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ABSTRACT

Recently, vitamin D has been shown to play important roles in the body, 
beyond its role in bone metabolism, including the regulation of immune 
and hormonal responses, antioxidant activity, proliferation, and cellular 
differentiation, and also has a critical role in brain development. Vitamin 
D deficiency is relarted to increased risk of neurodevelopmental disorders 
such as Autism Spectrum Disorder (ASD). Although the mechanisms are 
not fully understood, it seems that there is a relationship between low 
levels of vitamin D and the risk of Autism Spectrum Disorder. However, 
to prove this association, prospective Cohort and clinical trial studies 
with a large sample size are required. In this review, we explored the 
association between vitamin D and Autism Spectrum Disorder. 
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Introduction
Vitamin D and Its Metabolism

Vitamin D is a steroid hormone that is provided 
from food sources or through exposure to sunlight 
(1), however, the diets consumed by most humans 
contain small amounts of vitamin D, unless it is 
rich in fatty fish. This vitamin is usually made from 
7-dehydro-cholesterol in the skin through UVB 
radiation. Whether the vitamin D enters the body 
through dietary intake or through dermal synthesis, 
it is converted to 25-hydroxy cholecalciferol by the 
25α-hydroxylase enzyme in the liver and then is 
avtivated to 1,25-dihydroxy cholecalciferol by the 
enzyme 1α-hydroxylase in the kidneys (2). More than 
85% of vitamin D in the circulation is tightly bound 
to vitamin D binding protein (DBP), and only free 
form and the fraction bound to albumin, are active 
biological forms (3).

Serum levels of 25(OH)D is the best indicator 

for vitamin D status dettermination (4). Regardless 
of age and sex, vitamin D deficiency has been 
reported worldwide, and according to global 
estimates, more than one billion people worldwide 
suffer from vitamin D deficiency (5). In addition to 
calcium/phosphorus and bone metabolism, vitamin 
D plays role in regulation of immune and hormonal 
responses, metabolic processes, antioxidant activity, 
cellular proliferation and differentiation, and also 
has a critical role in brain development. Vitamin 
D has effects on neurotrophic and neuroprotective 
processes in the brain, and also potentially affects 
neurotransmitters and synaptic plasticity (1, 6-11).

Vitamin D deficiency may lead to disturbances in 
the nervous system function and possibly increases 
the incidence of neurological diseases such as Autism 
Spectrum Disorder (ASD). Vitamin D appears to 
have the strongest effect on the nervous system in the 
perinatal period. It is also associated with changes 
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in the mental status of adults (1, 6-11), so that its 
deficiency has been reported in neurological diseases 
such as ASD, depression, multiple sclerosis (MS), 
Alzheimer’s disease, Parkinson disease and attention 
deficit hyperactivity disorder (ADHD) (1).

Autism Spectrum Disorder (ASD)
Autism Spectrum Disorder consists of a wide range 

of neurodegenerative disorders, which originates 
from prenatal time and can be diagnosed in early 
childhood (12, 13). ASD is presented as problems in 
social skills, sensory issues and verbal and nonverbal 
communication, cognitive deficits, learning problems 
and repetitive behaviors, as well as unique abilities 
(1, 4, 6). ASD is defined by behavioral symptoms 
(14), but little is known about the etiology (15) and 
there is no consensus about the cause of the disease, 
possibly interactions between genes (14) or unknown 
environmental factors, such as those related to auto-
immunity (16-19), pre and postpartum infections (20), 
exposure to thalidomide, valproic acid or alcohol 
during pregnancy (21-23), and also higher maternal and 
paternal age plays role in the ethiology (24). Generally, 
ASD risk factors include genetic and environmental 
factors (4). ASD is associated with more than 440 
different genes, although in approximately 70% of 
cases, the occurance of this disorder is not directly 
related to genetics (1). Ecological studies have found 
an association between the number of ASD cases and 
environmental factors such as latitude, birth season, 
climate and also maternal skin type and vitamin D 
status (6, 25).

ASD is currently a common disorder. The 
prevalence of autism has increased by 700% since 
1970 (26). The actual prevalence of ASD based on 
the CDC data is 1:68 and its prevalence in both boys 
and girls is 1:42 and 1:189, respectively (1, 6).

