Supplementary Table S1. Study quality using Newcastle Ottawa Scale criteria for case-control and cohort studies.

Case control studies
	Author & Year 
	Q1 
	Q2 
	Q3 
	Q4 
	Q5 
	Q6 
	Q7 
	Q8 
	Total: 
	AHQR 

	Chen 2025
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	7
	Good 

	Forero Rodríguez 2024
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	7
	Good

	Kwon 2024 (Cross sectional)
	Y
	Y
	N
	N
	Y
	Y
	N
	N
	4
	Poor

	Li 2019 
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	7
	Good

	Yoon 2024 (Cross sectional)
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	6
	Fair



Cohort studies
	Author & Year 
	Q1 
	Q2 
	Q3 
	Q4 
	Q5 
	Q6 
	Q7 
	Q8 
	Total: 
	AHQR 

	Bedarf 2025
	Y
	Y
	Y
	Y
	Y
	Y
	Y/N
	Y
	7
	Good

	Becker 2022
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	8
	Good

	Garcia Milla 2025
	Y
	N
	Y
	N
	N
	N
	Y
	N
	3
	Poor

	Hall 2023
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	7
	Good



Ratings for case control and cohort studies using Newcastle Ottawa Scale.
Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain.
Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain.
Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain.


Table S2. Data summary of extracted studies including participant demographics, and study methodology. Parkinson’s disease (PD); Not available (NA); Not reported (NR); Metagenomic shotgun sequencing (MGS).
	 
	DEMOGRAPHICS

	Study ID
	Title
	Year of publication*
	COHORT COUNTRY
	STUDY DESIGN
	HEALTH CONDITION/STATUS
	TOTAL PARTICIPANTS
	AGE GROUP
	GENDER

	Becker 2022
	Effects of Resistant Starch on Symptoms, Fecal Markers, and Gut Microbiota in Parkinson's Disease - The RESISTA-PD Trial
	2022
	Germany
	Non-randomised experimental study
	PD
	87
	Older adult (>60)
	Mixed-gender

	Bedarf 2025
	A prebiotic dietary pilot intervention restores faecal metabolites and may be neuroprotective in Parkinson’s Disease
	2025
	Germany
	Prospective cohort study
	PD
	20
	Older adult (>60)
	Mixed-gender

	Chen 2025
	Investigating Plasma Metabolomics and Gut Microbiota Changes Associated With Parkinson Disease: A Focus on Caffeine Metabolism
	2025
	Taipei
	Case-control study
	PD
	173
	NR
	Mixed-gender

	Forero-Rodriguez 2024
	Changes in Bacterial Gut Composition in Parkinson's Disease and Their Metabolic Contribution to Disease Development: A Gut Community Reconstruction Approach
	2024
	Colombia
	Case-control study
	PD
	50
	NR
	Mixed-gender

	García-Milla 2025
	The effect of supplementation with prebiotic fiber on the gut microbiota of a group
of older people with Parkinson’s disease from the city of Santiago de Chile. A pilot study
	2025
	Chile
	Non-randomised experimental study
	PD
	9
	Older adult (>60)
	Mixed-gender

	Hall 2023
	An open label, non-randomized study assessing a prebiotic fiber intervention in a small cohort of Parkinson's disease participants
	2023
	USA
	Non-randomised experimental study
	PD
	20
	Older adult (>60)
	Mixed-gender

	Kwon 2024
	Diet and the gut microbiome in patients with Parkinson's disease
	2024
	USA
	Prospective cohort study
	PD
	87
	Elderly (70+)
	Mixed-gender

	Li 2019
	Gut Microbiota Differs Between Parkinson's Disease Patients and Healthy Controls in Northeast China
	2019
	China
	Case-control study
	PD
	99
	Older adult (50 to 69)
	Mixed-gender

	Yoon 2024
	Dietary quality and the gut microbiome in early-stage Parkinson's disease patients.
	2024
	South Korea
	Cross-sectional study
	PD
	166
	Older adult (50 to 69)
	Mixed-gender

