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Abstract

Background: Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder

that may cause lifelong disability. Nutritional factor is related to the development and

progression of autism spectrum disorder. The aim of the study was to assess minerals and

trace elements play important role in brain development. Assess of serum sodium status in

children with autism spectrum disorder. Method: This case control observational study

was carried out in the Department of Physiology, Sir Salimullah Medical College (SSMC),

Dhaka from 1st January 2022 to  31st December 2022.  For this study, a total number of

sixty (60) children age ranged 5-10 years both male and female were included and divided

into two groups. Cases were  consisted of thirty (30) diagnosed  ASD children and controls

were consisted of from thirty (30) healthy children. Then the parents were requested to

attend the Department of Biochemistry and Molecular Biology in Bangladesh Medical

University(BMU) for collection of blood sample in scheduled dates.Serum sodium level

was estimated in children of both groups. Statistical -analysis was done by using Statistical

Package of Social Science (SPSS) for windows version 22. Unpaired “t” test was done to

compare the data as applicable. p value d” 0.05 was considered as level of significance.

Results: In this study, serum sodium level was lower in children with ASD than that of

healthy children, but the level was statistically non-significant.  Conclusion: Serum

sodium level was lower in children with ASD.
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Autism spectrum disorder (ASD) is a neuro-
developmental disorder of global concern. It is
characterized by persistent deficits in social
communication and social interaction across
multiple contexts, including deficits in social
reciprocity, nonverbal communicative behaviors
used for social interaction, and skills in developing,
maintaining and understanding relationships, and
the presence of restricted and repetitive behavior,
interests, or activities. The term “spectrum” is used
as the manifestation of the disorder may vary
according to severity, developmental level and
chronological age. ASD includes autism, pervasive
developmental disorder not otherwise specified

(PDD-NOS) and Asperger’s disorder.1 Autism was
first described by Leo Kanner.2

For the first time, the burden of ASDs has been
estimated for the Global Burden of Disease Study
with 52 millions of cases of ASDs equating to a
prevalence of 7.6 per 1000 or one in 132 persons.3

Now the global prevalence of ASD has reached 100
per 10,000 people, on average according to global
survey published in 2022 .4In Bangladesh, the
prevalence of ASD is 0.15 to 0.8%. In rural area, it
is 0.075% but in Dhaka city, it is alarmingly high
3%.5,6 The disease is seen four times more
frequently in males than females hence the male
to female ratio is 4:1.7,8 It is well recognized that
boys outnumber girls with the disorder and girls



with a diagnosis of ASD tend to have lower IQ,
more cognitive impairment and fewer repetitive
stereotyped behaviors.8

ASD is a disorder of prenatal and postnatal brain
development. Generally initial sign symptoms of
ASD are typically noticeable in the early
development period (prior to age of three years)
such as age of first smile, response to their names,
pointing to objects and ability to play with peers.9By
the age of three all typical symptoms such as

impaired social reciprocity, poor communication
skills and restricted repetitive behavior, affecting
three major domains are observed.10 In South-East
Asia most ASD children were diagnosed between
3 and 6 years .11 Along with the comorbidity such
as epilepsy, bowel disorder, intellectual disability
and type-I diabetes, the social and economic impact
of autism is devastating .12 The two domains in
Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) are as follows:8
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Though causes of autism remain unclear but it is
established that, etiology of ASD involves gene
environment interaction. ASD is a multifactorial
disorder that influenced by genetic, environmental
and immunological factors as well as increased
vulnerability to oxidative stress.13It wasconfirmed
thatthere is 90% complex inheritance and genetic
heterogenicity.7

ASD is a neurodevelopmental disorder (NDD) with
multiple genetic risk factors and gene-environment
interactions.14 In addition, micronutrients and
trace elements as an environmental factor in the
pathogenesis of ASD.15 The environmental factors
are poorly understood. Evidences indicate that
prenatal environmental risk factors such as
advanced parental age, obstetric complications,
maternal infections, stress during pregnancy, and
postnatal risk factors such as nutritional
deficiency, metabolic imbalance may be associated
with ASD.8 ASD have feeding difficulties and refuse

more foods compared to neurotypical peers .16

Children with ASD have definite food preferences
and idiosyncrasies and abnormalities in meal
patterns and nutritional inadequacies.17Dietary
inadequacy ,unique and selective eating patterns
are common in autistic children.18 ASD children
exhibited several abnormalities in eating behavior
in our country.19

