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Abstract

Vitamin and fatty acid deficiency in children diagnosed with autism has been linked to the etiology and course of the disease
but the results have been inconsistent. In our work, we present a narrative review, which includes 20 observational studies
that provide data on the blood levels of vitamin D, folate, or fatty acids of children diagnosed with ASD (Autism Spectrum
Disorder—AG group), and of a control group (children without this disorder—CG group). The main characteristics and
results are presented in a summary table. Of the 20 above-mentioned studies, a meta-analysis of vitamin D and folate lev-
els was carried out in 14 of them, with a total of 2269 children (AG=1159, CG=1110). Vitamin D levels were lower in
AG compared to CG: SMD, 95% CI=—- 0.83 [— 1.15, — 0.50]. In terms of folate levels, a total of 299 children (AG = 148,
CG=151) were analyzed, finding no significant differences with the control group: SMD, 95% CI=— 0.16 [— 0.63, 0.32].
Only one study that provided data on fatty acids in children with ASD was included in the review although it was not possible
to include it in the meta-analysis. We conclude that the nutritional status (vitamin and fatty acid levels) of patients diagnosed
with ASD should be taken into account, as correct adjustment of these levels—may produce an improvement in the course
of the disease and could also reduce the risk of its development.
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Introduction

Autism is a neurodevelopmental disorder initially described
by Kanner (1943), characterized by alterations in social and
verbal communication, limited and repetitive interests, and
currently considered a serious mental disorder (Lord et al.,
2018).

The global prevalence trend is a marked rise (Kerub et al.,
2021; Mélaga et al., 2019; Tioleco et al., 2021), although
it is worth noting the great variability between the data
depending on the country of the study (Belinchdn et al.,
2010; Fuentes et al., 2020; Malaga et al., 2019; Marin et al.,
2016; Matson & Kozlowski, 2011; Nevison & Parker, 2020).
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of 1:64 (3—4 years) to 1:100 (10-11 years) (Morales-Hidalgo
et al., 2018).

The etiology of ASD remains little known, although dif-
ferent areas might be related (Kheirouri & Alizadeh, 2020).
Thus, for example, the influence of genetics, inflammatory
processes, autoimmune disorders, oxidative stress, neuro-
transmitters, and environmental factors has been demon-
strated (Chen et al., 2021; Kinney et al., 2010; Thorsen
et al., 2021). Similarly, prenatal and perinatal events, such
as maternal infection, medication, and parents’ age have
been identified as possible risk factors for autism and have
received considerable attention (Guo et al., 2020).

Different studies have reported the finding of differences
in blood levels of vitamins (D,,; and By) and fatty acids in
children diagnosed with autism, compared to children with-
out this disorder (Du et al., 2015). We note that vitamin D,
ergocalciferol (D2) or colecalciferol (D3), is a fat-soluble
vitamin present in the diet in limited amounts, which is
mainly obtained from skin exposure to UVB radiation (De
Luca, 2004). This differs from folate or B9, a water-soluble
vitamin obtained through the diet. According to the indi-
cations of the “Endocrine Society”, vitamin D deficiency
is defined as a serum concentration of 25 (OH) D <20 ng/
mL, insufficiency as 21-29 ng/ml, and sufficiency as at least
30 ng/ml for adequate health (Holick, 2017).

The relationship between vitamin D deficiency and ASD
is not entirely clear, and there are numerous studies, some
of them quite recent, that relate deficient levels of these
biochemical parameters in children diagnosed with ASD,
compared to children without neurodegenerative pathologies
(Agostoni et al., 2017; Arastoo et al., 2018; Bala et al., 2016;
Bozzatello et al., 2016; Eyles et al., 2013; Farid et al., 2016;
Frye et al., 2018; Garipardic et al., 2017; Guo et al., 2019;
Liu et al., 2016; Parletta et al., 2016).

In this sense, rigid behavior, as children with ASD usually
pose difficulty accepting changes in food textures or incor-
porating new foods into their daily diet (Cermak et al., 2010;
Esteban-Figuerola et al., 2019; Séanchez et al., 2015; Yule
et al., 2020), and difficulty relating to others, as well as shar-
ing outdoor spaces with others, thus hindering sun exposure
(Liu et al., 2015; Wang et al., 2021), have been described
as causes that justify the pattern of vitamin D deficiency in
children with ASD. Other authors propose dysfunction in the
gut microbiota and gut-microbiota-brain relationship (Ogbu
et al., 2020), as well as a decrease in vitamin D receptors
(Altun et al., 2018).

