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Relationship between 25(0OH)D,,
25(OH)D3 and core symptoms in
autism spectrum disorder

Liu Jia", Du Hongfei” and Zhao Deyun'*

'Department of Pharmacy, Children’s Hospital of Hebei Province, Shijiazhuang, Hebei, China, *Clinical
Laboratory, Children’s Hospital of Hebei Province, Shijiazhuang, Hebei, China

Background: This study intended to explore the levels of 25(0OH)D, and
25(0OH)D3 in children with autism spectrum disorder (ASD) and analyzed the
correlation between 25(0OH)D,, 25(OH)Dsz levels and ASD core symptoms,
children development.

Methods: A total of 208 children with ASD who were diagnosed in hospital from
January 2021 to December 2023 were selected as the ASD group. 208 children
for routine physical examination were selected as the control group. The
contents of 25(0OH)D, and 25(0OH)Ds in serum were detected by high-
performance liquid chromatography tandem mass spectrometry (HPLC-MS/
MS) method. The ASD group were assessed by Autism Behavior Checklist
(ABC), Childhood Autism Rating Scale (CARS) and Gesell Development
Schedule (GDS). Meanwhile, the correlations between the levels of 25(OH)D,,
25(0OH)Ds and ABC, CARS, GDS in ASD children were analyzed.

Results: The serum levels of 25(0OH)D, and 25(OH)Ds in the blood of the
children in the ASD group were significantly lower than those in the control
group (P<0.050). There was no significant correlation between serum
25(OH)D, levels and ABC, CARS, in children with ASD (P> 0.050). However,
there were lower 25(0OH)Ds levels were associated with more severe ASD
symptoms (P<0.050). The higher level of 25(OH)D, was significantly
correlated with lower adaptive behavior and personal-social of GDS
(P<0.050). The higher level of 25(OH)D3 was significantly correlated with
higher adaptive behavior, fine motor and personal-social of GDS (P < 0.050).
Conclusions: The levels of 25(0OH)D, and 25(OH)Dsz in ASD children were
significantly lower than those in healthy children. Besides, the study identified
distinct roles for vitamin D isoforms including 25(OH)D, and 25(OH)Ds in ASD
pathophysiology. 25(0OH)D, showed selective impairments in adaptive behavior
and personal-social behavior. 25(OH)Ds exhibited strong inverse correlations
with symptom severity and positive associations with adaptive/fine motor/
personal-social.
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Introduction

Autism spectrum disorders (ASD) was pervasive developmental disorder characterized
in social communication disorder, repetitive stereotyped behavior, narrow interests and
sensory abnormalities, which can affect children’s brain development, immune system,
gastrointestinal function and other aspects (1). Autism spectrum disorder had become
an important public concern worldwide. There had been a great emphasis on the
importance of early autism spectrum disorder diagnosis in large cities in China (2, 3).
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Incidence rate of autism spectrum disorder in the Avalon Peninsula
was 1 case of autism spectrum disorder per 46 children. The
prevalence in this region was also high when compared with
other global populations (4). Although the prevalence of ASD
was high, the pathophysiology was still unknown and
heterogeneous. Vitamin D was a general name for steroid-like
substances, which was a fat soluble vitamin. The important
members of the family were vitamin D, and vitamin D5 (5).
Vitamin D, or D; binded to Vitamin D binding protein (VDBP)
and were carried to the liver, where it was hydroxylated by
several enzymes that had a 25-hydrolaxalse activity to form
25-hydroxyvitamin D [25(OH)D]. Subsequently, 25(OH)D was
hydroxylated to 1,25-dihadroxyvitamin D [1,25(OH),D], which
was the biologically active form (6). In 2008, Cannell (7) was the
first to proposed that vitamin D deficiency may play an
important environmental risk factor in the etiology of ASD.
Research had shown that vitamin D deficiency in pregnancy and
early childhood could lead to the occurrence of ASD (8, 9). The
sources of vitamin D, and D; were different. Vitamin D, was
only available from exogenous sources. However, vitamin D3 may
be endogenous or exogenous. Besides, Vitamin D, and vitamin
D; were structurally distinct. Specifically, the side chain of
vitamin D, contained a double bond between carbons 22 and 23
and a methylgroup oncarbon 24, both of which were absent from
the side chain of vitamin Ds;. The two forms also had differing
pharmacokinetics (10). Therefore, it was necessary to study the
differential roles of vitamin D, and Dj; isoforms in ASD severity
and neurodevelopment. This study aimed to elucidate serum
25-hydroxyvitamin D, [25(OH)D,] and 25-hydroxyvitamin Dj
[25(OH)Ds]
healthy controls, correlations with ASD symptom severity and

concentrations in ASD children compared to

neurodevelopmental outcomes.

