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The aim of the study is to investigate the plasma levels of vitamins in children diagnosed with autism
spectrum disorder and explore their relationship with developmental milestones and core symptoms.
High-performance liquid chromatography/tandem mass spectrometry was utilized to measure
the levels of lipid-soluble and water-soluble vitamins in plasma. The development and behavioral
assessment scale was employed to evaluate the developmental progress of children aged 0-6, with
data quality values representing their abilities in five domains; gross motor skills, fine motor skills,
adaptability, language and social communication. The clinical core symptoms and behavioral traits
of children in the autism spectrum disorder group were assessed using the childhood autism rating
scale and childhood autism behavior scale. In the autism spectrum disorder group, higher plasma
vitamin A levels were found to be positively associated with fine motor skills, adaptability, and social
interaction scores (correlation coefficients r=0.517, 0.615 and 0.648; p=0.048, 0.015 and 0.009).
Conversely, plasma nicotinamide levels exhibited a negative correlation with fine motor skills and
social interaction scores (correlation coefficients r=-0.662, -0.535 and -0.535; p<0.05). Additionally,
there was a positive correlation observed between plasma folate levels and overall developmental
scores (correlation coefficient r=0.545 and p=0.036). No significant correlations were found between
plasma vitamin levels and childhood autism rating scale and childhood autism behavior scale scores
in the autism spectrum disorder group (p>0.05). In summary, the plasma levels of vitamin E, vitamin
B1, niacinamide, and pyridoxamine hydrochloride were significantly elevated in children with autism
spectrum disorder compared to the control group, although all values remained within the normal

