	
Table S1 Microbiome Alterations in Clinical Cohorts of Parkinson’s disease.
	Reference
	Country
	Sample
size
	Control factors
	Sample collection
	Method
	Microbiota alterations
	Alpha diversity
	Beta diversity

	Scheperjans
et al.[1]
	Finland
	PD: 72
non-PD: 72
	Onset age > 50 yrs; age- and sex-matched; no endocrine diseases
	DNA stabilizer 
stored at-80°C
	16S rRNA V1-3
	family increased: Lactobacillaceae, Verrucomicrobiaceae, Bradyrhizobiaceae, Clostridiales Incertae Sedis IV, Ruminococcaceae
family decreased: Prevotellaceae
	nd
	sd

	Hasegawa
et al.[2]
	Japan
	PD: 52
healthy: 36
	Spouses as control
	RNA stabilizer
stored at 4°C
	qRT-PCR
	genus increased: Lactobacillus
species decreased: Clostridium coccoides, Bacteroides fragilis
	na
	na

	Keshavarzian
et al.[3]
	United States
	PD: 38
healthy: 34
	Including 12 drug naïve PD
	Stored at -80°C 
	16S rRNA V4
	phylum increased: Bacteroidetes, Proteobacteria, Verrucomicrobia
phylum decreased: Firmicutes
genus increased: Akkermansia, Oscillospira, Bacteroides
genus decreased: Blautia, Coprococcus, Roseburia 
	nd
	sd

	Unger
et al.[4]
	Germany
	PD: 34
healthy: 34
	Age-matched; no special dietary habits
	Stored at -35°C
	qPCR
	phylum decreased: Bacteroidetes
family increased: Enterobacteriaceae 
family decreased: Prevotellaceae, Lactobacillaceae, Enterococcaceae 
genus increased: Bifidobacterium
species decreased: Faecalibacterium prausnitzii
	na
	na

	Bedarf 
et al.[5]
	Germany
	PD: 31
non-PD: 28 
	Early, L-DOPA-naïve PD; only male; age-matched; considered diet, smoking habits 
	Not reported
	shotgun
metagenomic
sequencing
	phylum increased: Firmicutes
family/genus increased: Verrucomicrobiaceae (genus Akkermansia)
family/genus decreased: Prevotellaceae (genus Prevotella), Erysipelotrichaceae (genus Eubacterium)
species increased: Akkermansia muciniphila, Alistipes shahii 
species decreased: Prevotella copri, Eubacterium bioforme, Clostridium saccharolyticum
	nd
	sd

	Hill-Burns
et al.[6]
	United States
	PD: 197
non-PD: 130
	39 potential confounders including medications, diet, gastrointestinal symptoms were collected
	Shipped at ambient temperature
	16S rRNA V4
	family increased: Bifidobacteriaceae, Lactobacillaceae, Tissierellaceae, Christensenellaceae, Verrucomicrobiaceae, Porphyromonadaceae, Prevotellaceae
family decreased: Lachnospiraceae, Pasteurellaceae
genus increased: Akkermansia, Lactobacillus, Bifidobacterium, Parabacteroides, Prevotella
genus decreased: Blautia,Roseburia, Faecalibacterium, Coprococcus
	na
	sd

	Hopfner
et al.[7]
	northern Germany
	PD: 29
non-PD: 29
	Age-matched
	Shipped at room temperature
stored at -80°C
	16S rRNA V1-2
	family increased: Lactobacillaceae, Barnesiellaceae, Enterococcaceae 
	nd
	sd

	Li
et al.[8]
	China
	PD: 24
healthy: 14
	Age, sex, BMI matched; no diabetes, infectious diseases or special diets
	Stored at -80°C
	16S rRNA V3-5
	phylum increased: Actinobacteria, Proteobacteria
phylum decreased: Bacteroidetes
family increased: Enterobacteriaceae, Veillonellaceae, Erysipelotrichaceae, Coriobacteriaceae, Streptococcaceae, Moraxellaceae, Enterococcaceae
genus increased: Acidaminococcus, Acinetobacter, Enterococcus, Escherichia-Shigella, Megamonas, Megasphaera, Proteus, Streptococcus
genus decreased: Blautia, Faecalibacterium, Ruminococcus
	nd
	sd

