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Obesity, type 2 diabetes mellitus, inflammatory bowel disease, and irritable bowel
syndrome are important chronic health problems. Their development involves multiple
factors, including neuropsychological status, dietary patterns, metabolic function,
immune responses, and the gut environment. Previous studies have shown that
attention-deficit/hyperactivity disorder is associated with the risks of obesity and type
2 diabetes mellitus, while vegetarian or plant-based diets may influence the risks of
inflammatory bowel disease and irritable bowel syndrome. However, the biological
mechanisms underlying these associations remain incompletely understood. The gut
microbiota can be influenced by diet, lifestyle, stress, and disease status, and it
participates in energy metabolism, immune regulation, intestinal barrier function, and
gut-brain axis signaling: Therefore, the gut microbiota may serve as an important
mediating mechanism linking the nervous system, dietary patterns, metabolic diseases,

and intestinal diseases.

This thesis integrates four sub-studies using publicly available data from the
American Gut Project to investigate whether the gut microbiota and functional
metabolic pathways can partially explain the associations between four exposure-
disease pairs. The: four sub-studies examined the associations of attention-
deficit/hyperactivity disorder with obesity, attention-deficit/hyperactivity disorder with
type 2 diabetes mellitus, vegetarian diet with inflammatory bowel disease, and lacto-
ovo vegetarian diet with irritable bowel syndrome. The results showed that attention-
deficit/hyperactivity disorder was positively associated with the risks of both obesity
and type 2 diabetes mellitus, and that the gut microbiota and metabolic pathways
partially explained these associations. Specifically, the overall gut microbiota explained
approximately 22.07% of the association between attention-deficit/hyperactivity
disorder and obesity, and approximately 51.04% of the association between attention-
deficit/hyperactivity disorder and type 2 diabetes mellitus. In the plant-based diet
studies, vegetarian diet was associated with a lower risk of inflammatory bowel disease,
while lacto-ovo vegetarian diet was associated with a lower risk of irritable bowel

syndrome. Both protective associations could be partially explained by specific

il



bacterial genera.

This thesis integrates research questions related to neuropsychiatric disorders,
metabolic diseases, plant-based diets, and intestinal diseases under a common
framework of gut microbiota-mediated mechanisms. Compared with studies that
merely describe associations between exposures and diseases, this work further
quantifies the mechanistic role of the gut microbiota across different research questions,
thereby providing empirical evidence for moving from association-based findings
toward mechanistic hypotheses. Overall, this thesis supports the possibility that the gut
microbiota may serve as an important biological bridge linking attention-
deficit/hyperactivity disorder, vegetarian diet, metabolic diseases, and intestinal
diseases, and provides directions for future studies on precision nutrition, microbiome-

based interventions, and chronic disease prevention.

Keywords: gut microbiota; mediation analysis; attention-deficit/hyperactivity disorder;

vegetarian diet; metabolic diseases; intestinal diseases.
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=0018) "B TAR 4 A A EFREELASYL L BT RIB GRS &
2T Renirg Al AP RREEF Y AR RGBT RS AR
SARER B SR (Bt KRB FEEERD ) Y M RRED 2
AL AR 3 BT SEMEE ks S S £ A 1 P
HHFS PR AN P A AR AR BT ETF]F A R
[6, 14, 31,32] -

BAOLIp RS G 0 A BRI R TR R A F LR (2492
52Vvs.246+49>p=0.263) o Rm > AR A4 FEESE (125 WHO
Y& AR5 #2380 L a£[44])g 7 ¥ A F B (15.7% vs. 10.7% » p =
0.007) > FpF11 27 112 33y g F R F A R bt (- ) ] P
FRid ~Aife- HRBE 1R 4 7 iﬁﬁv}ﬁ; wehr ¥R E Gl (185 <
BMI < 25.0,52.2%Vs.57.8% ) » @ f % &ieskd 'F % s gt 5> £ 2§ Obese
| (30 < BMI < 35,9.9%Vvs.7.1% ) £ Obese Il (35 < BMI < 40,4.2%vs.2.2% )

ARRLPH[FLASE(- )] FM kg A3 4 2 TEkg 24000
FR LS v Gl G | A T R B LR R T % - R BT
AR F B R L L BT AR G o BT kA ded e

Er LT 8230 TR AT R A AN BE A FA %Y
1 H ¢ crude OR=1.55, CI=[1.13,2.13],p=0.005,% * % (- ) & ¥ h¥)3 & 7 &
D O(E fhul LI A G R B Tk 0 bl Rk % 2
] ) adjusted OR=1.67, Cl=[1.21, 2.32], p=0.002 -

BRD  oARRCT LI Y B AR R AR 4 B R e R A
b~ T IRE D ERRADE AL (RF FE G b ROk RS
FEEED) ottt R4 LR R RGOk Rk LS IS
FEE e ks Fend 4R G E‘Q’E"‘g

2 (=) "R EIRA A AERES FA 2 A T F A

BARY P LEBE FARY P LR

p-value
(N="7740) (N=312)

-



P
T ofe (1 4)

.}i \gj

48.8 (14.8)

4187 (54.1%)
3553 (45.9%)

7477 (96.6%)
263 (3.4%)

5019 (64.8%)
2721 (35.2%)

1292 (16.7%)
6448(83.3%)

210 (2.7%)
7530 (97.3%)

6913 (89.3%)
827 (10.7%)

40.6 (13.2)

146 (46.8)
166 (53.2%)

300 (96.2%)
12 (3.8%)

171 (54.8%)
141 (45.2%)

79 (25.3%)
233 (74.7%)

16 (5.1%)
296 (94.9%)

263 (84.3%)
49 (15.7%)

<0.001 ***

0.013 *

0.788

<0.001 ***

<0.001 ***

0.018 *

0.007 **

* p-value<0.05 **p-value<0.01 *** p-value<0.001

2320 8B S H#HH

ho@l (=) 47T B E FIETFF RIR S 2 ER RS Rk E o b

Hliehe Bk TREFLE (p<0.001) P R BT Ity

ﬁf’?}ﬁ—:m@'il ;}g ORLER T e

4o (=) 57 0l

B E A M

= 0.005) ¥ 3 fiz
0.817)0 2% &1 >
ﬁ;}ﬂ*—lmﬁ":%ﬁ ® iy E

L F A2 > @ Weighted UniFrac P| A L4 ¥ £
et T/,_,g)flﬂiﬁﬁvjj;m(gnt .I*EIQ,HW}J Lok B 40 5
2 : .
= f

By

énh)

Ei N

EREFOSERAFE I REDLE -
'_L:l%r]’* LR A A RAEE RS 0 Mk ;I*L’it«""*’k”%lgﬁ—‘]
# > Bray-Curtis 35t (p<0.001) £ Unweighted UniFrac (p

L E (p=



Observed Chao1 Shannon Simpson

450 ' 4501 51 1.24
W p-\f)lue <0.001 p-\:alue <0.001 p-value < 0.001 p-value < 0.001
\ : :
350? 350+ | 4 1.0-
1 | -
@ \
@ 2504 2501 obesity
= 3 8-
3 | . & No
% ‘ o Yes
= 1 1501 E
50J 50+ I
\ 1 0.4
No Yes No Yes No Yes No Yes
B (=)ot il BRI 2 o 5 i
Bray Curtis Unweighted UniFrac Weighted UniFracc
p-value = <0.001 p-value = 0.005 p-value = 0.817
04 . 03 . 0.2 iy
o, w, O Obesity S Obesity
o o 007 ~No o - No
‘g <6'~ o ~Yes < 5 - Yes
o)
O O O 01
o Q. o2 a
= 03 = —
06 03 00 03 08 04 02 00 02 04 02 00 02 04
PCoA1 [18.3%] PCoA1 [12.1%)] PCoA1 [50%]

W (=) ek bae il m gl fF 2. B 7 4514

233 P B AITEE

BEEFAPEFY o s 71135 Faecalibacterium ¥ Ruminococcus 0¥

hisefgmitie  d B (= )4 B b (= ) e % B ot Faecalibacterium (PM =
3.82% » P-value = 0.046 ) ~ Ruminococcus (PM =8.56% > P-value=0.042) *# 4 »%
Bd SHF A F AL 2 st & F 0 ¥ B IRE A 'E i[Faecalibacterium:

