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Summary

Insufficient levels of vitamin D have been demonstrated by many authors as a risk factor for autistic
patients, however, the causality has not been reliably elucidated. In the present study, levels of calcidiol
were determined in group of autistic children and compared with age matched healthy children as
controls. Suboptimal levels of calcidiol in more than 60 % of both autistic patients as well as of control
group were found. No significant differences in vitamin D between autistic children and healthy controls

were observed.



For many years it was thought that the only role of calcitriol is the regulation of calcium kinetics, but in
the past 15 years there have been an increasing number of studies suggesting varied actions of vitamin D
(Basit 2013). Fifteen years ago it was also suggested that vitamin D was the “forgotten neurosteroid”
(McGrath et al. 2001). Hence, there is a handful of evidence that vitamin D plays an important role in the
brain and nervous system health and disease (Deluca et al. 2013; Ramakrishna 1999). Low pre- and
perinatal saturation with vitamin D may be a candidate risk factor for the later development of multiple
disease including multiple sclerosis (MS), depression, seasonal affective disorders, schizophrenia,
Alzheimer’s disease (AD), Parkinson’s disease (Eyles et al. 2013; Littlejohns et al. 2014) and others.
Among the mental disorders stands out child autism (autism spectrum disorder; ASD) characterized by
deficits in social communication, and which incidence has constantly risen in recent years. Typical
manifestation of the disease is the repetitive and restricted patterns of behavior (Wang et al. 2016).
According to many authors, there is a danger of ASD in children with low vitamin D level at birth.
Literature about this problem was summarized elsewhere (Macova et al. 2017), but the number of
publications is constantly rising (Cannell 2017b; Wu et al. 2017). Depresive symptoms as irritability and
agitation are possibly observed as an autism comorbidity (Ghaziuddin 2005; Stewart et al. 2006) and
other depressive symptoms can complicate ASD diagnosis. There are many reports describing that low
levels of vitamin D or calcidiol are associated with major depression (Jozefowicz et al. 2014) or symptoms
of depression (Black et al. 2014; Kerr et al. 2015; Maddock et al. 2013; Milaneschi et al. 2014), but no
effect on reducing the severity of these symptoms was found with vitamin D supplementation (Gowda et
al. 2015; Kjaergaard et al. 2012). Current evidences have not yet definitively demonstrated if vitamin D
deficiency is a cause or risk factor for developing depression or if vitamin Dis an effective therapy

for depression (Howland 2011).



In contrast to the reports on vitamin D association with depression, fewer contributions have been
published on the association of anxiety disorders with the levels of vitamin D (Armstrong et al. 2007).

Some of them even deny the relation of vitamin D deficiency with anxiety or stress (Black et al. 2014).

General term Vitamin D primarily means Vitamin D3 (cholecalciferol) produced after exposure to UVB
radiation by skin from 7-dehydrocholesterol and taken in limited amounts from diet. Vitamin D2
(ergocalciferol) is of plant origin. Both vitamins are inactive and transported to the liver bounded to
vitamin D binding protein, where they are metabolized to respective 25-hydroxyvitamin D metabolite

called calcidiol.

Calcidiol is a stable form of vitamin D with the biological half-life 6-8 weeks and in this form it is also
stored in the body. Therefore, its level measured in blood reflects the real saturation of organism by
vitamin D. Calcidiol is biologically inactive until conversion to 1,25-dihydroxymetabolite (mainly in
proximal tubule of kidneys) called calcitriol, which is biologically active form but remains stable only for

several minutes.

In our study, calcidiol levels were investigated in 45 boys, 4-7 of age, suffering from ASD and compared
with the levels of calcidiol in a group of 40 age matched healthy boys as controls. A commercially
available ECLIA method (Roche, Switzerland) was used to determine vitamin D levels. All children were
divided into groups according to season of blood collection to avoid the effect of calcidiol fluctuations
throughout the year. However, the differences between each groups were not statistically significant

(see Fig. and Table).

At the end of 2016, the study of National Institute of Public Health of Czech Republic on 419 healthy
children (boys and girls) was finished. Participants were children between 5 and 9 years of age. Levels of
vitamin D were measured during the whole year 2016 by the same method as mentioned above. The

results were very similar as found in our study with autistic children (Hanzlikova et al. 2018).



In Czech and Slovak Republics the recommended blood levels of calcidiol are at least 75 nmol/I. This is in
agreement with the USA Vitamin D Council (30 — 100 ng/ml corresponding to 75 -250 nmol/l) as well as
the Endocrine Society in the USA which made recommendations to treat and prevent vitamin D
deficiency (achieving serum 25(OH)D concentrations of more than 30 ng/mL (>75 nmol/l)), with the
preferred range of 40—-60 ng/mL (100-150 nmol/l) (Holick et al. 2011; Weydert 2014). Vitamin D toxicity
has never been reported, in adults or children, with 25 (OH)D levels below 200 ng/ml (500 nmol/l)

(Cannell 2017a; Pludowski et al. 2018).

There are a handful of studies dealing with the relationship of vitamin D and the development of the
nervous system in Czech children. The recent study analyzed associations between vitamin D and the
parameters of bone metabolism (including vitamin D) and muscle development in adolescent girls

(Cirmanova et al. 2017).

In our opinion, it is crucial to use a more sensitive method for measuring actual vitamin D levels, as
commonly used methods do not distinguish between calcidiol and mixture of metabolic products, what
results in high percentage of cross-reactions. The correct answer could be given by the chromatographic
method in future. Our team is currently developing a novel chromatographic method that separates and

accurately determinates vitamin D metabolites.

Surprisingly, we did not observe statistically significant differences in vitamin D between autistic children
and healthy controls. Our results suggest poor supply of young population with vitamin D. We found
suboptimal levels of vitamin D in more than 60 % of both autistic patients as well as of control groups.
Our observation raised a question about the adequate vitamin D level needed for the physiologic
development in juvenile population. Studies confirm that long-term vitamin D insufficiency leads to
manifestation of neurodevelopmental disorders such as depression, anxiety, RS, AD and negative

influence on immuno-metabolism (Vanherwegen et al. 2017).



In summer, healthy children do not need supplementation by vitamin D if they are exposed long enough
to the sun. In winter, it is necessary to check the level of vitamin D (calcidiol) at least 75 nmol/| is desired.
Once the level is lower, it is necessary to initiate or increase usage of nutritional supplements with
readily absorbable vitamin D and to increase the consumption of fish to activate the neuroimmune

system and balance the body homeostasis.

In pregnant and breastfeeding women, especially during October-April, replenishment is necessary! The
international consensus recommends a flat-rate supplemental dose of 500-600 IU per day, with infants

still supplying 1000 mg of calcium daily (Munns et al. 2016).

It is not possible to overdose vitamin D (= cholecalciferol) at the dose determined by the physician and if

it is not for patients with sarcoidosis, granulomatous diseases or hypercalcemia!
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Table 1. Vitamin D in autistic (ASD) and control group (in nmol/I).

control group ASD
Number of subjects 40 45
Average vitD 70.348 65.066
Median vitD 64.46 65.22
Standard deviation 20.733 25.950
Min vitD 26.71 22.03
Max vitD 128.2 136.1
Lower quartile 57.495 44.47
Upper quartile 82.8 83.5

Fig. 1. Distribution of ASD patients/controls in groups according to vitamin D level.
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