	
	DIETARY INTAKE MEASURE

	Study ID
	INTERVENTION
	DIET_METHOD
	FFQ_VALIDATED
	FFQ_CLEANED
	FFQ_DURATION
	DIARY/RECALL
	DIARY/RECALL DURATION
	OTHER METHOD (if provided)
	DIETARY ANALYSIS
	DIET COLLECTION FREQUENCY

	Becker 2022
	Resistant starch
	Dietary pattern (Omnivore, vegetarian, pescatarian)
	NA
	NA
	NA
	NA
	NA
	
	Dietary pattern
	Baseline

	Bedarf 2025
	Lactulose syrup
	Food logs and QA
	NA
	NA
	NR
	YES
	4 weeks
	Apples for compliance
	Food group, probiotics
	Baseline

	Chen 2025
	NA
	FFQ
	YES
	NR
	Habitual intake (≥1 year definition for coffee)
	NA
	NA
	
	Macronutrients, Food groups
	Baseline

	Forero-Rodriguez 2024
	NA
	FFQ, MP24R
	YES
	YES
	6 MONTHS
	YES
	2 days
	Colombian Food Composition Table—2015 
	Nutrient composition
	Baseline

	García-Milla 2025
	Inulin or oligofructose 
	QA
	NO
	NA
	NR
	NA
	NA
	 
	Food groups 
	Pre post

	Hall 2023
	Prebiotic bar intervention (starch, rice brain, resistant maltodextrin, and inulin)
	DQ (MEDAS) 
	YES
	Diet quality (MEDAS)
	NR
	NA
	NA
	
	MEDAS score 
	Baseline

	Kwon 2024
	 NA
	FFQ
	YES
	Diet History Questionnaire (DHQ) II
	1 MONTH
	NA
	NA
	
	Nutrient composition, Healthy eating index (HEI)
	Single sample

	Li 2019
	 NA
	FFQ
	Not reported
	Modified Chinese FFQ
	NR
	NA
	NA
	
	Nutrient composition
	Single sample

	Yoon 2024
	 NA
	FFQ
	YES
	Diet Quality Index (DQI) I
	NR
	NA
	NA
	
	Nutrient composition, Food group serves/day
	Single sample

	
	MICROBIOME METHODS

	Study ID
	MICROBIOME SEQUENCING METHOD
	16S REGION
	COLLECTION KIT
	STOOL SAMPLING FREQUENCY
	DNA EXTRACTION
	16S SEQUENCING PLATFORM
	MGS SEQUENCING PLATFORM
	16S PREPROCESSING + BIOINFORMATICS
	MGS PREPROCESSING + BIOINFORMATICS
	16S ANNOTATION DATABASE
	MGS ANNOTATION DATABASE

	Becker 2022
	MGS
	NA
	 sterile containers (Calalog Nos. P/N S1000-150 and P/N H9550T, Suesse, Gudensberg, Germany)
	Three samples (0, 4 , 8 weeks)
	QIAGEN DNeasy PowerSoil Kit 
	NA
	BGISEQ-500RS 
	NA
	FastQC v0.11.8, Kraken v16.098, KneadData v0.72,   
	NA
	mOTUs2 v2.5.0, MetaPhlAn2 v2.9.19, HUMAnN2 v2.8.1

	Bedarf 2025
	MGS
	NA
	Sarstedt specimen collector, stored in anaerobic conditions (Anaerocult® P MerckMillipore)
	Two samples (pre post)
	Maxwell® RSC PureFood GMOand Authentication Kit (Cat. #AS1600)
	NA
	Illumina NovaSeq 6000 
	NA
	Matafiler Pipeline (Kraken2, MEGAHIT v1.2.9, Bowtie2 v2.3.4.1,) 
	NA
	Prodigal v.2.6.1