The Present Study

The bibliography review has shown evidence of the rela-
tionship between vitamin D and folate levels and the diag-
nosis of autism in children (Altun et al., 2018; Frye et al.,
2018; Garipardic et al., 2017; Gong et al., 2014; Mazahery

et al., 2016; Sun et al., 2016). In fact, a recent meta-analy-
sis assessed the relationship between vitamin D levels and
autism, including studies published through November
2019 (Wang et al., 2021). Our work, however, represents
an update and extension of previous studies, as it includes
studies published until December 2020 that analyze vitamin
D levels, folate, and fatty acids in children diagnosed with
ASD versus children without this diagnosis.

The main objective is therefore to study the differences
in blood levels of vitamins and fatty acids between chil-
dren diagnosed with ASD compared to children without
this diagnosis. For this purpose, a meta-analysis of obser-
vational studies was carried out that established comparisons
between the values obtained in children diagnosed with ASD
compared to children without this disorder. In addition, a
narrative review is offered which considered all the studies
that met the inclusion criteria but did not provide sufficient
data to perform the meta-analysis.

Following the PRISMA 2020 (Page et al., 2021) crite-
ria for research question formulation, we drew on the fol-
lowing approach: Are there significant differences in the
reported levels of vitamin D, folate, and fatty acids in chil-
dren diagnosed with ASD compared to children without this
diagnosis?

Method

The protocol used in this systematic review follows the rec-
ommendations of (Page et al., 2021). Similarly, the meth-
ods used in the review were specified in advance and doc-
umented in a protocol, which is available online: (https://
www.crd.york.ac.uk/PROSPEROFILES/125932_PROTO
COL_225905.pdf).

Inclusion and Exclusion Criteria

According to the research question posed, the studies were
included in the review if they met the following criteria:
(a) studies should compare blood levels of vitamin D and/
or fatty acids and/or folate in children diagnosed with ASD
with the values in children without this disorder; (b) the par-
ticipants’ age was between 0 and 18 years; (c) studies should
have been published between 2014 and 2020; (d) ASD was
diagnosed using the Diagnostic and Statistical Manual of
Mental Disorders, fifth edition DSM-V (APA, 2014); (e) the
age of the control group must range from O to 18 years and
they should not have any neurodevelopmental pathology.
The outcome measures included in the study were:

1. Vitamin D levels, 25-hydroxyvitamin D, or 25-OH vita-
min D, obtained through blood sample and analyzed in
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the laboratory by chemiluminescence immunoassay and
expressed as ng/ml.

2. Levels of folic acid, folate, folacin, pteroylmonoglu-
tamic acid, or vitamin By, obtained through blood
sample and analyzed in the laboratory with an enzyme
immunoassay technique (ELISA).

3. Fatty acid levels. The three main omega-3 fatty acids
measured are: alpha-linolenic acid (ALA), eicosapen-
taenoic acid (EPA), and docosahexaenoic acid (DHA).
Obtained through blood sample and analyzed in the
laboratory by capillary gas chromatography, with flame
ionization detection.

Exclusion criteria were: (a) articles that did not propose
among their objectives the measurement of blood levels of
vitamin D, folate, and fatty acids in people diagnosed with
ASD:; (b) that the study population was over 18 years of age;
(c) secondary studies (narrative or systematic reviews).

Search Strategy

A systematic search in the following electronic databases
was conducted: Medline, Cochrane, Pubmed, PsycINFO,
and Web of Science (WOS). The main descriptors used
were: “25-OH” AND “cholecalciferol” OR “vitamin”
AND “D3” OR “vitamin D3 AND “autistic disorder” OR
“autism” OR “ASD”. The last search was performed on Jan-
uary 10, 2021, in the WOS. The complete strategy used can
be found in “Addendum 1”.

