
Personal non-commercial use only. EJENTAS copyright © 2021 All rights reserved                                                DOI: 10.21608/ejentas.2021.44200.1264

1

Original 
Article 

Is Deficiency of 25-Hydroxy Vitamin D A Risk Factor for Autism? 
A Preliminary Study

Megahed M. Hassan1, Ahmed Mamdouh Emam1, Ashraf Abou-Taleb2,                                   
Amany Abdelrahman3, Sameh Salahelden4 and Montasser M. Mohamed2

1Department of Phoniatrics Unit Otolaryngology, 2Department of Pediatrics, 3Department of 
Physiology, Faculty of Medicine, Sohag University

4Department of Medical Biochemistry, Faculty of Medicine, Assuit Alazhar University

ABSTRACT
Objective: To investigate the status of 25-hydroxy-vitamin-D [25-(OH)-D] in autistic children and to correlate with their 
mothers vitamin statuses and autism severity. 
Methods: In this case-control study, serum 25(OH)-D was measured in autistic children and controls (n=36 each) and in 
mothers of autistics and control mothers (n=24 each). Comparison and correlation studies were performed. 
Results: Both autistic children and their mothers have lower 25-(OH)-D compared to their controls with significant 
differences (P<0.001 for children and P=0.025 for mothers). Vitamin statuses in both autistic children and their mothers 
showed moderate to strong positive correlation (P<0.001). Moreover, the 25-OH-D showed inverse correlation with the 
autism severity (P=0.0026). 
Conclusion: Deficiency of 25(OH)-D is common in autistic children and related to the severity of symptoms. Vitamin 
D deficiency in children might be maternal-dependent. Deficiency of 25(OH)-D in autistic children and their mothers 
could be the primary predisposing factor for autism. This may find a common link among the genetic, immunological, 
anatomical, biochemical and physiological factors putting the puzzles together. Early supplementation of vitamin D could 
improve autistic manifestations.
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INTRODUCTION                                                               

Autism Spectrum Disorders (ASD) are complex 
neurodevelopmental disorders characterized by repetitive 
behavior and impaired communication and social 
interactions with variable degrees across autistics[1,2]. 
The exact etiology of the ASD is still unknown. Many 
different factors were accused. Genetic factors were 
addressed and confirmed by family and twins studies[3,4,5]. 
Also, environmental factors were reported extensively. 
These factors included low birth weight[6], intra-partum 
hypoxia[7], in-utero exposure to certain drug especially 
anticonvulsants[8], intrauterine infection[9] and maternal 
vitamin D deficiency[10]. Also, immunological factors 
were reported and explained by the immune dysregulation 
and autoimmune reactivity which may cause ASD. Some 
genetic studies have indicated a link between ASD and 
genes that are relevant to both nervous and immune 
systems. Alterations in these 2 pathways (nervous and 
immune) can affect function in both systems[10].

Low level of 25(OH)-D can be caused by a number of 
factors; lack of exposure to sunlight, intake of food poor 

in vitamin D or poor absorption as in inflammatory bowel 
disease, liver and kidney diseases and genetic factors[11].  

Deficiency of Vitamin-D in the early life affects 
neuronal differentiation, axonal connectivity, dopamine 
ontogeny, and brain structure and function. This early 
deficiency was associated with psychiatric conditions 
with a developmental basis such as ASD[12,13]. Also, 
maternal vitamin-D status was implicated in the etiology 
of ASD with comorbid intellectual disability[14]. However, 
causality was not confirmed. Also, correlation between 
vitamin D statuses in autistic children and their mother is 
lacking. Such correlation is important to investigate for 
any developmental deficiency of vitamin D particularly in 
absence of other causes of vitamin deficiency.

In the current study, the status of 25(OH)-D in autistic 
children was compared to a matched control group of 
typically developed children. Also, 25(OH)-D in mothers 
of autistic children was compared to that of mothers 
of control children. In addition, a correlation between 
25(OH)-D statuses in autistic children and their mothers 
was carried out. Moreover, a correlation between severity 
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of ASD and serum 25(OH)-D status in autistic children was 
conducted. The aim of this research is to find out whether 
the 25(OH)-D statuses in children and their mothers are 
related to each other and whether these statuses have 
impacts on the occurrence and severity of ASD.