range.
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The incidence of Autism Spectrum Disorder (ASD)
is increasing every year. According to a 2023 study
by the centers for disease control and prevention, the
frequency of loneliness among 8 y old children in the
United States of America is 1 in 36, with a male to
female ratio of 3.8:1!". The current occurrence rate
among children in China is 0.7 %. It is commonly
accepted that the origins of ASD are intricate and
arise from a mix of genetic elements and
environmental influences?®!. Being a significant
environmental element, vitamins play a role in
controlling the development of the brain during the
initial phases of life. Insufficient vitamin intake has
an impact on brain development and is a common
cause of neurodevelopment-related diseases in
children. Children with ASD are at increased risk of
inadequate or excessive micronutrient intake due to
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particular dietary patterns. Based on the understanding
of the importance of vitamins, some scholars have
carried out studies on routine supplementation or
therapeutic intervention with vitamins. According to
a Canadian survey, 75 % of children with autism take
dietary supplements™. In a separate investigation,
the administration of vitamin supplements to children
diagnosed with autism did not rectify their nutritional
deficits. This is because a significant number of
children with autism were deficient in just a couple
of vitamins, and the excessive intake of vitamins or
doses beyond the recommended limits often posed
health risks to the body®!. Studies have shown that
plasma vitamin levels in children with ASD are
different from those in normal children, but most
studies only focus on the observation of a single or
several vitamin levels!®”, and fail to analyze vitamin
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levels in children with ASD through targeted
metabolomics  methods. In  this  research,
metabolomics techniques were employed to analyze
the levels of lipid-soluble and water-soluble vitamins
in the blood plasma of children with ASD. The
objective was to investigate the patterns of vitamin
concentrations in the blood of children with ASD and
their relationship with developmental milestones and
core symptoms. The study aimed to offer insights
into the potential benefits of preventive or therapeutic
vitamin supplementation for children with ASD. A
total of 15 autistic children (ASD group), with an
average age of (3.59+0.78) y old, and 15 children
with normal development (Typically Developing
(TD) group), with an average age of (4.19+1.08) y
old, were enrolled in the Children’s Health Care
Department of Wuxi People’s Hospital Affiliated to
Nanjing Medical University from January 2022 to
December 2022. Inclusion criteria for ASD group
include the boys, aged 2 y-6 y; someone who meets
the Diagnostic and Statistical manual of Mental
disorders, 5" edition, (DSM-5) diagnostic criteria for
ASD. In exclusion criteria, someone who has a
history of major organ diseases, endocrine diseases
and genetic metabolic diseases; someone who has
history of acute respiratory or digestive tract infection
within 1 w and someone who supplements or adds
vitamin preparations within a week except vitamin D
supplement 400 p/d within the age were excluded
from this study. Inclusion criteria of TD group
include the growth quotient >85, age similar to ASD
group and no diagnosis of ASD or family history of
ASD. In exclusion criteria, the genetic or neurological
disease with a known cause and someone who has
history of language impairment. Early morning
fasting blood samples of children in ASD group and
TD group were collected with EDTA anticoagulant
tube. In sampling requirements; children fast for 6
h-8 h, avoid strenuous exercise, and do not take
medications or dietary supplements for 72 h. The
samples were centrifuged within 1 h (4°, 1000
Revolutions Per Minute (RPM), 10 min) and the
plasma was separated and stored in a -80 refrigerator
for subsequent metabolic analysis. The levels of
lipid-soluble and water-soluble vitamins in children’s
plasma were determined by High Performance
Liquid Chromatography (HPLC)-tandem Mass
Spectrometry (MS). Detection instruments including
the liquid chromatography waters acquity (Ultra-
Performance LC (UPLC)), MS AB SCIEX 5500
Qtrap-(MS). UPLC-QQ-MS include the
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chromatographic separation conditions; column
temperature 40°, flow rate 0.350 ml/min. Mobile
phase composition A-water (0.1 % formic acid),
B-acetonitrile (0.1 % formic acid). Running time 8§
min, sample size 5 pl. MultiQuant software is used
for integration and standard curve is used for content
calculation. Children’s development levels between
0yand 6 yold were assessed using the developmental
and behavioral assessment scale, where the Data
Quality (DQ) wvalues stand for developmental
quotient and cover five skill categories; gross motor,
fine motor, adaptability, language and social
communication. The Childhood Autism Rating Scale
(CARS) and Autism Behavior Scale (ABC) are
employed to evaluate the primary clinical symptoms
and behavioral traits of children in the ASD category.
The measurement data were tested by Shapiro and
Wilk (S-W test) for normal distribution, and the non-
normal distribution data were represented by median
and interquartile distance (M (P25, P75)). The
measurement data between the two groups were
compared by Mann-Whitney U test for rank sum.
Spearman correlation analysis was used to analyze
the correlation between vitamin level and DQ, five
energy area scores, CARS and ABC scale scores in
ASD group. p<0.05 was considered to be statistically
significant. Comparison of plasma vitamin levels of
children in the two groups vitamin E, vitamin Bl,
niacinamide and pyridoxamine hydrochloride in the
ASD group were significantly higher than those in
the TD group (p<0.05). However, there were no
significant differences in vitamin A,
25-hydroxyvitamin D2, vitamin B2, pantothenic
acid, pyridoxal hydrochloride, vitamin B7 and folic
acid between the two groups (Table 1). The levels of
25-hydroxyvitamin D3, niacin and vitamin K1 did
not reach the lower limit of detection. Spearman
correlation analysis showed that plasma vitamin A
level in ASD group was positively correlated with
fine motor, adaptive ability and social interaction
score (p<0.05), while plasma nicotinamide level was
negatively correlated with fine motor and social
interaction score (p<0.05). Plasma pyridoxine
hydrochloride level was negatively correlated with
DQ value, fine motor score and social interaction
score (p<0.05), plasma folate level was positively
correlated with gross motor score (p<0.05), while
other vitamin levels were not significantly correlated
with DQ value and scores of each dimension
(p>0.05), as shown in Table 2. Spearman correlation
analysis showed that there was no significant
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correlation between plasma vitamin level and CARS
and ABC scale scores in ASD group (p>0.05), as
shown in Table 3. Studies have indicated that various
vitamins play crucial roles in regulating early brain
development, influencing neurotransmitter
metabolism, and maintaining the function of the
nervous system. Given that ASD is a
neurodevelopmental condition, the role of vitamins
in its onset and progression is significant. This
research aimed to compare the vitamin levels in
children with autism and TD children, as well as
investigate the impact of varying vitamin levels on
the developmental progress of children with autism.
To achieve this, high-performance liquid
chromatography tandem mass spectrometry was
utilized to analyze the lipid-soluble and water-
soluble vitamin levels in the blood plasma of children
in the ASD group and TD group. The study sought to
examine the relationship between vitamin levels and
developmental milestones, as well as core symptoms,
in children with ASD. It was observed that the plasma
vitamin E concentrations of children in the ASD
group were notably elevated in comparison to those
in the TD group. Past investigations have indicated
that children diagnosed with ASD intake higher
amounts of vitamin E through their dietary habits in
contrast to children with typical development!®”,
Other studies have found that the plasma vitamin E
level of children with ASD is not significantly
different from that of the control group® or
significantly lower than that of the control group™,
which is different from the results of this study.
Considering that the targeted metabolomics method
used in this study is different from the detection
method used in the above studies, the results are
different. There is insufficient evidence to suggest
that vitamin E levels in children with ASD differ
from those in TD children. The concentrations of
plasma vitamin B1 (thiamine) were found to be
notably elevated in children belonging to the ASD
group when compared to those in the TD group.
Anwar et al.'" also found that plasma and urine
thiamine levels were normal in children with ASD,
but plasma Thiamine Pyrophosphate (TPP)
concentration was reduced. TPP is produced from
thiamine via TPP kinase, serving as the primary
coenzyme form of vitamin B1. Studies have
suggested that the reduction in TPP levels in the
blood of children diagnosed with ASD could be
associated with potential irregularities in the
breakdown and uptake of TPP by the microorganisms
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residing in the gastrointestinal system!!%), The
elevated thiamine concentrations observed in
children with ASD in this research could be linked to
various factors such as the microorganisms in the
gastrointestinal tract and metabolic irregularities.
Further investigations are required to explore these
potential connections in more detail. It was observed
that the plasma nicotinamide concentrations among
children with ASD were notably elevated compared
to those in the TD group. Furthermore, a negative
association was identified between the plasma
nicotinamide levels in children with ASD and their
scores in fine motor skills and social interaction,
suggesting an adverse effect of nicotinamide on the
developmental progress of children with ASD. The
role of niacinamide in nervous system development
is complex. It can prolong the neurotoxic effects of