The search was conducted by two independent research-
ers who made lists of potentially eligible articles. These lists
were subsequently agreed upon, and any disagreements were
resolved through the intervention of a third reviewer. To
reduce unplanned duplication of comments and to provide
transparency to the review process, as well as to minimize
reporting bias (Booth et al., 2013), this study was recorded
in PROSPERO (International Prospective Register of Ongo-
ing Systematic Reviews) http://www.crd.york.ac.uk/prospero
since its initiation; Registry No: CRD4225905.

Selection of the Studies

Study selection was carried out in two phases, following the
indications of the PRISMA statement (Moher et al., 2015):

- In the first phase, two reviewers independently examined
potentially eligible studies by reading titles and abstracts,
following a previously made checklist, which included the
selection criteria described in the protocol. Listings of pre-
selected articles were subsequently agreed upon, resolving
discrepancies by discussion.

- In the second phase, two reviewers independently read
the full text of the studies preselected in the previous phase,
again creating two lists of potentially eligible articles.

@ Springer

Disagreements were resolved through discussion, and a
third reviewer was required to intervene when no consensus
was reached. The complete texts of the accepted articles
were carefully read, and their lists of bibliographic refer-
ences were examined to identify possible relevant articles
that had not been located in the initial search.

Analysis of Bias Risk

The selected studies were subsequently submitted to risk-
of-bias analysis, which was performed by two independent
reviewers. The instrument used by these reviewers was the
STROBE initiative statement for observational studies con-
sisting of 22 items (Von Elm et al., 2007). 1 point per item
was awarded, using the following criteria: 1 point if the item
was fulfilled, 0.5 points if the item was partially fulfilled,
and O points if the item was not fulfilled at all. The cut-off
point for the eligibility of the studies was established at the
mean value of each scale, that is, the article had to exceed
50% of items on the evaluation scale to be included in the
systematic review. In cases where no consensus was found
for the acceptability of an article, a third reviewer was con-
sulted. Finally, interjudge reliability was calculated using
intraclass correlation analysis.

Tabulation and Data Analysis

The studies included in our study were coded in an Excel
database by the first author. The coding was reviewed by the
second and third authors, and doubts were resolved through
discussion among all the authors. Subsequently, summary
tables were created in which the data of each selected study
were recorded according to the following categories: date
and country of study, research objective, size and age of
sample used, study design, outcome measures, and signifi-
cant results.

Data Synthesis

First, a narrative synthesis of the included studies was car-
ried out, based on the outcome measures: folate levels, vita-
min D, and fatty acid levels. An ad-hoc table was developed
with the main characteristics and results (Table 1).

The studies that provided data on means and standard
deviation were included in a meta-analysis. The effects of
the studies were compared by estimating the standardized
mean differences (SMD) in the score of vitamin D and
folate levels among children diagnosed with ASD (ASD
group; AG) and children who were not diagnosed (control
group; CG). The differences between the SG and the CG
for each comparison were grouped to obtain the estima-
tion of the total effect. Statistical models of random effects
were applied, considered to be more appropriate for the
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integration of the results of empirical studies due to the
variability they usually present (Sdnchez-Meca & Marin-
Martinez, 2010), which was subsequently corroborated by
the corresponding diagnoses of heterogeneity.

To determine the influence of each of the studies on
the overall estimate of the effect, a sensitivity analysis
was performed. For each comparison, the heterogeneity
of the results was calculated using the chi-square test with
a significance level of 0.05, and the I index was also cal-
culated. For cases where heterogeneity was significant, a
subgroup analysis was carried out. Finally, we included
in the analysis a study of publication bias to determine
whether this could be a threat to the validity of the results

of the meta-analysis. RevMan 5.3 was used for the calcula-
tions (Cochrane Center).