Methods
Subjects

This study was a single-center research in northern China,
latitude ~38°N. A total of 208 children diagnosed with Autism
Spectrum Disorder (ASD) were selected as the ASD group, all of
whom received treatment in the Psychological Behavior
Department of our hospital from January 2021 to December 2023.
The study group included 208 children aged between 1 and 5
years, comprising 112 boys and 96 girls. Simultaneously, the
control group was established consisting of another set of 208
children aged between 1 and 5 years from the Children’s Health
Care Department of our hospital. These control subjects were
selected through routine physical examinations and also included
112 boys and 96 girls.

of the control group exhibited no

an equal distribution of genders:
Importantly, members
symptoms indicative of ASD following preliminary diagnosis and
assessment by qualified medical professionals. This study received
approval from the Ethics Management Committee overseeing
medical clinical trials at our hospital (NO: 202136), with informed

consent obtained from the guardians of all participants.
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The diagnosis of ASD in participating children adhered to
criteria outlined in the Diagnostic and Statistical Manual of
Mental Disorders—Fifth Edition (DSM-5) (11) published by the
American Psychiatric Association, as well as utilizing the revised
Autism Diagnostic Observation Schedule (12).

Criteria

Inclusion criteria: 1. compliance with established diagnostic
criteria for ASD; 2. voluntary participation in this study along
with cooperation in completing relevant diagnostic assessments
and scale scoring; 3. children diagnosed as ASD for the first
time; 4. no history of vitamin D supplementation within three
months prior to enrollment.

Exclusion criteria: Participants exhibiting other conditions that
may confound this study will be excluded, including: 1. children
whose main diagnosis was not autism; 2. children without perfect
systematic examination; 3. children who cannot cooperate with
the study.

Detection method of 25(0OH)D

Laboratory tests for 25(OH)D were performed by personnel
from the pharmacological laboratory of the Department of
Pharmacy. Two ml venous blood was collected, centrifuged for
6 min to obtain serum, and stored frozen in a refrigerator at —20 °
C for subsequent test. The stability test confirmed that the samples
should be frozen (—20 °C)for no more than 1 month. The half-life
of vitamin D was 24 h (13), while the half-life of 25(OH)D was 3
weeks, and the half-life of 1,25-(OH) 2-D was 4 h (14). Due to the
long half-life of 25(OH)D, the serum concentrations of
25-hydroxyvitamin D, [25(OH)D,] and 25-hydroxyvitamin Dj;
[25(OH)Ds] were used to represent the serum concentrations of
vitamin D, and vitamin D; in the actual detection process
respectively. The contents of 25(OH)D, and 25(OH)D; in serum
were detected by high-performance liquid chromatography tandem
mass spectrometry (HPLC-MS/MS) method.

Samples were run on a ]asperTM HPLC system with a Triple
Quad™ 4500MD mass spectrometer from AB SCIEX
(Framingham, MA USA). Analyst 1.6.3 and MultiQuant™ MD
3.0.2 software were used for instrument control, data acquisition,
and data processing. Chromatographic separation was performed
on a Kinetex® EVO C18, 2.600 um, 30x2.100 mm HPLC
column (Phenomenex, Torrance, CA, USA) using a binary
gradient elution 0-0.500 min, 80%B; 0.500-2.000 min 98%B;
2.000-5.000 min 98%B; 5.000-6.000 min 80%B; 6.000-7.000 min.
The mobile phase (A) and (B) were from Shandong Yingsheng
Biotechnology Co., Ltd and the flow rate was 0.550 ml/min. The
injection volume was 5 pl. The column oven was kept at 45 °C.
The autosampler temperature was maintained at 5 °C.