The current diagnosis of ASD is based on 
questionnaires that are usually completed by the 
parents or the health care providers. So far, no 
laboratory or biological indicators have been found to 
prove autism. Even no genetic test can indicate autism 
(1). Autism is not even diagnosed with physical 
characteristics. The average age of newly diagnosed 
patients is 4.5 years, but experts believe that the first 
signs of the disease appear at the age of 12 months 
and that the screening test can be done between 16 
and 18 months old. An early and accurate diagnosis 
leads to faster intervention and better prognosis (1).

Vitamin D and Autism Spectrum Disorder
Different hypotheses have been proposed for the 

relationship between vitamin D and autism. Several 
studies have shown that in children with ASD, 
serum levels of vitamin D are lower than normal 

(2, 4, 14). In 2012, Gehan et al. found lower serum 
levels of vitamin D in children with autism (mean 
serum levels of 15 ng/ml in children with autism 
compared to 30 ng/ml in healthy children), and also 
a significant association between serum vitamin D 
level and severity of ASD grading was reported (27).

It is not clear wheather children with ASD are 
born with low levels of vitamin D (28), or limited 
exposure to sunshine leads to lower levels of vitamin 
D in ASD patients. If the former is the case, and 
children with ASD are born with lower levels of 
vitamin D, then it’s possible that vitamin D is a 
genetic-environmental factor in ASD children. There 
are studies suggesting that low levels of vitamin D in 
children with ASD has a genetic basis (14). Kocovska 
et al. found that children with ASD have significantly 
lower levels of vitamin D compared to their siblings 
whom all live in an environment with low sun shine 
(29). Also, Fernell et al. analyzed 58 pairs of siblings, 
one of them with ASD and the other was healthy, 
and concluded that the serum levels of vitamin D at 
the birth time were lower in children with ASD (13). 
Schmidt et al. investigated the relationship between 
ASD and common vitamin D polymorphisms in 
CHARGE Cohort and found that polymorphisms 
related to lower levels of vitamin D, were more 
common in children with ASD (30). 

Different views about the disease have suggested 
that oxidative stress is a possible cause of ASD. In 
autism, markers of oxidative stress are invreased, while 
the level of glutathione, one of the most important 
antioxidants in the body, decreased (31). It has been 
shown that vitamin D is important in regulating 
the production of antioxidants such as glutathione, 
superoxide dismutase and thioredoxin redcatase (1, 32). 
Therefore, it can exert protective effects against ASD.

On the other hand, it has been shown that in 
patients with ASD, plasma oxytocin level and 
serotonin concentration in the brain and blood-brain 
barrier were low (4, 33, 34). Oxytocin and serotonin 
are involved in modulating the social behaviors, and 
it has been shown that vitamin D response elements 
are present in the genes involved in the synthesis of 
serotonin and oxytocin. So, in this way, vitamin D 
can play a role in modulating social behaviors (4).

Vitamin D and ASD-Mechanism
The biological active form of vitamin D, 

1,25(OH)2D, inhibits synthesis of induible nitric oxide 
synthase, which catalyzes nitric oxide, a free radical 
that can damage cells. Furthermore, 1,25(OH)2D 
stimulates gamma-glutamyl transpeptidase activity, 
which causes the production of glutamine, an 
antioxidant that destroys free radicals (1).

Vitamin D also stimulates brain cells to produce 
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a number of growth factors such as nerve growth 
factor (NGF), glial cell line-derived neurotrophic 
factor (GDNF), and neurotrophin-3 (NT3). Regarding 
neurotrophic and neuroprotective activities of vitamin 
D, it is suggested that this vitamin can stimulate 
neuronal growth, so vitamin D is likely to slow down 
the progression of neurodegenerative diseases (1). 

