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ABSTRACT

Autism spectrum disorder (ASD) is defined as a neurodevelopmental disorder characterized by repetitive behaviors, limited interests,
and difficulties with social interactions. The purpose of this study was to measure the levels of bisphenol A (BPA), Vitamin D, thyroid-
stimulating hormone (TSH), body mass index (BMI), and some hematological parameters in children with and without ASD. For this
study, 75 boys between the ages of 3 and 10 years were split into two groups: 40 children with ASD (ASD group) and 35 children without
ASD (control group). The results of the present study show that the level of BPA is significantly higher in the ASD group, also the mean
value of BMI significantly increased in the ASD group compared with the control group. Regarding the Vitamin D and calcium levels, the
findings illustrate that Vitamin D and calcium significantly decline in the ASD group compared to the control group. On the other hand,
the variations in the serum TSH, magnesium, and hematological parameters were insignificantly changed, except that the level of white
blood cell was significantly elevated in the ASD group. BPA is the main factor lowering Vitamin D and serum calcium levels, as well as
raising inflammatory cells and BMI of autistic children (children with autism).

Keywords: Autism disorder, autism spectrum disorder, bisphenol A, Vitamin D deficiency, thyroid-stimulating hormone

INTRODUCTION

utism spectrum disorder (ASD) is a developmental
Airmpairment that manifests as limited interests or
epetitive activities, as well as challenges with social
interaction or communication.™ It is acknowledged that ASD is
a diverse disorder, with individuals exhibiting a wide range of
signs and symptoms, varying in intensity, and requiring varying
degrees of support.”? Furthermore, intellectual disabilities
and epilepsy are two neurodevelopmental conditions that are
commonly associated with ASD.®! Multiple investigations show
that autism-related problems are more common in males than
in females. The 4:1 male-to-female ratio is among the most
trustworthy findings in ASD.[ According to Zhong et al.,™™
pregnant women’s and children with ASD’s eating habits may
be modifiable factors in the development or exacerbation of
autism-related symptoms.

In addition, the correlation between advanced maternal
age and neurological and behavioral diseases may be
influenced by cumulative exposure to environmental
pollutants.' However, according to a number of studies,
children with ASD commonly exhibit several nutritional and
metabolic irregularities, such as deficiencies in sulfation
and methylation, disruptions in glutathione redox balance,
elevated oxidative burden, and impairments in mitochondrial
activity.”? Numerous researchers have reported the presence
of inflammation in the brain and central nervous system

(CNS), marked by pronounced activation of microglial cells
and increased cytokine levels in post-mortem brain samples
from both younger and older individuals with ASD. Broad
population-level epidemiological investigations have identified
associations between ASD and abnormal concentrations of
various pro-inflammatory cytokines and immune-related
indicators in the bloodstream.® Furthermore, children with
ASD have reduced amounts of micronutrients, such as iron,
folic acid, magnesium, selenium, Vitamin A, Vitamin D, and
Vitamin E.®!

The production of epoxy resins and plastic items, such
as toys, food can linings, drinking containers, and medical
equipment, among other things, uses BPA, one of the most
abundant chemicals in the world."” The materials used in a
lot of infant bottles and milk containers also contain Bisphenol

Corresponding Author:

Renas N. Salih, Department of Biology, College of Education,
Salahaddin University-Erbil, Erbil, Kurdistan Region, Iraq.
E-mail: renas.salih@su.edu.krd

Received: May 17, 2025
Accepted: July 7, 2025
Published: August 05, 2025

DOI: 10.24086/cuesj.von2y2025.pp42-47

Copyright © 2025 Renas N. Salih, Saman M. Abdulkareem. This is an open-
access article distributed under the Creative Commons Attribution License.

42 http://journals.cihanuniversity.edu.iq/index.php/cues;j

CUESJ 2025, 9 (2): 42-47


https://creativecommons.org/licenses/by-nc-nd/4.0/

Salih and Abdulkareem: Bisphenol A and autism spectrum disorder

A (BPA), an ingredient found in food packaging that may leak
into the contents and endanger customers’ health. Plastic bags,
Tetra Pak wrapping, and infant bottles are examples of typical
plastic containers used to store milk or other items that may
expose users to BPA.['% Moreover, BPA exhibits multisystem
toxicity, affecting various organs, including the reproductive,
nervous, hepatic, and renal systems. Notably, the CNS,
particularly during its developmental stages, appears to be
highly susceptible to BPA exposure.l'!! A significant concern
in understanding the etiology of ASD is the role of prenatal
exposure to endocrine-disrupting chemicals (EDCs), such as
BPA. BPA can interfere with hormonal signaling during critical
periods of brain development. Increasing evidence links
BPA exposure to neurodevelopmental alterations associated
with ASD, including disrupted neurotransmission, immune
activation, oxidative stress, and epigenetic changes. This
highlights the urgent need for public health policies to regulate
EDCs exposure, particularly during pregnancy, as a potential
modifiable risk factor in the prevention of ASD.[1213]

The purpose of this study was to determine the levels of BPA,
some hematological parameters, Vitamin D, thyroid-stimulating
hormone (TSH), and some minerals in children with ASD.

