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Abstract

Background: Autism spectrum disorder (ASD) isawide-
spread neurodevel opmental syndrome which is characterised
by communication difficulty. It has steadily increased in
prevalence, becoming the most prevalent disorder among
psychiatric disabilities. In addition, Vitamin A hasavery
crucial role in nervous system and brain development. There-
fore, Vitamin A deficiency (VAD) can have atremendous
effect on children neurodevel opment and ASD development
as a consequence.

Aimof Sudy: To assessthe Vitamin A level in the Egyptian
ASD children before and after Vitamin A supplementation;
aswell asits association with ASD symptoms.

Material and Methods: Thisis atwo-stage study which
the first stage is controlled cross-sectional study, while the
second stage is interventional study, clinical trial, open label.
We included Children with ASD diagnosed by (DSM-V)
criteria, as well as healthy controls.

Results: We observed that 33.3% of ASD patients had a
family history of similar cases. In addition, we observed a
statistical decrease of Vitamin A level in the study group
compared to the control group. ASD patients with low Vitamin
A level had amean and SD of 51.27 +25. Thiswas increased
significantly after Vitamin A supplementation to be 81.18 +
21.652.

Conclusion and Implications: However, Vitamin A defi-
ciency is popular in the devel oping countries including Egypt,
yet ASD children had lower Vitamin A levels than normal
children. In addition, Vitamin A supplementation seemed to
significantly improve autistic symptoms of our patients.
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Introduction

AUTISM spectrum disorder (ASD) refersto a
broad group of neurodevelopmental disorders
marked by difficultiesin social interaction, non-
verbal and verbal communication, frequently re-
petitive actions, and limited interests. Other
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prevalent traits include abnormal sensory responses,
atendency for regularity, or strange attachment to
routines [1,2].

ASD has steadily increased in prevalence, be-
coming the most prevalent disorder among psychi-
atric disabilities. According to The World Health
Organization (WHO), the prevalence of ASD in
children is approximately 16%; nevertheless, ASD
incidenceislessthan 1% in the overall population
worldwide. In addition, in the United States, ASD
incidence is estimated to be 1 in every 59 children
with the age of 8 years according to the Centers
for Disease Control and Prevention (CDC). Yet,
in 2016 parent-reported ASD diagnoses in the
United States reported a higher incidence of 2.5%.
Not only that, but Autism and Developmental
Disabilities Monitoring Network (ADDM) observed
that ASD incidence was doubled between 2000 to
2002, and 2010 to 2012, respectively [3-6].

There are various hypotheses on what causes
autism; it is strongly heritable and thought to be
primarily genetic, whereas several genes have been
associated and environmental factors may also be
involved. ADHD, seizures, and intellectual disa-
bility are among the other conditions that the
syndrome usually co-occurs with. There are still
conflicts of opinion regarding ASD diagnostic
criteria and whether there are distinguishable sub-
types of autism. moreover, A trend of gradually
rising prevalence estimates for autism has resulted
from the combination of expanded diagnostic cri-
teriaand greater public awareness [7,8].

Although multiple articles proposed that genetic
factors play a huge part in the aetiology of ASD,
yet the discovery of numerous genetic variants for
ASD due to advances in sequencing technology
and bioinformatic analysis techniques, only 10-
20% of ASD patients currently carry any of these
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genetic risk factors. In addition, not everyone with
genetic risk factors for ASD devel ops the condition.
On the other hand, a different report that assessed
the heritability of autism to be 55% emphasized
the theory that it is a genetic condition [7,9,10] .

Environmental factors were also suggested to
be associated with the development of ASD in
children according to some studies. They found
that deficiency in some essential micronutrients
such as Vitamin A, B, and D could contribute to
the pathogenesis of ASD [11,12].

Vitamin A is an essential micronutrient which
plays asignificant role in acomplex in the central
nervous system (CNS), which is responsible for
complicated signalling cascade that regulates gene
expression; in addition, it promotes neuronal dif-
ferentiation and neural tube patterning. Thus, many
studies linked Vitamin A deficiency to devel opment
of ASD in children [13,14].