Three possible implications of vitamin D in 
ASD have been indicated including (i) Vitamin D 
is associated with DNA repair genes and it repairs 
mutated genes in individuals, thereby reducing the 
risk of ASD (35), (ii) Vitamin D plays an important 
role in the immune system. There is evidence of 
neuroglial activity and neuroinflammation in the 
brain of patients with ASD. Vitamin D is important 
in regulating the production of antioxidants such as 
glutathione, superoxide dismutase, and thioredoxin 
reductase. Therefore, considering the role of vitamin 
D in regulating the production of antioxidants, 
vitamin D can reduce the activity of neuroglial 
cells and reduce neuroinflammation (32, 36), and 
(iii) There are reports of autoimmune conditions in 
people with ASD, which includes the presence of 
maternal antibodies in the brain tissue of the fetus 
(37). Vitamin D plays an important role in inducing T 
regulatory cells that these cells regulate the control of 
antibodies associated with auto-immune. Therefore, 
vitamin D induces T regulatory cells to reduce the the 
risk of auto-immunity and protect the fetus (11, 38).

Three different independent findings point 
towards a role for vitamin D in the development 
of ASD including (1) Increasing the risk of ASD in 
migrant children, especially from countries where 
their populations have darker skin color, as well as 
cultures in which women use covering clothing and 
do not benefit from other ways to take vitamin D, (2) 
Low levels of 25(OH)D in newborns who later got 
advanced ASD, as well as in children and adults with 
ASD, and (3) The relationship between the season 
and the ASD (13).

Vitamin D and ASD-Latitude and Season
Latitude and sunlight exposure affect the 

prevalence of ASD in different societies, with a 
higher prevalence of ASD in higher latitudes and in 
those who have less exposure to sunlight (4). Cannell 
et al. (2008) observed a higher incidence of ASD in 
areas with limited sunshine due to higher latitude or 
cloud coverage (28). Also, the results of an ecological 
study revealed that the prevalence of ASD among 
people aged 6-17 years had a significant negative 
correlation with the dose of UVB (39).

On the other hand, sunlight exposure and seasons 
affects the status of patients with ASD. As observed, 
the depletion of body vitamin D at the end of winter 

and early spring, due to limited sunshine, is likely 
to aggravate ASD symptoms and increases the 
behavioral problems (4). Also, in adults with severe 
ASD who lived in a community center in Italy, 
behavioral problems increased dramatically in the 
spring and decreased in the fall (40).

Vitamin D and ASD- Supplementation
High doses of vitamin D have a therapeutic effect 

on ASD (14). Saad et al. treated ASD children aged 
3 to 9 years, with 300 IU/Kg/day vitamin D for 3 
months, and concluded that 80% of the participants 
had a significant improvement in the childhood 
autism rating scale (CARS). They also pointed that 
vitamin D was cheap, available, and safe. In addition, 
it might have a beneficial effect on patients with ASD, 
especially when its serum level is above 40 ng/ml 
(41). Also, in a case report, treating a 36-month-old 
child with ASD and rickets, with 150,000 IU/month 
of vitamin D for 2 months resulted in 3 degrees of 
improvement in the ASD standard ranking (42). 
Studies in this area are limited and further studies 
are needed to provide suggestions.

Vitamin D and ASD-Pregnancy
Vitamin D plays an important role in brain 

development during pregnancy (14). Its deficiency is 
associated with preeclampsia, premature birth, small 
for date, and gestational diabetes during pregnancy. 
Also, vitamin D deficiency during pregnancy is likely 
to be associated with ASD (14). In a study in Australia, 
the concentration of vitamin D less than 49 nmol/L in 
the 18th week of gestation was significantly associated 
with an increased risk of ASD in children (1). However, 
the desirable and optimal dose of vitamin D, as well as 
its proper levels, has not yet been detected (6). Stubbs 
et al. in 2016 prescribed 5000 IU/day vitamin D for 
pregnant mothers who already had a child with ASD. 
Newborns were also given 1000 IU/day vitamin D for 
three years. They followed the children for 3 years 
and gained promising results, and the risk of autism 
decreased from 20% to 5%. However, the sample size 
of this study was very small and there was no control 
group in this study (14). In another study, there was a 
positive correlation between vitamin D deficiency in 
mother and the risk of ASD in children. But in this 
study, the sample size was small and pre-recorded 
data were also used (15). Fernell et al. suggested that 
low levels of maternal vitamin D are likely to be a 
risk factor for ASD. They achieved these results by 
examining the levels of vitamin D in newborns who 
later developed advanced ASD. But these results require 
confirmation with larger sample sizes (13). In countries 
with higher latitudes, such as Sweden, children of 
mothers with darker skin color were at higher risk of 
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ASD with mental disability. Higher level of melanin in 
dark skins of these people, reduces the absorption of 
UVB by the skin, which reduces the levels of vitamin 
D in these individuals (43). A number of studies in 
Sweden, Denmark, UK, and the Northeastern USA 
have shown that most children with ASD are born in 
the winter and spring, with the highest rate in March, 
and suggest that lower levels of vitamin D in mothers, 
during pregnancy, is probably a risk factor (13) because 
the development of the embryo’s brain occurs at the end 
stage of the pregnancy, so vitamin D in this period can 
have an effect on the brain’s growth of the fetus (25).

