Open Access

http://www.jparathyroid.com

Journal of . Journal of Parathyroid Disease 2018,6(1),7-12 .
Parathyr0|d DOI: 10.15171/jpd.2018.04 Review
Disease

Vitamin D deficiency and autism; a review on recent

findings CroMark

Nemat Sotodehasl', Mohammad Reza Tamadon?", Farhad Malek?

Abstract

Autism is a group of lifelong developmental disabilities with various genetic and environmental risk factors which is generally
not curable. The proportion of children with autism spectrum disorders (ASDs) has risen over the past decade. Few studies have
focused on vitamin D status of patients with autism. Therefore, this study was aimed to further investigate the relationship between
vitamin D deficiency and autism. In this short review, we discuss the relationship between vitamin D deficiency and ASDs. Our
literature review yielded over 80 articles published since 2006 in the electronic databases of the Web of Knowledge, EBSCO, OVID
and PubMed. As the results showed, no significant difference between children with and without autism regarding vitamin D serum
levels was obtained. According to the controversial results on the correlation of vitamin D serum value and autism in children with
ASD, it is necessary to conduct further studies in this field.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
disorder which usually develops in early 3 years of life.
ASDs are a heterogeneous group of complex biological
and neurodevelopment diseases (1-3).

ASD, with an unknown etiology, remains poorly
understood and has no specific treatment. The prevalence
of ASD has increased over the past decade and is
continuously increasing. This condition made its medical
management a challenging task. However, it is unclear
whether the increase of its prevalence is due to changes in
diagnosis or a true increase in proportion of cases (4,5).
ASDs were first labeled as ‘autism’ by Leo Kenner in 1943
-- a child psychiatrist (6).

Autism is a group of lifelong developmental disabilities
with multiple genetic and environmental risk factors which
is generally not curable. The people with autism suffer
from impaired social interaction and problems in verbal
and nonverbal communication. In recent years, there
has been a remarkable rise in the prevalence of autism.
The increase in prevalence of autism may not only due
to an improvement in diagnostic techniques and the rise
of people’s awareness (7). This disease is associated with
other neuro-behavior-cognitive disorders. Its symptoms
include a wide range of socio-communication problems,
intelligent disabilities, speech problems, attention deficit

hyperactivity, seizure disorder, fragile X syndrome, or
tuberous sclerosis. Moreover, some children may also
have various mental health problems such as depression
or anxiety (8).

Ming et al and Gonzalez et al detected that ASDs often
has a multitude of biological features too. These biological
features include systemic pathophysiological disturbances
such as increasing oxidative stress, mitochondrial
dysfunction, and metabolic or immune abnormalities
(9,10).

The interaction of genetic and environmental parameters
in ASD was investigated in recent years. Lack of vitamin
D has newly been suggested as a probable environmental
risk factor for autism (11).

Vitamin D deficiency is now recognized as a pandemic
problem. Vitamin D deficiency mainly occurs due low
sun exposure, while it is the main source of vitamin D for
humans. Vitamin D is a hormone produced in the skin. It
hasahormone-like effect on all tissues of the body. Vitamin
D regulates bone metabolism, calcium absorption, gene
expression, cell replication, differentiation, and death.
Vitamin D has a pivotal role in prevention of cancers.
Vitamin D has two different compounds including
cholecalciferol found mainly in plants, and ergocalciferol
found mainly in animals. To start the production of
vitamin D, the skin must be exposed to ultraviolet sunlight
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B Implication for health policy/practice/research/

medical education

In this review paper we found no significant difference
of vitamin D between children with and without ASDs.
Moreover, the value of vitamin D has no meaningful
correlation with the intensity of ASDs. However, further
studies on this aspect of autism is necessary.

and at the end develops an active form of vitamin-calcitriol
(1,25-(0H)2D3) (12).

Vitamin D deficiency causes rickets, osteoporosis,
osteopenia, and osteomalacia (bone and body pains).
Additionally vitamin D deficiency plays a key role in
multiple sclerosis, rheumatoid arthritis, many cancers,
depression, autism, falls, heart diseases such as congestive
heart failure, type 1 diabetes, high blood pressure,
fibromyalgia, chronic fatigue syndrome, parkinsonism,
bacterial vaginosis, C-sections, chronic headaches, chronic
back pain, osteoarthritis, allergies, eczema, melanoma,
psoriasis and gum disease. Appropriate levels of vitamin
D boost immune system and protect human against colds
and flu (13). Levels of 25(OH)D are applied to determine
the status of vitamin D level in every individual (14).