B=-0.1238,95% CI, (-0.2454,-0.0022) ; Ruminococcus : f=-0.1789,95% CI, (-
0.3514,-0.0065 )] 7 ¥ 2237 153 i & 3L F o > % [Faecalibacterium : f=-0.0378,
95% CI, (-0.0664, -0.0092 ) ; Ruminococcus : = -0.0606, 95% CI, (-0.0827, -

0.0386) ] -

(A) Faecalibacterium #;1 g * # K iEd g 22 vk Fanvd £ sy

10



p=-.1238 Faecalibacterium

P= 046

Direct effect:P=.003
ADHD » Obesity

Total effect:P=.002;
Proportion Mediated=3.82%

(B) Ruminococcus t;1 % # # RaE# Jp 823 Lz [ en? A sl

Ruminococcus
B=-.1789 p=-.0606
P= .042 P< .001
Direct effect:P=.005
ADHD > Obesity

Total effect:P=.002;
Proportion Mediated=8.56%

W (x ) d s 175 %

234 FFi'P [ RBAITEF

% 1 FHEIG 2 RAFTRIELS A5 ERE NS S
gut microbiome £2 > 18 X ik [T (TR R NP AT A T IR i ﬁ%;ﬁ? X
BREAIT LR AR ok e e LY N A ¢ e (2 )
R i A3 e % (intestinal microbial alteration, IMA ) B 88/ & e /L b

L 22.07% ; A s Bams - 8 ﬁﬁg?m\ W e A a4TY 020 BB ELL S 7
gyl R ILE XY 4 2c R (¢ 7 Faecalibacterium
Ruminococcus ) o i FDR i {5 0 5 9 & B F chpFh o ot P RIpsrd (=2 )
DR A BHE S A B S 14.37% ; #-E - iR BER A R FE ot
27 B ABRER S AR P P RE R B ek R IR F Y A o KiE N
KEGG Pathway % = & %2 i #5555 &k 45 > 274 & FDR i {8 » &

T OOTERFONBERILEA -

11



24 7t

AFTLFASEY AA I ESE RIS A LB g & A ek
2 W& SR AL T KB T k5 I IR G G T
FAl? R e RS 7 248 57 52,6 L2 P FRISHE Eipip
3 "2 ’E'ﬁ‘."l?‘;fuﬁg LT AN GIEET R4 R RAER R EE IR
fﬂ”ﬂhf AT R RBBILL Y P GRS S A Wk Ty A F M
5 : Crude OR=1.55, CI=[1.13, 2.13], p=0.005 vs. (i £ & « Hu|Z 4 ~
BBl g~ ok % 2 3RS 3P ) Adjusted OR=1.67, CI=[1.21, 2.32], p=0.002 » ¢ =%
PRS2+ A OR MG 155 (28 9 5 1.20) &2 & & diciE b 4235[6] - ~47
THEF D B AR A KER R 2 WY BB B eh Faecalibacterium 2
Ruminococcus » %7 jEf# %) 3.82%% 8.56% L &, 4 * XAFH -7 LR AT o
AfERNATY 2B FERTT j\mﬁf%]ﬁ" » A7 T FDR & > 3
ﬁw 9 LHF DY F %’ PR R T AR 22.04% 05k o 3R
PO GRE AT AT B 0 T KEGGPathway E T EEE S A A A T
;b‘i v it {74 K FDRAZE (65 6 FRF g il « A PR 25341 54
FIF 2 o L F/Beavip s 2 5 R0 0 02 NPT g 3w ,ugu\g*g;i% i
* R # g B2 BT Rl B o

BRF ¥ - R[29] 0 AFF % R Faecalibacterium BIR A ERRER
BMEAIM i 3w lpio= 5 7 - R 7 A F T [32] A i AR
%3] Faecalibacterium 3 %% "£7% & 23 % § Ap M - Faecalibacterium & % 3 X %1%
7 LA 4 Ef] HRCPFP R ERTEE TR g BRe i e REMR s
Kooidm BB E R AR B R Rl 514,34,45] X R4 2 BB g ARM DT ALY
LT OREA AR VRS P RARY Y M MRE  RIARLT
Faecalibacterium # fi = 3f » G0 H 4184 3 LR EY cpHERT
FARE[29] o AP #2032 A7 F ¥ Ruminococcus 2L E A KA g 2 W REah
BB R I E AR 1[30-32]  H 2 o Wt i A dL B2 A S A A e o &
FAE il Ee s ug A & Y R 18 0 3 A RE Y BLE T Ruminococcus i1
AP g g 2 LY B f AR o Ruminococcus % £ & 0% G B fR R &
B AR A B A SRR RO T N RAE A S s A H At R
7 R_iF b g —obesity B EE P I AR A & F [31,46] -

R BHER Y AT 0 AT ERD] 2T ARSI AL R Y 7 ER
EER R B FEFOY 48 F o 54 (2 ) AP
Faecalibacterium 17 % Ruminococcus &% & F40 B P SR T » A W & g s ik
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4 ¥ & & (Fatty acid biosynthesis )~ % % ~ R =pc 2 B Rv=pi 4 ¥ & & (Valine,
leucine and isoleucine biosynthesis ) ~ f-% fa *“ 3F (F_Tyrosine.metabolism ) ~ ¥ /7
vz - (Phenylalanine metabolism ) v~ f& ¥ #f ( Butanoat metabolism ) -
Faecalibacterium ¢ %% i& 5 5 (N334 /% > @ Ruminococcus %22 2 ¢ 4 i% (X 3k
Jlo g LA R E G B AP A A SR S E R 40 Mo SRE A
R s T e AR R ) oF Sl MR LER T &ﬁi% ° gt -
% BT »Ruminococcus ¥ ic L B B F R sy 2 £ NSRS 22
&4 KB g AR B 9 LR *G 0 @ Faecalibacterium P Te PFi 5 %5 g B IR AL~
BB M R MR AT B A T R B AR R %

A TS

(=) = 1}%;{ ¥ 2_ Faecalibacterium £ Ruminococcus #p b # i % 318 1%
Faecalibacterium- Ruminococcus-
Metabolic Pathways
associated associated
Fatty acid biosynthesis [47-49] [50, 51]
Valine leucine and isoleucine biosynthesis [52] [53]
Tyrosine metabolism [54] [55]
Phenylalanine metabolism [54, 56] No association.
Butanoate metabolism [48, 49, 57] [48, 49]

PRRFATRINTABE LB EI OBk RRLL S 2 LS
BeArs endp B D (1)2 3 4 7 KB R R BALF LA g g g Ayl
S ERESF A EA LG Rt EAG 2 QF REOMES R
oo H e L R G [2,6] GV KA P RREERF LR A B Wb &
SRLT R R S T el A B R B F R TR (A
ga)[6] 2@ pE@EEECYRIEES ~O)F LF BEMEEE - &
SEBEPTEY EF R RORT 0 B HEF R R[6] -

&’g‘ﬁj{—;;‘i%a} F OB Ee g iE A de ke _;_*); FLHV ,,bﬁ*ﬁ v e X 2R A e A G
FEWIAERLAR (Woird ) 2op (RWE - R SEEFTEY R) 2 2 420

T FEFTFE R AHF N EFRB DT AN AT P A ST

AR P RER R HOLR g e B v & d Faecalibacterium

13



Ruminococcus 3 2 3p B i~ 3534 & 91 i@ vf a‘ﬂ R R S R T A I
*%ﬁﬁﬁﬁ@ﬁ%w&a»ﬁ%gﬁ@m%¢ﬁ%%“ﬁﬂ** B8t Pk
SRR T E SRS F R RS R MGREE PR A 2 DA S N 0 B
BEFAACF2FARAERMATFES AR RET - B R EERLL
43 R ER g B AR gk 3]];3 NRUAE-UPANC i i S RLEES TR (e p) ey P
Bopt - Rup A gL o XiEd R TRLAET B BERHRE TS 4~

