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controls, suggesting that lower vitamin D level might be a 
risk factor for ASD.
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Introduction

Autism spectrum disorder (ASD) is a brain disorder, 
characterized by deficits in social interaction, verbal and 
non-verbal communication, and restricted and repetitive 
behavior [1, 2]. Over the recent years, the prevalence esti-
mates of ASD have increased for yet unknown reasons 
[3, 4]. Genetic factors play a prominent role in the etiol-
ogy of ASD [5], which is confirmed by twin studies [6–9]. 
A recent study of 2500 ASD simplex families has identi-
fied hundreds of gene mutations, including de novo mis-
sense mutations (13 %) and likely de novo gene-disrupting 
(LGD) mutations (43 %). These mutations contribute up to 
12 and 9 % of ASD diagnose, respectively [10]. Another 
study showed that over a hundred of autosomal genes 
might affect the risk of having ASD [11]. Recent data from 
a cohort of children born in Sweden point towards a dis-
ease etiology including additive genetic and environmental 
effects [12].

Various environmental events during pregnancy and 
early life, such as exposure to toxins and medication, have 
been demonstrated as risk factors for developing ASD 
[13–16]. Cumulative data suggest that decreased level of 
Vitamin D may also be an important risk factor for ASD 
[17–21], although the clinical awareness of this prob-
ability is somewhat limited, despite the fact that already in 
2008, Cannell hypothesized that vitamin D deficiency dur-
ing pregnancy could be a risk factor for autism. Cannell 

Abstract Vitamin D may play an important role in the 
etiology of Autism Spectrum Disorders (ASD). Vitamin D 
is regarded as a neuroactive steroid affecting brain devel-
opment and function. It plays an essential role in myelina-
tion, which is important for connectivity in the brain. Stud-
ies have shown that decreased vitamin D levels in patients, 
decreased maternal vitamin D levels during pregnancy, 
and decreased exposure to solar UVB might increase the 
risk for ASD. In addition, autism symptoms and global 
functioning may improve after vitamin D supplementa-
tion. Here, we sought to aggregate information from previ-
ous publications on vitamin D levels and ASD, in order to 
achieve a higher statistical power and thereby to determine 
the validity of vitamin D deficiency as a risk factor for 
ASD. For this meta-analysis, 11 studies met the inclusion 
and exclusion criteria, accounting for a total of 870 ASD 
patients and 782 healthy controls. Levels of serum 25(OH) 
D in participants with ASD were significantly lower than 

 * Feiyong Jia 
 erkekangfujia@163.com

1 Department of Pediatric Neurology and Neurorehabilitation, 
The First Hospital of Jilin University, No. 71, Xinmin Street, 
Changchun, Jilin 130021, China

2 Department of Psychiatry, University Medical Center 
Utrecht, Utrecht, The Netherlands

3 Department of Psychiatry and Donders Centre 
for Neuroscience, Radboud University Nijmegen Medical 
Centre Karakter, Centre for Child and Adolescent Psychiatry 
Reinier Postlaan 12, 6525 GC Nijmegen, The Netherlands

4 Institute of Pediatrics of First Hospital of Jilin University 
Changchun, Changchun 130021, China

5 Neurological Research Center of First Hospital of Jilin 
University, Changchun 130021, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00787-015-0786-1&domain=pdf


342 Eur Child Adolesc Psychiatry (2016) 25:341–350

1 3

further suggested that early childhood vitamin D deficiency 
could be related to decreased exposure to sunlight, possibly 
brought on by medical advice to avoid the sun [22].

Vitamin D, structurally part of a group of sterols, plays 
a crucial role in the calcium and phosphorous metabolism 
[23]. The main source of vitamin D comes from the con-
version of 7-dehydrocholesterol to previtamin D3 in the 
skin by solar ultraviolet B radiation, while a lesser amount 
of vitamin D comes from food intake [19, 24]. The active 
form of vitamin D, 1,25(OH)2-vitamin D, is a steroid 
with potent endocrine, paracrine, and autocrine effects, 
induced by binding to its specific ligand—the vitamin D 
receptor (VDR). The compelling data of vitro, vivo, and 
animal experiments showed that vitamin D is involved in 
brain proliferation, differentiation, neurotropism, neuro-
protection, neurotransmission, myelination, and neuro-
plasticity [21, 25]. Vitamin D also stimulates glutathione 
and can affect the gene expression of a multitude of target 
genes. Furthermore, Vitamin D is associated with immune 
response as well [26–28].