Mass spectrum acquisition was performed in positive electrospray
ionization mode with multiple-reaction monitoring (MRM). Mass
parameters were set: temperature, 600 °C; curtain gas, 35 psi; ion
spray voltage, 5,500 V; ion source gas 1, 50 psi; and ion source gas
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2, 55 psi. Dwell time was set at 30 ms for each compound. The
declustering potential, entrance potential, and collision energy were
optimized at 92V, 10V, and 28 eV, respectively. LC-MS/MS data
were analyzed using Analyst 1.6.3 software.

Observations

The autism behavior checklist (ABC) (15) contained 57 items,
which encompassed five factors, such as sensory (S), relating (R),
body and object use (B), language (L), and social and self-help
skills (V) (16). In 1989, Professor Yang of Beijing Medical
University introduced and revised the score, which were used to
screen autistic children. Besides, Childhood Autism Rating Scale
(CARS) listed 15 items, and each was graded from 1 to 4 (17).
ASD severity was evaluated using ABC and CARS. Higher scores of
ABC and CARS scores represented more serious autistic symptoms.
Intellectual and behavioral development in ASD children was
assessed via the revised Gesell Developmental Schedule (GDS). The
evaluation results were presented in the form of a developmental
quotient (DQ). GDS covered five sectors, including adaptive
behavior, gross motor, fine motor, language, and personal-social
behavior (18). The higher development quotient (DQ) scores, the
closer the developmental level was to or exceeds that of normal
children. During the assessment of ABC, CARS and GDS for
children with autism, it was found that many children could not
socialize normally, resulting in that many children did not complete
all assessment of ABC, CARS and GDS. Many patients had
selectively completed one, two or three assessments according to
individual differences. In this study, the specific number of
participants in each project were as follows: 74 cases were scored
with the ABC; 74 cases were scored with the CARS; 60 cases were
scored with the GDS. These cases were strictly screened according
to the above criteria by two workers. The two doctors took up their
posts after unified training. Besides, they were specially responsible
for the evaluation of children and had rich experience.

Data analysis

SPSS 21.0 software was used to analyze the data. Normally
distributed data were expressed as mean + standard deviation (SD).
Numerical variables without normal distribution were shown as
mean+SD, as well as median values and interquartile range
(IQR). The difference of measurement data was detected by ¢ test.
If the data were non-normal distribution, Mann-Whitney U test
was used. Pearson correlation test was used to test the correlation
of parameters. All analyses in this study were bilateral tests.
Differences were deemed statistically significant when p < 0.050.

Role of the funding source

This research project was derived from Medical Science
(NO: 20220772). The Health
Commission of Hebei Province had approved this project.

Research Project of Hebei

Frontiers in Pediatrics

10.3389/fped.2025.1622439

Guidance on policies and directional resources were provided.
The corresponding authors were responsible for all aspects of the
study. The final version was approved by all authors.

Results

Comparison of serum levels of 25(OH)D,
and 25(OH)Dsz between ASD groups and
control groups

The serum levels of 25(OH)D, and 25(OH)D; were assessed in
children with ASD group compared to healthy controls. Notably,
the level of 25(OH)D, in the blood of children within the ASD
group was significantly lower than that observed in the control
group [(0.913+0.419) vs. (6.841+5230) nmol/L, P=0.001].
Similarly, the level of 25(OH)D; in the ASD group was
significantly reduced compared to controls [(26.862 +8.200) vs.
(31.953 +£9.400) nmol/L, P=0.015] (Table 1, Figure 1).

Correlation analysis of 25(0OH)D2 and
25(0OH)D3 levels with ABC scores in children
with ASD

Pearson linear correlation analysis was conducted to examine
the relationship between serum levels of 25(OH)D,, 25(OH)Ds
and ABC scores among a subset of 74 ASD patients (34 boys
and 40 girls). No statistically significant correlation was found
between the level of 25(OH)D, and ABC scores (r=—0.027,
P=0.872). In contrast, the lower 25(OH)D; levels
associated with higher ABC scores. (r=—0.35, P =0.034).

were

Correlation analysis of 25(0OH)D2 and
25(OH)D3 levels with CARS scores in
children with ASD

Pearson linear correlation analyses were performed on serum
levels of both 25(OH)D,, 25(OH)D; concerning CARS scores

TABLE 1 Distribution characteristics of research objects.