methamphetamine in mice'); nicotinamide with
appropriate concentration has a protective effect on
animal cerebral ischemia. High levels of

niacinamide can alter cell methylation metabolism
and affect Deoxyribonucleic Acid (DNA) and protein
methylation!¥), adversely affecting the body. In this
study, the plasma nicotinamide level in children with
ASD was significantly higher than that in the control
group but within the reference value range, and the
level of nicotinamide in children with ASD was
negatively correlated with fine motor scores and
social interaction scores, suggesting that the
concentration of nicotinamide may have a threshold,
and if it is higher than the threshold, it will have a
negative effect on children’s development. Further
research is needed to confirm this theory. The analysis
identified the forms of vitamin B6, specifically
pyridoxal  hydrochloride @ and  pyridoxamine
hydrochloride. The findings indicated a marked
increase in the plasma concentrations of pyridoxamine
hydrochloride in children with ASD compared to
those in the TD group. Most previous studies have
shown that children with ASD have vitamin B6
deficiency!'*!%l. However, the results of one study
were consistent with this study. The plasma vitamin
B6 level in children with ASD was also found to be
significantly higher than that in the control group,
but the activity of pyridoxal kinase and the level of
Pyridoxal Phosphate (PLP) were also found to be
reduced, which the researchers assumed was due to
the low conversion of pyridoxamine and pyridoxine
to PLPUSI. PLP, together with cysteine beta-synthase,
acts as a cofactor for the condensation of serine and
homocysteine to form cysteine and further conversion
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to cysteine!'”. Lower concentrations of PLP will
block the formation of cysteine and lead to the
accumulation of toxic homocysteine, which will
have an adverse effect on the body. Since the
pyridoxal kinase activity and PLP level were not
detected in this study, although we found that the
level of pyridoxamine hydrochloride in children with
ASD was negatively correlated with DQ, fine motor,
and social interaction scores, it was not clear that the
negative effect was caused by PLP metabolism
disorder. This study found that vitamin A level in
children with ASD group was positively correlated
with fine motor, adaptive ability and social
interaction. Similar to this result, Guo et al.['® found
that there was no difference between the vitamin A
level of children in the ASD group and the control
group, and the vitamin A level of children in the ASD
group was negatively correlated with CARS score.
The results of a multicenter study in China showed
that vitamin A levels in male patients with ASD were
positively correlated with the total value of their
developmental quotient!’), language, motor, and
social interaction dimensions. In addition, other
studies have shown that vitamin A increases Oxytocin
(OXT) levels in patients with ASD through the
CD38-OXT signaling pathway, thereby increasing