MATERIAL AND METHODS                                                  

In this case-control study, all patients were recruited 
form Phoniatrics and Pediatrics clinics at Sohag University 
Hospital, Egypt. Thirty six children were diagnosed ASD 
in the period from November 2017 to February 2019. This 
study included 36 ASD children (age range 2-8 years, 
mean 4, SD 1.5) and 36 control children (age range 2.5-8 
years, mean 4.67, SD 1.52). Age and sex distribution of 
all participants were shown in (Table 1). The inclusion 
criterion of our subjects is delayed language development 
with clinical diagnosis of ASD. Both subjects and control 
children were normally but not exclusively breast-fed 
with good exposure to sunlight. Any subject or control 
children with history of low birth weight and malnutrition 
were excluded. Mothers used antiepileptic medications 
during pregnancy were excluded from the start. The 
evaluation was done by 4 experienced Physicians in 
(Pediatrics and Phoniatrics specialties) through proper 
history taking and direct observation of every child 
in an interdisciplinary setting. Diagnosis of ASD and 

severity rating were made by clinical observation and the 
Diagnostic Statistical Manual 5 (DSM-V)[15]. In addition 
to the diagnosis, ASD children were rated into levels 1, 2 
and 3 according to DSM-V. Further evaluation was carried 
out by Gilliam ASD Rating Scale (GARS)[16]. These 
children were rated into 6 categories according to both 
GARS score and clinical evaluation based on the degree 
of communicative impairment and stereotyped behavior 
as mentioned in DSM-5 rating (Table 2). So, the severity 
rating based on GARS, DSM-5 and clinical evaluation. 
The clinical evaluation was considered in few cases (6) 
where overlapping happen or when scoring by GARS 
and DSM-5 did not goes together as illustrated in the                                                                                                                      
(Table 2). Only 5 children did not undergo GARS 
assessment because their ages lie between 2 – 3 years; 
so, only their clinical evaluations were considered. The 
ASD' mothers and control mothers with matched age and 
socioeconomic status underwent laboratory 25(OH) vitamin 
D measurements. Because there are only 24 ASD’ mothers 
completed their laboratory measurements; so, matched 
number from the control mothers was considered for the 
comparison. A control group of 36 typically developed 
children with matched age, sex and socioeconomic status 
were investigated for serum 25(OH)-D and calcium as 
well. 

Estimation of 25OH-D

About 5ml venous blood samples were withdrawn 
from all children and 24 mothers of the study under 
aseptic condition. These samples were put in a sterile 
plain vacationer for vitamin-D investigation. Estimation 
of serum 25(OH)-D was performed on ARCHITECT 
i2000SR System using ARCHITECT 25(OH)-vitamin-D 

kits supplied by Abbott. The 25(OH)-D was estimated by 
a chemiluminescent microparticle immunoassay (CMIA) 
technology. The overall distribution of 25(OH)-D levels 
was stratified by 3 breakpoints: <30ng/ml, <20ng/ml, 
and<10ng/ml creating 4 levels or statuses. Vitamin-D 
status was defined as average (≥30ng/ml), insufficiency                               
(20-29ng/ml), deficiency (10-19ng/ml) and severe 
deficiency (<10ng/ml)[17]. 

Table 1: Descriptive statistics of the personal data

Total ASD children Control children ASD' mothers Control mothers

Total No 36 36 24 24

Females 7 6 - -

Males 29 30 - -

A
ge

Max 8 8 42 47

Min 2 2.5 20 23

Mean 4 4.67 27.75 31.5

SD 1.5 1.52 7.39 8.9

Unpaired t-test for ages P=0.102, t=1.66, df=70 P=0.116, t=1.6, df=46

Table 2: The rating scale of ASD in relation to GARS and DSM-5 scores

GARS score DSM-5 score Rating scale No. of subjects (%)

Less than 70

Level 1 

1 2 (5.6%)

70 - 79 2 4 (11.1%)

80 - 89 3 3 (8.3%)

90 - 110 Level 2 4 6 (16.6%)

111 – 120
Level 3

5 4 (11.1%)

More than 120 6 17 (47.2%)
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Statistics
The unpaired t-test (two-tailed) was used in comparison 

of the measurements between autistic and the control 
children as well as between ASD's mothers and control 
mothers. The parametric Pearson test was used to correlate 
between 25(OH)-D statuses in autistic children and their 
mothers. Lastly, the non-parametric Spearman test was 
applied for correlation between the status of the 25(OH)-D 
in autistic children and the severity of ASD because the 
severity is non-continuous (discrete data). The statistical 
software program (GraphPad Prism 7) was used for data 
analysis and graph making.