MATERIALS AND METHODS

Study Design

The study was performed at the Gashbin Center, a specialized
center for children with ASD in Erbil, Kurdistan. Children with
severe medical conditions or on medications that could affect
their blood values were excluded from the study.

Study Participants

The present study included 75 male preschoolers and school-
aged children (3-10 years old) divided into two groups. The
first group consists of 40 children with ASD (ASD group), and
the second group consists of 35 children without ASD (control
group).

Data Collection

Children prospectively assessed eligible cases of ASD, and
any subsequent cases that met the inclusion criteria were
included. On a semi-structured questionnaire, information
on the clinical and sociodemographic characteristics of the
patients and controls was documented. Seven milliliters of
blood were drawn from a vein by the butterfly venipuncture
process, and following 5 mL of blood was used for serum
separation for biochemical and hormonal analysis, and 2 mL
for hematological study.

Biochemical and Hormonal Analysis

The analysis of biochemical and hormonal parameters,
including calcium, magnesium, TSH, and Vitamin D
(25-hydroxycholecalciferol), was performed using the COBAS
INTEGRA® 400 plus system (Roche Diagnostics Ltd., Rotkreuz,
Switzerland) using Roche diagnostic kits (Germany).
Each subject’s serum BPA levels were assessed using the
commercially available ELISA kits method (Sunlong Biotech
CO., Ltd., China) in line with the manufacturer’s protocol.

Hematological Analysis

When the blood samples were collected, a hematological
analysis was performed immediately. A fully automated
Swelab Alfa Plus 3-part hematology analyzer was used to
analyze complete blood counts, including total white blood
cell count (WBC), lymphocyte count, granulocyte count, total
red blood cell count (RBC), hemoglobin (Hb), hematocrit
(HCT), and RBC indices, such as mean corpuscular volume
(MCV), corpuscular Hb (MCH), and mean corpuscular Hb
concentration (MCHC), RBC distribution width (RDW%),
platelets count, and mean platelet volume (MPV).

Statistical Analysis

GraphPad Prism (GraphPad Software version 9, San Diego,
CA, USA) was used to analyze the data, and the results were
presented as mean = standard error. The Shapiro-Wilk test
was used to determine whether the distribution was normal.
Every variable under analysis has a normal distribution
(P > 0.05). A student t-test, unpaired, was used for statistical
analysis to compare the groups of ASD and control children.
The threshold for statistical significance was set at P < 0.05.

RESULTS

Body mass index (BMI) is computed by dividing weight in
kilograms by height in meters squared (kg/m?).[** The ranges
of BMI categories as underweight, normal, and overweight,
for children with ASD and the control group are presented
in Figure 1. The prevalence of underweight was higher in
the ASD group (34.7%) than in the control group (21.21%),
although the mean value of BMI was much higher in the ASD
group than in the control group. The prevalence percentage
of the present study showed that normal weight is higher in
the control group (63.64%) than in the ASD group (52.1%),
but the mean differences between the two groups were not
statistically significant. On the other hand, the percentage
of overweight people in the control group is slightly greater
(15.15%) than in the ASD group (13.2%). However, compared
to the control group, the ASD group’s mean was significantly
increased.

The fluctuation in BPA is shown in Figure 2. The
present results illustrated that the serum BPA concentration
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Figure 1: Percentage and mean variation of body mass index
comparison between autism spectrum disorder and control groups
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of children with ASD was significantly greater than that
of the control group (19.82 = 1.313 ng/mL and 14.26 =
1.58 ng/mlL, respectively).

Furthermore, present findings demonstrated that the
Vitamin D level in the ASD group was substantially lower
than the control group. In particular, the mean Vitamin D
concentration in the ASD group was 18.91 = 1.01 ng/mlL,
while the mean in the control group was 23.07 = 0.54 ng/mL
[Figure 3]. In addition, the present study demonstrated that
both groups’ calcium levels varied, which showed the ASD
group having a substantially lower level (9.35 = 0.11 mg/mL)
than the control group (9.88 = 0.15 mg/mL), as seen in
Figure 3.

According to the findings of this study, the TSH level was
insignificantly reduced in the ASD group (2.36 = 0.11 mIU/
mL) than in the control group (2.61 * 0.11 mIU/mL), as
shown in Figure 4. Furthermore, the findings in Figure 4
demonstrated that the magnesium levels in the ASD group
were not significantly different from those in the control group
(2.08 = 0.031 mIU/mL vs. 2.09 + 0.051 mIU/mL).