brain activity and social skills in patients with
ASDP21 Vitamin A deficiency is not necessarily
present in children with ASD, but vitamin A levels in
children with ASD may be related to their
developmental level or the severity of symptoms. In
addition, this study did not find a correlation between
vitamin levels and ABC and CARS scores in children
with ASD. Due to the heterogeneity of children with
ASD and the coordination of physiological
interactions of multiple vitamins, it is necessary to
carry out studies on vitamin metabolic pathways in
ASD population. To further investigate the
characteristics of vitamin level in children with ASD
and its role in the pathogenesis of ASD. In summary,
this study obtained vitaminomic profile of children
with ASD through targeted metabolomics methods,
which provided a basis for the study of nutritional
level of children with ASD. However, there are some
limitations in this study. First, this study was a cross-
sectional survey conducted in a small sample, so a
larger controlled study is warranted to assess plasma
vitamin levels in patients with ASD. In addition,
since most vitamins require exogenous intake, further
analysis is needed in conjunction with dietary
surveys.

TABLE 1: COMPARISON OF PLASMA VITAMIN LEVELS BETWEEN ASD GROUP AND TD GROUP (M

(P25, P75), ng/ml)

Vitamin ASD group (n=15) TD group (n=15) yA p
Vitamin A 681.49 (573.81, 811.17) 589.38 (483.85, 759.30) -0.933 0.878
25-hydroxyvitamin D2 4.51 (3.45, 6.53) 4.67 (4.25, 5.38) -0.394 0.694
Vitamin E 4863.67 (2665.18, 6265.29) 1552.2 (1240.29, 1963.93) -4.667 0.001
Thiamine 96.61 (59.54, 177.21) 37.59 (26.22, 71.42) -3.132 0.002
Vitamin B2 5.67 (4.50, 8.08) 6.33 (4.66, 8.10) -0.311 0.756
Niacinamide 2.47 (2.27, 2.78) 2.15 (1.76, 2.31) -2.201 0.028
Pantothenic acid 40.70 (31.61, 50.54) 42.56 (37.55, 51.84) -0.29 0.772
Pyridoxal hydrochloride 0.65 (0.35, 0.93) 0.41 (0.23, 0.71) -1.328 0.184
EyridOXE‘mi.”e 69.04 (63.75, 75.33) 59.72 (54.68, 65.01) 3.227 0.001
ydrochloride

Vitamin B7 14.14 (9.42, 24.52) 12.18 (10.13, 47.11) -0.311 0.756
Folic acid 0.64 (0.11, 0.98) 0.86 (0.36, 1.06) -0.871 0.384
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TABLE 2: CORRELATION BETWEEN VITAMIN LEVEL AND DQ SCORE OF CHILDREN IN ASD GROUP