Ethical considerations
All methods and procedures were conducted according 

to the Institutional Review Board of the Faculty of 
Medicine, Sohag University. Also, the study was approved 
by the Ethical Committee of the Faculty. Written informed 
consents were obtained from all parents. 

RESULTS                                                                                               

The descriptive statistics including age and sex 
distributions of children and mothers groups were shown 
in Table (1). Both ASD and control children groups 
were matched in sex and ages. Similarly, both ASD’ and 
control mothers groups were matched in age as shown in                          
Table (1) by the insignificant differences. The 25(OH)-D 
statuses revealed significant differences between the                          
2 children groups as well as between the 2 mother groups 
as shown in the corresponding figures.

Table (1) shows descriptive statistics of the personal 
data (age, number and sex distributions). Abbreviations; 
ASD: Autism Spectrum Disorder, ASD's mothers: mothers 
of Autism Spectrum Disorder children, No: number of 
subjects, Max: Maximum, Min: Minimum, SD: Standard 
Deviation.

Table (2) shows the rating scale of ASD severity in 
relation to GRBAS and DSM-5 scores, where scale (1) 
represents weak possibility and (6) represents strong 
possibility to have ASD. This 6 points scale was used for 
statistical analysis related to ASD severity where 5 and 
6 represent severe ASD (level 3); while, the scores (4) 
represent moderate ASD (level 2) and (1-3) represent mild 
ASD (level 1). Each DSM-5 level was further rated into 2 
scales clinically. 

Table (3) shows the descriptive statistics of both ASD 
and control children groups for age and 25(OH)-vitamin-D 
statuses (Severe deficiency, deficiency, insufficiency and 
average). Abbreviations: No; number, Min; minimum, 
Max; maximum, SD; standard deviation, ASD; Autism 
Spectrum Disorder.

Table (4) shows the descriptive statistics of both ASD’ 
and control mother groups for age and 25(OH)-vitamin-D 
statuses (Severe deficiency, deficiency, insufficiency and 
average). Abbreviations: No; number, Min; minimum, 
Max; maximum, SD; standard deviation, ASD; Autism 
Spectrum Disorder.

Table 3: Descriptive statistics of number, age and vitamin D level in children

25 (OH) Vitamin D level distribution Statistics
ASD children Control children

25(OH) vit D Age in year No. 25(OH) vit D Age in year No.

Severe deficiency
25(OH)-vitamin-D < 10 ng/ml

Min 
Max
Mean
SD

4.7
9.8
6.6
1.4

2
7.5
3.8
1.7

10 0

Deficiency
25(OH)-vitamin-D: 10 - 19 ng/ml

Min 
Max
Mean
SD

10.1
19.7
13.4
2.8

2
8

4.2
1.5

17

14
18

15.6
1.9

2.5
5.5
4.4
1.4

4

Insufficiency
25(OH)-vitamin-D: 20 – 29 ng/ml

Min 
Max
Mean
SD

20.6
28

24.4
2.5

3
7

4.2
1.7

6

22
28

25.2
2.4

3
4.75
4.2
0.8

6

Average
25(OH)-vitamin-D ≥ 30 ng/ml

Min 
Max
Mean
SD

30.5
63.5
48.7
16.8

2.5
6

3.8
1.8

3

31
70

47.3
9.3

2.5
8

4.8
1.5

26
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Comparison of 25(OH)-D status between ASD and 
control children

The mean level of 25(OH)-D in ASD group was 16.3 
ng/ml ± 12.3 (ranged from 4.67 to 63.5 ng/ml), while in the 
control group 40 ng/ml ± 14 (ranged from 14 to 70 ng/ml). 
Our results revealed that ASD group have lower 25(OH)-D 
than control group with significant difference (P<0.001, 
t=7, df=70 with 95% confidence interval -29.9 to -17.5) 
as shown in (Figure 1). The ASD group showed severe 
deficiency of 25(OH)-D in 10 children, deficiency in 17 
children, and insufficiency in 6 children. The 25(OH)-D 
level was average only in 3 ASD children. In contrast, 
none of the control group showed severe deficiency, 
only 4 children showed deficiency, 6 children showed 
insufficiency and 26 children had average 25(OH)-D. 
Other descriptive statistics for the 25(OH)-D statuses in 
both groups were shown in Table (3).

