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ABSTRACT

Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder that is very common today. Endocrine disruptors, 
along with genetic and environmental factors, also influence 
this condition. These endocrine disruptors affect the 
functioning of hormones. Bisphenol A (BPA) is one of these 
endocrine disruptors. Accumulation or exposure to BPA can 
lead to fetal growth restrictions, neurological disorders, 
and various other conditions. Infants and young children 
are more sensitive to these pollutants compared to adults. 
Babies are exposed to these pollutants in the womb through 
the placenta. As a result, the endocrine system, as well as 
neurological, growth, and developmental processes, are 
significantly affected, leading to conditions such as ASD 
during growth. Autism spectrum disorder has a profound 
impact on both the individual and their family. However, ASD 
is not only caused by such pollutants but also by a variety of 
genetic and biological factors. In individuals with ASD, it may 
manifest as repetitive behaviors, communication difficulties, 
and social deficits. In this review, the following topics have 
been discussed: the effects of BPA on fetal development, 
its potential role in ASD, and other contributing genetic and 
biological factors.
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Autism spectrum disorder (ASD) is one of the most 
common neurodevelopmental disorders, affecting 
one in every 54 children worldwide.[1-6] In 1943, 
Dr. Leo Kanner[3] introduced the term ‘autism’ into 
medical terminology. Clinically, ASD is a complex and 
heterogeneous neurological condition that affects 
various developmental domains, including social 
interaction, communication skills, visual functioning, 
and stereotyped behaviors, interests, and attitudes.[7,8] 
These disorders typically emerge in early childhood 
before the age of three but may not fully manifest 
until later in life.[9] Abnormal T-cell function has 
been reported in patients.[9-16] A compromised or 
dysfunctional immune system can make individuals 
more neurologically vulnerable.[11,12,16]

ENVIRONMENTAL FACTORS 
CONTRIBUTING TO AUTISM SPECTRUM 

DISORDER
Even when accounting for diagnostic challenges, 

the fivefold increase in autism cases in recent years, 
despite the absence of any known changes in the 
human gene pool, points to a strong environmental 
influence.[17-25] 

Numerous pollutants, including pesticides, heavy 
metals, industrial solvents, air pollutants, particulate 
matter, bisphenol A (BPA), phthalates, and flame 
retardants, have been implicated in epidemiological 
studies.[23-25]

The balance of metal ions in our body is essential 
for the proper functioning of the brain, and when 
this balance is disrupted, neurological symptoms 
are inevitable. Zinc, one of these ions, plays a 
crucial role in cell division and differentiation, and 
its deficiency will lead to significant changes in 
neurological functions.[13] It is well established that 
zinc supplements are used in nutritional therapy for 
patients with autism.[14]

The primary issue in ASD lies in the brain; however, 
certain other organs may also have some influence 
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on autism. The most significant of these organs is 
the gut. Recently, attention has been focused on the 
brain-gut axis for several reasons: the bidirectional 
relationship between gut and behavioral findings, 
the potential link between diet, the gastrointestinal 
system, and autism, and the collection of gut 
microbiota associated with autism. While knowledge 
on this subject is currently limited, scientific research 
is ongoing.[15]

Studies on the causes of autism have reported 
that exposure to thalidomide, especially valproic 
acid, anticonvulsants, certain viral infections, and 
various birth complications are associated with the 
development of autism.[17] It is also emphasized that 
psychological stress factors experienced by the 
mother during the prenatal period are associated 
with the development of ASD.[18] 

Imaging studies have shown that some children 
with autism exhibit features such as macrocephaly, 
abnormal increases in cortical white matter, and 
abnormal growth in limbic structures like the 
frontal lobe, temporal lobe, and amygdala.[21] These 
structures play a crucial role in social relationships, 
communication, and motor skills, which are areas that 
show impairment in autism.[20]

The management of ASD depends on early 
diagnosis and intervention.[26-31] The social domain 
of ASD can be successfully addressed through 
behavioral interventions such as early behavioral 
therapy and positive interactions with social peers.[32] 

The early diagnosis of ASD provides children with 
the opportunity to begin treatment sooner, which 
benefits both the child and society. It also allows for 
the examination of ASD’s neurological features in the 
early stages of development and facilitates a better 
understanding of the underlying mechanisms of ASD. 
Early diagnosis and intervention are crucial for the 
effective management of ASD.[33]