Results

As shown in Fig. 1, the electronic search initially located
4.715 publications, of which 63 were excluded because
they were duplicate documents. After reading the title and
abstract, 4559 studies were excluded as they did not respond
to the objectives of the meta-analysis or to the research ques-
tion formulated according to the PRISMA criteria. In the
second phase of selection, after full-text reading, 52 arti-
cles were excluded for not meeting the inclusion criteria

Documents identified through

)
c
RS
=]
S datab -
&2 ata bases Duplicate documents
=] (N =4,715) —_— (N =63)
(@)
S
——
)
5 Documents evaluated by Documents eliminated after
e
x title and abstract > reading title and abstract
© (N =4,652) (N =4,559)
i
—
)
Articles subjected to full-text Artlclesde.llm;nle:tfd :fter
= reading _— rea (llr\;g_ ;’2) ex
e (N =93) =
(]
(8]
(8]
<
————
Studies included in bias analysis
) (N =41) Studies excluded after bias
_— analysis
(N=21)
gl
Q
o
S
xe)
1=
Studies finally |.nclud'ed in the Studies finally included in the
systematic review _— meta-analysis

Fig. 1 The selection process following PRISMA guidelines (Page et al., 2021)
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established in the check-lists. Subsequently, after performing
the risk-of-bias analysis, 21 studies were excluded for fail-
ing to meet the established methodological quality criteria.
The scores given by each reviewer to each of the accepted
studies, as well as the final score obtained by consensus,
are available online, in a document annexed to the protocol.

Finally, 20 articles were included in the narrative review,
all of which were quantitative observational studies. Except
for one study that analyzed fatty acid (Parletta et al., 2016)
levels, in the rest, measurements of vitamin D and folate
levels were performed in a sample of children with ASD
(N=4171) and compared to a control group of healthy
children or children not diagnosed as ASD (N=2982). The
intraclass correlation coefficient showed high interjudge reli-
ability (/CC=0.989, p <0.001).

Of the 20 selected studies, five provided incomplete data
on or directly did not provide means and standard deviations
(Farid et al., 2016; Guo et al., 2019; Liu et al., 2016; Wu
et al., 2018; Zhu et al., 2020). The authors of these studies
were contacted, but as we received no reply, we decided to
exclude them from the meta-analysis. In addition, the study
of Parletta et al. (2016) was excluded from the quantitative
synthesis because it was the only one offering data on fatty
acids. Howeyver, the 6 studies mentioned were included in the
narrative synthesis due to the interest of their results. Finally,
14 of the reviewed studies that reported vitamin D and folate
levels were included in the meta-analysis.

Studies Included in the Narrative Review

The 20 quantitative studies included were published between
2014 and 2020. The study sample has the following charac-
teristics: the age range is between 0 and 18 years, the mini-
mum and maximum sample sizes in the ASD group were 16
and 1529, respectively, and in the control group, they were
25 and 1240. As for the sex of the sample, it was mostly
male (Table 1) and the design of the studies was entirely
quantitative and observational.

Three categories were established that correspond to the
main objective of our study: vitamin D levels, folate levels,
and blood levels of fatty acids.

Vitamin D Levels

Of the 20 studies included in the review, 19 papers provide
data on vitamin D levels. As can be seen in Table 1, in 16
articles out of the total included in our work, vitamin D lev-
els are shown to be lower in subjects belonging to the ASD
group than in subjects in the control group (Altun et al.,
2018; Alzghoul et al., 2020; Arastoo et al., 2018; Bala et al.,
2016; Bener et al., 2014, 2017; El-Ansary et al., 2018; Farid
et al., 2016; Fernell et al., 2015; Garipardic et al., 2017,

Gong et al., 2014; Guo et al., 2019; Petruzzelli et al., 2020;
Sengenc et al., 2020; Wu et al., 2018; Zhu et al., 2020).

Moreover, three of the studies analyzed found no signifi-
cant differences between the blood levels in the two groups
(Bicikova et al., 2019; Liu et al., 2016; Ugur & Giirkan,
2014).

Folate Levels

Blood levels of folate were measured in five of the selected
studies (Altun et al., 2018; Bala et al., 2016; Garipardic
et al., 2017; Liu et al., 2016; Ugur & Giirkan, 2014). Altun
et al. (2018) achieved significant results in terms of the ASD
group’s folate levels compared to the CG; lower blood levels
were obtained in subjects in the ASD group than those of
healthy control: ASD: 121.16 +8.04; Control:172.31+17.19
(M=+SD).

The rest of the work about folate in the selected stud-
ies did not obtain significant results for this hematological
parameter (Table 1).