	Chen 2025
	MGS
	NA
	Sarstedt DNA stabilizer 
	Single sample
	QIAamp DNA Stool Mini kit
	NA
	Illumina NovaSeq 6000 
	NA
	BBMap, MetaPhlan4, HUMAnN v3.0
	NA
	MetaPhlan4 database (vOct22) and HUMAnN v3.0 (MetaCyc, KEGG)

	Forero-Rodriguez 2024
	16S rRNA
	V4-5
	sterile disposable containers
	Single sample
	ZymoBIOMICS DNA Miniprep Kit
	Illumina MiSeq
	NA
	prinseq-lite-0.20.4,  unoise3
	NA
	Ribosomal Database Project RDP 
	NA

	García-Milla 2025
	16S rRNA
	V4
	NR
	Three samples (0, 7, 30 days)
	Qiagen Power Fecal Kit
	Illumina MiSeq
	NA
	DESeq2
	NA
	SILVA v138.1.
	NA

	Hall 2023
	MGS
	NA
	anaerobic collection kit (BD Gaspak, Becton Dickinson and Company, Sparks, MD)
	Two samples (pre post)
	FastDNA bead-beating Spin Kit for Soil (MP Biomedicals)
	NA
	 Illumina NovaSeq6000
	Not applicable
	FastQC v0.11.9, bbduk, MetaPhlAn3 v3.0.7, HUMAnN3 v3.0.0.α.3
	Na
	MetaPhlAn3 v3.0.7, HUMAnN3 v3.0.0.α.3 mapping UniRef90 v2019_01

	Kwon 2024
	16S rRNA
	V4
	ParaPak collection kit
	Single sample
	ZymoBIOMICS DNA kit
	Illumina HiSeq 
	NA
	DADA2 Pipeline Workflow (R)
	NA
	SILVA reference database
	Not applicable

	Li 2019
	16S rRNA
	V4
	Sterile tubes
	Single sample
	QIAamp Fast DNA Stool Mini Kit
	Illumina HiSeq
	NA
	QIIME2
	NA
	SILVA reference database
	Not applicable

	Yoon 2024
	Both 16S & MGS
	V3 to V4
	Chunlab stool sample kit
	Single sample
	ChunLab
	Illumina MiSeq
	Illumina NovaSeq
	EzBioCloud
	EzBioCloud
	NR
	KRAKEN

	
	ANALYSIS & RESULTS
	
	
	
	
	
	

	Study ID
	STATISTICAL ANAYSIS (DIET-MICROBIOME)
	RESULTS SUMMARY
	IS RAW SEQUENCING DATA AVAILABLE?
	IS DIET DATA AVAILABLE?
	
	
	
	
	

	Becker 2022
	 Reference-free analysis: density distribution of 5-mers, after dimensionality reduction with UMAP
	NA
	Deposited in online repository
	NO DATA AVAILABLE
	
	
	
	
	
	

	Bedarf 2025
	distance-based redundancy analysis(dbRDA) and univariate tests/Wilcoxon signed-rank test of relative abundance of metagenomes
	FOUND RESULTS
	Deposited in online repository
	NO DATA AVAILABLE
	
	
	
	
	
	

	Chen 2025
	NR
	NA
	Deposited in online repository
	NO DATA AVAILABLE
	
	
	
	
	
	

	Forero-Rodriguez 2024
	NR
	NA
	Deposited in online repository
	NO DATA AVAILABLE
	
	
	
	
	
	

	García-Milla 2025
	Analysis of the abundance
	FOUND RESULTS
	NO DATA AVAILABLE
	NO DATA AVAILABLE
	
	
	
	
	
	

	Hall 2023
	Mean relative abundance of microbial species
	FOUND RESULTS
	Deposited in online repository
	NO DATA AVAILABLE
	
	
	
	
	
	

	Kwon 2024
	MaAsLin2
	FOUND RESULTS
	Deposited in online repository
	Available on request
	