Patients and M ethods

Sudy design:
Thisis atwo-stage study, in which the First
stage is controlled cross-sectional study and the

Second stage is interventional study (open label,
clinical trial).

Sudy setting:

This study was carried out in The Child Psy-
chiatry Clinic, Children hospital, Ain Shams Uni-
versity in November 2021.

Sudy subjects:

Asregards to Study population, we had two
groups. Group |: Patients diagnosed with ASD who
are following-up at Child Psychiatry Clinic, Chil-
dren Hospital, Ain Shams University. And Group
I1: Healthy normally developed children serving
as a control group in November 2021.

Concerning our Inclusion criteria: We included
Patients of both genders, Patients from 1 year to
8 years old, Children with ASD diagnosed by
Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-V) Ciriteria, healthy normally devel-
oped children serving as a control group, and
Informed consent from the patients parents.

While our Exclusion criteria: We excluded
Patients with other developmental disorders or
neuro psychiatric disease, chronic illness, congen-
ital malformations and Gl disorders. Aswell as
Patients with recent infection, chronic illness,
congenital malformations and the use of vitamin
or mineral supplements within the last 6 months.

Sample size calculation:

We analyzed 30 ASD patients who are follow-
ing-up at Child Psychiatry Clinic, Children hospital,
Ain Shams University. and 30 normal ones using
the consecutive method. Moreover, we calculated
the sample size Using pass 11 program for sample
Size calculation, at setting power 99 ¢, significance
level 0.05 and by reviewing previous studies.

Sudy duration:
This study has been held in 6 months.

Study tools:
History taking:

We took patients demographics including,
Name, Gender, Age, Address, and Family history
of similar cases. In addition, Past medical history
including, Associated diseases, Medications, and
Developmental history. Also, Dietary history was
taken to exclude patients with signs of malnutrition.

Clinical examination:

To evauate the patient and exclude other de-
velopmental disorders or psychiatric diseases or
Gl disorders. Anthropometric measures: Height,
weight, and head circumference. DSM-5 diagnostic
criteria (2013): To settle the diagnosis of ASD.
Clinical assessment for severity of autism using
the Arabic version of the Childhood Autism Rating
Scale (CARS). Autism Treatment Evaluation
Checklist (ATEC) to document improvement fol -
lowing an intervention by comparing the baseline
ATEC scores with the posttreatment ATEC scores
[15,16] .

Laboratory investigations:;

Venous blood samples (5mL) were collected at
room temperature and centrifuged for 20min at
2000-3000rpm. The serum samples were stored at
—20 until being processed then they were processed
for estimation of retinol concentration using En-
zyme-Linked immunosorbent Assay (ELISA) ac-
cording to the manufacturer instructions. All eval-
uations and blood collection were conducted again
6 months after Vitamin A Supplementation (VAS)
for ASD children. Vitamin A level >-200 was con-
sidered normal.

Sudy intervention:

Regarding the Daose, asingle vitamin A supple-
mentation (Vitamin A will be supplemented to
those who showed Vitamin A deficiency who were
previously assessed in an earlier study) at a dose
of 200,000 1U, was given to the ASD patients with
vitamin A deficiency. For our Preparation, Oral
liquid, oil-based preparation of retinyl palmitate
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or retiny 1 acetate. The Possible side effectsinclude
irritability, headache, fever, diarrhea, nausea, and
vomiting. In addition, participants were followed
up for 12 weeks from dose administration with a
combination of telephone calls and clinic attendance
[17].

Data management and Satistical analysis.

Datawas analyzed using a statistical package
for social science (SPSS 23) software program.
Qualitative variables were recorded as frequencies
and percentages and were compared using Chi-
sguare test. Quantitative measures were presented
as mean and standard deviation and were compared
by student t-test. Regression analysis and correla-
tion between different variables was performed as
indicated. p-value <0.05 is significant [1g].

Ethical consideration:

Ethical approval was taken from Faculty of
Medicine, Ethics committee, Ain Shams University.
With number M S 320/2021. In addition, informed
consent was taken from the care givers of the
children. The privacy of participants and confiden-
tiality of the data are maintained. Moreover, the
results were collected, tabulated, and statistically
analyzed for scientific purposes only.