Conclusion
Overall, it seems that there is a relationship between 
low levels of vitamin D and the risk of ASD, but to 
prove this, prospective cohort studies and clinical 
trials with large sample sizes are needed.

Conflict of Interest
None declared.

References
1 Macova L, Bicikova M, Ostatnikova D, et al. 

Vitamin D, neurosteroids and autism. Physiol Res. 
2017;66:S333-S340. PMID:28948817.

2 Cannell JJ, Grant WB. What is the role of vitamin 
D in autism? Dermatoendocrinol. 2013;5:199-204. 
DOI: 10.4161/derm.24356. PMID:24494055.

3 Bhan I, Powe CE, Berg AH, et al. Bioavailable 
vitamin D is more tightly linked to mineral 
metabolism than total vitamin D in incident 
hemodialysis patients. Kidney Int. 2012;82:84-9. 
DOI: 10.1038/ki.2012.19. PMID:22398410.

4 Mazahery H, Conlon C, Beck KL, et al. Vitamin 
D and omega-3 fatty acid supplements in children 
with autism spectrum disorder: a study protocol 
for a factorial randomised, double-blind, placebo-
controlled trial. Trials. 2016;17:295. DOI: 10.1186/
s13063-016-1428-8. PMID: 27334138.

5 Tabrizi R, Moosazadeh M, Akbari M, et al. High 
prevalence of vitamin D deficiency among iranian 
population: A systematic review and meta-analysis. 
Iran J Med Sci. 2018;43:125-139. PMID:29749981.

6 Kocovska E, Gaughran F, Krivoy A, et al. 
Vitamin-D deficiency as a potential environmental 
risk factor in multiple sclerosis, schizophrenia, and 
autism. Front Psychiatry. 2017;8:47. DOI: 10.3389/
fpsyt.2017.00047. PMID:28396640.

7 Cui X, Gooch H, Groves NJ, et al. Vitamin D 
and the brain: key questions for future research. J 
Steroid Biochem Mol Biol. 2015;148:305-9. DOI: 
10.1016/j.jsbmb.2014.11.004. PMID:25448739.

8 Groves NJ, McGrath JJ, Burne TH. Vitamin D as 
a neurosteroid affecting the developing and adult 

brain. Annu Rev Nutr. 2014;34:117-41. DOI: 10.1146/
annurev-nutr-071813-105557. PMID:25033060.

9 Eftekhari MH, Akbarzadeh M, Dabbaghmanesh 
MH, et al. The effect of calcitriol on lipid profile 
and oxidative stress in hyperlipidemic patients 
with type 2 diabetes mellitus. ARYA Atheroscler. 
2014;10:82-8. PMID:25161675.

10 Eftekhari MH, Akbarzadeh M, Dabbaghmanesh 
MH, et al. Impact of treatment with oral calcitriol 
on glucose indices in type 2 diabetes mellitus 
patients. Asia Pac J Clin Nutr. 2011;20:521-6. 
PMID:22094836

11 Akbarzadeh M, Eftekhari MH, Dabbaghmanesh 
MH, et al. Serum IL-18 and hsCRP correlate 
with insulin resistance without effect of calcitriol 
treatment on type 2 diabetes. Iran J Immunol. 
2013;10:167-76. PMID:24076594.

12 Meguid NA, Hashish AF, Anwar M, et al. Reduced 
serum levels of 25-hydroxy and 1, 25-dihydroxy 
vitamin D in Egyptian children with autism. Annu 
Rev Nutr. 2014;34:117-41. DOI: 10.1146/annurev-
nutr-071813-105557. PMID:25033060.