It has been suggested that vitamin D hormone plays a
role in autism while there is an association between the
incidence of autism and low levels of vitamin D (15,16).
Vitamin D has a position in neuro-differentiation,
gene regulation, embryogenesis, neuro-immunity, and
antioxidant and also anti-apoptosis effects (17-22). A
relatively small proportion of studies have focused on
the status of vitamin D in patients with autism. The
present study aimed to further investigate the potential
role of vitamin D in autism by measuring the levels of
both circulating forms of vitamin D [25(OH)D and
(1,25(0OH)2D3)] and calcium in children with ASD and
to compare them with age-matched normal controls. We
also examined the relationship between vitamin D status,
birth season, and clinical characteristics of autism.

Methods

This study sought to review the possible relationship
between ASDs with status vitamin D.

Based on our search strategy, we searched for the
following keywords: vitamin D, ergocalciferol, vitamin
D2, cholecalciferol, vitamin D3, calcitriol, vitamin 1,25
D3, 25-hydroxyvitamin D, 25-OHD , 25-hydroxy vitamin
D and autism or autism spectrum disorder.

Evidence acquisition

ASD has long been considered to be a psychiatric or
neurological brain-based disorder (23).

Autism also has a genetic/environmental source.
According to recent studies, one of the possible risk factor
in the development of ASD is vitamin D deficiency. Several
studies point out that autism is a neuro-inflammatory
disease (24,25). According to previous studies, vitamin D
has a strong anti-inflammatory effect (26). Experimental

models have shown that vitamin D has both direct and
indirect anti-inflammatory impacts which strengthens
both arms of the immune system (innate immunity and
adaptive immunity) (27-29). A recent research reveals
that activated vitamin D has multiple anti-inflammatory
effects (30). For example, vitamin D inhibits the
synthesis and biological actions of pro-inflammatory
prostaglandins which are elevated in autism (27,31).
Vitamin D also shows its anti-inflammatory effects
through the inhibition of nuclear factor-kappa B, which is
involved in abnormal signaling in autistic brains (32,33).
It is a complex neurodevelopment disorder with various
genetic and environmental risk factors including systemic
pathophysiological disturbances (such as oxidative stress,
mitochondrial dysfunction and metabolic and immune
abnormalities (9,10). During the past decade, numerous
progresses have been made toward aspects of vitamin D.
Clinical trials show that vitamin D supplementation even
atlevels higher than previously recommended is beneficial
for various conditions. It prevents cardiovascular disease
and reduces the symptoms of colds or influenza. It has
an ameliorative impact on diabetes mellitus, multiple
sclerosis, Crohn’s disease, pain, depression, and possibly
autism. Recent studies have shown that lack of vitamin D
in the period of pregnancy and/or early infancy is one of
the likely risk factor which plays a role in development of
autism (34,35). In addition, maternal/neonatal vitamin
D inadequacy has recently been suggested as a probable
environmental risk factor for ASDs, while it is also
interacted in early neurodevelopment, immune system,
and gene regulation processes (18,36,37).

Various processes in the body are affected by vitamin
D, which brain homeostasis, embryogenesis and neuro-
development, immunological modulation (including
the brain’s immune system), ageing interacted in gene
regulation (18,19,38). In addition to these effects, vitamin
D is now supposed to be involved in numerous other
functions. It has been shown that vitamin D binds to more
than 2700 genes and regulates the expression of more
than 200 genes (18). Vitamin D has also a role in healing
processes and reducing the risk of cell malignancy (19).
Vitamin D deficiency is a likely risk factor interacted in
neurodevelopment illnesses like schizophrenia and autism
during the prenatal period (18, 19,35,38-40). Some studies
addressed the level of active forms of vitamin D to be
lower in autistic children which is indicative the possible
role of this vitamin in autism disorder (11,41).

According to the increasing prevalence of autism disorder
and also based on previous studies proving the role of
vitamin D inadequacy in the period of pregnancy and
infancy in the incidence of this disorder, treating the
patients by the administration of adequate amounts of
this vitamin are suggested. However, proper studies have
not been conducted in our country. In fact, adequate
administration of vitamin D reduces autistic behaviors in
severely deficient children. Likewise, maternal vitamin D
deficiency may predispose children to autism (34,41-44).
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Discussion

There was no significant difference between babies
with and without ASD regarding vitamin D serum level
(45). The results of previously studies regarding the
relationship between vitamin D serum levels and ASDs
are controversial. However, Bromley et al showed vitamin
D deficiency in the period of pregnancy is associated with
increased risk of ADS in childhood (46).