Figure (1) showed results of the unpaired t-test 
comparison between autistic and control children (n=36 
each). Note that autistics have significantly lowered 
25(OH) vitamin D status compared to the controls. ASD: 
autism spectrum disorder.

Fig. 1: comparison of 25(OH)-D between autistic and control children.

Comparison of 25(OH)-D statuses between control 
and ASD' mothers

The mean serum 25(OH)-D in ASD' mothers was 8.6 
with SD 3.38 (8.6±3.38), in contrast, that of the control 
mothers was (13.46 ± 9.47) as shown in (Figure 2).The mean 
serum 25(OH)-D in ASD' mothers was lower than that of 
the control mothers with significant difference (P=0.025). 
However, 79.16% of the control mothers (19/24) still have 
vitamin D deficiency (<20 ng/ml)  (Figure 2).

Figure (2) showed results of the unpaired t-test 
comparison between mothers of autistic children and 
control mothers (n=24 each). Note that ASD' mothers have 
significantly lower 25(OH) vitamin D status compared to 
the controls. ASD: autism spectrum disorder.

Fig. 2: comparison between ASD' mothers and control mothers.

Correlation between 25(OH)-D status and severity 
of ASD

Assessment of ASD severity by DSM-V and GARS 
showed that 17 subjects (47.2%) have severe ASD. These 
were scored 6 in the severity rating scale. The remaining 

Table 4: Descriptive statistics of number, age and vitamin D level in mothers

25 (OH) Vitamin D level distribution Statistics
ASD mothers Control mothers

25(OH) vit D Age in year No. 25(OH) vit D Age in year No.

Severe deficiency
25(OH)-vitamin-D < 10 ng/ml

Min 
Max
Mean
SD

3.6
8.7
6.12
1.6

20
42

29.7
9

14

4.2
8.9
6.24
1.56

23
47

33.26
9.32

14

Deficiency
25(OH)-vitamin-D: 10 - 19 ng/ml

Min 
Max
Mean
SD

10.1
15

12.1
1.52

22
28
25

2.44

10

10
16.5
13

2.42

27
40

32.4
7.23

5

Insufficiency
25(OH)-vitamin-D: 20 – 29 ng/ml

Min 
Max
Mean
SD

-
-
-
-

-
-
-
-

0

26.5
28.6
27.5
1.48

25
34

29.5
6.36

2

Average
25(OH)-vitamin-D ≥ 30 ng/ml

Min 
Max
Mean
SD

-
-
-
-

-
-
-
-

0

31.1
34.7
33.25
2.05

24
38.5
31.8
7.32

3
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subjects 19 (52.7%) ranged from score 1 to 5 as shown 
in (Figure 3). Multidisciplinary clinical evaluation of the 
autistic children confirmed the diagnosis and the severity 
rating. Correlation of the 25(OH)-D status in autistics to 
the ASD severity showed moderate negative correlation 
(P=0.001, Spearman r = − 0.525). The two-tailed option 
was used in the test with 95% confidence interval (− 0.732 
to − 0.228) (Figure 3). 

Figure (3) showed correlation between 25(OH)-
vitamin-D statuses in autistic children and severity of 
ASD. The results revealed moderate negative correlation 
(P=0.001 and Spearman r=−0.525). Note most of children 
with severe ASD have deficiency of 25(OH)-vitamin-D 
(less than 20ng/ml).

Fig. 3: correlation between 25(OH)-vitamin-D status and severity of 
ASD.

Correlation of 25(OH)-D statuses in autistic children 
and their mothers

The mothers investigated showed an average level 
of 25(OH)-D equal 14.4 ng/ml with SD=5.8 (n=24). The 
average 25(OH)-D level in the ASD group was 16.3 ng/
ml and SD 12.4. Correlation of the mothers' and their 
children's vitamin statuses revealed moderate-to-strong 
positive correlation (P<0.001, Pearson r = + 0.795). The 
two-tailed option of P value was used with 95% confidence 
interval (0.578 to 0.907). It was noticed that every mother 
had lower 25(OH)-D level than her ASD child (Figure 4).