‘m ASD (N =208) | Control (N =208)

Age (x+5) 3.791 £0.230 3.210£0.573

Boy 112 112

Girl 96 96

ABC 74 0

CARS 74 0

GDS 60 0

25(0OH)D, ng/ml 0.001
Mean + SD 0913 +£0.419 6.841 +5.230

Median 0.780 6.735

IQR 0.000 9.610

25(OH)D; ng/ml 0.015
Mean + SD 26.862 + 8.200 31.953 +9.400

Median 25.320 32.020

IQR 14.000 14.860

Meaning of the bold values were the P values.
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FIGURE 1

The levels of 25(0OH)D, and 25(0OH)Ds between ASD groups and control groups.

TABLE 2 The relationship between 25(OH)D, and GDS in ASD children.

ltem Adaptability Gross motor Fine motor Language Personal-social
r —0.570 —0326 —0.347 —0.386 —0.469 |
P 0.009 0.161 0.134 0.093 0.037 |

among another set of ASD patients (44 boys and 30 girls). The
results indicated no significant association between levels of
serum 25(OH)D, and CARS (r=0.200, P=0.236).
However, a notable correlation was identified for the lower levels
of serum 25(OH)D; with higher CARS scores (r=-0.453,
P =0.048) demonstrating statistical significance.

scores

Correlation analysis of 25(0OH)D2 and
25(OH)D3 levels with Gesell dimensions in
children with ASD

Additionally, an analysis involving pearson linear correlation
examined serum concentrations of both forms of 25(OH)D,,
25(0OH)D; alongside GDS assessments from a sample size
comprising 60 patients with ASD (34 boys and 26 girls). As
presented in Table 2, there existed a significant negative
correlation that the higher level of 25(OH)D, was significantly
correlated with lower adaptive behavior and personal-social of
GDS (P <0.050). Such significance was not noted regarding gross
(P > 0.050).
Conversely, 25(0OH)D; demonstrated positive correlations that
the higher level of 25(OH)D; was significantly correlated with
higher adaptive behavior, fine motor and personal-social of GDS

motor, fine motor or language dimensions

(P<0.050). But it showed no associations with gross motor or
language dimensions in Table 3 (P > 0.050).

Discussion

Vitamin D receptor (VDR) were found in many cells, not just
those involved with calcium and phosphate homeostasis. Vitamin
D exerted its effects on target cells through both genomic and
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non-genomic mechanisms. Some studies had confirmed that
vitamin D deficiency was implicated in the etiology of AS (19).
Deficiency during pregnancy could disrupt normal brain
development process. Study indicated that blood-brain cross-talk
was crucial for ASD pathophysiology. Besides, the brain may
sense peripheral system changes through exosomes (20). Another
study confirmed the novel role of exosomes as carriers of
miRNAs with the ability to cross the blood-brain barrier and
unique expression profiles, offering new possibilities for
in ASD (21).

Furthermore, vitamin D deficiency can lead to an imbalance in

diagnostic and therapeutic interventions
neurotransmitters, diminish the body’s and brain’s antioxidant
capacity, and alter immunological responses (22, 23).

It has been established that the molecular structures of vitamin
D, and vitamin D; differed significantly. It was the first study to
investigate the relationship between vitamin D,, vitamin D; in
ASD. In this research, the levels of 25(OH)D, and 25(OH)D;
were measured using HPLC-MS/MS, a method known for its
high sensitivity and specificity. This approach offered certain
methodological advantages over other techniques. The findings
revealed that the levels of 25(OH)D, and 25(OH)D; were
significantly lower in children with ASD compared to their
healthy counterparts. Furthermore, this study analyzed the
correlation between 25(OH)D, and 25(OH)D; levels and the
severity of ASD symptoms. The results indicated that the higher
level of 25(OH)D, was significantly correlated with lower
adaptive behavior and personal-social of GDS. Conversely,
25(OH)D; demonstrated associations not only with intellectual
and behavioral development related to adaptability but also with
fine motor and personal-social abilities in these children;
Additionally, it was linked to symptom severity. Studies had
confirmed that two forms of vitamin D exhibited distinct abilities
to elevate serum levels of 25-hydroxyvitamin D [25(OH)D].
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TABLE 3 The relationship between 25(0OH)Dz and GDS in ASD children.