Fatty Acid Levels

Only one study was included in this review that offered data
on fatty acid levels and met methodological quality criteria
(Parletta et al., 2016). In this study, in a sample of 85 chil-
dren with ASD and 401 with Attention Deficit Hyperactivity
Disorder (ADHD) compared to 79 of the control group, the
authors analyzed the blood levels of DHA, AA, EPA + DHA,
finding lower values in the ASD and ADHD group compared
to the CG of healthy subjects (Table 1).

Studies Included in the Meta-Analysis

Meta-analysis was performed for vitamin D and folate levels
of 14 of the previously selected studies (Altun et al., 2018;
Alzghoul et al., 2020; Arastoo et al., 2018; Bala et al., 2016;
Bener et al., 2014, 2017; Bicikova et al., 2019; El-Ansary
et al., 2018; Fernell et al., 2015; Garipardic et al., 2017,
Gong et al., 2014; Petruzzelli et al., 2020; Sengeng et al.,
2020; Ugur & Giirkan, 2014) to obtain an estimate of the
average effect size for a 95% confidence interval. For het-
erogeneity analysis, the values of X2 and the I index were
estimated.

Vitamin D Levels

The data of 2269 adolescents were available (AG=1159,
CG=1110), included in the 14 complete trials that measured
this variable. Vitamin D levels were lower in the group of
children diagnosed with ASD compared to children in the
CG: SMD, 95% CI=-0.83 [-1.15, -0.50], with significant
heterogeneity (y*=153.35, p=0.0001; I*=92%). Given
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ASD Group Control Group Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

2.1.1 TOTAL GROUP

Altun etal. (2018) 1379 1.03 60 16.58 1.06 45 37% -2.66[-3.19,-2.132] -

Alzghoul et al.(2020) 234 11 83 Krs) 15 106 4.3% -1.05[-1.35,-0.74] -

Arastoo etal. (2018) 903 414 62 1525 7.89 M 3.9% -1.08 [-1.55,-0.63] -

Balaetal. (2016) 1811 747 16 2873 9.04 27 31% -1.57 [-2.28,-0.86) I—

Beneretal (2014) 18.39 82 254 21549 8.4 254 4.5% -0.38 [-0.56,-0.21] -

Beneretal (2017) 1879 835 308 2218 9 308 4.5% -0.39 [-0.55,-0.23] -

Bicikova et al. {2019} 6522 2585 45 G446 2073 40 4.0% 0.03 [-0.359, 0.46] 1T

El-Ansary etal. (2018) 9563 26.63 28 14043 17.68 27 3.3% -1.95 [-2.60,-1.30] I

Fernell etal. {2015) 24 1986 28 318 277 29 37% -0.32[-0.84,0.19] T

Garipardic etal. (2017) 143 7.25 18 2942 907 28 31% -1.77 [-2.50,-1.08] -

Gong etal. (2014) 19.9 38 48 226 4.5 28 3.8% -0.66 [-1.13,-0.18] -

Petruzzelli et al. {2020} 18.61 833 44 2462 1318 36 3.9% -0.57 [-1.00,-0.14] -

Sengenc et al. (2020) 42 19.84 100 4857 2236 100 4.3% -0.31 [-0.59,-0.03] -

Ugur etal. (2014) 2512 11.28 44 2111 9.65 54 4.1% 0.38 [-0.00, 0.76] —

Subtotal (95% CI) 1159 1110  54.2% -0.83 [-1.15, -0.50] L 2

Heterogeneity: Tau®= 0.32; Chi*=153.35, df=13 (P = 0.00001); F=92%
Test for overall effect: Z=5.03 (P = 0.00001)

2.1.2 Subgroup 1

Arastoo et al. {2018) 903 414 62 1525 7.84 Kl 3.9%
Eeneretal. (2014) 18.39 8.2 254 21589 8.4 254 4.5%
Eeneretal (2017) 1879 835 308 2218 9 308 45%
Bicikova etal. {2019) 6522 2595 45 G446 2073 40 4.0%
Fernell etal. {2015) 24 196 29 319 277 29 37%
Gong etal. (2014) 19.9 38 48 226 45 28 3.8%
Petruzzelli etal. {2020y  18.61 8.33 54 2462 1318 36 39%
Sengenc et al. (2020) 42 1984 100 4857 2236 100 4.3%
Subtotal (95% CI) 900 826 32.6%
Heterogeneity: Tau®=0.02; Chi*=14.80, df=7 (P=0.04); F=53%