Many genes have been implicated in autism, and 
some of these are directly related to detoxification 
processes. Many of these genes are also expressed in 
the frontal cortex during the prenatal period, when 
the effects of such toxins on neurodevelopment 
are most significant. For toxins to reach the fetal 
brain, they must cross the placenta and the 
blood-brain barrier, and they must also overcome 
the skin, airway, and intestinal barriers to access 
the blood of the mother or the child. Therefore, the 
significant role of autism susceptibility genes may 
be related to their ability to regulate the access of 
various toxins to children, adults, and the developing 

fetal brain during pregnancy.[22,23]

Genetic research on autism has initiated early 
studies in the form of linkage and association studies 
aimed at identifying chromosomal regions and 
loci that may contribute to autism.[21] Despite the 
identification of many genes and candidate genes 
associated with autism, no major gene has been 
pinpointed. Significant results have been obtained 
in seven chromosomal regions related to autism. 
Additionally, other candidate genes thought to 
contribute to autism are being investigated. The 
presence of many genes responsible for social 
interaction, language, communication, and emotions 
suggests that there may be issues in multiple genes. 
With advancements in technology, it will become 
possible to evaluate these genes and candidate genes 
together, allowing for more insights into the etiology 
of autism.[22]

BISPHENOL A
Bisphenol A is a high-volume chemical used in a 

wide range of products, including plastic bottles and 
canned foods. Given the common human exposure 
and the endocrine effects observed initially in animal 
studies and now in humans, this chemical is being 
extensively studied.[25]

Bisphenol A is a widely used chemical that has 
been shown to negatively impact health outcomes 
in experimental animal studies, particularly following 
fetal or early life exposure. Researchers hypothesize 
that the effects of BPA will increase in children 
based on its metabolism and endocrine effects. 
One study found a relationship between prenatal 
BPA exposure and increased hyperactivity and 
aggression in 2-year-old girls. Even in the absence of 
epidemiological studies, concerns about the negative 
effects of BPA are warranted, considering the unique 
vulnerability of the developing fetus and child.[26]

Bisphenol A and Female Fertility

Bisphenol A has been reported to be associated 
with female infertility. In fact, it has been found that 
BPA is more frequently detected in infertile women, 
suggesting a possible impact of BPA on natural 
conception and spontaneous fertility. Additionally, 
exposure to BPA during early life stages may have an 
intergenerational effect, predisposing subsequent 
generations to develop diseases associated with BPA. 
Experimental studies have suggested that prenatal, 
perinatal, and postnatal exposure to BPA can disrupt 
various stages of ovarian development, lead to 
reorganization of ovarian morphology, impair ovarian 
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function-particularly affecting folliculogenesis-and 
also disrupt the morphology and function of the 
uterus in female adult animals and their offspring.[26,27]

Maternal prenatal exposures, including BPA, 
are associated with an increased risk of disease 
in offspring later in life.[28] It has been identified 
that BPA exposure promotes the development of 
abnormalities similar to polycystic ovary syndrome 
by disrupting the secretion of sex hormones, which 
affects ovarian morphology and function, particularly 
folliculogenesis.[27]

Human Exposure to Bisphenol A

Pregnancy and lactation are critical periods 
for human well-being and are sensitive windows 
for exposure to pollutants. Bisphenol A has been 
well-established as a toxic substance and has been 
replaced in the plastic industry by other bisphenol 
analogs that share similar structures and properties, 
most commonly bisphenol S (BPS) and bisphenol 
F (BPF). Maternal exposure to BPS or BPF can lead 
to their accumulation in the fetal compartment, 
resulting in chronic exposure and potentially limiting 
normal fetal growth and development.[28,29]  Current 
findings indicate that exposure to two bisphenol 
analogs during pregnancy and lactation can lead 
to multiple disorders in offspring, including fetal 
growth restrictions, neurological dysfunctions, and 
metabolic disorders that may persist throughout 
childhood.[29,30,34]

The hypothesis that prenatal exposure to 
endocrine disruptors can lead to cancer arises from 
questioning two well-established concepts. Bisphenol 
A has been shown to trigger the development of 
ductal hyperplasias and carcinoma in situ. These 
highly proliferative lesions contained an increased 
number of estrogen receptor alpha-positive cells. 
Therefore, in the absence of any additional treatment 
aimed at increasing tumor incidence, fetal BPA 
exposure was sufficient to induce the development 
of estrogen-sensitive pre-neoplastic and neoplastic 
lesions in the mammary gland.[35] 