The WBC count was significantly higher in the ASD group
(9.54 £ 0.53 x 10°/L) compared to the control group (7.34
+ 0.33 X 10%/L, P = 0.0013). The HCT percentage was also
significantly elevated in the ASD group (37.13 = 0.49%)
compared to the control group (35.44 = 0.35%). Furthermore,
the MCHC was significantly lower in ASD children (34.37 =
0.19 g/dL) than in the control group (35.71 = 0.18 g/dL).
A significant reduction was also observed in RDW% values
in the ASD group (13.09 * 0.16%) compared to the control
group (13.87 + 0.16%), suggesting lower variability in RBC
size. In addition, the MPV was significantly higher in ASD
children (9.35 *= 0.17 fL) than in controls (7.91 + 0.12 fL,
P < 0.0001). The other hematological parameters of the two
groups did not show any significant changes.

DISCUSSION

ASD is appearing as one of the most rapidly increasing
neurodevelopmental conditions globally; however, its
medical management continues to encounter difficulties
because of the diversity in underlying causes and variations
in symptom presentation.">! The present study illustrated that
the mean of BMI significantly increases in the ASD group.
The results parallel with the study of Sedgewick et al.,!t®
who demonstrated that children with autism exhibited a
higher mean BMI compared to their non-autistic children,
potentially related to reduced physical activity, increased
energy consumption, and a tendency toward nutrient-poor
food choices. Numerous obesity-related risk factors in children
with ASD are particularly related to today’s environment that
promotes weight gain. The use of psychiatric medications,
genetic predispositions, sleep disturbances, irregular dietary
habits, and difficulties in maintaining adequate physical
exercise may be distinctively linked to the onset of obesity in
autistic children.m'¥

The obtained results showed that, in comparison with
the control group, the children with ASD had noticeably
higher serum BPA concentrations. The results agree with the
study of Symeonides et al.,’”? which showed that prenatal
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Figure 2: Level of serum bisphenol A in autism spectrum disorder
and control groups (Mean =+ standard error)
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Figure 3: Level of serum vitamin D and serum calcium in autism
spectrum disorder and control groups (Mean =+ standard error)
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Figure 4: Level of serum thyroid-stimulating hormone and serum
magnesium in autism spectrum disorder and control groups (Mean =+
standard error)

BPA exposure is linked to male ASD-related behaviors, brain
abnormalities, and reduced brain aromatase activity, and
another study believed that BPA disrupts neural cell growth,
movement, and specialization during brain maturation. It
also affects the formation and function of synapses within the
brain. As a result, BPA has been associated with the emergence
of neurodevelopmental and neuropsychiatric conditions, such
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Table 1: Some hematological parameters for ASD children and
the control group (Mean=standard error)

Parameter ASD Control P-value
WBC (10°/L) 9.54+0.53 7.34+0.33 0.0013
Lymphocyte (10°/L) 3.65+0.17 3.23+0.13 0.0587
Granulocyte (10°/L) 4.93+0.32 4.45+0.31 0.3172
RBC (10'%/L) 4.76+0.07 4.63+0.05 0.1272
HGB (g/dL) 12.75+0.16 12.64+0.14 0.6593
HCT (%) 37.13+£0.49 35.44+0.35 0.0113
mean corpuscular 78.22+0.95 76.46+0.91 0.1576
volume (fL)

MCH (pg) 26.91+0.37 27.33+0.36 0.1797
MCHC (g/dL) 34.37+0.19 35.71+0.18 <0.0001
1(%01/3)C distribution width 13.09+0.16 13.87+0.16 0.0044

0

Platelet count (10°/L)  336.15+10.44 324.82+9.69 0.4215
MPV (fL) 9.35+0.17 7.91+0.12 <0.0001

WBC: White blood cell, RBC: Red blood cell, HGB: Hemoglobin,
HCT: Hematocrit, MCH: Mean corpuscular hemoglobin, MCHC: Mean
corpuscular hemoglobin concentration, MPV: Mean platelet volume

as ASD, attention-deficit and hyperactivity disorders (ADHD),
and schizophrenia.'® Furthermore, BPA disrupts the usual
functioning of the brain, metabolic processes, reproduction,
and behavior. It also has a role in the development of some
neurodevelopmental diseases, such as ADHDs and ASDs.!""!
Early life exposure to EDCs, including BPA, has separately
been suggested to contribute to the temporal increase in ASD
prevalence.l'”! Study of Meng et al.”” shows how exposure
to BPA alters the homeostasis of Ca?" and structural integrity
of the mitochondria in hippocampus neurons. In addition,
environmental BPA exposure blocks autophagic flux, inhibit
the autophagic process in injured mitochondria, and negatively
impacts hippocampus neurons’ energy consumption through
the PINK1/parkin mitophagy pathway, all of which lead to
abnormal neuronal death.