	Petrov
et al.[9]
	Russia
	PD: 89
non-PD: 66
	Age-matched; BMI matched
	Not reported
	16S rRNA V3-4
	genus increased: Christensenella, Catabacter, Lactobacillus, Oscillospira, Bifidobacterium
genus decreased: Dorea, Bacteroides, Prevotella, Faecalibacterium
species increased: Christensenella minuta, Catabacter hongkongensis, Lactobacillus mucosae, Ruminococcus bromii, Papillibacter cinnamivorans
species decreased: Bacteroides massiliensis, Stoquefichus massiliensis, Bacteroides coprocola, Blautia glucerasea, Dorea longicatena, Bacteroides dorei, Bacteroides plebeus, Prevotella copri, Coprococcus eutactus, Ruminococcus callidus
	sd (<)
	sd

	Heintz-Buschart et al.[10]
	Germany
	PD: 76
RBD: 21 
healthy: 78
	Comorbidities and comedication were documented
	Flash-frozen on dry ice
	16S/18S rRNA V4
	phylum increased: Verrucomicrobia
order increased: Verrucomicrobiales
family increased: Verrucomicrobiaceae
genus increased: Akkermansia
	nd
	sd

	Lin
et al.[11] 
	China
	PD: 75
non-PD: 45
	Age-matched; spouses as control; assessed dietary habits
	Stored at -80°C
	16S rRNA V4
	phylum decreased: Tenericutes, Euryarchaeota, Firmicutes
family increased: Eubacteriaceae, Bifidobacteriaceae, Aerococcaceae, Desulfovibrionaceae
family decreased: Streptococcaceae, Methylobacteriaceae, Comamonadaceae, Halmonadaceae, Hyphomonadaceae, Brucellaceae, Xanthomonadaceae, Lachnospiraceae, Actinomycetaceae, Sphingomonadaceae, Pasteurellaceae, Micrococcaceae, Intrasporangiacea, Methanobacteriacea, Idiomarinaceae, Brevibacteriaceae, Gemellaceae
	nd
	sd

	Qian
et al.[12] 
	China
	PD: 45
healthy: 45
	Spouses as control; no serious chronic illnesses (e.g., diabetes); exclude IBS
	Shipped on ice 
stored at -80°C
	16S rRNA V3-4
	genus increased: Clostridium IV, Holdemania, Clostridium XVIII, Butyricicoccus, Anaerotruncus, Aquabacterium, Sphingomonas
	sd (>)
	sd

	Aho
et al.[13] 
	Finland
	PD: 64
control: 64
	Age- and sex-matched; assessed dietary habits, medications
	DNA stabilizer
stored at -80°C
	16S rRNA V3-4
	family decreased: Prevotellaceae
genus increased: Bifidobacterium
genus decreased: Roseburia
	nd
	sd

	Barichella 
et al.[14] 
	Italy
	PD: 193
PSP: 22
MSA: 22 
non-PD: 113
	39 drug naïve PD; age, BMI, region matched; spouses as control; assessed dietary habits; exclude autoimmune disease, advanced-stage PD
	Stored at -20°C
	16S rRNA V3-4
	phylum increased: Verrucomicrobia, Proteobacteria
family increased: Verrucomicrobiaceae, Enterobacteriaceae, Christensenellaceae, Lactobacillaceae, Coriobacteriaceae, Bifidobacteriaceae
family decreased: Lachnospiraceae
genus increased: Akkermansia, Parabacteroides
genus decreased: Roseburia
	sd (>)
	sd

	Li
et al.[15] 
	China
	PD: 51
healthy: 48
	Onset age > 50 yrs; age, BMI, region matched; no diabetes; considered ethnicity, smoking, alcohol
	Collected at home stored at -80°C
	16S rRNA V4
	class decreased: Bacilli
order decreased: Lactobacillales 
family decreased: Bacteroidales_S24–7_group, Lactobacillaceae
genus decreased: Lactobacillus 
	sd (>)
	sd (<)