There is now more evidence than previously 
described linking prenatal exposure to BPA, 
organophosphate pesticides, and polybrominated 
flame retardants with cognitive deficits and 
attention deficit disorder in children. The evidence 
is particularly strong for associations between 
perfluoroalkyl substances and obesity in children 
and adults, impaired glucose tolerance, gestational 
diabetes, low birth weight, poor semen quality, 
polycystic ovary syndrome, endometriosis, and 

breast cancer. Additionally, there is evidence 
connecting bisphenols with adult diabetes, poor 
semen quality, and polycystic ovary syndrome; 
phthalates with premature birth, reduced anogenital 
distance in males, childhood obesity, and impaired 
glucose tolerance; organophosphate pesticides with 
poor semen quality; and occupational exposure to 
pesticides with prostate cancer.[36]

Prenatal exposure to endocrine disruptors has 
the potential to affect early brain development. 
Neurodevelopmental toxicity in utero can manifest 
as psychosocial deficiencies later in childhood. 
Prenatal phthalate exposure has been associated 
with childhood social disorders in a multi-ethnic 
urban population. Even mild impairments in social 
functioning in otherwise healthy individuals can have 
significant negative effects throughout a child’s life.[37]

In conclusion, the relationship between BPA and 
ASD is noteworthy. Various studies and articles have 
been written on this topic; however, more research is 
needed. The direct effects of BPA on autism can be 
further developed and interpreted through additional 
studies.

Declaration of conflicting interests
The authors declared no conflicts of interest with 

respect to the authorship and/or publication of this article.

Funding
The authors received no financial support for the 

research and/or authorship of this article.

REFERENCES
1.  Maenner MJ, Shaw KA, Baio J; EdS1; Washington A, 

Patrick M, DiRienzo M, et al. Prevalence of autism 
spectrum disorder among children aged 8 years - Autism 
and Developmental Disabilities Monitoring Network, 
11 sites, United States, 2016. MMWR Surveill Summ 
2020;69:1-12.

2.  Erdogan MA, Nesil P, Altuntas I, Sirin C, Uyanikgil Y, 
Erbas O. Amelioration of propionic acid-induced autism 
spectrum disorder in rats through dapagliflozin: The 
role of IGF-1/IGFBP-3 and the Nrf2 antioxidant pathway. 
Neuroscience. 2024 Aug 30;554:16-25.

3.  Kanner L. Autistic disorders of emotional contact. Nerve 
Child 1943;2:217-50.

4.  Pala HG, Erbas O, Pala EE, Artunc Ulkumen B, Akman L, 
Akman T, et al. The effects of sunitinib on endometriosis. 
J Obstet Gynaecol. 2015 Feb;35:183-7.

5.  Ravaccia D, Ghafourian T. Critical role of the maternal 
immune system in the pathogenesis of autism spectrum 
disorder. Biomedical 2020;8:557.

6.  Cevik B, Solmaz V, Aksoy D, Erbas O. Montelukast inhibits 
pentylenetetrazol-induced seizures in rats. Med Sci 



213Bisphenol A and Autism Spectrum Disorder

Monit. 2015 Mar 24;21:869-74.
7.  King BH, Navot N, Bernier R, Webb SJ. Update 

on diagnostic classification in autism. Curr Opin 
Psychiatry 2014;27:105-9.

8.  APA. Diagnostic and Statistical Manual of Mental 
Disorders. American Psychiatric Publishing, Inc; 
Arlington, VA: 5th ed.

9.  Enstrom AM, Lit L, Onore CE, Gregg JP, Hansen RL, 
Pessah IN, et al. Altered gene expression and function 
of peripheral blood natural killer cells in children with 
autism. Brain Behav Immun 2009;23:124-33.

10.  Goines PE, Ashwood P. Cytokine dysregulation in autism 
spectrum disorders (ASD): The possible role of the 
environment. Neurotoxicol Teratol 2013;36:67-81.

11.  Yücel U, Kahramanoğlu İ, Altuntaş İ, Erbaş O. Effect of 
mitochondrial dysfunction and oxidative stress on the 
pathogenesis of autism spectrum disorders. D J Tx Sci 
2021;6:73-85.

12.  Goines PE, Croen LA, Braunschweig D, Yoshida CK, 
Grether J, Hansen R, et al. Increased mid-pregnancy 
IFN-g, IL-4 and IL-5 in women with a child with autism: A 
case-control study. Mol Autism 2011;2:13.

13.  Takeda A. Zinc homeostasis and functions of zinc in the 
brain. Biometals 2001;14:343-51.

14.  Babaknejad N, Sayehmiri F, Sayehmiri K, Mohamadkhani 
A, Bahrami S. Association Between Zinc Levels and 
Autism: A Systematic Review and Meta-analysis. Iran J 
Child Neurol 2016;10:1-9.