PR WS S E

2.5 A5/
SRR SAUEECTE RS ERRES R AR LA R S
RAEF|RPR - RA T RIS P BB EDFER I DLW AT AR
TAAFAT LR A I L LR gk 2 3 34 7 RFH g Akl 4 o
PERBEREF - T8 e HX A 4Y s gpd|ades B2 S a4
BMFEFF > EOP R s A r ORBEFZS AL R o ¥ = R R A
PORGERE RS EFF LSS R TR R AR 4 2 BRI 2 gk
B A2 R eh & 0 R0 HA fﬁaﬂ Tz 2 & J?]*‘”ﬁ?%*ﬁ‘-f?i}mf&/?%‘rﬁﬂ?
fo ko Eofs o oA AR IS A B § 35 3F PICRUSH2 &4 16S rRNA 2 & Fflie {7
TR T2 #%ﬁi?']i#ﬁti%%ﬂfﬁ': RN o T dA B AR
AW S AR R 2RISR o @ R R L ATE R iy

N
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i
I
Sy

TRAFEB RS F - ARG ML P A ks
R F]‘liv;:% B W g gy ek

3.1 ###

AR A 7 EaEd g (Attention-Deficit Hyperactivity Disorder, ADHD ) & - #&
FAAHEFER AR B EPRIFREDLLA 2 EY a7 5
ERAFY B e RS A] A R 4 P RBBEOR AT A1 95 4T%
N ESE 25% (95% Cl2.1%-3.1%) > F ¥ 4FF I S E > HAL§ 2R S
= fE[27] - “f [ (RO 3 PR RRES MR ) 1 A JEX RS

wAARE B S a0 B Y B E chd_Type 2DM [58] 5 - & 42i% 500
g&ﬁ@@@ﬁ@m’;@41i@§&%@¥:w%@@¢0R§zm(%%
Cl:148-355) » m 2 Azpd 2RPACTE 7Y S BT IR 4 7 LEdER
i&@%:iﬁ@&@ﬁ&%waﬁmMRmoHMazax%%Ck2M45&ﬁmo
4:1“’551%‘&/?1_&,*‘ P OAERES F - AR B sl 2 2 A B Rk
EAG A R e A LR A P BB B T A R (e fiede )

>%%ﬂ$¢ﬁaﬁﬁm&ﬁ BFH L e a ERE - L OR[58] -
HE 234 3 aGdopd P - lﬁ%fﬁi BEEE MeE? /e —?': ER=RUNG
FRAT (e A S 0Z 2 R G VI ) BRWIL,  igd MG RS deT
AR E -’?é%a&’if]l L ﬁt(Hypothalamlc Pituitary-Adrenal, HPA) #h % 33 514 4 5 fg =
F o R L R e A R FAR59] e A w R - AR

FEFAT R SERF LA SEREELE R YA d - G
(microbiota—gut—bram axis, MGBA)" Z B d. & ~# FH P A REBEFEFLFZ
g 12] e gL LR A R R I (hoi LB S T R4 fﬁ) €4
PR fﬁ’%iﬁfﬁﬁt R LEER [60] - B R FlRRdndl 7 i Eken
AL GY R (B KEa) » g BB FHFE A2 ®ear s (Short-Chain
Fatty Acids, SCFAs) *7 % «hAF » FxRe ﬁ% ¢oAR R R BEA Ok BB R M[13] 5
BHisht 6B Ry L;f]i:- e [13] - 5" ok R i [;]ianm.;‘l £ U AN Ml
AW e F1F [47,61,62] 0 T iR T 3 BEAFE P A F e
BHE K R D dEAR R AL B S S VERL T A g B B B P25 7X<-1 (Glucagon-
Like Peptide-1, GLP-1)4 Bt 11 & Frd| P in g v 22 2 Sl Rk enn £ A 32 i
LA i‘]#%ff\lliamﬂ/@ﬁ,u L[47] e » 3 - EFFRISEAFLTLAER

15



hE e 51+ [63,64] ) Fat R Fle 7 i BURSE P A BRRER TS ERE 0
% p& (Lipopolysaccharide, LPS) % 3 {4~ Fri& » b i 3 F A& "o AT 514 > ¥
Mg Bk A o L [64] 0 R l%—fzé;é”_ BRI E R BREL o MRA T
fe T MAEA S BES F s S[63] 0 KA RSP ERETERFLTRAF R
STHPA #h > B S FF REE - Flt BRARF AT HCAMELLL S 3 UE
B RS - ABKRBEL DY AFF[S9] R e g LR A A L
}ialé\mﬂg-sggqii% BT R LEE PP A2 - o B T L5 e

AEE (ﬁ@:}i) b A I L £ & AP RS In R R ETL R,
PG R Y R D ABAROFE LS EREOAF{ e F PR E L A
feaY 'rﬁ_'rhﬁ ~ R FEL o F]P 0 F i F]% ¢ 4 4 7 (causal mediation
analysis) g it ”%iﬁﬂﬁﬂrlé«mt‘ LRS- By b S 8 Fr R gl

S g, AR L R BN RFHERF ALY 7 LER
Hxy oAl f%ﬁjlffﬁimiﬂﬁﬁ# [P 2 BERH AL ANG IR A R
EEE LS - AR -

Eor b MY R LA P E G S R R e
Hanwagdy - AW Ao e A %8 E Wicd 4 1‘4& ( American Gut
Project, AGP) - A Pipztihse M T Bt b B3t B (1)/ g4 A ’L@ﬂ‘“}fﬂiﬂ‘
E AR OR ER ) o ()t S Y B R 2 ﬁ@&*’t’"” 1RAFE
WH S F - AR Y AT e

3.2 Hpg 32

3.2.1 fEAiiE S HH K

Wy Ed >18 2 & A fR A «fjé%l6475 e H s - HBEELIL
LA EF LU T AL FEFF (FEF k% TRERED TR
Eh YA R PERPFL ) 2 R 3EE 0 B M T 7959 i F H kA (H Y 7654 =3
PLAR A REE R 0 305 SR 4 P KGR ) i ARBACR) (T) 7T e

AR ER R L TAR) Al OEER SR T MER
" Diagnosed by a medical professional doctor, physician assistant | "F*f Vil SENE A A
? REdg > ™ p BEHE T 1donothave this condition | §F#f 5 24 % 4 7 RLE

JE k8o ™ p MiE # T Diagnosed by a medical professional doctor, physician assistant |

16



4

* 5 TType Il diabetesJ ﬂ ) S i ﬁ']a‘%/;](:),% » A MiEH "1 do not have this
condition | TF

g)‘i
‘H
[
hd
_\Q_
\q
._31

B AT TR T TR R RS A B R g 5 2 RE RS 0 T 8

P2 v
RERKLILA P LEFES DS - AR pF i EaE 2 a g4 7 LEd g
n;.jgma.i_).;, - J"Hﬁffd]%mﬂ‘t’};lﬁ ,/ ﬁ’\as]%\;l\,z;/’_'&zJ s iﬁﬁq&«/\g&
LA ER R E IR ER e T LY A E TG RS ﬂg]#ryg:

.‘]]% s llf,:;ﬁ_,.?_' fﬁ%gt&\#

;,\K

ek

AGP metadata
44388 Participants

Excluded 17558 subjects without age or sex
data, 6153 subjects with non-human gut, paired-
end, or unreliable primer annotations, and 2939
subjects with fewer than 10000 denoised reads.

hd

17738 Participants

—| Retain 16475 subjects with age = 18.