Several studies have shown a relationship between 
(1) the risk for ASD and vitamin D levels in patients, (2) 
maternal vitamin D levels during pregnancy, and (3) the 
amount of exposure to solar UVB.

Most data are available with respect to (1) vitamin D 
levels in patients with ASD. In fact, since 2010, 14 studies 
have directly investigated serum levels of vitamin D in indi-
viduals with autism. Vitamin D levels are expressed in ng/
ml or nmol/l (1 ng/ml–2.5 nmol/l) and a short summary of 
each of the 14 studies is provided.

Meguid and Hashish [29] conducted a study with 70 
ASD children and 42 healthy controls in Cairo, Egypt (lati-
tude 30.3 degrees N), aged between 2 and 8 years. Birth 
season in relation to vitamin D levels and autism was taken 
into account, but no significant difference was found for the 
month or season of birth in either group. The ASD group 
had significantly lower levels of 25(OH) D (28.5 ng/ml) 
compared with healthy controls (40.1 ng/ml; P < 0.001). 
Because of the sunny climate in Egypt, 28.5 ng/ml is 
regarded to be inadequate.

Humble and Gustafsson [30] tested vitamin D levels in 
adult outpatients with several psychiatric disorders in Swe-
den (latitude 59.3 degrees N) and found that those with 
autism or schizophrenia had significantly lower levels of 
Vitamin D (12.26 ng/ml). This study supports the hypoth-
esis that vitamin D deficiency may be not only a predispos-
ing developmental factor but also related to the psychiat-
ric status of adult patients. However, there was no control 
group in this study.

Mostafa and Al-Ayadhi [31] measured 25(OH) D and 
anti-MAG autoantibodies in 50 ASD children (5–12 years 
old) and 30 age-matched healthy children in Riyadh 
Saudi Arabia (latitude 24 degrees N). ASD children 

(18.5 ± 14 ng/ml) had significantly lower serum lev-
els of 25(OH) D than healthy children (33.0 ± 11 ng/ml; 
P < 0.001). Furthermore, 40 % children with ASD dis-
played concentrations of 25(OH) D below 10 ng/ml, but 
none in the control group. Whereas, 48 % ASD children and 
only 20 % healthy controls had 25(OH) D levels between 
10 and 30 ng/ml, suggesting vitamin D deficiency might be 
a serious risk factor for ASD. This study also demonstrated 
that serum 25(OH) D levels were significantly negatively 
correlated with CARS scores (P < 0.001), which implied a 
possible link between the level of vitamin D deficiency and 
the severity of autism symptoms. In the same study, serum 
concentrations of anti-MAG autoantibodies had been found 
to have significant negative correlations with serum 25(OH) 
D levels. Thus, Vitamin D deficiency may contribute to the 
induction of more serum anti-MAG autoantibodies in ASD 
children.

Tostes and Polonini [32] studied serum 25(OH) D levels 
in children in Juiz de Fora, Brazil (latitude 21.75 degrees 
S). Results showed a significant decrease of 25(OH) D in 
the ASD group compared with the control group (26.48 vs 
40.52 ng/ml).

Neumeyer and Gates [33] explored bone mineral density 
(BMD) and 25(OH) D level in 18 boys with ASD and 19 
healthy controls, aged from 8 to 14 years in Massachusetts, 
USA (latitude 41.16 degrees N). BMD in boys with ASD is 
lower when compared with control group at spine, femo-
ral neck, and total hip. Mean values of serum 25(OH) D 
were, respectively, 26.7 ng/ml in ASD boys and 31.7 ng/
ml in healthy controls (significant difference between the 
two groups). As known, vitamin D plays an important role 
in bone growth in human body. This study concluded that 
BMD is lower in peripubertal boys with ASD and impaired 
vitamin D status may be associated with lower exercise 
activity.