	Li
et al.[16] 
	China
	PD: 10
non-PD: 10
	Age > 65 yrs; considered alcohol and medications
	DNA/RNA stabilizer
stored at -80°C
	16S rRNA V3-4
	phylum increased: Hydrogenoanaerobacterium
class increased: Verrucomicrobiae
order decreased: Bacteroidales
family increased: Ruminococcaceae, Porphyromonadaceae, Pasteurellaceae, Lachnospiraceae_NK4A 
family decreased: Leuconostocaceae, Clostridieceae
genus increased: Akkermansia
	na
	sd

	Pietrucci
et al.[17] 
	Italy
	PD: 80
healthy: 72
	Considered dietary/life habits
	DNA stabilizer
	16S rRNA V3-4
	family increased: Lactobacillaceae, Enterobacteriaceae, Enterococcaceae
family decreased: Lachnospiraceae
	nd
	sd

	Weis
et al.[18] 
	Germany
	PD: 34
healthy: 25
	Age-Matched; no special dietary habits or restrictions
	Stored at -20°C
	16S rRNA V4-5
	genus increased: Peptoniphilus
genus decreased: Faecalibacterium, Fusicatenibacter
	Chao 1 index: sd (<) 
Shannon and Simpson index: nd
	nd

	Jin
et al.[19]
	China
	PD: 72 (59 OPD, 13 NPD)
healthy: 68 
	Age- and lifestyle-matched; spouses or family members as control; exclude unstable medical, neurological, or psychiatric illness;
	DNA stabilizer 
stored at -80°C
	16S rRNA V3-4
	OPD vs. HCs:
genus increased: Bifidobacterium, Alistipes, Klebsiella, Sellimonas, Catenisphaera, Tyzzerella
genus decreased: Lactobacillus, Streptococcus, Enterobacter, Citrobacter, Hungatella, Erysipelatoclostridium, Veillonella
NPD vs. HCs:
family decreased: Streptococcaceae
genus decreased: Streptococcus, Paraprevotella
	nd
	NPD vs. HC: weighted UniFrac: sd
unweighted UniFrac: nd
OPD vs. HC: weighted UniFrac: nd
unweighted UniFrac: sd

	Cirstea
et al.[20] 
	Canada
	PD: 197
healthy: 103
	Aged 40–85 yrs, onset age 40–80 yrs, disease duration ≤ 12 yrs; age-matched; collected
medications, diet, and demographics

	DNA stabilizer
stored at -80°C
	16S rRNA V4
	family increased: Christensenellaceae, Desulfovibrionaceae
family decreased: Lachnospiraceae
genus increased: Bilophila, Akkermansia
genus decreased: Roseburia, Faecalibacterium
	nd
	sd

	Cosma-Grigorov
et al.[21] 
	Germany
	PD: 71
non-PD: 30 
	Exclude H&Y stage 5 PD; spouses or relatives as control; assessed nutritional factors (e.g. coffee consumption) and physical activity
	DNA stabilizer
stored at -80°C
	16S rRNA V3-4
	phylum decreased: Firmicutes
class increased: Betaproteaobacteria
order increased: Burkholderiales
family increased: Sutterellaceae
family decreased: Lachnospiraceae
genus decreased: Faecalibacterium, Fusicatenibacter, Gemmiger, Lachnospiracea incertae sedis
	Shannon and Chao1 index: nd
Simpson index: sd (<)
	sd

	Hegelmaier
et al.[22] 
	Germany
	PD: 54
non-PD: 32
	Sex-matched; BMI matched; considered meat consumption frequency; exclude serious concomitant disease
	Snap frozen at -80°C
	16S rRNA V1-3
	phylum increased (trending): Actinobacteria, Firmicutes, Proteobacteria
phylum decreased (trending): Bacteroidetes
class increased (trending): Negativicutes
family decreased (trending): Prevotellaceae
genus decreased (trending): Butyricimonas, Odoribacter
	na
	nd

	Nishiwaki
et al.[23] 
	Japan
	PD: 223
healthy: 137
	Spouses as control; no chronic illnesses(e.g., diabetes, heart failure)
	Shipped at 0°C
	16S rRNA V3-4
	family increased: Akkermansiaceae
family decreased: Lachnospiraceae ND3007
genus increased: Akkermansia, Catabacter
genus decreased: Roseburia, Faecalibacterium
	sd
	sd