Y

16475 Participants

Removed 3365 subjects without ADHD status, 251
without T2DM status, 4672 without BMI records,

and 228 lacking information on confounders (e.g..

exercise, sugar, fruit, vegetable, alcohol, sleeping).
¥

7959 Participants
(7654 Non-ADHD / 305 ADHD)

v Y

7654 Non-ADHD Participants 305 ADHD Participants

| | ! l

7517 Participants 137 Participants 296 Participants
with non-T2DM with T2DM with non-T2DM

9 Participants
with T2DM

17



3.2.2 Bt d7

AT R B p R T e 2 S A
Bdnth (&4 a0~ fhu] 6 YR o pERPER vk 2 B4R )0 2
Gas (FRIBER k:  FELFHES)  SHEFLE > 2Rk
#* Wilcoxon f& otk > 59| Sdcp| @ * + 3 % o

3.23 P A4 FT

p%%%imﬁ*ﬁMAWV@{@pﬂ%%1&@#&&%:@&@%
Raifid A dd AP aiadd 2 WEFRZEBFF 5 ABRp- &%
RIA O FEFF ST TG I A gl R H o R TS (F
By R RERCY IR A I KRB EERE) [14,32]

G- B sl AR A AR 2 2B ECY - B AR
WAL 0% AR S Rl A 2 BB e RS L R (R
e gF ) B R Y AHEE > ME - FRRE R BRE ALY 7 LER R
SRR L Pk B UEL S R Y IR H Y R SIS offset

IR A TR 2 A 122 38 & % B (over-dispersion) ' HE[36]; H-4] = & > 03]
B B iop WA S 0 B o] 2 R R A (55 B HS[37, 38] 0 B p
$H[39]1F 5 ¢ 4 30 o B o joint test 35 [40] 0 100 £ B E (k- E ok
o) e 3 B o 2 £ 4 b4l -

E&T%’Tﬁi BB BEPR SIS AL R TRF AR e
13 PR ot B 4 3% (isometric log-ratio, ILR) &JdZ /3 7 42[42] - ¥ £ F
EEEE LS SESY S/ FEIEY SN ERT Y T 19 X2 IR A
PEGER R FEMAERCZ TR LR T EFRERSERFENT
WHAEAPELRNTA S HFLERFEERT L > # Ridge F) 1 F >
LR R3] FETg R R AR 2 BTy AP RIBR Y Ri7
BEATE fF Y stats4.4.1 0 FAUOR - e pF i % glmmTMB 1.1.9 - Ridge #)
#-A @ * glmnet4.1.8 o

e
Rt
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3.3 B £

330 A r st iRs fr R

ATV R ALY P R E R R AT SRS S AR R
A EFTL LR X~ 7959 ?x;é—’ﬁ » Hoe xR 4 4 REEF g e 305
Lo EAR A EREE T654 Lo HAAEHAcER (2) 77 o LR A
Whoplez THOEMEE M ELR 4 A LB g e (40587 £ 13.212 & vs.
48.834 £ 14.896 ;% p<0.001)> 2 9t 6liE (53.1% vs. 46.1%,p=0.018) -
A FEAEG R AR R R KRR G ERRIY MR A
Eh e Amd @by ff s PR ESZPERY R T AR
3B F (p-value 4>+ 0.130-0.662 )« fed&™ kar3 3|7 > AP Rap A
AR PREAR BT TFFEETRE S EH R ERERY Y Ps@—i
@)I;Jec‘ ; % TR EF R FE VN A Rk R P ED Y A
EEFHLTHETFF > TRGEF]F AR P AR F AP RARZAL BT
F1F @ FL [65-69] 4% F ik - HEHFIL T 4 A KA & % = AN fop R F AT
U E]ac #-3] : Crude OR=1.66, CI=[0.84, 3.30], p=0.143 vs. Adjusted OR=2.83, CI=[1.38,
5.80],p=0.004 (ot & & ~ {du] a8 &P 0F - PRV R > FABAOR - P - k%
N SO

ERUE lf’v»#*,;}.‘_,&Jﬂiﬁﬁﬂif—%? RS he 17+ (R
AL )58,59]) B MR RUL R 4 2 KB B e B F RF At 54(31.8% vs. 10.1%,
adjusted p-value <0.001 ) 5 3¢ 2 %73 4 2 B d o 25 8 F R 3 Tt &) (16.4%
vs. 10.6%, adjusted p-value =0.002 ) -

BMa 7 LR P RER R RA AR ELL Y LR R e R E
AR RIS ﬂ@mﬁwmggﬁﬁpw}’@@411@@@M%Fm
BB Ep LR E A L S REHSE FEES S S AR BT 4
MAREELF R

20(2) tvdg REA S P EERRS H A2 A B L

FARA FERFRE FAR A EF R p-value
(N=7654) (N= 305)
&= & <0.001%%*
TR L) |48.834 (14.896) 40.587 (13.212)
b 0.018*
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Lot 4127 (53.9%) 143 (46.9%)
S 3527 (46.1%) 162 (53.1%)
) SR 0.662
3 3278 (42.8%) 135 (44.3%)
A 4376 (57.2%) 170 (55.7%)
R 0.151
3 5569 (72.8%) 210 (68.9%)
2 2085 (27.2%) 95 (31.1%)
¥ 38 0.014*
3 2917 (38.1%) 138 (45.2%)
A 4737 (61.9%) 167 (54.8%)
BEE <0.00]***
3 3451 (45.1%) 167.(54.8%)
2 4203 (54.9%) 138 (45.2%)
P 0.518
3 3382 (44.2%) 141 (46.2%)
2 4272 (55.8%) 164 (53.8%)
- % pEAZ B 6 /] P 0.130
3 989 (12.9%) 49 (16.1%)
A 6665 (87.1%) 256 (83.9%)
57 B 0.002%*
3 6841 (89.4%) 255 (83.6%)
A 813 (10.6%) 50 (16.4%)
B R <0.00]***
3 6605 (78.5%) 172 (56.4%)
2 776 (10.1%) 97 (31.8%)
WA 973 (10.4%) 36 (11.8%)
* p-value<0.05 ** p-value<0.01 *** p-value<0.001
3320 £ B S HH
oBl (2) P 0 AR FEFF 2 AL P RERRE 5 AR RORHR
Y o PHRME2ZFERINLSEFLR 5 - “‘“]a‘#fj\}}% %‘*‘ . Observed ¥2 Chaol

#ﬁ%ﬁ:faiiﬁ%ﬁiT *# (p<0.001); Shannon 45 #% 7= if ¥ s34 Bf ¥ £ B (p=0.037)"

@ Simpson ip £ £ 3 HF (p=0298)° S SR KT T PLLEL 4 F LEH

rany ST ,;;—H!]-b%fj"\}?a%xiiﬁa;fﬁﬂtxiiﬁ IR,%«E%"m”%lgpqiiﬁﬁﬁmg_
20



PoodeB (5 ) 9w AREFHEFFZALS 3 ERRS > ¥ - AE ﬁ'\}?’q;{%
fi 72 FRE LA F AN o 2 ¥ Bray-Curtis (p = 0.015)45 it 7| 5634 87
28 (p=0.015); Unwelghted UniFrac P 5 Bk ¥ (p=0.074)-
Weighted UniFrac P| A L2 5|88 % X B (p=0.671)° } =% &7 > ,,:P“!r‘ﬂ
# i@ﬁéﬁﬁﬂ‘}%&ﬁlﬁﬁ JE i T‘;‘h‘%fﬁffﬁiﬂ% BH» S e oFes mE G

¥ g g o

f

o
I3

fen

E‘m

Observed Chao1 Shannon Simpson
4501 4501 5 ‘ 1.21
p-v'alue < 0.001 p-v‘alue < 0.001 p—\{alue =0.037 p-value = 0.298
| |
3504 3501 4 | 101
i | ——
?
@ 2501 2501 iz T2DM
= 3 0.84
o | B No
% —— = i = Yes
= 1501 &= - 1501 B
= 2 0.61
i
:
504 504 9
[ 1 0.4- s
No Yes No Yes No Yes No Yes

W (AP RAG F - ARORR AL 5SRO BEE L o R

Bray Curtis Unweighted UniFrac Weighted UniFracc
p-value = 0.015 p-value = 0.074 p-value = 0.671
g 0.2 .-"/ 9\3 02 B g
38 ( S, = T2DM
0.0 — No
2 g a0 2 - Yes
3021 \ 5 3+
a 0 .02 i o
0.4 S~
06 0.0 03 0.6 04 0.0 0.2 02 0.1 0.0 0.1 0.2
PCoA1 [19.3%)] PCoA1 [13.5%] PCoA1 [52.7%]