Vitamin DQ value  Gross motor Fine motor Adaptation Language . Soc1a!
interaction

r 0.455 -0.034 0.517 0.615 0.400 0.648
Vitamin A

p 0.088 0.904 0.048 0.015 0.140 0.009

r -0.244 -0.095 -0.14 -0.169 0.389 0.050
25-hydroxyvitamin D2

p 0.381 0.737 0.620 0.548 0.152 0.859

r 0.054 0.306 -0.358 -0.108 0.204 -0.065
Vitamin E

p 0.849 0.268 0.190 0.703 0.467 0.819

r -0.113 0.216 -0.310 -0.077 -0.188 -0.333
Thiamine

p 0.668 0.438 0.261 0.784 0.503 0.225

r 0.082 -0.043 0.098 0.179 -0.229 0.004
Vitamin B2

p 0.770 0.879 0.727 0.552 0.413 0.990

r -0.418 -0.050 -0.662 -0.325 -0.292 -0.535
Niacinamide

p 0.121 0.859 0.007 0.237 0.292 0.04

r 0.158 0.243 0.147 0.493 -0.221 0.158
Pantothenic acid

p 0.575 0.383 0.602 0.062 0.428 0.574
Pyridoxal r 0.152 0.297 -0.285 -0.043 -0.227 -0.162
hydrochloride p 0.588 0.282 0.304 0.879 0.416 0.563
Pyridoxamine r -0.549 -0.383 -0.557 -0.449 -0.282 -0.616
hydrochloride p 0.034 0.159 0.024 0.058 0.308 0.015

r 0.301 -0.257 0.435 0.339 0.307 0.226
Vitamin B7

p 0.276 0.354 0.105 0.216 0.265 0.418

r 0.190 0.545 0.054 0.197 0.079 0.204
Folic acid

p 0.498 0.036 0.849 0.481 0.781 0.465

TABLE 3: CORRELATION BETWEEN VITAMIN LEVEL AND CARS AND ABC SCALE SCORES OF
CHILDREN IN ASD GROUP

Vitamin CARS scale score ABC scale score
r p r p

Vitamin A -0.011 0.970 0.220 0.431
25-hydroxyvitamin D2 -0.036 0.899 0.309 0.262
Vitamin E 0.040 0.889 0.089 0.751
Thiamine 0.095 0.735 0.095 0.737
Vitamin B2 0.248 0.372 0.352 0.198
Niacinamide 0.243 0.382 -0.124 0.659
Pantothenic acid 0.076 0.789 0.284 0.305
Ezcrjir(jo()cﬁ?riizee -0.216 0.440 0.189 0.500
Pyridoxal hydrochloride 0.090 0.750 -0.146 0.604
Vitamin B7 -0.263 0.344 0.089 0.751
Folic acid -0.165 0.556 -0.009 0.975

Special Issue 4, 2024 Indian Journal of Pharmaceutical Sciences 346



www.ijpsonline.com

Conflict of interests:

The authors declared no conflict of interests.

RREFERENCES

1.

10.

11.

347

Christensen DL, Braun KVN, Baio J, Bilder D, Charles J,
Constantino JN. Prevalence and characteristics of autism
spectrum disorder among children aged 8 years-autism and
developmental disabilities monitoring network, 11 sites,
United States, 2012. MMWR Surveill Summ 2018;65:1-23.
Developmental SG. Expert consensus on early diagnosis
of autism spectrum disorder in Chinese young children.
Zhonghua Er Ke Za Zhi 2022;60:640-6.

Gardener H, Spiegelman D, Buka SL. Prenatal risk factors
for autism: Comprehensive meta-analysis. Br J Psychiatry
2009;195(1):7-14.

Trudeau MS, Madden RF, Parnell JA, Gibbard WB,
Shearer J. Dietary and supplement-based complementary
and alternative medicine use in pediatric autism spectrum
disorder. Nutrients 2019;11(8):1783.

Stewart PA, Hyman SL, Schmidt BL, Macklin EA, Reynolds
A, Johnson CR, et al. Dietary supplementation in children
with autism spectrum disorders: Common, insufficient and
excessive. J Acad Nutr Diet 2015;115(8):1237-48.
Mari-Bauset S, Llopis-Gonzalez A, Zazpe I, Mari-Sanchis
A, Morales Suarez-Varela M. Comparison of nutritional
status between children with autism spectrum disorder and
typically developing children in the Mediterranean Region
(Valencia, Spain). Autism 2017;21(3):310-22.
Corrigendum to differences in food consumption and
nutritional intake between children with autism spectrum
disorders and typically developing children: A meta-
analysis. Autism 2020;24:531-6.