	
	
	
	
	

	Li 2019
	Spearman correlation analysis
	FOUND RESULTS
	NO DATA AVAILABLE
	NO DATA AVAILABLE
	
	
	
	
	
	

	Yoon 2024
	Spearman correlation analysis
	FOUND RESULTS
	Available on request
	Available on request
	
	
	
	
	
	



Table S3. Association of diet with abundance of MetaCyc and KEGG pathways. Parameters are from Wilcoxon signed-rank test or MaAsLin2 model (MaAsLin2 adjusted for age, sex, race, and platform). Wilcoxon signed-rank results with a p-value < 0.05 were selected for this table. MaAsLin2 associations with a q-value <0.05 (highly conservative analyses) were selected for this table. Parkinson’s Disease (PD); healthy controls (HC).
	Wilcox (PD & HC: Lactulose syrup Day 0 vs 28) MGS data

	KEGG pathways 
	Bedarf (2025)28

	M00021
	Cysteine biosynthesis, serine =>cysteine
	-

	M00006
	Pentose phosphate pathway, oxidative phase, glucose 6P => ribulose 5P
	+

	M00207
	Putative multiple sugar transport system
	+

	M00345
	Formaldehyde assimilation, ribulose monophosphate pathway
	-

	M00196
	Raffinose/stachyose/melibiose transport system
	+

	M00394
	RNA degradosome
	+

	M00618
	Acetogen
	-

	M00299
	Spermidine/putrescine transport system
	-

	M00083
	Fatty acid biosynthesis, elongation
	+

	M00082
	Fatty acid biosynthesis, initiation
	+

	M00307
	Pyruvate oxidation, pyruvate => acetyl-CoA
	-

	M00126
	Tetrahydrofolate biosynthesis, GTP => THF
	+

	M00052
	Pyrimidine ribonucleotide biosynthesis, UMP =>UDP/UTP,CDP/CTP
	-

	M00742
	Aminoglycoside resistance, protease FtsH
	-

	M00051
	Uridine monophosphate biosynthesis, glutamine (+PRPP) => UMP
	+

	M00121
	Heme biosynthesis, glutamate =>protoheme/siroheme
	-

	M00086
	beta-Oxidation, acyl-CoA synthesis
	+

	M00443
	SenX3-RegX3 (phosphate starvation response) two component regulatory system
	+

	M00122
	Cobalamin biosynthesis, cobinamide =>cobalamin
	-

	PD ONLY
	 
	 

	M00492
	LytS-LytR two component regulatory system
	-

	M00236
	Putative polar amino acid transport system
	+

	M00627
	beta-Lactam resistance, Bla system
	-

	M00565
	Trehalose biosynthesis, Dglucose 1P =>trehalose
	+

	M00173
	Reductive citrate cycle (Arnon-Buchanan cycle)
	+

	M00434
	PhoR-PhoB (phosphate starvation response) two component regulatory system
	-

	M00237
	Branched-chain amino acid transport system
	+

	M00020
	Serine biosynthesis, glycerate-3P =>serine
	+

	M00256
	Cell division transport system
	+

	M00260
	DNA polymerase III complex, bacteria
	+

	M00159
	V/A-type ATPase, prokaryotes
	-

	M00001
	Glycolysis (Embden-Meyerhof pathway), glucose => pyruvate
	-

	M00616
	Sulfate-sulfur assimilation
	-

	M00308
	Semiphosphorylative Entner-Doudoroff pathway, gluconate =>glycerate-3P
	-

	M00240
	Iron complex transport system
	-

	M00005
	PRPP biosynthesis, ribose 5P =>PRPP
	+

	M00577
	Biotin biosynthesis, BioW pathway, pimelate =>pimeloyl-CoA =>biotin
	-

	M00118
	Glutathione biosynthesis, glutamate =>glutathione
	+

	M00454
	KdpD-KdpE (potassium transport) two component regulatory system
	-

	M00239
	Peptides/nickel transport system
	+

	M00018
	Threonine biosynthesis, aspartate =>homoserine =>threonine
	+

	Controls ONLY
	 
	 