Results

Sudy characteristics and patients' demographics:

We included 60 patients, 30 patientsin the
study group with Mean age and SD of 5.33+1.729,
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and 30 patients in the control group with Mean
age and SD of 5.33+1.729. There were 76.7%
males and 23.3% females in both groups. All pa-
tients demographics, Anthropometric measures
and Family history aresummarized in (Table 1).

The Vitamin A level of patientsin the study
group and control group before Vitamin A supple-
mentation:

The Vitamin A level in the study group was
ranged between 25.80-731, with a mean value of
133.85+ 163.261, while in the control group it
ranged between 47.03-778.90 with amean value
of 207.43+237.234. Asshown in (Table 2).

Table (1): Demographics and Clinical characteristics of the

participants.
Study group  Control group
(n=30) (n=30)
Age (mean-SD) 5.33+1.729 5.33+1.729
Gender (M:F) 237 237
Height for age 59.38+25.483
Weight for age 54.55+23.870

Headcircumference for age  46.76+23.802

Age of onset at diaghosis 2.48+0.782

1Q 59.95+6.353

Family history of similar 10(33.3)
cases N (%)

Brother (Autistic: ADHD) 11
Cousin (Autistic: ADHD) 2:3
Twin (Autistic: ADHD) 2:1

Table (2): The Vitamin A level of patientsin the study group and control group before Vitamin

A supplementation.

Study group Control group D
itami n=30 n=30 U X
Vitamin A level (n=30) (n=30) value
No. % No. %
Before Vitamin A supplementation:
Min.-Max. 25.80-731.20 47.03-778.90 317.00 0.049*
Mean £ S.D 133.85+163.261  207.43+237.234
Normal level No. (%) 9 30.0 9 30.0 - 1.000
Low level No. (%) 21 700 21 70.0

Patient's childhood autism rating scale (CARS):

Patients CARS before vitamin A supplementa-
tion ranged between 26-113 with a Mean and SD
of 34.97+3.02. Asshown in (Table 3).

Correlation between different patients Demo-
graphics and Vitamin A level of patientsin the
study group:

There was no statistically significant correlation
between Age, Height for age, Weight for age, Head

circumference for age, or Age of onset at diagnosis
and Vitamin A level. p-value >0.05. As shown in
(Table 4).

Correlation between different patients Demo-
graphics and Vitamin A level of patientsin the
study group:

There was no statistically significant correlation
between Gender and Vitamin A level. p-value
>0.05. Asshown in (Table5).



988 Effect of Vitamin A Supplementation on the Severity of Symptoms of Autism Spectrum Disorder

Comparison between The Vitamin A level of
patients in the study group before and after Vitamin
A supplementation:

Vitamin A level before supplementation in the
21 patients who had low levelsin the study group
ranged between (34.06-71.3) with amean value
of 51.27£25. Thislevel wasincreased after vitamin
A supplementation to be with a mean value of
81.18+21.652. This shows Significant effect of the
Vitamin A supplementation Vitamin A level in the
study group. p-value <0.05. Asshownin (Table
6).

The effect of Vitamin A supplementation on
patient's ATEC:

Patients ATEC before vitamin A supplementa-
tion ranged between 26-113 with a Mean and SD
of 77.77%£22.236. While patients ATEC after Vita-
min A supplementation ranged between 31-98 with
aMean and SD of 72.38+19.104. This shows a
Significant effect of the Vitamin A supplementation
in ATEC, p-value <0.05. Asshownin (Table 7).

Table (3): Patient's childhood autism rating scale (CARS) at
baseline.

Mean + SD / N (%)

Initial CARS at diagnosis 34.97+3.02
CARSC:
Mild to moderate 22 (73.33%)
Severe 8 (26.67%)

Table (4): Correlation between different patients Demographics
and Vitamin A level of patientsin the study group.

