol 1998;57:645-52.

. Hanover JL, Huang ZJ, Tonegawa S, Stryker MP.

Brain-derived neurotrophic factor overexpression in-
duces precocious critical period in mouse visual cortex.
J Neurosci 1999;19:RC40.

. Cotman CW, Berchtold NC. Exercise: a behavioral in-

tervention to enhance brain health and plasticity.
Trends Neurosci 2002;25:295-301.

Ding Y, Li J, Luan X, Ding YH, Lai Q, Rafols JA, Phillis
JW, Clark JC, Diaz FG. Exercise pre-conditioning re-
duces brain damage in ischemic rats that may be asso-
ciated with regional angiogenesis and cellular over-
expression of neurotrophin. Neuroscience 2004;124:
583-91.

Bos I, De Boever P, Emmerechts J, Buekers J,
Vanoirbeek J, Meeusen R, Van Poppel M, Nemery B,
Nawrot T, Panis LI. Changed gene expression in brains
of mice exposed to traffic in a highway tunnel. Inhal
Toxicol 2012;24:676-86.

Hashimoto K, Iwata Y, Nakamura K, Tsujii M, Tsuchiya
KJ, Sekine Y, Suzuki K, Minabe Y, Takei N, Iyo M,
Mori N. Reduced serum levels of brain-derived neuro-
trophic factor in adult male patients with autism. Prog
Neuropsychopharmacol Biol Psychiatry 2006;30:1529-31.
Croen LA, Goines P, Braunschweig D, Yolken R,
Yoshida CK, Grether JK, Fireman B, Kharrazi M,
Hansen RL, Van de Water J. Brain-derived neuro-
trophic factor and autism: maternal and infant periph-
eral blood levels in the Early Markers for Autism (EMA)

37 JLM



Journal of Lifestyle Medicine Vol. 5, No. 2, September 2015

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Study. Autism Res 2008;1:130-7.

Courchesne E, Karns CM, Davis HR, Ziccardi R, Carper
RA, Tigue ZD, Chisum HJ, Moses P, Pierce K, Lord
C, Lincoln AJ, Pizzo S, Schreibman L, Haas RH,
Akshoomoff NA, et al. Unusual brain growth patterns
in early life in patients with autistic disorder: an MRI
study. Neurology 2001;57:245-54.

Jansiewicz EM, Goldberg MC, Newschaffer CJ, Denckla
MB, Landa R, Mostofsky SH. Motor signs distinguish
children with high functioning autism and Asperger's
syndrome from controls. J Autism Dev Disord 2006;36:
613-21.

Minshew NJ, Sung K, Jones BL, Furman JM.
Underdevelopment of the postural control system in
autism. Neurology 2004;63:2056-61.

Ghaziuddin M, Butler E. Clumsiness in autism and
Asperger syndrome: a further report. J Intellect Disabil
Res 1998;42(Pt 1):43-8.

Green D, Charman T, Pickles A, Chandler S, Loucas
T, Simonoff E, Baird G. Impairment in movement skills
of children with autistic spectrum disorders. Dev Med
Child Neurol 2009;51:311-6.

Manjiviona J, Prior M. Comparison of Asperger syn-
drome and high-functioning autistic children on a test
of motor impairment. J Autism Dev Disord 1995;25:
23-39.

Ozonoff S, Young GS, Goldring S, Greiss-Hess L,
Herrera AM, Steele J, Macari S, Hepburn S, Rogers
Sd. Gross motor development, movement abnormal-
ities, and early identification of autism. J Autism Dev
Disord 2008;38:644-56.

Macdonald M, Esposito P, Ulrich D. The physical activ-
ity patterns of children with autism. BMC Res Notes
2011;4:422.

Anderson-Hanley C, Tureck K, Schneiderman RL.
Autism and exergaming: effects on repetitive behaviors
and cognition. Psychol Res Behav Manag 2011;4:129-37.
Oriel KN, George CL, Peckus R, Semon A. The effects
of aerobic exercise on academic engagement in young
children with autism spectrum disorder. Pediatr Phys

JLM 38

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ther 2011;23:187-93.

Wuang YP, Wang CC, Huang MH, Su CY. The effective-
ness of simulated developmental horse-riding program
in children with autism. Adapt Phys Activ @ 2010;27:
113-26.

Rosenthal-Malek A, Mitchell S. Brief report: the effects
of exercise on the self-stimulatory behaviors and pos-
itive responding of adolescents with autism. J Autism
Dev Disord 1997;27:193-202.

Pitetti KH, Rendoff AD, Grover T, Beets MW. The effi-
cacy of a 9-month treadmill walking program on the
exercise capacity and weight reduction for adolescents
with severe autism. J Autism Dev Disord 2007;37:
997-1006.

Levy SE, Mandell DS, Schultz RT. Autism. Lancet 2009;
374:1627-38.

Persico AM, Bourgeron T. Searching for ways out of
the autism maze: genetic, epigenetic and environmental
clues. Trends Neurosci 2006;29:349-58.

Huang EJ, Reichardt LF. Neurotrophins: roles in neuro-
nal development and function. Annu Rev Neurosci 2001,
24:677-736.

Lee J, Duan W, Mattson MP. Evidence that brain-de-
rived neurotrophic factor is required for basal neuro-
genesis and mediates, in part, the enhancement of neu-
rogenesis by dietary restriction in the hippocampus of
adult mice. J Neurochem 2002;82:1367-75.

Gilmore JH, Jarskog LF, Vadlamudi S. Maternal in-
fection regulates BDNF and NGF expression in fetal
and neonatal brain and maternal-fetal unit of the rat.
J Neuroimmunol 2003;138:49-55.

Sairanen M, Lucas G, Ernfors P, Castren M, Castren
E. Brain-derived neurotrophic factor and anti-
depressant drugs have different but coordinated effects
on neuronal turnover, proliferation, and survival in the
adult dentate gyrus. J Neurosci 2005;25:1089-94.
Vaynman S, Ying Z, Gomez-Pinilla F. Hippocampal
BDNF mediates the efficacy of exercise on synaptic plas-
ticity and cognition. Eur J Neurosci 2004;20:2580-90.