Gong and Luo [34] reported the serum levels of 25(OH) 
D in 48 confirmed ASD patients and 48 healthy controls 
(matched with age and gender) in Chongqing, China (lati-
tude 29.5 degrees N). The mean serum 25(OH) D level was 
significantly (P = 0.002) lower in children with ASD as 
compared with controls (19.9 and 22.6 ng/ml, respectively). 
In this study, the CARS was used to assess ASD symptoms. 
Decreased vitamin D levels were significantly correlated 
with severity of ASD symptoms (P < 0.001). These results 
indicate that low vitamin D level may be independently 
associated with the severity of ASD, and lower serum 
25(OH) D level could be considered as an independent risk 
factor for ASD.

Kocovska and Andorsdottir [35] compared serum 
25(OH) D levels in ASD young adults (aged 15–24 years) 
with their normally developing siblings, parents, and 
healthy controls (matched with age and gender) in Faroe 
Islands (latitude 61.41 degrees N). The ASD group showed 
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a significantly lower level of serum 25(OH) D (24.8 nmol/l) 
than the sibling group (46.1 nmol/l, P < 0.001), parent 
group (46.7 nmol/l, P < 0.001), and healthy control group 
(37.6 nmol/l, P = 0.002). No associations were found 
between serum Vitamin D level and IQ, ASD phenotype 
or scores of Autism Diagnostic Observation Schedule 
(ADOS).

Bener and Khattab [36] tested serum 25(OH) D levels in 
254 ASD children (mean age 5.51 ± 1.58 years) and 254 
healthy controls (mean age 5.76 ± 1.56 years) in Qatar 
(latitude 25.25 degrees N). The mean value of serum vita-
min D concentration in children with ASD (18.39 ± 8.2 ng/
ml) was significantly lower versus control children 
(21.59 ± 8.4 ng/ml; P < 0.05). The percentage of children 
who had vitamin D deficiency was significantly higher in 
the ASD group than in the control group (14.2 vs 8.3 %; 
P < 0.01).

Du and Shan [37] showed a possible association 
between serum vitamin D level and ASD. In this study, the 
serum 25(OH) D levels have been studied in 117 children 
with ASD and 109 healthy controls in Changchun, China 
(latitude 43.88 degrees N). Concentration of serum 25(OH) 
D in control group was 36 ± 13 ng/ml, which was signifi-
cantly higher than ASD group (19 ± 9 ng/ml, P < 0.01). 
The percentage of vitamin D insufficiency plus deficiency 
in ASD group was significantly higher than that of control 
group (89.7 vs 52.3 %; P < 0.01).

Saad and Abdel-Rahman [38] measured 25(OH) D in 
122 ASD children (3–9 years old) and 100 healthy children 
(matched with age and gender) in Assiut Egypt (latitude 
27.18 degrees N). The ASD group showed a significant 
lower level of serum 25(OH) D (18.02 ± 8.75 ng/ml) than 
the control group (42.51 ± 9.48 ng/ml, P < 0.0001). Serum 
25(OH)D levels had significantly negative correlations with 
severity of ASD on CARS scores (P < 0.0001).

Fernell and Bejerot [39] analysed 25(OH) D in 58 Swe-
den-born sibling pairs, in which 1 child had ASD and the 
other did not (latitude 36 degrees N). The dried blood spots 
taken in the neonatal period for metabolic screening had 
been used to test 25(OH) D level. ASD children had signifi-
cantly (P = 0.013) lower vitamin D levels (24.0 ± 19.6 ng/
ml) compared with their siblings (31.9 ± 27.7 ng/ml).

Although the above-described studies indicated a pos-
sible role of vitamin D deficiency in ASD, other studies 
could not confirm these positive results.

Molloy and Kalkwarf [40] compared the actual 
serum 25(OH) D levels of 40 Caucasian boys with ASD 
(4–8 years old) with control group (n = 40) in USA (lati-
tude 23–54 degrees N). No significant differences were 
observed between the two groups (P = 0.4). In this study, a 
total of 54 (61 %) children in the entire cohort had a serum 
25(OH) D concentration of less than 20 ng/ml (30 ng/ml 
has been regularly seen as the cutoff value between vitamin 

D adequate and inadequate). Children from control group 
were all suffering from acute inflammation, which may 
potentially affect the plasma vitamin D level.