’ Item Adaptability Gross motor
r

0.539 0.268
P 0.014 0.253

Specifically, studies corroborated that increases in serum 25(OH)D
levels attributable to administration of vitamin D; were nearly
equivalent to those achieved by administering double the amount
of vitamin D, (24). Besides, the concentration of the vitamin
D, metabolite bound to VDBP in plasma was lower than that
associated with vitamin Dj (25). Administration of vitamin
D, could
1-ohydroxylation of 25(OH)D3, while increase 24R-hydroxylation
of 25(OH)Dj; (10). Another research indicated that the efficacy of
vitamin D3 surpassed that of vitamin D, (26).

reduce 25-hydroxylation of vitamin D; and

This research had certain limitations. As a single—center study,
it was likely to potentially introducing regional bias. Furthermore,
confounding factors, including dietary vitamin D intake and
sunlight exposure, were not accounted for. In addition, not all of
the sample of children with ASD completed all evaluations of the
proposed questionnaires, which could lead to a small sample size
for some evaluations, such as the sample size of the GDS was
relatively small. Therefore, this discrepancy may have limited the
results obtained to the correlation between vitamin D levels and
severity of the pathology. Although this study had a small sample
size, it provided novel insights into the role of vitamin D in
relation to ASD.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Management Committee overseeing medical clinical trials of
Children’s Hospital of Hebei Province. The studies were
accordance with the local
Written

participation in this study was provided by the participants’ legal

conducted in legislation and

institutional requirements. informed consent for
guardians/next of kin. Written informed consent was obtained
from the individual(s) for the publication of any potentially

identifiable images or data included in this article.

Author contributions

L]: Investigation, Data curation, Project administration,
Validation, Conceptualization, Supervision, Funding acquisition,
Resources, Writing — review & editing, Formal analysis, Software,

Frontiers in Pediatrics

10.3389/fped.2025.1622439

Personal-social

Fine motor Language
0.467 0.306 0472
0.038 0.190 0.036

Visualization, Writing - original draft, Methodology. DH:
Software, Data curation, Investigation, Resources, Writing -
draft,
acquisition, Methodology, Writing - review & editing, Validation,
Project administration, Formal analysis, Supervision. ZD: Project

original Visualization, Conceptualization, Funding

administration, Formal analysis, Writing - original draft,
Resources, Visualization, Data curation, Methodology, Validation,
Conceptualization, Investigation,

Supervision, Funding

acquisition, Writing — review & editing, Software.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This research
project was derived from Medical Science Research Project of
Hebei (NO: 20220772). The Health Commission of Hebei
Province had approved this project. Guidance on policies and
directional resources were provided.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fped.2025.1622439
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Jia et al.

References

1. Zwaigenbaum L, Brian JA, Ip A. Early detection for autism spectrum disorder
in young children. Paed Child Healt-Can. (2019) 24(7):424-43. doi: 10.1093/pch/
pxz119

2. Diallo FB, Pelletier E, Vasiliadis H-M, Rochette L, Lin E, Smith M, et al.
Estimating the prevalence and incidence rate of autism spectrum disorder (ASD):
interprovincial comparisons. Sante Ment Que. (2018) 43(2):65-81. doi: 10.7202/
1058610ar

3. Zhao Y, Lu F, Ding R, Zhu D, Zhang R, Sun S, et al. Prevalence, incidence, and
characteristics of autism spectrum disorder among children in Beijing, China. Autism.
(2023) 29(4):884-95. doi: 10.1177/13623613241290388

4. Pelly L, Vardy C, Fernandez B, Newhook LA, Chafe R. Incidence and cohort
prevalence for autism spectrum disorders in the avalon peninsula, newfoundland
and labrador. CMAJ Open. (2015) 3(3):E276-80. doi: 10.9778/cmajo.20140056

5. Fleet JC. Differences in the absorption and metabolism of vitamin D,, vitamin Dj,
and 25 hydroxyvitamin D. J Steroid Biochem Mol Biol. (2025) 249:106718. doi: 10.
1016/j.jsbmb.2025.106718

6. Silva IC]J, Lazaretti-Castro M. Vitamin D metabolism and extraskeletal outcomes:
an update. Arch Endocrin Metab. (2022) 66(5):748-55. doi: 10.20945/2359-
3997000000565