15.  Whiteley P. Food and the gut: Relation to some autisms. 
Proc Nutr Soc 2017;76:478-83.

16.  Ercan G, Yigitturk G, Erbas O. Therapeutic effect of 
adenosine on experimentally induced acute 
ulcerative colitis model in rats. Acta Cir Bras. 2020 Feb 
14;34:e201901204.

17.  Nelson KB. Prenatal and postnatal factors in the etiology 
of autism. Pediatrics 1991;87:761-6.

18.  Kinney DK, Munir KM, Crowley DJ, Miller AM. Prenatal 
stress and autism risk. Neurosci Biobehav Rev 
2008;32:1519-32.

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

20.  Korvatska E, Van de Water J, Anders TF, Gershwin ME. 
Genetic and immunologic considerations in autism. 
Neurobiol Dis 2002;9:107-25.

21.  Yayla ES. Familial Autism Genes. JEB Med Sci2020;1:93-5.
22.  Carter CJ. The barrier, airway particle clearance, placental 

and detoxification functions of autism susceptibility 
genes. Neurochem Int. 2016 Oct;99:42-51.

23.  Santos JX, Rasga C, Marques AR, Martiniano H, Asif M, 
Vilela J, et al. A Role for Gene-Environment Interactions 
in Autism Spectrum Disorder Is Supported by Variants in 
Genes Regulating the Effects of Exposure to Xenobiotics. 
Front Neurosci. 2022 May 19;16:862315.

24.  Groff T. Bisphenol A: invisible pollution. Curr Opin 
Pediatr. 2010 Aug;22:524-9.

25.  Braun JM, Hauser R. Bisphenol A and children's health. 
Curr Opin Pediatr. 2011 Apr;23:233-9.

26.  Pivonello C, Muscogiuri G, Nardone A, Garifalos F, 
Provvisiero DP, Verde N, et al. Bisphenol A: an emerging 
threat to female fertility. Replicate Biol Endocrinol. 
2020 Mar 14;18:22.

27.  McCabe CF, Padmanabhan V, Dolinoy DC, Domino SE, 
Jones TR, Bakulski KM, et al. Maternal environmental 
exposure to bisphenols and epigenome-wide DNA 
methylation in infant cord blood. Environ Epigenet. 2020 
Dec 23;6:dvaa021.

28.  Algonaiman R, Almutairi AS, Al Zhrani MM, Barakat H. 
Effects of Prenatal Exposure to Bisphenol A Substitutes, 
Bisphenol S and Bisphenol F on the Health of Offspring: 
Evidence from Epidemiologic and Experimental Studies. 
Biomolecules. 2023 Nov 5;13:1616.

29.  Rodop BB, Başkaya E, Altuntaş İ, Erbaş O. Nutrition Effect 
on Autism Spectrum Disorders. JEB Med Sci 2021;2:7-17.

30.  McGovern CW, Sigman M. Continuity and change in 
autism from early childhood to adolescence. Journal of 
Child Psychology Psychiatry 2005;46:401-8.

31.  Webb SJ, Jones EJ, Kelly J, Dawson G. Motivation 
for very early intervention for infants at high risk for 
autism spectrum disorders. Int J Speech Lang Pathol 
2014;16:36-42.

32.  Sacrey LA, Bennett JA, Zwaigenbaum L. Early infant 
development and intervention for autism spectrum 
disorder. J Child Neurol 2015;30:1921-9.

33.  Huang Z, Fu W, Dou L, Bao H, Wu W, Su P, et al. Prenatal 
Bisphenol A Exposure and Early Childhood Behavior 
and Cognitive Function: A Chinese Birth Cohort Study. 
Neuroendocrinology. 2022;112:311-23.

34.  Soto AM, Maffini MV, Sonnenschein C. Neoplasia as 
development gone awry: the role of endocrine 
disruptors. Int J Androl. 2008 Apr;31:288-93.

35.  Kahn LG, Philippat C, Nakayama SF, Slama R, Trasande L. 
Endocrine-disrupting chemicals: implications for human 
health. Lancet Diabetes Endocrinol. 2020 Aug;8:703-18.

36.  Miodovnik A, Engel SM, Zhu C, Ye X, Soorya LV, Silva MJ, 
et al. Endocrine disruptors and childhood social disorder. 
Neurotoxicology. 2011 Mar;32:261-7.

37.  Signorile PG, Spugnini EP, Citro G, Viceconte R, Vincenzi 
B, Baldi F, et al. Endocrine disruptors in utero cause 
ovarian damages linked to endometriosis. Front Biosci 
(Elite Ed). 2012 Jan 1;4:1724-30.