13 Fernell E, Bejerot S, Westerlund J, et al. Autism 
spectrum disorder and low vitamin D at birth: a 
sibling control study. Mol Autism. 2015;6:3. DOI: 
10.1186/2040-2392-6-3. PMID:25874075.

14 Stubbs G, Henley K, Green J. Autism: Will vitamin 
D supplementation during pregnancy and early 
childhood reduce the recurrence rate of autism in 
newborn siblings? Med Hypotheses. 2016;88:74-8. 
DOI: 10.1016/j.mehy.2016.01.015. PMID:26880644.

15 Magnusson C, Lundberg M, Lee BK, et al. 
Maternal vitamin D deficiency and the risk of 
autism spectrum disorders: population-based study. 
BJPsych Open. 2016;2:170-172. PMID:27703770.

16 Braunschweig D, Krakowiak P, Duncanson P, 
et al. Autism-specific maternal autoantibodies 
recognize critical proteins in developing brain. 
Transl Psychiatry. 2013;3:e277. DOI:10.1038/
tp.2013.50. PMID:23838888.

17 Frye R, Sequeira J, Quadros E, et al. Cerebral 
folate receptor autoantibodies in autism spectrum 
disorder. Mol Psychiatry. 2013;18:369-81. DOI: 
10.1038/mp.2011.175. PMID:22230883.

18 Gillberg IC. Autistic syndrome with onset at age 
31 years: herpes encephalitis as a possible model 
for childhood autism. Dev Med Child Neurol. 
1991;33:920-4. PMID:1743418.

19 Patterson PH. Maternal infection and immune 
involvement in autism. Trends Mol Med. 
2011;17:389-94. DOI: 10.1016/j.molmed.2011.03.001. 
PMID:21482187.

20 Ohkawara T, Katsuyama T, Ida-Eto M, et al. 
Maternal viral infection during pregnancy 
impairs development of fetal serotonergic 



Vitamin D and autism 

Int J Nutr Sci March 2019;4(1)  13

neurons. Brain Dev. 2015;37:88-93. DOI:10.1016/j.
braindev.2014.03.007. PMID:24780604.

21 Strömland K, Nordin V, Miller M, et al. Autism in 
thalidomide embryopathy: a population study. Dev 
Med Child Neurol. 1994;36:351-6. PMID:8157157.

22 Meador KJ, Loring DW. Prenatal valproate exposure 
is associated with autism spectrum disorder and 
childhood autism. J Pediatr. 2013;163:924. DOI: 
10.1016/j.jpeds.2013.06.050. PMID:23973243. 

23 Landgren M, Svensson L, Strömland K, et al. 
Prenatal alcohol exposure and neurodevelopmental 
disorders in children adopted from eastern Europe. 
Pediatrics. 2010;125:e1178-85. DOI: 10.1542/
peds.2009-0712. PMID:20385628.

24 Idring S, Magnusson C, Lundberg M, et al. Parental 
age and the risk of autism spectrum disorders: 
findings from a Swedish population-based cohort. 
Int J Epidemiol. 2014;43:107-15. DOI:10.1093/ije/
dyt262. PMID:24408971.

25 Grant WB, Soles CM. Epidemiologic evidence 
for supporting the role of maternal vitamin D 
deficiency as a risk factor for the development of 
infantile autism. Dermatoendocrinol. 2009;1:223-
8. PMID:20592795.

26 Elsabbagh M, Divan G, Koh YJ, et al. Global 
prevalence of autism and other pervasive 
developmental disorders. Autism Res. 2012;5:160-
79. DOI:10.1002/aur.239. PMID:22495912.

27 Mostafa GA, Al-Ayadhi LY. Reduced serum 
concentrations of 25-hydroxy vitamin D in 
children with autism: relation to autoimmunity. 
J Neuroinf lammation. 2012;17;9:201. 
DOI:10.1186/1742-2094-9-201. PMID:22898564.

28 Cannell JJ. Autism and vitamin D. Med Hypotheses. 
2008;70:750-9. DOI:10.1016/j.mehy.2007.08.016. 
PMID:17920208.

29 Kočovská E, Andorsdóttir G, Weihe P, et al. 
Vitamin D in the general population of young 
adults with autism in the Faroe Islands. J Autism 
Dev Disord. 2014;44:2996-3005. DOI: 10.1007/
s10803-014-2155-1. PMID:24927807.