The release of TSH, which regulates the release of thyroid
hormones and is controlled by negative feedback.!?!! Compared
to the control group, the TSH level in the ASD group was non-
significantly lower. The present finding agrees with the Singh
et al.,””’ who report that TSH levels were significantly lower
in ASD children. TSH production and secretion are extremely
susceptible to environmental exposure.?*! Metals have been
associated with differences in TSH levels in adult studies;
however, it is unknown how maternal exposure to metals
affects neonatal TSH and subsequent brain development.*%
However, in another study, BPA exposure can alter the level
of thyroid hormone. Since thyroid hormones are crucial for
fetal brain development, and maternal exposure to BPA
carries sensitive clinical relevance, prenatal BPA exposure may
influence thyroid hormone levels in newborns.!

The findings of the present study revealed that the ASD
group’s mean Vitamin D level was significantly lower than the
control group. The results parallel with the study of Mansour
et al.'”®! demonstrated that lower serum Vitamin D levels in
children with ASD could be one of the environmental variables

influencing the development of ASD. Furthermore, the inquiry of
Feng et al.?”! found that a Vitamin D status and the overall score
for behavioral abnormalities and psychiatric symptoms in kids
with ASD have been linked negatively. These findings indicate
that children with ASD have a higher BPA rate. According to
the study of Brandi et al.®® that showed BPA can raise the
excretion of Vitamin D3 in the urine, which lowers blood levels.
This suggests that disruption of Vitamin D3 metabolism may be
connected to neurodevelopmental abnormalities caused by BPA.
Moreover, Vitamin D deficiency and abnormally low serotonin
levels in the brain are frequently observed in children with
ASD. Neurogenesis is one of the brain processes that serotonin
levels are linked to controlling.®”! Vitamin D supplementation
may still be considered under medical supervision due to the
high prevalence of baseline Vitamin D deficiency in children
with ASD, potential effects on ASD severity, and the evidence
of safety and tolerability of the supplements across all trials.!*"
Calcium level in the ASD group is significantly lower than
control group. The study of Omotosho et al.®! showed that
children with ASD were shown to have hypocalcemia and
hypomagnesemia. Another study reported that children with
ASD have far lower calcium levels, most likely as a result of
dietary deficiencies and exposure to environmental pollutants,
particularly in the early stages of development.®? In addition,
dysregulated calcium homeostasis could be the cause of the
decreased serum calcium. ASD is associated with mutations in
a number of voltage-gated and ligand-gated ion channels that
control calcium homeostasis, which may lead to an increase in
cytosolic calcium concentration and a decrease in extracellular
fluid calcium concentration.®® Furthermore, low plasma Ca**
and high brain Ca?' in autistic children can easily result in
oxidative stress because elevated intracellular Ca?* stimulates
mitochondrial oxygen radicals.*?

According to the present study, the ASD group had no
significantly lower magnesium level than the control group.
Other studies found that magnesium is essential for the
conversion of thiamine into thiamine pyrophosphate, whose
absence in gastric juice is linked to autism.®? The findings of
the present study show that children with ASD frequently have
iron deficiency, hypomagnesemia, and hypocalcemia. While
intracellular concentrations of magnesium did not change
significantly, a different investigation found that children with
ASD had significantly lower plasma levels.®4

However, the results of the present study in Table 1
showed that the ASD group had significantly higher WBC
levels than the control group, which may be connected to a
high inflammatory state in children with ASD. Furthermore,
Arteaga-Henriquez et al.®® found that in comparison to
controls, ASD was characterized by a significantly higher WBC
count as well as substantially greater amounts of neutrophils
and monocytes. Immune system dysfunction is frequently
associated with this inflamed disorder. It has been established
that BPA negatively impacts biological systems.'*¢! BPA in
the bloodstream is thought to have the potential to cause
cytotoxic reactions in blood components by increasing WBC
and especially monocytes.®”? Other hematological parameters
did not show significant changes between the two groups.
Whereas, in the Gunes et al.®® study demonstrated that Hb,
HCT, iron, and MCYV levels of children with ASD were lower
than healthy controls.
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CONCLUSION

Bisphenol A is a widely used organic compound that is
considered a common pollutant due to its presence in plastic
manufacturing. The production of BPA has been steadily
increasing on a global scale. Exposure to BPA has been linked
to various health issues, including Vitamin D deficiency,
hypocalcemia, and elevated inflammatory cells, particularly in
individuals with autism. In addition, individuals with autism
tend to have a higher BMI.
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