Figure (4) showed correlation between the 25(OH) 
vitamin D statuses in autistic children and their mothers. 
The results revealed nearly strong positive correlation 
(P<0.001 and Pearson r=+0.795). Note the linear 
correlation fashion between the two statuses. ASD is stand 
for autism spectrum disorder.

Fig. 4: correlation between 25(OH)-D in autistic children and their 
mothers.

Comparison of the control children and control mother 
was illustrated in (Figure 5). 

Figure (5) showed correlation between the 25(OH) 
vitamin D statuses in control children and control mothers. 
The results revealed no correlation (P=0.504 and Pearson 
r=+0.143).

Fig. 5: correlation between 25(OH)-D in control children and their 
mothers.

DISCUSSION                                                                                   

The exact etiology of ASD still not fully understood so 
far. Vitamin D plays vital roles in the brain development 
and function[12]. Researches in the last 15 years have 
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yielded a large amount of knowledge about vitamin-D 
and its role in the brain development and function. For 
example, the distribution of the vitamin-D receptors 
(VDR) and the enzyme associated with the synthesis of the 
active form of the hormone [1-α-hydroxylase (CYP27B1)] 
has been mapped in human brain with strong expression in 
cerebellum and in areas involved in cognitive function and 
social behavior (hippocampi, cingulated gyrus, prefrontal 
cortex, and temporal lobe, substantia nigra and supraoptic 
and paraventricular nuclei of the hypothalamus). This 
indicates that the brain has the potential to synthesize the 
active metabolite 1,25(OH)2-D3[18].

Vitamin D can be considered as one of the neurosteroid 
which is very important in the development of the brain 
and maintaining its function[19,20]. Autism spectrum 
disorder is a neurodevelopmental disorder usually 
developed in late infancy and early childhood periods. 
Longstanding vitamin-D deficiency before this critical 
period of development could be possible cause for defective 
brain maturation and function, and consequently, the 
neurodevelopmental disorders like ASD. A previous study 
suggested that supplementing infants with Vitamin D3 
might prove to be a safe and effective strategy for reducing 
the risk of ASD[21]. Similar study showed that 80.72% 
(67/83) of the autistic children who received vitamin D3 
treatment (5000 IU/day) showed significant improvement 
when serum 25(OH)-D level reach 40 ng/ml[22]. Relation of 
ASD to the vitamin D status in both mothers and children 
is lacking. 

In the current research, we filled the gap by measuring 
vitamin D statuses in both mothers and children, also 
correlating between vitamin D status and severity of ASD. 
Our results revealed that ASD group have much lower 
25(OH)-D level than the control group with significant 
difference. This result was consistent with previous 
researches[21,22,23] that found ASD children have vitamin 
D deficiency and recommended vitamin D supplement. In 
addition, our results showed significant negative correlation 
between 25(OH)-D level and severity of ASD. This means 
that the lower the vitamin-D level is the more severe 
autistic features will be. Again, this was in agreement with 
other previous researches[22,23]. In the current research, 
the mothers of autistic children showed deficiency of 
25(OH)-D as well. Surprisingly, every mother had her 
vitamin-D status even lower than that of her child. Both 
mothers and their autistic children have low 25(OH)-D 
statuses which were correlated to each other in a linear 
fashion showing moderate to strong positive correlation. 
This positive correlation may indicate that 25(OH)-D 
statuses in autistic children were maternal-dependent. 
So, the deficiency of 25(OH)-D in autistic children may 
be exist since birth as a continuum of intrauterine vitamin 
status for the fetus. Pet and Brouwer-Brolsma[24] found 
that vitamin D diffuses through the placenta from mother 
to fetus, so, mothers was considered the only source of 
vitamin D substrate for the developing infant. Also, they 
found that maternal deficiency of vitamin D is associated 
with fetal vitamin deficiency as well. 