Micronutrients are necessary for neuro-
development and adequate supply of these
nutrients in pregnancy and lactation period has a
vital role in brain development .20 Impairment of
micronutrients may lead to nervous system
impairment related to pathogenesis of ASD .21

Nutritional deficiency is related to severity of
autistic symptoms and significantly correlated with
core behavior of autism .22,23Alteration of minerals
and trace elements related to increased number
of biomarkers related to neuroinflammation.24

38 Sir Salimullah Med Coll J Vol. 33, No. 1, January 2025



39           Volume 33,   No.-1&2.    January 2025

Genetic 

predisposition

Environmental factors

· Maternal factors

· Infection

· Stress

· Prematurity

· Hypoxia

· Nutritional 

insufficiency

· Metabolic disturbances

· Exposure to toxin

Alteration in neurodevelopment

· Structural and functional changes in 

neuronal and cortical organization

· Disorders of neural connectivity

· Synaptic/dendritic modeling

· Changes in neurotransmitters and 

neuromodulators levels

· Neuroinflammation

· Brain growth

Clinical outcome

Impairment in-

· Social cognition and interaction

· Language and communication

· Motor developmentAutism Spectrum Disorder

Sodium is the major cation in ECF and plays a
central role in maintaining the Na+-K+ATPase
pump in this compartment .26 Sodium helps to
control blood pressure and regulates muscle
contraction and neural communication. Muscles
and nerves require electrical current, which is
generated by controlling the flow of electrically
charged molecules like positively charged sodium,
to function properly and by this, muscle contraction
and neural communication is maintained .27

Sodium maintains fluid and acid base balance. It
has a vital role in maintaining resting membrane
potential, producing action potential and
absorption of nutrients.Hyponatremia is the most
common electrolyte abnormality encountered in
children.28 Children with autistic disorder are
chronically hyponatremic due to different reasons.
Vasopressin causes dilutional hyponatremia and,
diarrhea and vomiting deplete sodium directly in
these children .29

Low blood sodium level is incorporated in the
pathophysiology of ASD. Conditions such as
diarrhoea and dietary abnormalities are common
in ASD children that causes low serum sodium
level in ASD. It has been postulated that
hyponatremia in ASD is due to high concentration
of water-conserving arginine vasopressin (AVP) .30

Again,  depletion of taurine (TAU), the inhibitory
neurotransmitter that suppresses vasopressin,
causes elevated level of vassopresin, is also
responsible for hyponatremia in ASD.31Arginine
vasopressin appears chronically elevated in
children with ASD because of high androgens,
recurring gastrointestinal inflammation,
hypoglycemia and stress.32Vasopressin causes
dilutional hyponatremia and, diarrhea and
vomiting deplete sodium directly in these
children.29

Vasopressin conserves water at the kidneys,
diluting sodium concentration in blood and ECF
(dilutional hyponatremia) and, diarrhea and
vomiting deplete sodium directly in these
children.29 Hyponatremia drives water into
astrocytes inducing compensatory release of
taurine, glutamine (GLN) and their water and also
reduces sodium gradients that transport taurine
and glutamine into the brain.33The depletion of
brain glutamineby hyponatremia which is also
important because, glutamine is a prominent fuel
in brain neurons, astrocytes, endothelial cells and
the intestines, especially during hypoglycemia and
prevents entry of ammonia in neurons.29 Swollen
astrocytes compressing brain capillaries and causes
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low brain blood flow in autistic disorder
.34Previously, it was believed that high sodium
levels generate hypertonic milieu that stimulates
macrophages to release proinflammatory
cytokines.