7. Cannell J]. Autism and vitamin D. Med Hypotheses. (2008) 70(4):750-9. doi: 10.
1016/j.mehy.2007.08.016

8. Song L, Luo X, Jiang Q, Chen Z, Zhou L, Wang D, et al. Vitamin
D supplementation is beneficial for children with autism spectrum disorder: a
meta-analysis. Clin Psychopharm Neu. (2020) 18(2):203-13. doi: 10.9758/cpn.2020.
18.2.203

9. Saad K, Abdel-Rahman AA, Elserogy YM, Al-Atram AA, El-Houfey AA, Othman
HA-K, et al. Randomized controlled trial of vitamin D supplementation in children
with autism spectrum disorder. J Child Psychol Psyc. (2018) 59(1):20-9. doi: 10.
1111/jcpp.12652

10. Martineau AR, Thummel KE, Wang Z, Jolliffe DA, Boucher BJ, Griffin §J, et al.
Differential effects of oral boluses of vitamin D, vs vitamin D3 on vitamin
D metabolism: a randomized controlled trial. J Clin Endocrinol Metab. (2019)
104(12):5831-9. doi: 10.1210/jc.2019-00207

11. Tai SS, Bedner M, Phinney KW. Development of a candidate reference
measurement procedure for the determination of 25-hydroxyvitamin D3 and
25-hydroxyvitamin D, in human serum using isotope-dilution liquid
chromatography-tandem mass spectrometry. Anal Chem. (2010) 82(5):1942-8.
doi: 10.1021/ac9026862

12. Christiansz JA, Gray KM, Taffe ], Tonge BJ. Autism spectrum disorder in the
DSM-5: diagnostic sensitivity and specificity in early childhood. J Autism Dev
Disord. (2016) 46(6):2054-63. doi: 10.1007/s10803-016-2734-4

13. You Y, Xingming J. The influence of the fifth edition of the American diagnostic
and statistical manual of mental disorders on the diagnosis and treatment of

Frontiers in Pediatrics

06

10.3389/fped.2025.1622439

childhood autism spectrum disorders. Chin ] Child Health Care. (2015)

23(12):1278-80. doi: 10.11852/zgetbjzz2015-23-12-14

14. Lord C, Rutter M, Le Couteur A. Autism diagnostic interview revised: a revised
version of diagnostic interview for caregivers of individuals with possible pervasive
developmental disorders. J Autism Dev Disord. (1994) 24(5):659-85. doi: 10.1007/
BF02172145

15. Volkmar FR, Cicchetti DV, Dykens E, Sparrow SS, Leckman JF, Cohen DJ. An
evaluation of the autism behavior checklist. ] Autism Dev Disord. (1988) 18:81-97.
doi: 10.1007/BF02211820

16. Schopler E, Reichler R], DeVellis RF, Daly K. Toward objective classification of
childhood autism: childhood autism rating scale (CARS). J Autism Dev Disord. (1980)
10(1):91-103. doi: 10.1007/BF02408436

17. Park EY, Kim J. Factor structure of the childhood autism rating scale as per
DSM-5. Pediatr Int. (2016) 58(2):139-45. doi: 10.1111/ped.12770

18. Du L, Shan L, Wang B, Feng JY, Xu ZD, Jia FY. Serum levels of
25-hydroxyvitamin D in children with autism spectrum disorders. Zhongguo Dang
Dai Er Ke Za Zhi. (2015) 17(1):68-71. doi: 10.7499/.issn.1008-8830.2015.01.015

19. Ali Y, Anderson LN, Smile S, Chen Y, Borkhoff CM, Koroshegyi C, et al.
Prospective cohort study of vitamin D and autism spectrum disorder diagnoses in
early childhood. Autism. (2019) 23(3):584-93. doi: 10.1177/1362361318756787

20. Chen L, Xiong X-Y, Yao T-T, Gui L-N, Luo F, Du Y, et al. Blood exosome
sensing via neuronal insulin-like growth factor-1 regulates autism-related
phenotypes. Pharmacol Res. (2023) 197:106965. doi: 10.1016/j.phrs.2023.106965

21. Yao T-T, Chen L, Du Y, Jiang Z-Y, Cheng Y. MicroRNAs as regulators,
biomarkers, and therapeutic targets in autism Spectrum disorder. Mol Neurobiol.
(2025) 62(4):5039-56. doi: 10.1007/s12035-024-04582-x