(=) REF F-ABRFBEEALT 52 ABRRBHETZ B SR

333 P oA fr iR
A EHE L 2 g T R R TP AR A AT e () 60w B

R VAR E AEY A 005 51.04% 0 BEREY 4615 29.04% (7 5

FEA S R ) > kY Gl Bl 5 17.43% (3 SR R R ER ) -
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PM = 51.04% . .
Gut microbiome

]
]
]
PM = 29.04% '

ADHD Depression - T2DM

1
: ,
i P
¥ "—

pM=17.43% ~ Obesity

W ()it 7 s R e S - AR PR L v R IR

334 F£FF;P gL EE

A FH2MOYE FFE D WA FIF R P A TR
B ATS AL LR 4 P IER RS S AR R L B M e Y
g d o PRt ()0 ApRE - L ERma Bl Aaird 023 B R
fg"m/ TR R E R S S AR B R RE F Y S 2 o i5iE FDR R
T3 8 EMFSORE - ARG HEE (T ) 2 ABEIT DY A b5

2526% ; #= - EAHP IS A BEFY 4P 0 18 BAFRISALL A F A
Whe k2 % - AR R LB R en? A ok - 58 1 KEGG Pathway % = &
B TR REIT R A K kg @A K FDR R 18 0 kARG T iE R F eni Bk

s—=

A5 e

3.4 it

AT R EAESEY AT ERSEATF ALY 2 LES RS Y - A8
o BRI ¢ o o84 v ffp A R4 7 LB R RS ik 4 &
A L2 Epl v sl Xe ok e en £ R F - A oR[58, 591
PHAPERENECERAAET L EUERP ST AP RET LA
P ORGEE R EIRKF DY ARRRE TS AP FIREFILL
R S A% S AR 2 B s A8 F M Adjusted OR=2.83, CI=[1.38,

5.80],p=0.004 (it & ~ (5] ~ Fd ~ R Y R~ FABGR  F  k R 2 R
22

4



FH ) 2 % ng%ﬁ;r\229<95%c:| 1.48-3.55) &= & 27 dciE b 42317[59] -
AFLHET AL A A SRR Y AR L O E FEa b ey
T ’fﬁ%%i'ttg;ﬂ.imﬁzﬁd MERPHES  BIA FHFAFSEL TN
FeopPeon? AAPHFR - FHMSERAF ALY 2 LEFEL Y - AB4AR
BB chd At G]G0 51.04% > #p S FE OB P B pea? A5
29.04% > # Ak 17.43% > BEor i R R MAET L 250 A A d o AR
Amdsd o LB 5 EREAF kB A7 7" FDR K1 - #RF 8
SRR F DY FF e A A RBPERIA T 0 DR AT Y 0 B S 25.26%
FIFDRRE(SF 7THEABRE AT S 2HFLE -

w
A

*EF LRI O F R )7»] ARV A S N5 - i BEbdrigrpd 22 %
B[R dF AR B P F 0 @ 45 Lachnospiraceae INK4A136_group ~ Lachnospirace
ae_ UCG_008 ~ Coprococcus ~ Subdoligranulum ~ Fusicatenibacter ~ Ruminococcus
21 Christensenellaceae R 7 _group[70] - & A+ it S WP T~ B 2 & Ehary
BEA S BESE AR KRR LE%E AR g Ra
A7 EGER R MA S AL R ’”'H%ff\[]%}i %[71]° %= % 5 ¥ i

Ko~ F VRS N NPR JnE ¥ 0 Bl4e Dorea ~ Flavonifiractor ~ Clostridium_sens

>
&

[-ﬂ-«

\\\Xr
I
ol

u_stricto_1 ~ Romboutsia ~ Intestinibacter ¥ Negativibacillus[72] < iz Fent % ¥
E PR A S S B LR B A e AR E A Ap BT
B S AR A3 B2 Bk AR R
A R B AR G AR BE S F»Ti] fi 5 M FIF 0 @ 45 Paraprevotella ~ Muribaculaceae ~ Vi
ctivallis 8238~ X P FEA S UCG/RF39 #[74, T5]° it 7 it F phat & B4
i BB AHAF LR B BRI L G R 5 AR
A RCE[T5] e EREA T RLAFET A AEE - HELp B FY 0 oA xRy
bR BRL L ¢ R R AR s S R IRE AT R B L A
EALEDSBY 0 e NS R[73]od 3P REIF LIS Ao
FEERERE ALY P ER RS S - ARRRBLET N AT S FEA
AN LR A AR R BTG TR A

RS Y a1 % P > 2/ 4 (Taurine and hypotaurine metabolism )
CArE G I CED S g2 HN[76,77] BNHE Y AL A ERER
DHRERRRE Y BRI ET, T8 mASE AT A S EAS L AR
RE o m A A S R B o gt .ﬁpvgmﬁfrg v MRFLE B oG Rt (R 4R

fi4, Branched-Chain Amino Acids, BCAA ) eh4 4 & &7 R iLig ¥ ¢ 4 2y (PM=
23
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7.04%) - BCAA M3 F p 4% § & redianyd )45 4[79, 80] - ~ B % AL g 4

A B R BT FE S+ BCAA R IZ S ﬁW9%]?ﬁ“W%‘m*ﬁé
o BAEF AR G o & ER (Folate) #2794 (Fatty acid) & = k&
EABFE AFLEELSF T THAE A3 LN S8 T Ras N
W o £ & M HReNESR[T72, 73] -

3.5 &g A

ipii* TR F A AFTHEY REETRE A2 L RRETFSE
BofRam ood 3 @41i@ﬁ@;ﬂwf%%bﬂﬁw%éﬁ@’&@ﬁ%$
‘%iﬁﬁﬁT’%&—&47i@%&%*i¢”:ﬂ%@% e H
Fo TR GAEARESARIRE DFEFF o4 F B FF &m4ﬁ<ﬁﬁ
Brg* g %z A 47 LB RLE T AL T AL gk e R T
Q%Migwﬁwgggﬂ%o&@,:ui@ﬁﬁﬂgAg&E@PKmUﬁzﬁﬁlﬁ
rRNA iﬁ? ALE FIpR] ) T BT R FATFIA A A FERHAES o F
&’w%ﬁﬁﬁﬁg%@ﬁé%%&ﬁ;%Wfﬁ&wﬁ @ 2R NS e
e ?fr')&#i
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Frd WA RSN LR EARL MM L G FE
BRIV AFILAH

4.1 #*F

# W% A 5 (Inflammatory Bowel Disease, IBD) 1 & ¢ 7 s ld <
(Crohn's disease, CD ) & i 2.8 % W (Ulcerative colitis, UC) > & - f&d L&
R B ELE £=2 TER g il 5 SN ] K = i EREF {2 F R
PRALHFRA SIS RECL P ARLE G O H 2R FFH A AE G
AP Bl HERFFF G e BRI R AR IR R
BB E[B, 5] GGV R Y 0§ IS 4 8 R 2 D 1R8]

g LS AR R SR Ay s B I PR T A
UC et 4 h'&([82] 5 A5 » WA 4 98 K ARE L F et X A F

BSR4 CDUE bR A2 R [83] 1 A 15 0 ER B A & | T % K 25%
S XA A o B s bt (hazard ratio [HR]=0.75,; 95% CI, 0.60-0.94)[5]; @ 7

BB AR § g e Rt £ o S ) SO%(HR=1.48,; 95% CI, 1.21-1.82) -
£ R 2 1 R (HR=2.12,; 95% CI, 1.30-3.44)[5] ¢ i 4 £ 5 chis sk i & R
SLEREE L= "RE Y SRR S TS SRS R
R EE G ARE LI EF AR DR F SR (IodF E B F ) T
A EREMP RO T de e TE SR o R F Ao b 470k e
FEFE A CE R LS A ok e YRR RGP pehT o