Adams and Audhya [41] studied the nutritional and 
metabolic status of children (n = 55 aged 5–16 years) with 
ASD and that of neurotypical children (n = 44) in Arizona, 
USA (latitude 31–37 degrees N). No significant differences 
were observed between the two groups concerning 25(OH) 
D level (P = n.s.)

Uğur and Gürkan [42] examined 25(OH)D levels of 
children in Ankara, Turkey (latitude 40°02′ degrees N) and 
found no difference between children with ASD (25.12 ng/
ml) and healthy controls (matched with age and gender, 
21.11 ng/ml, P = 0.069). Furthermore, they found no cor-
relation between severity of autistic symptoms (ABC and 
CARS scores) and serum vitamin D levels (P > 0.05). In 
this study, both ASD children and healthy controls had an 
average lower level of serum 25(OH) D (less than 30 ng/
ml). It could be that the high latitude of Ankara with a rela-
tively short duration of sunshine might contribute to a low 
level of serum 25(OH) D.

With respect to (2), maternal vitamin D levels dur-
ing pregnancy and the risk for ASD only a few studies are 
available, showing inconsistent results. Fernell and Bar-
nevik-Olsson [43] investigated serum 25(OH) D levels in 
mothers of ASD children in Sweden, who were of Somali 
origin. Mothers of ASD children had low levels of vitamin 
D. This might indicate that ASD children could have vita-
min D deficit already since prenatal period. A study from 
India also provided evidence for an association between 
maternal vitamin D deficit during pregnancy and the risk 
for ASD [44]. However, a similar Australian study could 
not support the above conclusion [45].

With respect to (3), the amount of exposure to solar 
UV-B, which indirectly relates to levels of vitamin D, most 
results are in line with the hypothesis that lower levels of 
vitamin D are a risk factor for ASD. Grant and Cannel [46] 
studied the relationship between UV-B doses and the prev-
alence of autism in the US for children aged 6–17 years. 
In that study, an inverse correlation between solar UVB 
and the prevalence of autism was found. Dark-skinned 
people require a higher sun exposure to produce the same 
amount vitamin D as their white counterpart. Therefore, 
when moving to northern countries, persons with a dark 
skin may have an increased risk for vitamin D deficiency. 
This could be an explanation for the phenomenon that the 
prevalence of ASD is higher in dark-skinned offspring of 
immigrant mothers to Europe, especially those coming 
from East Africa to Northern Europe [47]. Hayashi [48] 
further showed that ASD symptoms might have a sea-
sonal improvement, especially during the summer. It has 
recently been suggested that seasonal changes of vitamin D 
levels could be balanced by administering adequate doses 
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of vitamin D in a timely manner [49]. In a recent paper, 
it was suggested that adequate, perhaps pharmacological, 
doses of vitamin D may have a treatment effect in the core 
symptoms of autism [50]. Indeed, this suggestion is actu-
ally supported by previous work from our group, Jia and 
Wang in 2015 first reported a 32-month-old boy with ASD 
and vitamin D deficiency whose autism symptoms mark-
edly improved after vitamin D supplementation [51]. A 
very recent trial reported 106 ASD children with low serum 
25(OH) D levels (<30 ng/ml) received vitamin D3 supple-
mentation (300 IU/kg/day, not exceed 5000 IU/day) for 
3 months. 80.72 % of participants who completed 3 months 
treatment had significant improvements in scores of the 
CARS and ABC subscales [38].

In summary, several lines of research suggest that vita-
min D may play a role in the etiology of ASD. Some of 
the evidence for this is still very limited, such as studies 
of maternal vitamin D levels during pregnancy. However, 
the number of studies that investigated vitamin D levels in 
patients with ASD is considerable, allowing a meta-anal-
ysis to be performed. A meta-analysis could provide the 
necessary statistical strength to determine the validity of 
considering vitamin D as a risk factor for ASD and thereby 
provide data for future clinical guidelines studies.