With the prevalence estimated 25% to 68% of wide
range of maladaptive behaviors including
irritability are commonly encountered in ASD. The
causes of irritability in autistic children are often
multifactorial, ASD itself, hypersensitivity to
environmental triggers that is related to
micronutrients defficiency, communication
difficulties and excessive rigidity.35 Irritability,
confusion, headache and lethargy are common
early neurological symptoms of low sodium levels
in ASD. Hyponatremic encephalopathy is the
severe effect of hyponatremia in autistic children.
Possible mechanisms of low sodium level in autism
spectrum disorder are related to dietary factors
and gastrointestinal issues leading to inadequate
nutrition, hormonal influence (vasopressin),
neurotransmitter (glutamine) disruptionand
sodium channel dysfunction.36

Methods:

This case control observational study was carried
out in the Department of  Physiology, Sir
Salimullah Medical College (SSMC), Dhaka from
1st January 2022  to  31st December 2022. The
ethical permission was taken from the Institutional
Ethics Committee (IEC) of Sir Salimullah Medical
College (SSMC), Dhaka. For this study, a total
number of sixty (60) children age ranged from 5-
10 years both male and female were included. They
were divided into two groups. Cases were
consisted of thirty (30) diagnosed  ASD children
and controls were consisted of thirty (30) healthy
children. The ASD children were selected from
Sishu Bikash Kendro, Sir Salimullah Medical
College and Mitford Hospital, Dhaka and Brain
Gym Bangladesh, Adabor, Dhaka. Whereas,
healthy children were selected from personal
contact from Dhaka city. After proper counseling,
the aim, objectives, risk, benefits and procedure
of the study were explained in details to the
guardians of the participants. Theywere
encouraged for voluntary participation.They had
been allowed to withdraw themselves even after

participation from the study whenever they like.
Only positive respondents were recruited as
research participants. The ethical permissionwas
taken from the Institutional Ethics Committee
(IEC) of Sir Salimullah Medical College (SSMC),
Dhaka. Informed written consent was taken from
guardians of the participants. Before collection
of blood, detailed prenatal history, antenatal
history, birth history, history of infancy and
dietary history were taken and thorough physical
examination of all the participants was done
anddata were collected in a standard pre-fixed
questionnaire. Then the parents were requested
to attend the Department of Biochemistry and
Molecular Biology in BSMMU forcollection of
blood sample in scheduled dates. Blood was
collected from each participant of both case and
control groups for estimation ofserum levels of
sodium. Serum sodium levels was estimated by
ion selective electrodes technique (ISE) electrolyte
auto analyzer method, by using A-LYTE
Integrated Multisensor Technology (IMT).With all
aseptic precautions, 5 ml venous blood was drawn
from the ante-cubital vein by a sterile disposable
syringe from each participant for estimation of
serum sodiumin the Department of Biochemistry
and Molecular Biology in Bangabondhu Sheikh
Mujib Medical University (BSMMU). Data were
expressed as mean ± SD (Standard Deviation).
The statistical analysis was done by using
Statistical Package of Social Science (SPSS) for
windows version 22. Unpaired “t” test was done
to compare the data as applicable. p value £0.05
was considered as level of significance.

Results:

General characteristics of the ASD children and
control are shown in Table I. BMI of all the subjects
were within reference range. All the children of
both groups were age and BMI matched. Here,
the mean serum sodium level was lower but not
significantly different in ASD children compared
to healthy controls ( Table II ). However, all the
values of serum sodium were within normal
reference range in children of both groups. In
addition, lower serum sodium level in ASD children
than that of healthy controls was shown in
Figure I.
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Table I. General characteristics age and body mass index (BMI) in both ASD and healthy controls
(N=60)

Variables ASD (n=30) Control (n=30) p-value

Age (Years) 7.38 ± 1.94 7.83 ± 1.76 0.67

(5-10) (5-10)

BMI (kg/m)2 15.82 ± 1.81   16.16 ± 1.79 0.467

(12.85-21.27)    (13.14-21.27)

Data are expressed as mean (±SD). For statistical analysis unpaired “t” test was performed to compare
between two groups. p-value d”0.05 was accepted for level of significance. Figure in parentheses indicate
ranges. ASD= Children with autism spectrum disorder; Control= Healthy children; N= Total number of
children; n=number of children in each group.