B E LR ARG S S AR S L e ey B R F A A
HPA g pE L R M pH E[7, 84] SR B RN L 0 AR ER T D &
EEN S 'n¢~%ﬁ%kw%ﬁf@%@&%mfwwﬁﬂ01]“*’
”%Lﬁﬁ?zi e AR B S B L R M RS2 - A
HREE SRR AR o B LS E AR & ¥ & 3R Bifidobacterium ~ Coprococcus £
Faecalibacterium % % ﬁ%’ BT O'E[85, 86] I %E Bilophila ~ Escherichia £
Enterococcus ¥ 8¢ 3 o ey ik [11,86] o A3t 2 53 A AR A FL i AF
THRNEFR AT FESAB(ESE R 9 )R IFE VLY E A b & il >
B2 bl 4t F ) (4 Bifidobacterium ) £ 1824 X ) (4 Bilophila) % &
e oPEFATEDE: c AFHIHG T BE AE L RS OE R T
% X B k5 D Bilophila € Flak 2 2 & A E A B R0 ([7,87] 5 Ap gz
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T Bifidobacterium H% Q) E & A s B A M R A S Y RiRsed 4 £
7] evap gy sl 2 bd 6 FMP F A BT FARE[T]- 450 7t ,7; w
IF B IR P g R ¥ (3 % A Bifidobacterium & Bilophila) ¥ i - G405
BHEUESER B FY A A e S RRHET P TR L ;g;g_;gr
HLEZ D end @450 G229 et oo Faid®F % ¢ 4 4 $5(causal
mediation analysis) » & it % if FE ATk A B B BN R T AE AR
SACSTE M U E AR R R Y AT IR e 4 & F Bl 4 B TRk B 2
£ s 4 &ﬂ%’%M¢U%€ﬁ%mﬁ®¥@ﬁnipwﬂia%’ﬂL;ﬁ*%

SHBERR G LA LERT A0 LATREFIFE Y 4T oS FE(
Bifidobacterium £z B|Iophlla) FE%‘,’ MR AT PV EERES LA F
AR H B A g o 51 S B Fe g U F E[10] 0 2 Bt A
FE R A A S A L A p o s

Erliks AL ERE S HOF LG E R BB R RN XV G E i
PO R 2 g S AR T DR S A iR T o
PADFRERBET L2062 FUBSEA BT EFRBBLED B A
—Bifidobacterium £ Bilophila—#-iF 2 A& 3 %2 ¢ 4 F]F « % AGP
B A T ok T B DR R i () F B8 & g b
P bt 2 AR 14 (2)Bifidobacterium £ Bilophila % = 4t s g2 48 ({27
A MM 2 B AR E Q)R FEE A AL bt
AL S B Y R R B Y 2 S e o

4.2 H#Eeg 3 2

4.2.1 g > BELEETE

#5952 Ak A B KB E A BT 10 4% 4 648 (L3538
F) TS o A por 15676 XL iE Y o EAIAH SATET R S B KSR
PO R F R AT PEY AT RS SRR E T T PR
AR Y] (4) T o A TR hE R A4 B 5 AR AE
BiHFE Y Raomice 22 3.17.0:8(7 2 €47 & -

KEFEARLEFTASp EpRY DREEN SRR “f REHR

'—Dlagnosed by a medical professional doctor, physician assistant | % N SN e

% Aok 0 A BER T1do not have this condition ; §F#7 % Non-3 {425 i 5
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ETTN

o SRR e Rl AP LB *# 952 % 1% * (Diagnosed by an alternative

medicine practitioner, Not provided, Self—diagnosed, and Unspecified) o #* ¢t > f4= %

A4 15676 4 ¢ 5 £ 4 466 A 4 MAESI A %A 0 & 5 AR ILES L(N=131
X ,0.8%) 2 21 % CD(N=335,2.1%) « %575 #-% 6 45 & (Vegetariandiet) e
# 5 %% (vegan) % 3% (Lacto-ovo vegetarian) & A e B FERA Y 2 g

(ESRE S WP~ 2 52 % & (Pescetarian) ; H4x& S 414 (7 ¢ ;\FT%BX;F% ) Bk

- Eﬁ:‘ff Z % a8 —‘F*{ ( Omnivores ) °

AGP metadata
44388 Participants

Excluded 17558 subjects without age or sex data,
6153 subjects with non-human gut, paired-end, or

unreliable primer annotations, and 2939 subjects

with fewer than 10000 denoised reads.

h

17738 Participants

— Excluded 952 subjects with missing IBD status.

v

15786 Participants

Excluded 1110 subjects with missing vegetarian
status.

X

15676 Participants

7441 male participants remained for the final study

population.

X

7441 male Participants

¥ ‘L

6949 omnivore Participants 495 vegetarian Participants
L v l l
6455 Participants 491 Participants 479 Participants 16 Participants
with non-IBD with IBD with non-IBD with IBD

W (4 ): 2474k~ GE A2 H
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4.2.2 B3t 47

AR A RS E SRS T B E M A ES SN2 R (f 4
&8~ 2w~ LR TR 48k (Body Mass Index, BMI) ~ A& it ~ b 75 5% 0% ~ £ 4
B F AR E kAR BRa 5 (FAFAERELF ) AT
EEA ST T (FHRAAAED S R RED S TSR B ARG R 2
LB ) o £ 4 B e A AL B i i Wilcoxon f£ ok %
RSP R RER R 2 o K F SRS B XSRS
Moo 22 BEATR AT R 9GS B F LMY EA BRI o 7 A
2 1 #°7] (Crude model) oz 5 E e #3] (Adjusted model ) > {8 ¥ qu“ #2 ~
Pu~ PR FEhE F2AY RAFR*TYEAREELS (77 %fm B
TR D TSR D - W REL RE 2 L AR ) c S RD A i
BA G N VR T E 8 S B I A b M

4.2.3 P Hpg A7

el EFRFEE S S HRELT AF G B R LT E R RF PR
A Ed s AT AEHEL G L ELER S & F 4 —Bifidobacterium &
Bilophila—:& {7 7 i ~ 45 > T A EMAFEFHE RN P 4447 o &P 4 #7
PoAPLASRBSRRFIF(LRAESE D HF ARG EA R SRR
BEFRELT AFF o &
BAl- 5 A#HIA N F 455 R %ﬁit’s}‘ WAL Aop & 4R TS 5
(RFrw ) #0341 5 @ A #0531 & Bl Bifidobacterium & Bilophila ¥ & &
VR E “"é'l“i"‘%i;ﬁ.':)ifffis—%i’l%ﬂ; P REOHFWRY - AR FX LS
B R O ET G offset 0 RILFH T L a2 EREE ( over-dlspersmn) i
RE[36] A= 5 2 B3 H- AOEEpEE R BEC AT AHER
T #cis[37,38] 0 Brp AR¥E[39]1F 5 ¢ i 7B o PR joint test 31w [40] o
H LB (-t Roclk) RIETRGEE B 40 BI[41] -

Bifidobacterium £ Bilophila ~»377 » # > = B3] ¢

GBER EER B AR N A HERE A B A S TR Sk
BApBE > 2 RO B (isometric log-ratio, ILR ) &% F¥ F AL [42] + g
SRS e S ‘\?e:*ﬁ’rz‘%ﬁr;ify_‘ﬂ'],u{@,\ygwglﬁf‘}?ﬁ $hc

ki
GG FMFERE IR L R T RIIMER %ﬁmﬁﬁpu%%
LAFERADTN ZELEARGFEERT AL > Ridge I M~ 2R
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fe A R T[43] B e R0 A R 02 B2 o T AP R BB {7 &
T TR GFR ¥ stats4.4.10 FIE - B fF R ¥ glmmTMB 1.1.9 > Ridge ) -
Al * glmnet4.1.8 °