Vitamin A level

r p
Age —-0.086 0.651
Height for age 0.208 0.279
Weight for age 0.010 0.960
Head circumference for age 0.116 0.548
Age of onset at diagnosis 0.235 0.211

Table (5): Correlation between different patients Gender and Vitamin A level of patientsin

the study group.
Male Female
I n=23 n= u p
Vitamin A level ( ) (n=7) value
No. % No. %
Before Vitamin A supplementation:
Min.-Max. 47.03-776.00 55.40-778.90 50.00 0.135
Mean = S.D 182.23£221.810 290.20£284.945
Normal Level 6 26.1 3 42.9 - 0.640
Low Level 17 73.9 4 57.7
After Vitamin A supplementation:
Min.-Max. 38.50-117.70 65.50-107.60 29.00 0.654
Mean £ S.D 79.88+22.785 86.70%17.503

Table (6): Comparison between patient's vitamin A level before and after Vitamin A

supplementation.

Before Vitamin A

After Vitamin A

?g/'tgml nA supplementation supplementation Z vg-ue
(n=21) (n=21)

Min.-Max. 34.06-71.3 38.50-117.70 1.651 0.04

Mean * SD 51.27+25 81.18+21.652

*: Statistically significant at p<0.05.

Table (7): Comparison between Before and after Vitamin A supplementation as regard to

patient's ATEC.
ATEC Before Vitamin A After Vitamin A t P
supplementation supplementation value
Min.-Max. 26-113 31-98 4.316 <0.001*
Mean * SD 77.77£22.236 72.38+19.104
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Discussion

ASD has become the most common paediatric
disorder in the last ten years, and it is becoming
more common worldwide. In America, 1 in 68
children who are 8 years old are reported to have
ASD. ASD has steadily increased in prevalence,
becoming the most prevalent disorder among psy-
chiatric disabilities. It puts a substantial impact on
families and society as awhole [19,20].

Autism spectrum disorder (ASD) isawide-
spread neurodevel opmental syndrome which is
characterised by communication difficulty, stereo-
typed and repetitive patterns of behaviour, interests,
and activities, as well as difficultiesin social
interaction [21].

Vitamin A isaessential micronutrient whose
active metabolite is retinoic acid (RA). Not only
It has avery crucial rolein nervous system by
influencing the growth, proliferation, and differen-
tiation of neuronsin the nervous system; as well
as, it can have an impact on cognitive function,
learning, memory formation, and brain develop-
ment, but also it isimportant for digestive, immu-
nological, and serotonin systems [22,23].

Therefore, Vitamin A deficiency (VAD) isvery
dangerous. Almost 670,000 children under the age
of fivelose their life each year as a result, about
one-third of children under the age of five are
thought to be affected by VAD worldwide. Itis
common in poorer countries, especially among
children and women of reproductive age, but is
rarely seen in more developed countries [24,25].

Various factors have been contributed to ASD,
some studies suggested that genetic factors play a
significant role in the aetiology of ASD, yet multiple
genetic variants for ASD have been found thanks
to breakthroughs in sequencing technology and
bioinformatic analysis methods, only 10-20% of
ASD patients now carry any of these genetic risk
factors. Additionally, not all people with genetic
risk factors for ASD acquire the disease [9,26].

In our study, we observed that 33.3% of ASD
patients had afamily history of similar cases; either
brother, cousin, or uncle. Similar, but lower results
were reported by Bolton P et al., that Siblings of
autistic children may have a 20% increased risk
of developing extensive developmental disorder.
Y et, lower incidence was reported by Muhleet al.,
who suggested that only 2% to 8% of ASD patients
had genetic predisposition [27,28].

On the contrary, the high heredity concept of
autism was challenged by another paper, which
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estimated the heritability of autism to be 55%
[10].

Thus, other studies linked the development of
ASD to environmental factors, they observed that
autism pathogenesis is associated with micronutri-
ent deficiency, including vitamin A (VA), vitamin
B, and vitamin D (VD). Also, patients with ASD
have lower VA levels than normal children or
family members [11,12].

So, we assessed the Vitamin A levd in the
Egyptian ASD children, as well as the effect of
Vitamin A supplementation on ASD symptoms
improvement.