Table II. Mean serum sodium level in both ASD and control (N=60)

Parameter ASD (n=30) Control (n=30) p-value
Sodium (mmol/L) 137.27 ± 2.00 138.2 ± 1.83 0.064

(134 - 141) (135-143)

Data are expressed as mean (±SD). For statistical analysis unpaired “t” test was performed to compare
between two groups. p-value £0.05 was accepted for level of significance. Figure in parentheses indicate
ranges. ASD= Children with autism spectrum disorder; Control= Healthy children; N= Total number of
children; n=number of children in each group.

Figure-1: Mean serum sodium level of the children
in both case (ASD) and control (N=60)
Case: Children with autism spectrum disorder
(ASD) Control: Healthy children
N = Total number of study children
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Discussion:

The present study was undertaken to observe
serum levels of sodium status in children with
autism spectrum disorder.For this study, a total
number of sixty (60) children age ranged from 5 to
10 years of both male and female were enrolled.
Among them there were thirty (30) diagnosed ASD
children (case) and their serum levels of sodium
were measured. All these variables were also
studied in thirty (30) healthy control subjects for
comparison. In this study the age of all the subjects
of both groups (case and control) were from 5 to 10

years and BMI of two groups (case and control)
were almost similar and no significant difference
was present between two groups. So, both groups
were age and BMI matched. Pulse rate, systolic
blood pressure (SBP) and diastolic blood pressure
(DBP) were also measured in both groups and the
values of all children were within normal reference
range.ASD have feeding difficulties and refuse
more foods compared to neurotypical peers .16 ASD
children exhibited several abnormalities in eating
behavior in our country.19Impairment of
micronutrients may lead to nervous system
impairment related to pathogenesis of ASD.21

Nutritional deficiency is related to severity of
autistic symptoms and significantly correlated with
core behavior of autism .22,23 Therefore their
regular diet may fail to meet the demand of sodium.

In the study, it was reported that the mean serum
sodium level was lower in children with ASD than
that of healthy control but the difference was not
statistically significant. This finding was in
agreement with the finding of other investigators
of different countries (El-Ansary et al., 2009; El-
Ansary, Bacha and Al-Ayadhi, 2011; Skalny et al.,
2016).Whereas, some other investigators (Meguid
et al., 2017; Sojar et al., 2019) found significantly
(p<0.001) lower level of serum sodium in
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childrenwith ASD compared to healthy control. The
researchers observed that this might be due to
nutritional inadequacies exhibited by
abnormalities in meal patterns in ASD children.On
the contrary, Adams et al. (2011), observed serum
sodium level was higher in childrenwith ASD than
that of healthy controlwhich was not statistically
significant. The researchers suggested that this
may be due to adequate dietary intake of
micronutrient.However, Al Hadad, Ramadan and
Othman (2022), Erturk E.,Isik U. and Aktepe
E.(2023) showed that serum sodium level was
almost similar in children with ASD and healthy
children which is similar to the present
study.Irritability, confusion, headache and lethargy
are common early neurological symptoms of low
sodium levels in ASD. Hyponatremic
encephalopathy is the severe effect of
hyponatremia in autistic children. Possible
mechanisms of low sodium level in autism
spectrum disorder are related to dietary factors
and gastrointestinal issues leading to inadequate
nutrition, hormonal influence (vasopressin),
neurotransmitter (glutamine) disruption and
sodium channel dysfunction.36 However, in our
study, the lowered sodium may be associated with
inadequate dietary intake of foods, which is evident
from their dietary history.

Conclusion:

From this study, it may be concluded autism
spectrum disorder was associated with lower
sodium level. The concept that blood sodium level
influences the progression of autism is novel.
Therefore, we may recommend adequate dietary
intake of sodium rich foods for children with ASD.
Supplement of  thisnutritional element may be
used for reduction of severity of symptoms in
autistic children.

Limitations:

No severity score of ASD children was done and
correlation of parameters with ASD score was not
done.Subjects were collected only from urban
area.Age of the participants were high in relation
to neurodevelopment.Follow up study after
supplementation of sodium in ASD children was
not done.
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