Table S1: Demographic and clinical characteristics of study participants at baseline
	Variable
	Completers (n = 10)
	Dropouts (n = 30)
	p-value

	Age (years, mean ± SD)
	6.35 ± 1.85
	4.39 ± 1.64
	0.01*

	Sex (male: female)
	9:1
	22:8
	0.62¹

	CARS score (mean ± SD)
	38.0 ± 4.5
	36.6 ± 3.9
	0.38


¹ Fisher’s exact test; * Mann–Whitney U test.
*Significant at p < 0.05.
Data are presented as mean ± standard deviation (SD) for continuous variables and counts for categorical variables.
p-values were calculated using Mann–Whitney U test for continuous variables and Fisher’s exact test for categorical variables.
CARS values represent baseline scores prior to dietary intervention.


 Supplementary Table S2. Univariate comparison of plasma metabolites between ASD and control groups using t-test and Wilcoxon rank-sum test
	Metabolite
	Test statistic (t)
	p-value

	Coumarin
	10.419
	4.73 × 10⁻⁹

	L-Leucine
	6.768
	2.43 × 10⁻⁶

	L-Octanoylcarnitine
	3.768
	0.0014

	Kaempferol
	3.595
	0.0021



Univariate statistical analysis was performed to compare plasma metabolite levels between ASD and control groups. Depending on data distribution, either two-sample t-tests or Wilcoxon rank-sum tests were applied. Reported p-values are unadjusted and correspond to metabolites highlighted in Figure 3.



Supplementary Table S3. Metabolite–gene interaction network associated with ASD compared with controls
	Metabolite
	Interacting Gene
	Functional Pathway / Biological Role

	5′-Methylthioadenosine
	MTAP
	Methionine salvage pathway

	5′-Methylthioadenosine
	ODC1
	Polyamine biosynthesis

	5′-Methylthioadenosine
	SRM
	Spermidine synthesis

	5′-Methylthioadenosine
	SMS
	Spermine synthesis

	5′-Methylthioadenosine
	AMD1
	Regulation of polyamine metabolism

	5′-Methylthioadenosine
	MAT2A
	S-adenosylmethionine synthesis

	5′-Methylthioadenosine
	AHCY
	Methylation and homocysteine metabolism

	5′-Methylthioadenosine
	DPH5
	Dipthamide biosynthesis

	5′-Methylthioadenosine
	ADI1
	Methionine salvage pathway

	5′-Methylthioadenosine
	ADORA3
	Purinergic signaling

	5′-Methylthioadenosine
	NGF
	Neurotrophic signaling

	5′-Methylthioadenosine
	FBL
	Ribosomal biogenesis

	5′-Methylthioadenosine
	MRPS12
	Mitochondrial protein synthesis


Metabolite–gene interaction analysis was performed to explore potential molecular pathways associated with metabolites that differed between ASD and control groups. The table summarizes genes interacting with 5′-methylthioadenosine, a discriminating metabolite in ASD, highlighting pathways related to polyamine metabolism, methylation, mitochondrial function, and neurodevelopment. This analysis is exploratory and intended to provide mechanistic context for the network depicted in Figure 4.



Supplementary Table S 4. Differential plasma metabolites before and after GF-MKD intervention in ASD participants (paired analysis)
	Metabolite
	Feature ID
	p-value (paired test)
	−log10(p)
	FDR (Benjamini–Hochberg)
	Direction (Post vs Pre)

	Coumarin
	11
	0.0021
	2.68
	0.0857
	↓ Decreased

	L-Leucine
	15
	0.0068
	2.16
	0.1403
	↓ Decreased

	5-Methoxytryptamine
	80
	0.0232
	1.63
	0.3175
	↓ Decreased



Statistical comparison was performed between pre- and post-GF-MKD samples from the same ASD participants (n = 10).
p-values were obtained using paired two-tailed t-tests, with confirmation by Wilcoxon signed-rank test for robustness.
False discovery rate (FDR) was calculated using the Benjamini–Hochberg method.
Metabolites with nominal significance (p < 0.05) are shown; Coumarin remained the most robust signal after multiple-testing correction.
Direction indicates relative change following dietary intervention.

Supplementary Table S5. Pathway enrichment analysis of differential plasma metabolites in ASD participants before and after GF-MKD intervention
	Metabolic pathway
	Pathway size (total)
	Expected hits
	Observed hits
	Raw p-value
	Holm-adjusted p-value
	FDR