Materials and methods

In‑ and exclusion criteria

All clinical trials that directly investigated serum levels of 
vitamin D in subjects with ASD and healthy control sub-
jects were considered for inclusion. The inclusion criteria 
were (1) ASD diagnose according to criteria established 
in DSM IV(TR); (2) participants aged between 2 and 
16 years; (3) measurement of 25-(OH) D concentration in 
peripheral blood; (4) studies which reported 25-(OH) D 
concentrations using a mean and standard deviation, with 
sample size and P value; (5) full text articles that were pub-
lished in English. The exclusion criteria were studies (1) 
without a healthy control group; or (2) including children 
with any disease that could affect serum vitamin D levels.

Search strategy

A computerized search in MEDLINE, EMBASE, Psy-
cINFO, Web of Knowledge, and Scopus from January 1980 
to May 2015 has been conducted by using the keywords 
autism and vitamin D. Detail search terms were 25-OH 
AND cholecalcifero OR cholecalciferol OR vitamin AND 
D3 OR vitamin D3 AND autistic disorder OR autism OR 
ASD. Duplicate articles were deleted. The title and abstract 
of each article were scanned and assessed independently by 

two raters (authors Wang and Shan). The full text of each 
potentially relevant study was then retrieved and assessed 
for eligibility, according to above-mentioned inclusion and 
exclusion criteria. The reference lists of these studies were 
also searched for possible publications that might meet our 
inclusion criteria. Disagreement between the two initial 
raters (authors Wang and Shan) during the reviewing pro-
cess has been regularly solved by discussion. Otherwise, 
a third independent rater (author Du) would be asked to 
determine the eligibility.

Data extraction

Data of vitamin D levels for each eligible study were 
extracted into an Excel spreadsheet (including sample size, 
mean value, standard deviation, and P value). Two authors 
(Wang and Shan) extracted the data independently. Any 
disagreements between them were solved by discussion.

Quality assessment

To evaluate the quality of potential studies that could be 
included in our research, a set of predefined criteria of 
Newcastle-Ottawa Scale (NOS) [52] have been used to 
make the judgment. The NOS criteria include three aspects: 
(1) subject selection, 0–4; (2) comparability of subject, 
0–2; and (3) clinical outcome, 0–3. Total NOS scores range 
from 0 (lowest) to 9 (highest). Studies can be classified 
into two types according to NOS scores: low quality (0–6) 
and high quality (7–9), respectively. Two raters (Wang and 
Shan) conducted the NOS assessment independently. Any 
discrepancies between the two raters on NOS scores of the 
potential studies were solved by discussion or consultation 
with a third rater (Du).

Data analysis

The Review Manager Software (Revman 5.2), developed 
by Cochrane Collaboration and STATA software (version 
11.0), were used to pool all data coming from eligible arti-
cles to conduct this meta-analysis. We used weighted mean 
difference (WMD) to describe the overall effect size of the 
difference in mean level of vitamin D between ASD group 
and control group in each eligible study. To obtain the 
WMD with 95 % confidence interval (CI) for both the ASD 
group and the control group, a random-effects model (Der-
Simonian and Laird method) was used when heterogeneity 
was present (P < 0.10) and if the computed I2 was more 
than 75 %; otherwise, the fixed-effects model (Mantel–
Haenszel method) was used. Significance in CIs is identi-
fied by the 95 % CI not encompassing 1; and for mean dif-
ferences, not encompassing 0, with a P value of less than 
0.05. To evaluate the influence of the individual data set on 
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the pooled WMD, a one-way sensitivity analysis was con-
ducted by deleting one study at a time. The funnel plot was 
constructed to assess publication bias. The symmetry of the 
funnel plot was further evaluated by Egger’s linear regres-
sion test.

Results

Baseline characteristics of included studies

Through search strategy and after full text assessment, 14 
potential articles were identified. 3 studies were excluded 
because of the following reasons: no control group [30] or 
the control group was not healthy control [40] or partici-
pants were over age [35]. The flow chart of this selection 
process is summarized in Fig. 1. Finally, 11 studies were 
eligible to take part in this meta-analysis, with a total of 
1652 participants (870 ASD patients and 782 healthy con-
trols). Quality scores of all enrolled papers were higher 
than 7 (high quality). Table 1 summarized the core content 
and methodological quality of each enrolled study.