Vitamin D deficiency has been suggested as a likely risk
factor for developing ASD. Vitamin D levels may also
be related to serotonin levels in the brain. Low levels of
vitamin D during fetal and neonatal development could
be as a result of poor TPH2 expression and consequently
diminish serotonin concentrations in the developing brain
(47). Strengthened values of inflammatory cytokines are
observed in individuals with autism (48). Inflammatory
cytokines suchas CRP, IL-10 and IL-6 are boosted in people
with vitamin D inadequacy (49). Vitamin D enhances
glutathione in the brain, proposing a role of the hormone
in brain detoxification pathways (50,51). Depakote is
associated with autism in children born of mothers taking
this drug during pregnancy (52). Depakote is capable of
reducing vitamin D values (53). Seizures are popular in
children with autism (54). Stabilization of plasma vitamin
D value has an anticonvulsant influence (55). Numakawa
et al highlighted that autistic children had significantly
lower 25-hydroxy vitamin D serum levels than healthy
children (P<0.001) (56). Serum 25-hydroxy vitamin D
level had meaningful negative correlation with infantile
autism rating scale (P<0.001) (57). These findings suggest
that low prenatal vitamin D may act as a risk factor for
ASD. However, larger studies are required to examine this
hypothesis. On the other hand, future studies should clear
whether or not adequate vitamin D supplementation in
pregnant women might lower the risk of ASDs in babies
(58,59). Serotonin and vitamin D have been suggested
to play a role in autism. However, no causal mechanism
has been explained. Supplementation with vitamin D
and tryptophan is a practical and affordable solution to
prevent autism and possibly ameliorate some symptoms
of the disorder (47). It should be noted that autism
has multifactorial etiology including hereditary and
environmental triggers accompanied by gastrointestinal
disorders, such as chronic duodenitis, gastritis, reflux
esophagitis, intestinal lymphoid dysplasia, dysbiosis,
excessive intestinal permeability, and yeast overgrowth
(60).

Accordingly, autistic infants may have an influencing
genetic abnormality. The presentation of the genotype
is affected by various environmental parameters.
Hypovitaminosis D is a probable risk factor for
neurodevelopmental disturbances. Indeed, vitamin D acts
as a neurosteroid. It is a strong up-regulator of neuronal
growth factor. Vitamin D is detected broadly in brain
tissue in the initial states embryogenesis. This hormone
presents immunomodulation, neuroprotection and
antiepileptic properties (47). Prenatal, postnatal and even
and neonatal vitamin D supplementation is imperative for

ordinary brain activities (47-60).

The noticeable rise in the frequency of autism across the
last 20 years is due to an increase in medical cautions to
avoid the sun exposure because of its increasing of skin
cancers. Reduced sun exposure probably reduces vitamin
D serum values and theoretically decreases activated levels
of vitamin D in growing brains. Autism is more prevalent
in dark-skinned people (59-62). Moreover, rigorous
maternal vitamin D inadequacy is remarkably more
prevalent in dark-skinned people. Vitamin D fortification
in autistic infants ameliorates various brain functions.
The rate of autism elevates when children watch television
for a longer time or when it rains further. Both concerns
diminish vitamin D construction. If lack of vitamin D
deficiency is interacted in autism, symptoms should
ameliorate in summer. Recent investigations detected
a dramatic amelioration in both sleep and behavioral
disturbances during the summer (61,63). It should be
remembered that dark-skinned people are weak to produce
adequate vitamin D and they are more affected by autism.
Recent studies have shown that 96% of pregnant black
women and 63% of pregnant white women do not have
adequate vitamin D serum levels. Autism may extend due
to gestational and early infantile vitamin D insufficiency,
and lack of adequate to sun exposure. This condition is
unfortunately unsuccessful to balance due to existence of
the epidemic of vitamin D insufficiency (44,62). Every
hypothesis on the etiology should consider its potent
genetic basis and explain how genetic factors interrelate
with the environment to cause the unusual epidemiology
of autism. Activated vitamin D3 has a strong pleiotropic
neurosteroid hormone which plays a significant role in
mammalian brain growth. Rigorous vitamin D deficiency
in the period of pregnancy, significantly disturbs the
development of the baby structure and brain growth (60-
62). The physiology of calcitriol is exceptional amongst
the steroid hormones while normal steroid feedback
inhibition does not control neural levels of calcitriol.
The obvious dramatic rise in the occurrence of autism
during the last 20 years communicates to growing
medical cautions to avoid sun exposures. These cautions
may have considerably dropped brain vitamin D levels.
Rigorous maternal vitamin D insufficiency results in rat
pups with enlarged brain size and distended ventricles.
These deformities are similar to those detected in autistic
infants. Children with Williams syndrome, who may
experience highly elevated calcitriol serum values in
early infancy, commonly have phenotypes which are the
opposite to the autism (60-64). Accordingly, estrogen and
testosterone have very diverse impacts on the metabolism
of vitamin D3 that may describe the noticeable difference
in male/female gender ratios in autism. Calcitriol down-
regulates the creation of inflammatory cytokines in
the brain tissue which is accompanied by autism. Lack
of vitamin D disturbs glutathione metabolism. This
condition explains the link between autism and oxidative
stress (58-64). Likewise, taking vitamin D containing fish
foods in the period of pregnancy lowers autistic symptoms
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in children. Additionally, autism is more popular in
poleward latitudes. Similarly, autism is further popular
in dark-skinned persons. In fact, significant maternal
vitamin D inadequacy is remarkably common among
African-Americans, irrespective of prenatal vitamin
administration (62-66).