We observed a statistical decrease of Vitamin
A level in the study group compared to the control
group with amean of 133.85, and 207.43, respec-
tively. However, about two-thirds of the patients
in both groups had low levels of vitamin A. This
could be explained by the recent World Health
Orgnization (WHO) guidelines, which reported
that about one-third of children under the age of
five are thought to be affected by VAD worldwide.
The frequency of VAD is highest in Southeast Asia
and Africa, where between 250,000 and 500,000
children in developing nations go blind every year
asaresult. Thus, they strongly recommended that
in areas where vitamin A deficiency is a concern
for public hedlth, infants and children between the
ages of 6 and 59 months should take high-dose
vitamin A supplements. Furthermore, in 2013, 65%
of all children worldwide aged 6 to 59 months
received two doses of vitamin A, totally preventing
them from VAD (80% in the least developed na-
tions) [24,29].

Vitamin A isaessential micronutrient whose
active metabolite isretinoic acid (RA). Not only
It has avery crucial rolein nervous system by
influencing the growth, proliferation, and differen-
tiation of neuronsin the nervous system; as well
as, it can have an impact on cognitive function,
learning, memory formation, and brain develop-
ment, but also it isimportant for digestive, immu-
nological, and serotonin systems [22,23].

In our study, ASD patients with low Vitamin
A level had amean and SD of 51.27 £25. Thiswas
increased significantly after Vitamin A supplemen-
tation to be 81.18+21.652 (p-value <0.05). Golm
et al., also reported similar results; they reported
that Vitamin A level in the study groups was ele-
vated significantly from 54+ 17 gmolil at baseline
to 79+ 16 gnolall after supplementation ( p<0.001)
[30].



990 Effect of Vitamin A Supplementation on the Severity of Symptoms of Autism Spectrum Disorder

Nevertheless, 3 cases of the 21 vitamin A defi-
cient patientsin our series didn't show a significant
elevation of vitamin A level. This could be due to
Vitamin A deficiency is associated with disorders
associated with malabsorption. Under certain cir-
cumstances, serum vitamin A concentrations do
not indicate total vitamin A reserves. Because
dietary protein, energy, and zinc are needed for
the production of retinol binding protein, severe
protein-calorie malnutrition may cause serum reti-
nol levelsto be unnaturally low (i.e., underestimate
vitamin A reserves) (RBP) [31,32].

We used Autism Treatment Evaluation Scale
(ATEC) to assess speech/language, communication,
Sociability, sensory and cognitive awareness, and
physical/health behavior in our study group patients.
Patients had a baseline mean score of ATEC of
77.77+22.236. After vitamin A supplementation,
we observed that our intervention significantly
improved patients' symptoms. As ATEC after sup-
plementation was with amean of 72.38 £19.104
(p-value <0.05). Gou. M et al., also reported that
all symptoms concerning neurodevelopmental im-
pairment that was reported by parents were signif-
icantly improved after Vitamin A supplementation;
suggesting that vitamin A supplementation can
Improve autistic symptoms [30] .

In the literature, Vitamin A deficiency was
associated with higher odds of stunting, wasting
or underweight. However, we found no correlation
between different patients Demographics or anthro-
pometric measures,such as Age, Gender, Height
for age, Weight for age, Head circumference for
age, or Age of onset at diagnosis, (p-vaue >0.05)
[33,34].

On the contrary, Liu. X et a., established that
age, gender, the family structure, and the parents
education levelsin different age groups had been
associated with children with ASD, the higher rates
of VAD were distinguished in ASD indeed. Not
only that, but ASD patients with age lower than 6
years have been significantly more associated with
Vitamin A deficiency. Additionally, children with
lower socioeconomic level were lower than those
at average and higher economic status; this could
be due to inadequate intake [35].

Conclusion:

However, Vitamin A deficiency is popular in
the devel oping countries including Egypt, yet ASD
children had lower Vitamin A levels than normal
children. In addition, Vitamin A supplementation
seemed to significantly improve autistic symptoms
of our patients.

Limitations:

One limitation of our study that we didn't make
acorrelation between ASD severity and Vitamin
A level in ASD children. In addition, we were
unable to deliver two or three doses of Vitamin A
supplementation as WHO recommended to ensure
optimum outcomes.

Recommendation:

Future research should be conducted to inves-
tigate the relation between ASD and different
patients demographics. Also, two or three doses
of Vitamin A supplementation could carry better
results regarding autistic symptoms.
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