Serum levels of 25(OH)D in ASD

A total of 11 case–control studies that evaluated serum 
25(OH) D levels in both ASD patients and healthy controls 
were included. In our meta-analysis, heterogeneity was 
present (P < 0.00001 I2 = 98 %). Therefore, we employed 
a random-effects model. All 11 included trials reported 
significantly lower concentrations of 25(OH) D in patients 

with ASD compared to healthy controls. The pooled data 
showed that there was a significant difference between the 
ASD group and control group (WMD = −8.63; 95 % CI 
(−13.17, −4.09), P = 0.0002). These results were pre-
sented in a forest plot (see Fig. 2).

Sensitivity analysis and publication bias

Sensitivity analysis showed that the overall statistical sig-
nificance does not change when any single study was omit-
ted. Therefore, the current result of this meta-analysis is 
relatively reliable and credible. The graphical funnel plots 
of the 11 studies are slightly asymmetrical, but Egger’ test 
showed there was no publication bias in this meta-analysis 
(P = 0.478) (see Fig. 3).

Discussion

The results from this meta-analysis clearly show that 
25(OH) D serum concentrations are significantly reduced 
in children with ASD compared to healthy control subjects. 
The observed effects are robust, appear independent of eth-
nicity, and occur from early childhood into adolescence.

The question rises why vitamin D levels would be 
reduced in children with ASD children. In general lower 
vitamin D levels may be caused by reduced intake, reduced 
production, or increased loss.

Some children with ASD may have unusual preferences 
or dislikes for certain types of food, and it could cause an 
inadequate nutritional intake. It could also be the case, that 
children with ASD may lack sufficient exposure to sun-
light, e.g. UV-B. Alternatively, disorders limiting vitamin 
D absorption, or medical conditions impairing vitamin D 
conversion into active metabolites may be more prevalent 
in children with ASD. However, at this point we can only 
speculate about the mechanism that causes the marked vita-
min D shortage in children with ASD.

There are several ways how vitamin D reduction could 
be related to ASD. First, vitamin D deficiency may affect 
early brain development [53]. Animal studies have dem-
onstrated that vitamin D is extremely important in brain 
homeostasis and neurodevelopment, such as neuronal 
migration and growth, neuronal differentiation, exciting 
and inhibiting neurotransmission, cell interaction, and syn-
aptic function [54–57]. Not surprising, many neurological 
and psychiatric conditions such as schizophrenia, MS, and 
autism, have been linked to developmental (prenatal) vita-
min D deficiency [30, 58, 59].

Second, vitamin D reduction may alter immune 
responses in individuals with ASD [60]. Vitamin D regu-
lated immune function was first proposed after the identi-
fication of vitamin D receptors in lymphocytes. The active 

Fig. 1  Studies selected for inclusion with number of studies included 
after each stage of the screening process
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form of vitamin D—1,25(OH)2D3, can activate helper 
T cells, regulatory T cells, activated B cells and dendritic 
cells [61]. Thus, vitamin D can decrease inflammation and 
produce immune protective effects [62, 63]. Vitamin D 
could down regulate pro-inflammatory mediators in mono-
cyte-derived macrophages, IL-1β and IL-6 levels in patients 
with rheumatoid arthritis [64]. Not surprising, many auto-
immune disorders have been associated with low vitamin 
D level [65]. Hayes and Nashold reviewed a diverse and 
rapidly growing body of epidemiological, climatologi-
cal, genetic, nutritional and biological evidence and indi-
cated that the vitamin D endocrine system functions in the 
establishment and/or maintenance of immunological self-
tolerance [66]. CD4(+)CD25(+) regulatory T cells (Tregs) 
play an important role in the establishment of immunologi-
cal self-tolerance, thereby preventing autoimmune reac-
tions. Interestingly, in a very recent meta-analysis, nineteen 
cytokines were assessed, and it was shown that concen-
trations of interleukin (IL)-1beta, IL-6, IL-8, interferon-
gamma, eotaxin and monocyte chemotactic protein-1 were 
significantly higher in the participants with ASD compared 
with the healthy controls, while concentrations of trans-
forming growth factor-β1 were significantly lower [67]. 