Test for overall effect: Z=5.21 (P = 0.00001)

2.1.3 Subgroup 2

Altun etal. (2017) 1379 1.03 60 1658 1.06 45 37%
Balaetal (2016) 1511 747 16 2873 9.04 27 31%
El-Ansary etal. (2018) 9563 2663 28 14043 1768 27 3.3%
Garipardic etal. (2017) 143 7.25 18 2942 907 25 31%
Subtotal (95% CI) 122 124 13.2%
Heterogeneity: Tau®=0.16; Chi®=7.29, df= 3 (P = 0.06), F=59%

Test for overall effect: Z= 7.86 (P = 0.00001)

Total (95% CI) 2181 2060 100.0%

Heterogeneity: Tau®= 0.28; Chi*= 273.72, df= 25 (P < 0.00001); F=91%
Test for overall effect: Z=7.54 (P = 0.00001)

Test for subaroup differences: Chi*= 36.63, df=2 (P = 0.00001), F= 94.5%

Fig.2 Vitamin D levels ASD Group vs Control Group

the high heterogeneity observed, a subgroup analysis was
performed based on the moderating variables, which did not
explain the heterogeneity obtained. A sensitivity analysis
was then performed, repeating the calculations by extracting
the studies one at a time. This second analysis established
two groups, included in Fig. 2.

The subgroup that included the highest number of
studies (8 studies, N=1726; SG=900, CG=2826) con-
tinued to show lower levels of vitamin D in children
with ASD, although the average effect size remained
small, SMD, 95% CI=- 0.43 [— 0.59, — 0.27], observ-
ing greater homogeneity between the different studies
(x*=14.80, p=0.04; I?=53%). The second subgroup
(4 studies, N=246; SG=122; CG=124) maintained the
trend observed in the previous analyses, although it had a
larger mean effect size, SMD, 95% Cl=— 2.03 [— 2.53,
— 1.52], and the heterogeneity analysis was non-significant
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-1.09 [-1.55, -0.63]
-0.38 [-0.56, -0.21]
-0.39 [-0.55,-0.23]

0.03 [-0.38, 0.46]
-0.32 [0.84,0.19]
066 [1.13,-0.18]
-0.57 [-1.00,-0.14]
-0.31 [-0.58, -0.03]
0.43[-0.59, -0.27]

+

-2.66[-3.19,-2.12]

-1.57 [-2.28,-0.86) —_—
-1.95 [-2.60,-1.30] —
-1.77 [-2.50,-1.05) —_—
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-0.86 [-1.08, -0.64] L
} t t }
B - 2 4
VITAMIN D [ASD] VITAMIN D [CG]

(x*=17.29, p=0.06; I*=53%). Significant differences
were observed between the two subgroups (X2= 36.63,
p<0.001; >=94.5%).

Folate Levels

As shown in Fig. 3, data on 299 children were available
(SG=148, CG=151), included in 4 complete observational
studies measuring this variable. Folate levels showed no
significant differences in the group of children diagnosed
with ASD compared to children in the CG: SMD, 95%
CI=-0.16 [— 0.63, 0.32], with significant heterogeneity
(*=11.56, p=0.009; I =76%). Given the scarcity of stud-
ies that measured this variable and considering that no sig-
nificant differences were observed between the two groups,
no analyses were carried out to explain this heterogeneity.
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ASDGROUP CONTROL GROUP Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl IV,Random, 95%CI
Altun etal. (2017) 12116 804 60 172 311 45 2717%  -0.79[-1.19,-0.39] +
Bala et al. (2016) 917 396 16 852 375 21 21.8% 0.17[-045,0.79)
Garipardicetal. (2017) 909 391 18 843 38 256 221% 0.17[-044,0.77)
Ugur et al. (2014) 1246 584 54 1268 437 54 284%  -0.04[-0420.33]
Total (95%Cl) 148 151 100.0%  -0.16[-0.63,0.32]

Heterogeneity: Tau?=0.17, Chi? = 11.56, df = 3 (P = 0.009); I = 74%
Test for overall effect: £=0.65 (P =0.52)

Fig.3 Folate levels ASD Group vs Control Group

Analysis of Publication Bias

To assess the bias potential for this study, a funnel plot was
performed for each of the meta-analyses (Addendum 2). For
both measures, the distribution was symmetrical, so there
could be no publication bias that would compromise the
interpretation of effect sizes found. However, it should be
considered that there were few comparisons in the meta-
analysis of folate levels, so this type of graph might not be
appropriate to detect this possible bias.