	Qian
et al.[24] 
	China
	training set
PD: 40
healthy: 40
validation set
PD: 78
healthy: 75
MSA: 40
AD: 25
	Spouses as partial control; no serious illness (e.g. heart failure); no chronic
disease (e.g. diabetes); considered lifestyle factors, medications
	Shipped on ice 
stored at -80°C
	shotgun
metagenomic
sequencing
	kingdom increased: Archaea, Viruses
phylum increased: Synergistetes, Verrucomicrobia, Viruses_noname
class increased: Bacilli, Deltaproteobacteria, Synergistia, Verrucomicrobiae, Viruses_noname
order increased: Lactobacillales 
family increased: Carnobacteriaceae, Lactobacillaceae, Rikenellaceae, Streptococcaceae, Synergistaceae
genus increased: Alistipes, Enterobacter, Gordonibacter, Granulicatella, Holdemania, Lactobacillus, Streptococcus
species increased: Clostridium_asparagiforme, Clostridium_leptum, Enterobacter_cloacae, Gordonibacter_pamelaeae, Granulicatella_unclassified, Holdemania_filiformis, Lachnospiraceae_bacterium 1_1_57FAA, Lachnospiraceae_bacterium 3_1_57FAA_CT1, Lactobacillus_salivarius, Paraprevotella_clara, Streptococcus_anginosus, Streptococcus_salivarius, Streptococcus_thermophilus
	sd (>)
	sd

	Ren
et al.[25] 
	China
	PD-MCI: 13
PD-NC: 14
healthy: 13
	Spouses as control; age-matched; BMI matched; no serious
chronic illnesses (e.g., hyperlipidemia, diabetes); assessed dietary habits
	Stored at -80°C
	16S rRNA V3-4
	PD-NC vs. PD-MCI and HC:
genus increased: Blautia,Ruminococcus
PD- MCI vs. PD-NC and HC:
family increased: Rikenellaceae, Ruminococcaceae
genus increased: Alistipes, Barnesiella, Butyricmonas, Odoribacter, Anaerotruncus
PD-NC and PD-MCI vs. HC:
genus decreased: Veillonella
	sd (>)
	
HC vs. PD-NC: sd
HC vs. PD-MCI: nd

	Vascellari
et al.[26] 
	Italy
	PD: 64
healthy: 51 
	Spouses or family members as control; exclude internal
medicine, neurological, or unstable psychiatric illness
	Not reported
	16S rRNA V3-4
	family increased: Veillonellaceae
family decreased: Lachnospiraceae, Enterobacteriaceae, Brevibacteriaceae, Aphanizomenonaceae 
genus increased: Veillonella
genus decreased: Blautia, Butyrivibrio, Coprococcus, Candidatus Blochmannia, Brevibacterium, Dolichospermum
	nd
	sd

	Vidal-Martinez
et al.[27] 
	United States
	PD: 9
healthy: 13
	No smoking or recreational drug usage; exclude dementia or cancer
	DNA stabilizer 
stored at -80°C
	16S rRNA V3-4
	genus increased: Akkermansia
	nd
	nd

	Wallen
et al.[28]
	United States
	dataset 1
PD: 212
non-PD: 136
dataset 2
PD: 323
non-PD: 184
	Considered diet, medications, environmental and family history 
	Shipped at ambient temperature
	16S rRNA V4
	genus increased: Porphyromonas, Prevotella, Corynebacterium_1, Bifidobacterium, Lactobacillus 
genus decreased: Faecalibacterium, Agathobacter, Blautia, Roseburia, Butyricicoccus, Fusicatenibacter, Lachnospira, Lachnospiraceae_ND3007, Lachnospiraceae_UCG-004, Oscillospira          
	na
	sd