30 Schmidt RJ, Hansen RL, Hartiala J, et al. Selected 
vitamin D metabolic gene variants and risk for 
autism spectrum disorder in the Charge Study. 
Early Hum Dev. 2015;91:483-9. DOI: 10.1016/j.
earlhumdev.2015.05.008. PMID:26073892.

31 Ghanizadeh A, Akhondzadeh S, Hormozi M, et al. 
Glutathione-related factors and oxidative stress in 
autism, a review. Curr Med Chem. 2012;19:4000-
5. DOI:10.2174/092986712802002572. 
PMID:22708999.

32 Alvarez JA, Chowdhury R, Jones DP, et al. Vitamin 
D status is independently associated with plasma 
glutathione and cysteine thiol/disulphide redox 
status in adults. Clin Endocrinol (Oxf). 2014;81:458-

66. DOI: 10.1111/cen.12449. PMID:24628365.
33 Chugani DC, Muzik O, Behen M, et al. 

Developmental changes in brain serotonin synthesis 
capacity in autistic and nonautistic children. 
Ann Neurol. 1999;45:287-95. DOI:10.1002/1531-
8249(199903)45:3<287::aid-ana3>3.0.co;2-9. 
PMID:10072042.

34 Mulder EJ, Anderson GM, Kema IP, et al. Platelet 
serotonin levels in pervasive developmental 
disorders and mental retardation: diagnostic 
group differences, within-group distribution, and 
behavioral correlates. J Am Acad Child Adolesc 
Psychiatry. 2004;43:491-9. DOI:10.1097/00004583-
200404000-00016. PMID:15187810.

35 Halicka HD, Zhao H, Li J, et al. Attenuation 
of constitutive DNA damage signaling by 1, 
25-dihydroxyvitamin D3. Aging (Albany NY). 
2012;4:270-8. DOI:10.18632/aging.100450. 
PMID:22498490.

36 Vargas DL, Nascimbene C, Krishnan C, et al. 
Neuroglial activation and neuroinflammation 
in the brain of patients with autism. Ann 
Neurol. 2005;57:67-81. DOI:10.1002/ana.20315. 
PMID:15546155.

37 Goines P, Van de Water J. The immune 
system’s role in the biology of autism. Curr 
Opin Neurol. 2010;23:111-7. DOI: 10.1097/
WCO.0b013e3283373514. PMID:20160651.

38 Cantorna MT, Mahon BD. Mounting evidence for 
vitamin D as an environmental factor affecting 
autoimmune disease prevalence. Exp Biol Med 
(Maywood). 2004;229:1136-42. PMID:15564440.

39 Grant WB, Cannell JJ. Autism prevalence in the 
United States with respect to solar UV-B doses: an 
ecological study. Dermatoendocrinol. 2013;5:159-
64. DOI: 10.4161/derm.22942. PMID:24494049. 

40 Boso M, Comelli M, Emanuele E, et al. Seasonal 
fluctuations in problem behaviors among young 
adults with autism and intellectual disability. Med 
Sci Monit. 2010;16:CR213-6. PMID:20424547.

41 Saad K, Abdel-Rahman AA, Elserogy YM, et al. 
Vitamin D status in autism spectrum disorders and 
the efficacy of vitamin D supplementation in autistic 
children. Nutr Neurosci. 2016;19:346-351. DOI:10.
1179/1476830515Y.0000000019. PMID:25876214.

42 Jia F, Wang B, Shan L, et al. Core symptoms of 
autism improved after vitamin D supplementation. 
Pediatrics. 2015;135:e196-8. DOI:10.1542/peds.2014-
2121. DOI:10.1542/peds.2014-2121. PMID:25511123.

43 Eyles DW, Burne TH, McGrath JJ. Vitamin 
D, effects on brain development, adult brain 
function and the links between low levels of 
vitamin D and neuropsychiatric disease. Front 
Neuroendocrinol. 2013;34:47-64. DOI:10.1016/j.
yfrne.2012.07.001. PMID:22796576.