	M00254
	ABC-2 type transport system
	-

	M00364
	C10-C20 isoprenoid biosynthesis, bacteria
	-

	M00022
	Shikimate pathway, phosphoenolpyruvate +erythrose-4P =>chorismate
	-

	M00089
	Triacylglycerol biosynthesis
	-

	M00026
	Histidine biosynthesis, PRPP =>histidine
	-

	M00190
	Iron(III) transport system
	-

	M00216
	Multiple sugar transport system
	+

	Wilcox (PD: Prebiotic bar intervention (starch, rice brain, resistant maltodextrin, and inulin), Day 0 vs 10) MGS data

	MetaCyc pathways  
	Hall (2023)45

	P164-PWY
	Purine nucleobases degradation I (anaerobic)
	-

	TEICHOICACID-PWY
	Teichoic acid (poly-glycerol) biosynthesis 
	-

	PWY-7210
	Pyrimidine deoxyribonucleotides biosynthesis from CTP
	-

	PWY-5188
	Tetrapyrrole biosynthesis I (from glutamate) 
	-

	ASPASN-PWY
	Superpathway of L-aspartate and Lasparagine biosynthesis
	-

	PWY-5104
	L-isoleucine biosynthesis IV 
	-

	PWY-6608
	Guanosine nucleotides degradation III 
	-

	PWY66-409
	Superpathway of purine nucleotide salvage
	-

	PWY-4981
	L-proline biosynthesis II (from arginine) 
	-

	PWY0-1479
	tRNA processing 
	-

	MET-SAM-PWY
	Superpathway of S-adenosyl-Lmethionine biosynthesis 
	-

	PWY-7211
	Superpathway of pyrimidine deoxyribonucleotides de novo biosynthesis
	-

	PWY-6545
	Pyrimidine deoxyribonucleotides de novo biosynthesis III 
	-

	PWY-7220
	Adenosine deoxyribonucleotides de novo biosynthesis II 
	-

	PWY-7222
	Guanosine deoxyribonucleotides de novo biosynthesis II 
	-

	PWY-5347
	Superpathway of L-methionine biosynthesis (transsulfuration) 
	-

	ETSYN-PWY
	L-homoserine and L-methionine biosynthesis 
	-

	HOMOSER-METSYN-PWY
	L-methionine biosynthesis I 
	-

	RHAMCAT-PWY
	Superpathway of fucose and rhamnose degradation
	-

	PWY-6628
	Superpathway of L-phenylalanine biosynthesis
	-

	PWY-841
	Superpathway of purine nucleotides de novo biosynthesis I
	-

	PWY-6892
	Thiazole biosynthesis I (E. coli)
	-

	POLYAMINE-SYN
	Superpathway of arginine and polyamine biosynthesis 
	-

	POLYAMSYN-PWY
	Superpathway of polyamine biosynthesis I 
	-

	PWY-7184
	Pyrimidine deoxyribonucleotides de novo biosynthesis I 
	-

	PWY0-166
	Superpathway of pyrimidine deoxyribonucleotides de novo biosynthesis (E. coli)
	-

	PWY-7208
	Superpathway of pyrimidine nucleobases salvage 
	-

	DENOVOPURINE2-PWY
	Superpathway of purine nucleotides de novo biosynthesis II 
	-

	PWY-6125
	Superpathway of guanosine nucleotides de novo biosynthesis II 
	-

	PWY0-1297
	Superpathway of purine deoxyribonucleosides degradation
	-

	PWY-7187
	Pyrimidine deoxyribonucleotides de novo biosynthesis II
	-

	PWY-2941
	L-lysine biosynthesis II 
	-

	PWY-5345
	Superpathway of L-methionine biosynthesis (by sulfhydrylation) 
	-

	SULFATE-CYS-PWY
	Superpathway of sulfate assimilation and cysteine biosynthesis 
	-