	Baldini et al.[29]
	Luxembourg
	PD: 147
healthy: 162
	Age ≥ 50 yrs; exclude cancer and pregnancy
	DNA stabilizer
shipped at room temperature
	16S rRNA V3-4
	genus increased: Christensenella, Anaerotruncus, Lactobacillus, Turicibacter, Streptococcus, Akkermansia, Bilophila, Acidaminococcus
genus decreased: Lactobacillus
species increased: Christensenella minuta, Anaerotruncus colihominis, Akkermansia muciniphila, Ruminococcus bromii, Ruminococcus torques
species decreased: Turicibacter sanguinis, Roseburia intestinalis
	Shannon index: nd 
species richness: sd (>)
	sd

	Zhang
et al.[30] 
	China
	PD: 63
Control: 137
	63 spouses as partial control; no diabetes and psychiatric illness
	Stored at -80°C
	16S rRNA V4
	phylum increased: Firmicutes, Actinobacteria,Verrucomicrobia
phylum decreased: Bacteroidetes, Fusobacteria
genus increased: Oscillospira, Akkermansia
genus decreased: Fusobacterium
	sd (>)
	sd

	Rosario
et al.[31] 
	Germany
	PD: 26
Control: 25
	Early, L-DOPA-naïve PD; only male; 11 healthy controls, 14 diseased controls had cardiovascular risk factors
	Not reported
	shotgun
metagenomic
sequencing
	order increased: Candidatus gastranaerophilales
species increased: Akkermansia muciniphila, Alistipes shahii, Alistipes obesi, Alistipes ihumii
species decreased: Prevotella copri, Clostridium saccharolyticum, Desulfibrio piger
	na
	na

	Tan
et al.[32] 
	Malaysia
	PD: 104
non-PD: 96
	91 spouse, 5 sibling as control; considered diet, lifestyle and housing condition
	Immediately put on ice
stored at -20°C 
	16S rRNA V3-4
	class increased: Gammaproteobacteria
family increased: Christensenellaceae, Verrucomicrobiaceae, Synergistaceae, Catabacteriaceae, Lactobacillaceae
genus increased: Cloacibacillus, Catabacter, Christensenella, Butyrivibrio, Bifidobacterium, Megasphaera
species increased: Bacteroides fragilis, Lactobacillus acidophilus
	nd
	na

	Lubomski et al.[33] 
	Australia
	PD: 21
healthy: 10
	PD initiating DBS or LCIG; spouses as control; considered diet, lifestyle and comorbidities
	Stored at -80°C
	16S rRNA V3-4
	phylum increased: Verrucomicrobia 
phylum decreased: Firmicutes, Bacteroidetes
order increased: Verrucomicrobiales
order decreased: Pasteurellales
family increased: Verrucomicrobiaceae 
family decreased: Pasteurellaceae, Veillonellaceae
genus increased: Akkermansia 
genus decreased: Blautia, Faecalibacterium, Roseburia, Fusicatenibacter, Haemophilus, Gemmiger, Butyricicoccus, Streptococcus 
	nd
	sd

	Wallen et al.[34] 
	United States
	PD: 490
neurologically healthy: 234
	Region-matched; 55% controls were spouses
	Collected at home and stored at -20°C
	shotgun
metagenomic
sequencing
	genus: 23 ↑, 11 ↓
species: 55 ↑, 29 ↓
	na
	sd

	Zhang et al.[35]
	United States
	PD: 96
non-PD: 74
	Newly diagnosed PD; considered environmental factors; no immunocompromised
	Collected at home and stored at -80°C
	16S rRNA V4
	phylum increased: Proteobacteria, Verrucomicrobiota, Actinobacteria
genus increased: Akkermansia, Enterococcus, Hungatella, 
	sd (<)
	sd


Note: <, ↓: a lower abundance in PD compared to Control; >, ↑: a higher abundance in PD compared to Control.
PD: Parkinson’s disease, nd: no difference, sd: significant difference, na: not available, L-DOPA: Levodopa, BMI: body mass index, RBD: rapid eye movement sleep behavior disorder, IBS: irritable bowel syndrome, PSP: progressive supranuclear palsy, MSA: multiple system atrophy, OPD: PD for ≥ 1 year, NPD: new PD, AD: Alzheimer's disease; MCI: mild cognitive impairment; NC: normal cognition, DBS: deep brain stimulation, LCIG: levodopa–carbidopa intestinal gel. 
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