	Arginine and proline metabolism
	36
	0.561
	5
	0.000162
	0.013
	0.013

	Glutathione metabolism
	28
	0.437
	4
	0.000726
	0.0574
	0.0291

	Glycine, serine and threonine metabolism
	33
	0.515
	3
	0.0134
	1.000
	0.357

	D-Amino acid metabolism
	15
	0.234
	2
	0.0216
	1.000
	0.433

	β-Alanine metabolism
	21
	0.327
	2
	0.0409
	1.000
	0.654

	Lysine degradation
	30
	0.468
	2
	0.0778
	1.000
	0.897

	Glyoxylate and dicarboxylate metabolism
	31
	0.483
	2
	0.0824
	1.000
	0.897

	Cysteine and methionine metabolism
	33
	0.515
	2
	0.0918
	1.000
	0.897

	Valine, leucine and isoleucine biosynthesis
	8
	0.125
	1
	0.118
	1.000
	0.897

	Taurine and hypotaurine metabolism
	8
	0.125
	1
	0.118
	1.000
	0.897

	Vitamin B6 metabolism
	9
	0.140
	1
	0.132
	1.000
	0.897

	Tyrosine metabolism
	42
	0.655
	2
	0.138
	1.000
	0.897

	Biotin metabolism
	10
	0.156
	1
	0.146
	1.000
	0.897

	Arginine biosynthesis
	14
	0.218
	1
	0.198
	1.000
	1.000

	Butanoate metabolism
	15
	0.234
	1
	0.211
	1.000
	1.000

	Nicotinate and nicotinamide metabolism
	15
	0.234
	1
	0.211
	1.000
	1.000

	Glycerolipid metabolism
	16
	0.250
	1
	0.223
	1.000
	1.000

	Citrate cycle (TCA cycle)
	20
	0.312
	1
	0.271
	1.000
	1.000

	Pentose phosphate pathway
	23
	0.359
	1
	0.305
	1.000
	1.000

	Alanine, aspartate and glutamate metabolism
	28
	0.437
	1
	0.359
	1.000
	1.000

	Pyrimidine metabolism
	39
	0.608
	1
	0.462
	1.000
	1.000

	Valine, leucine and isoleucine degradation
	39
	0.608
	1
	0.462
	1.000
	1.000

	Tryptophan metabolism
	41
	0.639
	1
	0.480
	1.000
	1.000

	Primary bile acid biosynthesis
	46
	0.717
	1
	0.520
	1.000
	1.000


Pathway enrichment analysis was performed using metabolite set enrichment analysis (MSEA) based on differential plasma metabolites identified between pre- and post-GF-MKD intervention in ASD participants. Raw p-values were adjusted using both Holm–Bonferroni correction and false discovery rate (FDR). Pathways with FDR < 0.05 are highlighted in bold.


Supplementary Table S6. Metabolite–metabolite network topology metrics for ASD participants before and after GF-MKD intervention
	Metabolite (KEGG ID)
	Metabolite name
	Degree
	Betweenness centrality

	C00750
	Spermine
	45
	1694.13

	C00170
	5′-Methylthioadenosine
	29
	1027.53

	C00666
	Diaminopimelic acid
	8
	321.33

	C00011
	Carbon dioxide
	3
	139.20

	C00047
	L-Lysine
	3
	139.20

	C00025
	L-Glutamic acid
	2
	75.60

	C00002
	Adenosine triphosphate (ATP)
	2
	0

	C00008
	ADP
	2
	0

	C00007
	Oxygen
	2
	0

	C00134
	Putrescine
	2
	0

	C00315
	Spermidine
	2
	0

	C00147
	Adenine
	2
	0

	C00305
	Magnesium
	2
	0

	C01137
	S-Adenosylmethioninamine
	2
	0

	Multiple
	Other connected metabolites
	1
	0


Network topology analysis was performed using differential metabolites identified between pre- and post-GF-MKD intervention in ASD participants. Degree reflects the number of direct connections, and betweenness centrality reflects node influence within the network.


Supplementary Table S7. Pathway topology–based enrichment analysis derived from metabolite–metabolite interaction network (ASD pre- vs post-GF-MKD)
	Pathway
	Pathway size
	Expected hits
	Observed hits
	Raw p-value
	Topology score
	P-value Z-score
	Topology Z-score

	Glutathione metabolism
	28
	0.848
	10
	2.12E-09
	0.704
	5.19
	1.56

	Arginine and proline metabolism
	38
	1.15
	8
	9.51E-06
	0.730
	2.78
	1.63

	β-Alanine metabolism
	21
	0.636
	6
	2.15E-05
	0.950
	2.55
	2.29

	Arginine biosynthesis
	14
	0.424
	5
	3.36E-05
	0.923
	2.42
	2.21

	Glycine, serine and threonine metabolism
	33
	1.00
	7
	3.50E-05
	0.938
	2.41
	2.25

	Glyoxylate and dicarboxylate metabolism
	32
	0.97
	6
	2.79E-04
	0.387
	1.81
	0.61

	Cysteine and methionine metabolism
	33
	1.00
	6
	3.34E-04
	0.375
	1.76
	0.58

	Aminoacyl-tRNA biosynthesis
	48
	1.45
	7
	4.27E-04
	0.191
	1.69
	0.03

	Butanoate metabolism
	15
	0.455
	4
	7.92E-04
	0.429
	1.51
	0.74

	One-carbon pool by folate
	9
	0.273
	3
	0.00193
	2.25
	1.26
	6.17

	Folate biosynthesis
	27
	0.818
	4
	0.00779
	0.385
	0.86
	0.60

	Purine metabolism
	65
	1.97
	6
	0.0119
	0.375
	0.74
	0.58

	D-Glutamine and D-glutamate metabolism
	6
	0.182
	2
	0.0125
	0.60
	0.73
	1.25

	Nitrogen metabolism
	6
	0.182
	2
	0.0125
	0.40
	0.73
	0.65

	Citrate cycle (TCA cycle)
	20
	0.606
	3
	0.0207
	0.368
	0.58
	0.56

	Propanoate metabolism
	23
	0.697
	3
	0.0302
	0.273
	0.47
	0.27


Pathway topology enrichment analysis was conducted using metabolites differentially regulated before and after GF-MKD intervention in ASD participants. Pathways in bold represent the most significantly enriched and topologically influential metabolic routes affected by dietary intervention.