22. Liu ZZ, Jin Y. Research progress on the pathogenesis of vitamin D in autism
spectrum disorders. Chin Jsch Health. (2025) 2(46):300-4. doi: 10.16835/j.cnki.1000-
9817.2025054

23. Fathi N, Ahmadian E, Shahi S, Roshangar L, Khan H, Kouhsoltani M, et al. Role
of vitamin D and vitamin D receptor (VDR) in oral cancer. Biomed Pharmacother.
(2019) 109:391-401. doi: 10.1016/j.biopha.2018.10.102

24. Heaney RP, Recker RR, Grote J, Horst RL, Armas LAG. Vitamin D; is more
potent than vitamin D, in humans. J Clin Endocr Metab. (2011) 96(3):E447-452.
doi: 10.1210/jc.2010-2230

25. Balachandar R, Pullakhandam R, Kulkarni B, Sachdev HS. Relative efficacy of
vitamin D, and vitamin Dj in improving vitamin D status: systematic review and
meta-analysis. Nutrients. (2021) 13(10):3328. doi: 10.3390/nu13103328

26. Tripkovic L, Wilson LR, Hart K, Johnsen S, de Lusignan S, Smith CP, et al. Daily
supplementation with 15 ug vitamin D, compared with vitamin D; to increase
wintertime 25-hydroxyvitamin D status in healthy south Asian and white European
women: a 12-wk randomized, placebo-controlled food-fortification trial. Am J Clin
Nutr. (2017) 106(2):481-90. doi: 10.3945/ajcn.116.138693

frontiersin.org


https://doi.org/10.1093/pch/pxz119
https://doi.org/10.1093/pch/pxz119
https://doi.org/10.7202/1058610ar
https://doi.org/10.7202/1058610ar
https://doi.org/10.1177/13623613241290388
https://doi.org/10.9778/cmajo.20140056
https://doi.org/10.1016/j.jsbmb.2025.106718
https://doi.org/10.1016/j.jsbmb.2025.106718
https://doi.org/10.20945/2359-3997000000565
https://doi.org/10.20945/2359-3997000000565
https://doi.org/10.1016/j.mehy.2007.08.016
https://doi.org/10.1016/j.mehy.2007.08.016
https://doi.org/10.9758/cpn.2020.18.2.203
https://doi.org/10.9758/cpn.2020.18.2.203
https://doi.org/10.1111/jcpp.12652
https://doi.org/10.1111/jcpp.12652
https://doi.org/10.1210/jc.2019-00207
https://doi.org/10.1021/ac9026862
https://doi.org/10.1007/s10803-016-2734-4
https://doi.org/10.11852/zgetbjzz2015-23-12-14
https://doi.org/10.1007/BF02172145
https://doi.org/10.1007/BF02172145
https://doi.org/10.1007/BF02211820
https://doi.org/10.1007/BF02408436
https://doi.org/10.1111/ped.12770
https://doi.org/10.7499/j.issn.1008-8830.2015.01.015
https://doi.org/10.1177/1362361318756787
https://doi.org/10.1016/j.phrs.2023.106965
https://doi.org/10.1007/s12035-024-04582-x
https://doi.org/10.16835/j.cnki.1000-9817.2025054
https://doi.org/10.16835/j.cnki.1000-9817.2025054
https://doi.org/10.1016/j.biopha.2018.10.102
https://doi.org/10.1210/jc.2010-2230
https://doi.org/10.3390/nu13103328
https://doi.org/10.3945/ajcn.116.138693
https://doi.org/10.3389/fped.2025.1622439
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Relationship between 25(OH)D2, 25(OH)D3 and core symptoms in autism spectrum disorder
	Introduction
	Methods
	Subjects
	Criteria
	Detection method of 25(OH)D
	Observations
	Data analysis
	Role of the funding source

	Results
	Comparison of serum levels of 25(OH)D2 and 25(OH)D3 between ASD groups and control groups
	Correlation analysis of 25(OH)D2 and 25(OH)D3 levels with ABC scores in children with ASD
	Correlation analysis of 25(OH)D2 and 25(OH)D3 levels with CARS scores in children with ASD
	Correlation analysis of 25(OH)D2 and 25(OH)D3 levels with Gesell dimensions in children with ASD

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