Vitamin D inadequacy dysregulates 36 proteins interacted
in mammalian brain development. Furthermore, various
biological routes for cytoskeleton maintenance, calcium
homeostasis, oxidative phosphorylation, posttranslational
modification, synaptic plasticity, neurotransmission,
redox balance and chaperoning are affected by vitamin D
inadequacy (64-68).

Based on some evidences, immunologic dysfunction,
improper diet, nutritional and various vitamin deficiencies
could contribute to several behavioral and perhaps
cognitive symptoms in ASD. Both the brain and plasma of
autistic subjects may show evidences of continuing a state
of chronic micro-inflammation and presence of oxidative
stress. Vitamin D has strong anti-inflammatory effects. A
number of brain functions in autistic children improve by
vitamin D supplementation (60-65). Considering vitamin
D hypothesis of autism, taking of vitamin D-rich fish in
the period of pregnancy is expected to ameliorate the
offspring’s mentation. As mentioned above autism could
be due to gestational and early childhood vitamin D
inadequacy (60-68). This situation may be an iatrogenic
inadequacy as a result of medical cautions to prevent
the sun exposure that unfortunately unsuccessful to
compensate for the subsequent epidemic of vitamin D
inadequacy (3-9,61).

Recently much attention has been made toward the role
of vitamin D in health benefits beyond its effects on bone
mineralization. It has been also stated that vitamin D
decreases the frequency of cancers, inhibits viral illnesses,
stabilizes mood disorders such as depression and heals
musculoskeletal pains (9,23).

Vitamin D is considered to play a role in numerous other
functions. Vitamin D is also known to be involved in
healing processes by reducing the risk of cell malignancy
(19).

Although autism has long been considered to be a
psychiatric or neurological brain-based disorder (23),
Ming et al and Gonzalez et al argued that ASDs frequently
have several biological characteristics, comprising systemic
pathophysiological ~ disruptions like mitochondrial
dysfunction, metabolic and immune abnormalities and
also oxidative stress (9-11,23). In fact, the association
between autism and immune dysfunction (66-68),
and much increased rate of ASDs among dark skinned
children living at Northern latitudes (66-68) are findings
addressing the potential role for vitamin D in autism.
Similar to other neuro-developmental disabilities, ASDs
are generally not treatable, thus they require continuous
management. However, outcomes are inconsistent and
specific behavioral features changes over time. Many
babies with ASDs remain as adults and, irrespective of
their intellectual functioning, continue to experience

problems during their life (63,64). It is still controversial
whether the prevalence of ASDs is increasing or the higher
reported rate observed in recent years are due to the raise
in people’s awareness, changing diagnostic trends, and the
use of more sensitive diagnostic tools (44). Nonetheless, a
large part of ASD research has recently been focused on
gene—environment interaction (65-67).

According to the findings of McGrath et al (68) and
Cannell et al (35,36) vitamin D is a powerful up-regulator
of nerve growth factor. They pointed out that vitamin D
receptor is detectable in a broad variety of brain tissues
very early during embryogenesis (68). Kalueff and
Tuohimaa assessed the brain-enhancing properties of
vitamin D. They found the significant role of perinatal
vitamin D adequacy in mothers as well as sufficient
vitamin D supplementation for the child and their effects
on normal brain functioning (62).

Conclusion

In this review paper we found no significant difference
of vitamin D between children with and without ASDs.
Moreover, the value of vitamin D has no meaningful
correlation with the intensity of autism spectrum
disorders. However, further studies on this aspect of
autism is necessary.
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