Krajcovicova-Kudlackova M, Valachovicova M, Mislanova
C, Hudecova Z, Sustrova M, Ostatnikova D. Plasma
concentrations of selected antioxidants in autistic children
and adolescents. Bratisl Lek Listy 2009;110(4):247-50.
Adams JB, Audhya T, McDonough-Means S, Rubin RA,
Quig D, Geis E, et al. Nutritional and metabolic status of
children with autism vs. neurotypical children, and the
association with autism severity. Nutr Metab 2011;8:1-32.
Anwar A, Marini M, Abruzzo PM, Bolotta A, Ghezzo A,
Visconti P et al. Quantitation of plasma thiamine, related
metabolites and plasma protein oxidative damage markers
in children with autism spectrum disorder and healthy
controls. Free Radic Res 2016;50:85-90.

Hervias I, Lasheras B, Aguirre N. 2-deoxy-D-
glucose  prevents and  nicotinamide  potentiates
3,4-methylenedioxymethamphetamine-induced  serotonin

Indian Journal of Pharmaceutical Sciences

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

neurotoxicity. J Neurochem 2000;75(3):982-90.

Mokudai T, Ayoub IA, Sakakibara Y, Lee EJ, Ogilvy CS,
Maynard KI. Delayed treatment with nicotinamide (vitamin
B3) improves neurological outcome and reduces infarct
volume after transient focal cerebral ischemia in Wistar
rats. Stroke 2000;31(7):1679-85.

Hwang ES, Song SB. Possible adverse effects of high-
dose nicotinamide: Mechanisms and safety assessment.
Biomolecules 2020;10(5):687.

Altun H, Kurutas EB, Sahin N, Giingor O, Findikl1 E. The
levels of vitamin D, vitamin D receptor, homocysteine
and complex B vitamin in children with autism spectrum
disorders. Clin Psychopharmacol Neurosci 2018;16(4):383.
Adams JB, George F, Audhya T. Abnormally high plasma
levels of vitamin B6 in children with autism not taking
supplements compared to controls not taking supplements.
J Altern Complement Med 2006;12(1):59-63.

Gevi F, Belardo A, Zolla L. A metabolomics approach to
investigate urine levels of neurotransmitters and related
metabolites in autistic children. Biochim Biophys Acta Mol
Basis Dis 2020;1866(10):165859.

Kern JK, Geier DA, Adams JB, Garver CR, Audhya T, Geier
MR. A clinical trial of glutathione supplementation in autism
spectrum disorders. Med Sci Monit 2011;17(12):CR677.
Guo M, Li L, Zhang Q, Chen L, Dai Y, Liu L, et a/. Vitamin
and mineral status of children with autism spectrum disorder
in Hainan Province of China: Associations with symptoms.
Nutr Neurosci 2020;23(10):803-10.

Yang T, Chen L, Dai Y, Jia F, Hao Y, Li L, et al. Vitamin
A status is more commonly associated with symptoms and
neurodevelopment in boys with autism spectrum disorders-A
multicenter study in China. Front Nutr 2022;9:851980.
Riebold M, Mankuta D, Lerer E, Israel S, Zhong S, Nemanov
L, et al. All-trans retinoic acid upregulates reduced CD38
transcription in lymphoblastoid cell lines from autism
spectrum disorder. Mol Med 2011;17:799-806.

Gordon I, Vander Wyk BC, Bennett RH, Cordeaux C,
Lucas MV, Eilbott JA, et al. Oxytocin enhances brain
function in children with autism. Proc Natl Acad Sci
2013;110(52):20953-8.