4.3 #*

431 A r i g s
AFIRTESEEF A F A D RP ARV B F LB E AR
ML PnE B L 15676 pXEE 0 B Y S w 14519 0 % 8w 1157
LodEadi A ek (2 ) 7 o 8 ToEd i FRK (45781778
A ovs.44.45+16.94 F > p=0.014): 3 {20 pikaE s (47.8% vs. 42.8% > p =
0.001); ¥ T 3595 8 F & 458k F it (24.37+522vs:23.20+£4.99 > p<0.001 )+
B EHREAVR R & g 4 FER G FRE (49.7% vs. 46.1% >
A it AR BIRIAE FRE (64.2%vs. 71.0% ° p=0.018) > g+ #F >
FOLLA BRI T LA MG FRTES e (p<0.001) ¢ 7 FBEH
P~ (25.6% vs. 18.8% )~ 3¢ & LB~ (45.1% vs. 35.6% )~ T & % BLi&P~ (45.3%
vs. 39.4% )~ diy vk B 3B~ (70.3% vs. 68.4% ) 11 & 4 ik 7 2L~ (62.4%vs. 50.7% )
Efﬁ—‘fﬁi'ﬁﬁ,&ﬁ"'& F o0 & G mhE L P;lgﬁ},%ﬁ‘ FEEEMANE &2 (5.0% vs.
29% p=0.002)c @ f 2 FEYFEHE —4’—},’;\‘3&’5 BB B A AR (p=0.144)~
LHE (p=0.504) w5t ] (p=0.148) s /i (p=0.088) % & i F A J
(p=0565) ¥ AR F LB s% ()] FRIF LT ERFHIRE
i i er‘,% A E LR AT BB A F A L[88] 2 50
ﬁ:z BREASOPE AELE- HREREES K AT T AR P ] it
T REEAR LTS (ﬁﬁbﬁf%ﬁ%‘fﬂ#ﬂﬂt EAFRY A F R T
AL ~ T BEED ~ T S K BEIED WA BRSPS 2 L LA BER ) o P D
BARIEE LR REL SRR TR G IHF LML EAROMY

% (z) Ckbﬁ{i“%—ﬁj—%ﬁ B A2 A v R A
Z 8

7 * (n=14519) %29 5 ¥ (m=1157) p-value
£ ¥ 0.014 **
Tiofg(E# 1) (4578 (17.78) 44.45 (16.94)
e 0.001 **
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Lo
e

B R 4

T k(R oF 4)
dies

g

£

‘_‘dﬁ

I PR B
2

A

wA
ok B B

7573 (52.2%)
6946 (47.8%)

24.37 (5.22)

5013 (34.5%)
7221 (49.7%)
2285 (15.7%)

4637 (31.9%)
9317 (64.2%)
565 (3.9%)

8524 (58.7%)
3710 (25.6%)
2285 (15.7%)

5738 (39.5%)
6551 (45.1%)
2230 (15.4%)

5659 (39.0%)
6580 (45.3%)
2280 (15.7%)

2021 (13.9%)
10207 (70.3%)
2291 (15.8%)

3198 (22.0%)
9063 (62.4%)
2258 (15.6%)

13790 (95.0%)
729 (5.0%)

662 (57.2%)
495 (42.8%)

23.20 (4.99)

471 (40.7%)
533 (46.1%)
133 (13.2%)

289 (25.0%)
821 (71.0%)
47 (4.1%)

793 (68.5%)
218 (18.8%)
146 (12:6%)

603 (52.1%)
412 (35.6%)
142 (12.3%)

556 (48.1%)
456 (39.4%)
145 (12.5%)

216 (18.7%)
791 (68.4%)
150 (13.0%)

421 (36.4%)
587 (50.7%)
149 (12.9%)

1123 (97.1%)
34 (2.9%)

<0.0071#**

<0.001 ***

0.018 *

<0.001 ***

<0.001 ***

<0.001 ***

<0.001 ***

<0.001 ***

0.002%**

* p-value<0.05 ** p-value<0.01 *** p-value<0.001
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432 Re e F LG FERBGHHA

R4 (I ) FA 2 REERFFHRT > 2 oG 8% LS EAR
% & ¥ M 7% (crude OR, 0.5727; 95% CI, 0.4039-0.8120; P=0.002; n=15676) » #k @
Mot A Y Y ¥ (crude OR, 0.4391; 95% CI, 0.2646-0.7287; P=0.001;
n=7441); @ xR A P > ABEEIHE F M B (crude OR, 0.8614; 95% CI,
0.5299-1.4002; P=0.547;n=8235) « A ta i 3 F|F 15 » % G4 & (v 5 Ly
7 7 B F M 7 (adjusted OR, 0.6644; 95% CI, 0.4626-0.9543; P=0.027; n=15676 )
o v A 9 B4 A ¢ B % (adjusted OR, 0.5681; 95% CI, 0.3320-0.9720;
P=0.039;n=7441); @ &~ P A7 » AR I K ¥ ok B (adjusted OR, 0.8031;
95% CI, 0.4916-1.3119; P=0.381; n=8235 ) o F] " {5 4 A 45 W 44+ § |38 48 » &
BT R HEAY O REES PMFTRpE FAHRY L AR
EEA S (5B EE  FEE R R T S R BT RS R LG B2 4
B ) LR FIBEWOE SR IHE LB G A pab e B

F_k

%
N

2(3) " Fod RETERBR GMBE2 %50

LS Model OR 95% CI P-value
E i Crude 0.5727 (0.4039,0.8121) 0.002
Adjusted®  0.6644 (0.4626,0.9543) © 0.027
5 Crude 0:4391 (0.2646,0.7287) 0.001
Adjustedb 0.5681 (0.3320,0.9720) 0.039
R Crude 0.8614 (0.5299,1.4002) 0.547
Adjustedb 0.8031 (0.4916,1.3119) 0.381

a: Pl E# N ST R FA Rl s SBER  TEE R
SEE 3 NS R S

b fen & LT EAE FAF A B SBEE AR TER
B~ SR BR B2 P B

4330 £ p 5 #H
RS (A) ST7 0 BE S FRFEY 0 R LS E AR ER DY E R
FodRErRmEF LR g LY ER R & % % Observed ~ Chaol ~ Shannon
% Simpson = 5 dp fh-+ SR F B AR F (p<0.001) - g ¥t > he@l+ (B) #7
o A SREY CHFUAMSEABRA L AR F P o SRR R AP F D
%

2R LB gt pE /3003352 0904 2 B et g BT E 9%
31
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;? :\[’J"’%;’i{)"}]%m’?‘* *’E’H%SEE']*’I& aqfiz‘ j’:g fimivit %‘#Prﬁg’ x._‘% Aa_;,gé‘r
PR ESERROF LA EFREERAZ I RAETAM

B - (A) TF o REERFEY B AP AR F LR F DR
EREREFLR - BEET = fﬁﬁ&%’ﬂ‘—% "L 35 #% (Bray-Curtis ~ Unweighted
UniFrac % Weighted UniFrac) 2. ¥ T2 %X MEF LB - Bk > 4oF -+ -
(B) #77% > Ak @%¥Y 4 MBI F eI LR - L HWY > = fAipdge
'L 35 % (Bray-Curtis ~ Unweighted UniFrac # Weighted UniFrac) 2. # % % 5
fﬁaéﬁ%‘?éﬂ"ﬁ*b” PEE O RMAEL SN F %Y S F ALY EARLF

BN -1 H Bl=sls 7 ];f]ia’- RN ‘*f;& BPEG BRI E YO ER o

t\“jr

(A) Omnivore

Observed Chao1 Shannon Simpson
4507 p-value < 0.001 4501 p-value < 0.001 51 p-lalue < 0.001 1.27 pvalue < 0.001 |
350- 3504 44 1.0 ‘
% . | =] _ :
2 250 | 2501 3l 08 __ | 18D
i .zl | AL
= —— es
£ = |
s 150 1501 , 5 5 i
50 l 50 f
1 0.4
No Yes No Yes No Yes No Yes
(B) Vegetarian
Observed Chao1 Shannon Simpson
45071 5 Jalue = 0.335 490" b alue =0.335 5] | p-yalue = 0904 127 value = 0771
5 3501 ' 350- 1 4 | | 1.0+
Z ! : = ‘
2 2504 5 250- 5 3 ' 08 = IBD
o t t i £ No
p L = ‘ ™ Yes
| 1501 150- . |
[=% ] | | 4
S — - 08 i
501 | 50 ‘ i
| | S T T 041
No Yes No Yes No Yes No Yes

