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Evaluation of the effect of vitamin D on improving autism symptoms based on the microbiota—gut—brain
axis. HUANG Haoyu, DU Xiaoliang, WANG Jing, WU Jinting, ZOU Zhuo, CHEN Yingjuan, LIU Yun. Department of
Rehabilitation, Department of Science, Education and Training, Kunming Children’ s Hospital (Children’ s Hospital
Affiliated to Kunming Medical University), Kunming 650228, China. Tel: 0871-63309329.

[Abstract] Objective To analyze the symptomatic improvement effects of vitamin D in children with autism
spectrum disorder (ASD) based on the microbiota—gut—brain axis. Methods Seventy—two children with ASD were
randomly divided into an observation group and a control group, with 36 cases in each group. Three cases dropped out in

the control group. The observation group received 1200 1U/day of vitamin D supplementation in addition to conventional
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rehabilitation training, while the control group received only conventional rehabilitation training. The intervention lasted
for 12 weeks. Assessments were conducted before and after the intervention using the childhood autism rating scale
(CARS), autism behavior checklist (ABC), and repetitive behavior scale-revised (RBS—-R). Resting—state functional
connectivity of the brain was measured using near—infrared functional imaging, and serum levels of 25(OH)D,,
inflammatory cytokines, and gut microbiota were analyzed. The differences in these indicators before and after the
intervention were compared between the two groups to evaluate clinical efficacy. Results The between—group differences
in pre— and post—intervention changes showed that the observation group had significantly greater improvements than the
control group in the following measures: CARS scores (-5.92+1.40 vs. —2.55+1.43), RBS-R scores (-5.99+1.01 vs. —3.10+
1.47), resting—state brain functional connectivity (0.19+0.15 vs. 0.10+0.18), serum 25(0OH)D, levels [(34.89+8.18) ng/mL
vs. (0.68+6.73) ng/mL], serum interleukin—6 (IL-6) levels [(=6.60+6.07) pg/mL vs. (=0.74+9.45) pg/mL], IL-1B levels
[(=2.56 £1.33) pg/mL vs. (—0.04+2.13) pg/mL], and tumor necrosis factor—a (TNF-a) levels [(-4.09+3.85) pg/mL vs. (0.21+
4.05) pg/mL] (P<0.05). Post—intervention, significant differences in gut microbial B—diversity were observed between the
two groups (R’=0.030, P=0.040, Adonis). LEfSe analysis revealed that the observation group exhibited enrichment in
Clostridia (LDA=4.747, P=0.003), Clostridiales (LDA=4.747, P=0.003), Clostridiaceae (LDA=3.476, P=0.001),
Lachnospiraceae (LDA=4.709, P=0.004), Odoribacteraceae (LDA=3.458, P=0.027), Odoribacter (LDA=3.458, P=0.027),
Burkholderiales (LDA=3.339, P=0.038), Firmicutes (LDA=4.764, P=0.003), and Betaproteobacteria (LDA=3.338, P=
0.037). Conclusion Vitamin D supplementation can modulate gut microbial diversity in children with ASD, significantly
influence the abundance of specific gut microbiota, reduce systemic inflammatory cytokines, enhance brain functional
connectivity, and alleviate clinical symptoms of ASD.

[Keywords] Autism spectrum disorder Vitamin D 16S rRNA Microbiota—gut—brain axis Gut microbiota In-
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Tab.2 ASD behavioral scores, rsFC of the frontal and temporal lobes and their differences before and after intervention of two groups

®2 MWHABILTHEIGASDITAIES EAFA rsFC REZE

CARS = FRIT43(41)

ABC R4 (4)

RBS-R T4 (43) 1sFC

A n - o
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XFHRZH 33 36.15+3.55 33.6+1.89 —2.55+1.43 68.07+10.14 57.53+3.43 —10.54+3.79 18.72+3.31 15.62+2.53 -3.10+1.47 0.10+0.11 0.20+0.14 0.10+0.18
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Tab.3 Serum 25(OH)D,, inflammatory factor levels and their differences before and after intervention of two groups

*3 WABRILTMEELE25(OH)D, KEFRFKEREERE

A n 25(0H)D3(ng/mL) IL-6(pg/mL)

IL-1B(pg/mL) TNF-a(pg/mL)
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THiE]  THUE 2l THiET TR 2MH

MLELH 36 14.62+6.41 49.51+9.48 34.89+8.18" 12.9148.14 6.31+3.52 —6.60+6.07" 8.09+1.17 5.53+1.62 —2.56+1.33" 12.15+4.45 8.06+3.14 —4.09+3.85"
XTHEA] 33 14.21+7.73 14.89+5.62 0.68+6.73 13.11£7.38 12.37+10.73 -0.74+9.45 8.11+1.03 8.07+2.42 -0.04+2.13  11.87+4.44 12.08+3.75 0.21+4.05

L IL-6, AN R -6 101, AN R -1 TNF-, FRIRFEA T-ae 1) 5 %F BRALHLER , ST AEAS 1 K256, P<0.01
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Fig.1 Comparison of gut microbiota beta diversity in the two
groups of children before and after intervention
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Fig.3 Barplot of the dominant flora at the genus level in the two
groups of children before and after the intervention
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Fig.4 Column plot of linear discriminant analysis (LDA) scores
calculated according to differential enriched genera between
groups after the intervention
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