Discussion

The main objective of this work was to study differences
in blood levels of vitamins and fatty acids between chil-
dren diagnosed with ASD compared to children without this
diagnosis.

The results obtained in the meta-analysis showed sta-
tistically significant differences in the blood levels of vita-
min D, which were lower in children diagnosed with ASD
than in the CG. The data obtained largely coincide with the
meta-analysis of Wang et al. (2016), considered to be the
first meta-analysis that investigated a possible relationship
between low vitamin D levels and ASD. This work, which
included 11 studies published between January 1980 and
May 2015, with a total of 870 ASD patients and 782 con-
trols, suggested an increased risk for ASD in children with
vitamin D deficiency. Wang et al. (2021), in a recent publi-
cation, continued and updated the initial meta-analysis until
November 2019; the results obtained are similar to those
already published.

Our study extends the time range until December 2020;
on another hand, unlike the aforementioned work, this meta-
analysis provides a narrative review of all the selected stud-
ies (Table 1) and incorporates data on folic acid levels in
children. In this sense, to our knowledge, our study is the

I 1 1 ]
I T T T 1

4 2 0 2 4
FOLATE [ASD] FOLATE [CG]

most up-to-date meta-analysis carried out on blood levels
of vitamin D and folate, measured in groups of children
diagnosed with ASD and compared to a group of children
without this disorder.

The risk of developing an ASD and its relationship to
serum vitamin levels is the main goal of many authors in
their studies: cause or consequence? remains a key question
in the studies analyzed. We find many authors who argue
that a vitamin D deficiency can function as a precursor to
the development of ASD: for example, Bener et al. (2017)
established that anemia and vitamin D deficiency were more
present in the ASD group of participants than in the children
of the control group, and proposed that this deficiency is a
determinant for this disorder. Similarly, Fernell et al. (2015)
stated that low vitamin D levels increase the risk of develop-
ing ASD. In this line, Ansary et al. (2018) found a significant
inverse association between hypovitaminosis D and impaired
cognitive development and suggested a possible leading role
of vitamin D in the development of ASD.

Following the study of the etiology, other authors have
focused on analyzing the nutritional status to obtain data on
vitamin levels; for instance, Zhu et al. (2020), who observed
a higher risk of nutritional deficiencies in the ASD group
than in the control group. Petruzzelli et al. (2020) also
argued that vitamin D deficiency may pose a risk factor for
developing ASD, whereas Gong et al. (2014) went further,
proposing that serum levels of 25 (OH) D could be used as
an auxiliary diagnostic tool for early detection of ASD.

On another hand, in terms of the cause, following the
initial approach, we highlight authors such as Altun et al.
(2018) who, in addition to establishing a relationship with
vitamin D deficiency and folate with the development of
ASD, argue that children with ASD have lower numbers
of vitamin receptors, including those of vitamin D, which
favors hypovitaminosis.

As can be seen, the study of the causal relationships of
ASD, the etiology, symptoms, and course of the disease
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are topics about which there is not yet scientific unanim-
ity. As for vitamin supplementation to correct the deficit,
many authors have conducted experimental studies, pro-
viding supplements to improve the symptoms of the dis-
ease (Bener et al., 2014; Bent et al., 2017; Jia et al., 2015;
Song et al., 2020; Wu et al., 2018). Based on the results
obtained in our study, we consider that it is necessary to
take into account the nutritional status of patients diag-
nosed with ASD and, therefore, vitamin and fatty acid lev-
els, as these elements are involved in the proper function-
ing of our body and are key pieces of neurodevelopment.