Other studies have indicated an altered activation profile 
for T cells, which might change adaptive cellular immune 
function in children with ASD [68]. Indeed, autism is con-
sidered an autoimmune disease [69, 70]. Many autoim-
mune markers have been found higher in autism patients, 
such as anti-nuclear antibodies [71], anti-ganglioside M1 
antibodies [72], Osteopontin [73], anti-MBP autoantibodies 
[74], and antinucleosome-specific antibodies [75]. Besides 
that, levels of these markers had significant positive corre-
lations with the severity of autism. Thus, autism may be, 
in part, one of the pediatric autoimmune neuropsychiatric 
disorders.

Third, accumulating evidence suggests that oxidative 
stress may be a common feature in autism [76]. The effect 
of oxidative stress might exert their deleterious effects by 
further exacerbating the interaction with genetically sus-
ceptible alleles [77]. Antioxidants, especially glutathione 
(GSH), are essential for neural survival during the early 
critical period [78]. Vitamin D can increase the cellular 
level of GSH [79] and is important for controlling detoxi-
fication processes in the brain [80]. Halicka and Zhao 
suggested that 1,25-dihydroxyvitamin D3 contributed to 
enhance DNA repair efficiency through its anti-oxidant 
activity [81].

Fourth, lower levels of vitamin D may affect the produc-
tion of serotonin and the oxytocin metabolism. With respect 
to serotonin, it is known that Vitamin D activates the tran-
scription of the serotonin-synthesizing gene—tryptophan 
hydroxylase 2 (TPH2) in the brain and inversely affects sero-
tonin production in peripheral tissues [82]. 5-HT plays a criti-
cal role in regulating emotions during social decision-making 
[83]. Individuals with ASD may display lower concentra-
tions of serotonin in their brains [84], and higher serotonin 
concentrations in their blood [85]. With respect to oxytocin, 
Vitamin D regulates both the production of the oxytocin and 
the response to it. Vitamin D also regulates oxytocin-related 
genes [86]. Several researches have reported oxytocin’s 
therapeutic effects on deficits in social communication and 
interaction in autism [87–89]. It has been shown that autis-
tic children have lower plasma concentrations of oxytocin as 
compared with non-autistic children [60].

Fig. 2   25(OH)D level: forest 
plot representing the difference 
in 25(OH)D levels between 
ASD and control

Fig. 3  Funnel plots for the difference of serum 25(OH)D levels 
between pancreatitis patients and control subjects
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Fifth, vitamin D deficiency may increase the risk for 
genetic mutations through inhibition of DNA repair of de 
novo mutations early during development. Indeed, muta-
tions contribute up to 12 and 9 % of ASD diagnose, respec-
tively [10].

This article is the first meta-analysis that investigated a 
possible relationship between low serum vitamin D level 
and ASD. To appreciate our data, it is important to bear in 
mind that there are some limitations. First, possible selec-
tion bias cannot be ruled out, despite careful assessment 
concerning methodology and quality of the included stud-
ies. Heterogeneity among these articles is still significant, 
which may attribute to the fact that the serum vitamin D 
concentrations might not be comparable between studies. 
Second, possible publication bias may be involved. We 
only included eligible English studies in this meta-analy-
sis, while studies writing in other languages were excluded 
based on language criteria. Also, negative publications may 
not have been published.

Despite these limitations, the findings from our study 
appear quite robust and the observed vitamin D reduction in 
children with ASD is likely to have clinical consequences. 
First, we believe that routine assessment of vitamin D sta-
tus is indicated in all the children with ASD and also a clear 
vision on vitamin D supplementation is warranted. Ani-
mal evidence indicates vitamin D deficiency-induced brain 
damage may be malleable, thus vitamin D may partially 
reverse the brain damage if given in adequate doses [22, 
90]. In addition, indications exist that supplementation of 
vitamin D actually may directly improve autistic symptoms 
[38, 51].

It remains under debate whether children with autism 
should be supplemented with higher doses vitamin D3, in 
order to maintain their 25(OH) D concentrations optimal. 
Average population 25(OH)D levels are un-known but nat-
ural levels, that is, levels found in humans who live or work 
in the sun, are around 50 ng/ml [91]. To confirm this, long-
term controlled clinical trials with large sample sizes will 
be needed.
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