This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which
allows others to remix, tweak, and build upon the work non-commercially,
as long as the author is credited and the new creations are licensed
under the identical terms

This article was originally published
“Drug Discovery and Repositioning Studies in Biopharmaceutical
Sciences” Indian J Pharm Sci 2024:86(4) Spl Issue “342-347"

in a special issue,

Special Issue 4, 2024


https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1471-4159.2000.0750982.x
https://www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679
https://www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679
https://www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679
https://www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679https:/www.ahajournals.org/doi/10.1161/01.STR.31.7.1679
https://www.mdpi.com/2218-273X/10/5/687
https://www.mdpi.com/2218-273X/10/5/687
https://www.cpn.or.kr/journal/view.html?doi=10.9758/cpn.2018.16.4.383
https://www.cpn.or.kr/journal/view.html?doi=10.9758/cpn.2018.16.4.383
https://www.cpn.or.kr/journal/view.html?doi=10.9758/cpn.2018.16.4.383
https://www.cpn.or.kr/journal/view.html?doi=10.9758/cpn.2018.16.4.383
https://www.liebertpub.com/doi/10.1089/acm.2006.12.59
https://www.liebertpub.com/doi/10.1089/acm.2006.12.59
https://www.liebertpub.com/doi/10.1089/acm.2006.12.59
https://www.sciencedirect.com/science/article/pii/S0925443920302064?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925443920302064?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0925443920302064?via%3Dihub
https://medscimonit.com/abstract/index/idArt/882125
https://medscimonit.com/abstract/index/idArt/882125
https://www.tandfonline.com/doi/full/10.1080/1028415X.2018.1558762
https://www.tandfonline.com/doi/full/10.1080/1028415X.2018.1558762
https://www.tandfonline.com/doi/full/10.1080/1028415X.2018.1558762
https://www.frontiersin.org/articles/10.3389/fnut.2022.851980/full
https://www.frontiersin.org/articles/10.3389/fnut.2022.851980/full
https://www.frontiersin.org/articles/10.3389/fnut.2022.851980/full
https://www.frontiersin.org/articles/10.3389/fnut.2022.851980/full
https://molmed.biomedcentral.com/articles/10.2119/molmed.2011.00080
https://molmed.biomedcentral.com/articles/10.2119/molmed.2011.00080
https://molmed.biomedcentral.com/articles/10.2119/molmed.2011.00080
https://www.pnas.org/doi/full/10.1073/pnas.1312857110
https://www.pnas.org/doi/full/10.1073/pnas.1312857110
https://www.yiigle.com/LinkIn.do?linkin_type=DOI&DOI=10.3760/cma.j.cn112140-20220118-00062
https://www.yiigle.com/LinkIn.do?linkin_type=DOI&DOI=10.3760/cma.j.cn112140-20220118-00062
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/prenatal-risk-factors-for-autism-comprehensive-metaanalysis/0D63EE57942E9A0CC312EA30025A9DD2
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/prenatal-risk-factors-for-autism-comprehensive-metaanalysis/0D63EE57942E9A0CC312EA30025A9DD2
https://www.mdpi.com/2072-6643/11/8/1783
https://www.mdpi.com/2072-6643/11/8/1783
https://www.mdpi.com/2072-6643/11/8/1783
https://www.jandonline.org/article/S2212-2672(15)00390-1/abstract
https://www.jandonline.org/article/S2212-2672(15)00390-1/abstract
https://www.jandonline.org/article/S2212-2672(15)00390-1/abstract
https://journals.sagepub.com/doi/10.1177/1362361316636976
https://journals.sagepub.com/doi/10.1177/1362361316636976
https://journals.sagepub.com/doi/10.1177/1362361316636976
https://journals.sagepub.com/doi/10.1177/1362361316636976
https://pubmed.ncbi.nlm.nih.gov/21651783/
https://pubmed.ncbi.nlm.nih.gov/21651783/
https://pubmed.ncbi.nlm.nih.gov/21651783/
https://www.tandfonline.com/doi/full/10.1080/10715762.2016.1239821
https://www.tandfonline.com/doi/full/10.1080/10715762.2016.1239821
https://www.tandfonline.com/doi/full/10.1080/10715762.2016.1239821
https://www.tandfonline.com/doi/full/10.1080/10715762.2016.1239821
https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1471-4159.2000.0750982.x
https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1471-4159.2000.0750982.x
https://onlinelibrary.wiley.com/doi/epdf/10.1046/j.1471-4159.2000.0750982.x