	PWY-7198
	Pyrimidine deoxyribonucleotides de novo biosynthesis IV 
	-

	PWY-7228
	Superpathway of guanosine nucleotides de novo biosynthesis I 
	-

	PWY4LZ-257
	Superpathway of fermentation (Chlamydomonas reinhardtii) 
	-

	P161-PWY
	Acetylene degradation
	-

	PWY-6126
	Superpathway of adenosine nucleotides de novo biosynthesis II 
	-

	SALVADEHYPOX-PWY
	Adenosine nucleotides degradation II 
	-

	GLUCOSE1PMETAB-PWY
	Glucose and glucose-1phosphate degradation 
	-

	PWY-1042
	Glycolysis IV (plant cytosol) 
	-

	TRPSYN-PWY
	L-tryptophan biosynthesis 
	-

	PWY-7229
	Superpathway of adenosine nucleotides de novo biosynthesis I 
	-

	PWY-7197
	Pyrimidine deoxyribonucleotide phosphorylation
	-

	HEXITOLDEGSUPER-PWY
	Superpathway of hexitol degradation (bacteria) 
	-

	PWY-5676
	Acetyl-CoA fermentation to butanoate II 
	-

	PWY-6606
	Guanosine nucleotides degradation II 
	-

	PWY-7328
	Superpathway of UDP-glucose-derived Oantigen building blocks biosynthesis 
	-

	PWY-6113
	Superpathway of mycolate biosynthesis 
	-

	GLYCOLYSIS-TCA-GLYOX-BYPASS
	Superpathway of glycolysis, pyruvate dehydrogenase, TCA, and glyoxylate bypass 
	-

	GLUTORN-PWY
	L-ornithine biosynthesis 
	-

	PWY66-422
	D-galactose degradation V (Leloir pathway) 
	-

	PWY-6353
	Purine nucleotides degradation II (aerobic) 
	-

	PWY-7111
	Pyruvate fermentation to isobutanol (engineered)
	-

	PWY-5667
	CDP-diacylglycerol biosynthesis I 
	-

	PWY0-1319
	CDP-diacylglycerol biosynthesis II 
	-

	PWY-6703
	PreQ0 biosynthesis 
	-

	PWY0-781
	Aspartate superpathway 
	-

	FAO-PWY
	Fatty acid &beta;-oxidation I
	-

	PWY0-1586
	Peptidoglycan maturation (mesodiaminopimelate containing)
	-

	PRPP-PWY
	Superpathway of histidine, purine, and pyrimidine biosynthesis 
	-

	PWY-621
	Sucrose degradation III (sucrose invertase) 
	-

	PWY-5971
	Palmitate biosynthesis II (bacteria & plants) 
	-

	Wilcox (PD & HC: Resistant Strach intervention, baseline vs. 8 weeks post intervention) MGS data

	MetaCyc pathways  
	Becker (2022)44

	NO SIGNIFICANT RESULTS

	MaAsLin2- shotgun metagenomic MetaCyc data

	HEI (per IQR increase)
	Kwon 202440

	Dietary timeframe:
	Habitual

	LPSSYN-PWY
	Superpathway of lipopolysaccharide biosynthesis
	-

	PWY-1541
	Superpathway of taurine degradation
	-

	PWY-4722
	Creatinine degradation II
	+

	PWY-5507
	Adenosylcobalamin biosynthesis I (early cobalt insertion)
	-

	Dietary fiber intake (per % energy)
	Kwon 202440

	Dietary timeframe:
	Habitual

	LPSSYN-PWY
	Superpathway of lipopolysaccharide biosynthesis
	-

	P125-PWY
	Superpathway of (R,R)-butanediol biosynthesis
	-

	PWY-1622
	Formaldehyde assimilation I (serine pathway)
	-