Unlike the ASD children and their mothers, the statuses 
of 25(OH)-D in control children and their mothers were not 
correlated. This can be explained by the fact that positive 
correlation of 25(OH)-D in ASD and their mothers may not 
only be due to simple placental transfer but also may related 
to an underlying genetic defect common in mothers and 
ASD children. The possible gene defect might be related 
to synthesis of inactive vitamin D and the ASD itself. This 
may explain the correlated 25(OH)-D in ASD children 
and ASD’ mothers but not in typically developed children 
and their mothers. A recent study investigated genetic 
control of gestational and neonatal 25-hydroxyvitamin 
D levels in mother–neonate pairs and found evidence for 
a genome-wide significant mutation located in the GC 
gene, which is fundamental for the vitamin D pathway, 
influencing neonatal vitamin D levels. Also, observation 
of an association between decreased neonatal vitamin D 
levels in children with intellectual disability from mothers 
with a specific genotype suggests that cross-genetic 
contribution in pregnancy might have a role in early risk 
for neurodevelopmental disorders[25].

Lower serum maternal concentrations of 25(OH)-D 
in the first trimester were associated with increased 
risk of developing ASD in offspring[26]. Also, strong 
association was found between maternal hypovitaminosis 
D and ASD with intellectual disability[15]. These previous 
results indicated the importance of the vitamin D for 
embryogenesis of the fetal brain. In the current research, 
the 25(OH)-D statuses showed deficiency in both autistic 
children and their mothers. Although their plasma levels of 
vitamin D were low, they showed significant moderate to 
strong positive correlation.

1a,25(OH)2D3 initiates biological responses via 
binding to the vitamin-D receptor (VDR). The VDR 
contains two overlapping ligand binding sites, a genomic 
pocket (VDR-GP) and an alternative pocket (VDR-AP). 
The VDR-GP interacts with the retinoid X receptor to 
form a heterodimer that binds to vitamin D responsive 
elements (VDRE) in the region of genes directly controlled 
by 1a,25(OH)2D3[27]. The VDRE can activate or repress 
many transcription factors which regulate neurotransmitter 
expression, neurotropic and growth factor synthesis. 
Vitamin D hormone appears to regulate the expression of 
900 genes which are important for brain development[28]. 
Also, vitamin D has immunmodulatory function through 
modulation of the T-cell function[20]. 

Hashimoto et al.[29] reported that lesions in the amygdalo-
hippocampal region in infants lead to manifestation of many 
autistic-like features. Also, amygdala lesions in humans 
are associated with difficulties in recognizing faces and 
exhibiting inappropriate social behaviors. Another histo-
anatomic study in autistic patients have revealed fewer than 
average purkinje cells in the cerebellum and anatomical 
abnormalities in the hippocampus, amygdala, entorhinal 
cortex, cingulate cortex, septal nuclei, and mamillary 
body[30]. Also, it has been reported that some autistic 
persons have mesolimbic, hippocampal, or cerebellar 
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pathology which has been hypothesized to originate from 
dysregulation occurring during ontogenesis of the brain[31].

These anatomical abnormalities beside the high 
distribution of the vitamin-D receptors (VDR) and the 
enzyme associated with the synthesis of the active form of 
the hormone [1-α-hydroxylase (CYP27B1)] in these areas 
(cerebellum, hippocampi, cingulated gyrus, prefrontal 
cortex, and temporal lobe and other parts of the limbic 
system) may put puzzles together. Vitamin D3 promotes 
typical development of the brain through regulation the 
synthesis of specific neurotrophins like nerve growth factor, 
neurotrophin 3 and glial cell-line derived neurotrophic 
factor[24]. Generally speaking, the under-differentiation and 
anatomical abnormalities of these brain areas in autistic 
children could be secondary to vitamin D3 deficiency in-
utero and consequently in the postnatal period of brain 
development (infancy and early childhood periods). 

Serotonin plays a major role in ASD [28]. Serotonin 
is synthesized from tryptophan by tryptophan hydroxylase 
enzyme (TPH)[32,33]. There are two separate enzymes; 
TPH1 and TPH2, which are localized in different tissues 
and produced by different genes. TPH1 is found in non-
brain tissues, including the gut enterochromaffin cells and 
T cells. It is responsible for producing most of the serotonin 
found in the body, including the blood[34]. 