We could not analyze gender differences in our study
given the majority proportion of the male sex in all studies
included, some of which included only males in the group
of participants diagnosed with ASD (Alzghoul et al., 2020;
Bicikova et al., 2019; El-Ansary et al., 2018). According to
data provided by the CDC, ASD is diagnosed in all racial,
ethnic, and socioeconomic groups, but it is 4.5 times more
common in boys than in girls. Similarly, DSM-V (APA.,
2014) establishes a 4:1 relationship in favor of male onset.

Moreover, we found three studies that do not estab-
lish a relationship between vitamin D and/or folate levels
with cases of ASD (Bicikova et al., 2019; Liu et al., 2016;
Ugur & Giirkan, 2014). Causes that might explain these
discrepancies with our results could include the sample
size and the season of the year when the blood sample
was obtained. Thus, we found that in the study of Ugiir
and Giirkan (2014), they took into account the months
of higher and lower sun exposure, unlike the other two
studies.

Meta-analyzed data of folate levels in groups of chil-
dren with ASD showed no significant differences with the
controls. However, we found other meta-analyses focused
on the association between folate supplementation during
pregnancy and the onset of autism (Iglesias et al., 2019;
Wang et al., 2017). In the study, Iglesias et al. (2019)
found favorable results for the association between reduc-
ing the occurrence of new cases of autism, specifically
by 58%, with folate supplementation during the prena-
tal period. Likewise, Wang et al. (2017) achieved similar
results, suggesting a reduction in the risk of developing
autism in mothers supplemented with folic acid during
pregnancy.

We cannot conclude the relationship of fatty acid levels
with ASD, as only one study was selected to analyze these
levels (Parletta et al., 2016), although there are some indi-
cations in this sense. In fact, some studies have carried out
fatty acid supplementation interventions, obtaining favora-
ble results for the clinical symptoms of children with ASD,
with improved symptoms of irritability, hyperactivity, and
social function (Mazahery et al., 2016; Ooi et al., 2015).

Finally, we believe that it is necessary to continue
research in this field with larger samples that examine

@ Springer

causal relationships for etiological risk factors, as well
as works clarifying the causes of vitamin D deficiency
in children diagnosed with autism, and the benefits of
supplementation.

Conclusions

The studies contained in this review and the meta-analyzed
data allow us to establish the following conclusions, fol-
lowing the proposed objectives.

First, our study has reported vitamin D deficiency in
ASD child samples compared to a child control group
without this disorder. Likewise, our meta-analysis for this
parameter corroborates this fact (Fig. 2).

Regarding blood values of folate and fatty acids, we
could not establish significant relationships between a defi-
cit and ASD. More specific studies are needed for these
biochemical parameters to indicate these relationships.

Limitations and Strengths

As in any study of this nature, there is a potential selection
bias, which we attempted to avoid by searching and select-
ing peers as described in the methodological section. The
potential publication bias has been taken into account by
interpreting the respective funnel plot. On another hand,
we found significant heterogeneity among the studies, so
subgroup analyses were carried out, the results of which
were offered to provide all the necessary information to the
reader. However, given the scarcity of studies included in
some cases, the results should be considered with caution.

Implications for Future Research and Clinical
Practice

The results indicate the importance of studying vitamin
D and folate supplementation in the treatment of autism.
In fact, numerous clinical trials whose main intervention
was vitamin D supplementation in children with ASD
obtained positive results in the symptomatic improvement
of autism. However, there are no direct comparisons for
many of these interventions. In this regard, the need for
network meta-analyses to assess the overall effect size of
these treatments and to establish a hierarchy among them
in terms of their effectiveness should be considered. More-
over, some of the studies did not provide data on means
and standard deviations or did not use control groups.
Similarly, most studies evaluated results regarding vitamin
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D levels, and to a lesser extent, folate; hardly any studies
were found to provide complete data on fatty acids, so they
could not be included in the meta-analysis. For subsequent
studies, we recommend the use of standard measures and
homogeneous instruments, as well as the development of
clinical studies that include the complete results of these
substances to establish clearer relationships about the roles
of vitamin D, folate, and fatty acids with ASD.

Finally, considering that the results presented report
lower values of vitamin D in children diagnosed with ASD,
it would be pertinent to carry out routine analytical controls
of these serum levels in children in whom this disorder is
diagnosed or who present compatible symptoms.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10803-021-05335-8.
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