TPH2 is entirely restricted to neurons[35]. Serotonin 
in the brain promotes prosocial behavior and corrects 
assessment of emotional social cues[36]. Brains of 
individuals with ASD display significantly lower 
concentrations of serotonin compared with the brains of 
non-autistic individuals[37]. Vitamin-D hormone is a key 
regulator of brain serotonin synthesis through TPH2, 
which contains a VDRE consistent with activation. This 
mechanism explains how low vitamin D hormone levels 
result in aberrant serotonin synthesis, subsequently 
leading to abnormal brain development[38]. Low vitamin 
D hormone levels during fetal and neonatal development 
could result in poor TPH2 expression and subsequently 
reduced serotonin concentrations in the developing brain 
which cause poor social interaction in ASD[28]. On the 
other hand, vitamin D represses the transcription of TPH1 
which is located peripherally in the platelets, T cells, and 
enterochromaphin cells in the gut. Hence, large numbers of 
autistic children have hyperserotonemia in the blood and 
anomalies in gasterointestinal tract secondary to abnormal 
activation of the T cells[39].

Although, both genetic and environmental factors were 
reported as possible causes of ASD, there were mounting 
evidences that environmental factors were more relevant 
than genetic factors for the development of ASD[40]. In 
the current research, the deficiency of 25(OH)-D in both 
children and their mothers was found to be associated 
with high risk for ASD. The deficiency of vitamin-D3 
hormone in early life adversely affects the expression of 
neurotransmitters and many genes that responsible for 
intact brain development, maturation and function[27,28]. 

Generally speaking, the etiology of ASD may run in the 
environmental-genetic axis. There were evidences for 
some improvement of autistic children after vitamin D3 
supplementation[18,19]. 

In summary, autistic children and their mothers have 
significant 25(OH)-D deficiency compared to typically 
developed children and their mothers. The status of 
25(OH)-D in autistic children are inversely correlated to 
the severity of ASD. Also, vitamin statuses in ASD children 
have direct correlation with their mothers’ statuses. This 
correlation was not found in the control groups. So, 
vitamin deficiency in ASD children could be genetically 
based from their mothers. The deficiency of 25(OH)-D in 
autistic children may be the primary predisposing factor 
for ASD. Also, it may be responsible for the common 
anatomical, biochemical, immunological, gastrointestinal 
and genetic factors reported in ASD and accounting for 
their corresponding clinical presentations. For example, 
vitamin D deficiency may relate to underdevelopment of 
VDR-rich areas like hypothalamus and limbic system with 
the consequent sensory and emotional abnormalities in 
ASD. Also, vitamin D deficiency may be responsible for 
reduced brain serotonin synthesis; hence, the poor face 
recognition and social cues in ASD. The hyperserotinemia 
and constipation reported in autistic children might 
be related to vitamin D deficiency which results in 
reduced repression of TPH1. Also, 25(OH)-D have 
immunomdulatory function; hence, its deficiency may be 
responsible for low immunity and repeated infection in 
autistics. Moreover, deficiency of 25(OH)-D may explain 
the genetic theory because vitamin D plays a vital role 
in regulation of many genes which responsible for brain 
development. Therefore, vitamin D deficiency may alter 
these genes which adversely affect brain development. 
Generally speaking, vitamin D deficiency may be 
considered the primary predisposing factor for ASD. Small 
sample size is a limitation of our study. Further researches 
are required to evaluate the relation of 25(OH)-D status to 
the underlying abnormalities in ASD. Also, genetic study 
may be needed to evaluate an underlying genetic cause for 
vitamin D deficiency in autistic children and their mothers.  

CONCLUSION                                                                        

In conclusion, autistic children and their mothers have 
low 25(OH)-D than the control groups. The vitamin D 
deficiency in autistic children could be maternal-dependent 
as a continuum of the fetal vitamin status. Vitamin D 
deficiency in-utero and in early life adversely affects the 
brain development and function. Low vitamin D statuses in 
both mothers and their children were associated with ASD. 
This deficiency of vitamin D in autistic children and their 
mothers may be the primary predisposing factors for ASD. 
Early vitamin D3 supplementation is highly recommended 
for vitamin D-deficient pregnant mothers and autistic 
infants. Further longitudinal study is recommended to 
evaluate the clinical outcomes of ASD children following 
early vitamin D3 supplementation.
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