WM(Lt):(A)psez (B)Eake? » LREFH :\h‘."%lﬁ}i}ﬁaﬁ’%é’ﬁ 53N
PR A B L o 5 R
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(A) Omnivore
Bray Curtis

Unweighted UniFrac

Weighted UniFracc

p-value = <0.001 p-value = <0.001 p-value = 0.002
T .- g 8 iy — oz
2\”. 0.2 N § 02 ;
©, \ IBD < IBD 3 IBD
f 5 No o No = No
% g / - Yes < 00 - Yes 2 o= - Yes
O 02 e . T 8 8 00{ 7
o g — & o2 &
04 . 01
04 0.0 04 62 00 02 04 02 -01 00 01 02 03
PCoA1 [18.2%] PCoA1 [8.8%)] PCoA1 [40.5%]
(B) Vegetarian
Bray Curtis Unweighted UniFrac Weighted UniFracc
p-value = <0.001 p-value = <0.001 p-value = <0.001
g 02 § K
s | IBD o 00 IBD
P No i No
<° - — Yes 2 - - Yes
S o S
a ~d @ 02

S
=

01 G0 01 02 03

).2
PCoA1 [36.1%

04 a0 04 02 oo 02 04 0

PCoA1 [16.5%] PCOAT [9.4%]

W(t-D:i(A) s (B)2sxud s RALFFLBSF AR AL
AL Ao B2 B SR

434 P LB

BEAPREP 4R A 152G Bifidobacterium £ Bilophila w7 1 %<

B Eod B (+ 2 )& sskd (=) an %8t o Bifidobacterium(PM = 13.02% »
P-value < 0.001) ~ Bilophila(PM = 7.34% » P-value = 0.022)% 4 »cji ¢ 5 B ¥ -
Bifidobacterium % % 8 %F % R &3 (B = 0.6966; 95% CI, 0.5265- 0.8667,
P<0.001) + & 815 5 5 g b % 5 K MG (B = -0.0651; 95% CI, -0.0976- -
0.0326; P<0.001) = 48 ¥ 3 - Bilophila to% & * % % B g < (B =-0.6371;95% CI,
20.7732 - -0.5010; P<0.001) » & #5 X425 i & i b ' 5 & B (5 (B = 0.0453;
95% CI, 0.0065 — 0.0841; P=0.022) -

(A) Bifidobacterium %% 84 8 824 LG B 2 B end 20
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| Bifidobacterium
p= .6966 f=-.0651
P= <.001 P= <.001

Direct effect:P=.073
IBD

Vegetarian
Total effect:P=.039;

Proportion Mediated=13.02%

(B) Bilophila #% & 4 3

Bilophila
p=.0453
P= .022

B=-.6371
P=<.001

Direct effect:P=.056
> IBD

Vegetarian
Total effect:P=.039;

Proportion Mediated=7.34%

W (L2 ): ¢ i fiss

4.3.5 FFEF P 1B FEF

d fcha SER AP £H 2

IR RN X A
B AES M AR EFFERS T MRS TR S RS BRI
BE AR SEF UM FERBLFOMBMOELY 147 oipdrd (&) Koro
DR FAER AW s? A B E 37.06% ; A rs #E - LR
AEEEEY AAY 027 BHAHEASHESEFURSERBLEIREF 5
¢kl o S FDR It > 3 18 BAEF DE/h o 2t hrdrd () Bor v 2
B NSRS e A B S 34.15%; B-E - IR BELE A RIEEY A AP 06 iE
BB A GGG R LB EABL B IREF Y 4ok 5811 KEGG

Pathway % = B &2 s it 285 (T 5 A f 95 > (7~ K FDR R 16 » x5 5 0%

B i L -
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44 3t
AP S AV RFIFHSTISEFER P LMY ER R eLA R T 5
WY A AP RESE AT R S ’Jﬁl’f’ KL R R 2 R & 4 e
FEE2 Q‘L]%é HNFIHITVAGEANSYE FTFAL B AR KR 3
W IS9) ) A EHE L E AR G 0 S R RR T L
BRIZDE AT AFP T RHRBERFIZ S FERMDOE LS EAHL G T i
% i 2% (crude OR, 0.57; 95% CI, 0.40-0.81; P=0.002; n=15676 ) > it & & ~ |+
B FAFCERAZE RGNS v AR F DY (adjusted OR,
0.66; 95% CI, 0.46-0.95; P=0.027; n=15676) » ¥2 % 7 ?}I%ﬁ? 22 R A
E TR Ll]“i”%:}iﬁflia& %t HR 4 5 0.75(95%CI,0.60-0.94) &= w + — K[5]°
BT Rad s APFREEEEE TAT BEMET A (adjusted
OR, 0.57; 95% CI, 0.33-0.97; P=0.039; n=7441) - * L8 p cupipcZ & 3
ARk U L [88,90] 0 Wi E 0 A S Reha Ec F[89] 5 APz
T s ok £ IR R R H RS A R T B A e
sedooay {5 EAR[82,91] AT EF 2t R 9482 F AT E R
s 2 B B e1 Bifidobacterium ¥ Bilophila ~ %7 j2 1 . 13.02%%2 7.34%:% 4 4%
SEMF LG ERFORA G AR RN AT 050 BT £ ki
Bl A7 &* FDRKRE » #RF 19 S F DG Fvr o £ KUY E RER
L ¥ R K 43.59% 8 20 o 37 & 58 e B T 4 78t 0 B2 KEGG Pathway
o k2 A Rgiv L~ K ikdp BT K FDR R 87 5 i B ¥ it 35
Lo AR R BRI A G LG E FE R R 0 2 BRI DT

T R R A G4 & 25 LA A SN T -

£ g

&%?é%«ﬁUL%ﬂﬂ’ipf%mﬁﬁﬁﬁ%ﬁﬁ%&iﬂ’E
Bifidobacterium g > 22 185 X7 Bilophila i0yf5% o i3 BT % a4 8
Bifidobacterium M BT Lo BT HF R T[T AFTERRINE S —‘ﬁ@ﬁ N
Blfdobacterlum%p—g‘i‘a% P RBEE XS E ARG F AN o 2l
F 1 RIS F 4 A A F 2B Bifidobacterium * £ FiEE[T] o % A B
NEEEEY AR & FOEET] s s mﬁ*mm*%’ﬁ“%
AT HESEM KA P 40 Famindn e BB AL AR[7,87]
FLLET F 84 S K ¥ % ™ Bilophila 58 & > ¥ Bilophila £ % X 2% 3 B s
% % I 4p B o Bilophila 8 ¥ 7| éﬂ“%’ AR AR LB R > B R
PRl g €4 G ARRAE DA FF UF R[] - & 848 FIFE 0 By
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9§ > SOREE U411 Bilophila 04 £ AT @@ % 107 B

s A

r

B el P 8

E 41
PPAR-y ~ 58 i A% 4 &

PRy AL RIMT B

BT B A 6 S

g e & o

BET R OHE LR AR DR 7 TR F e
DR E > FEERP R LEP e, kiZA 2L E 04GR
B ldt 1 L REDTEL -
25 4 oy iR
%DEAﬁaﬁﬁ?ﬂﬁgéﬁﬁﬁ’éi@@ﬁ%ﬁ<%ﬂﬁ>”%“
T A 8] Qe P EHF (AodEw iR ) &5k

e IR P S Bf Bl F TR W L e B [5,89] 5 (B)d K2 A frry

R R 2

%%iﬁggﬁifﬁij,ggg—g#ﬁ&, VIR SRR Y Fu,\,,u N
fORAERR A2 > g R [8]] .

Jﬂd#— 5 '? ’F"’rm”-“:}f;\ ﬂ\lﬂ‘ i“ lg__‘:zg_ B
Bifidobacterium 22 Bilophila %y

DT BRI A

BE SR A0 4 (AR & FPA0 S R Iﬁiml,ﬁ'—gmﬂ’r T i;F F 5

F A foin P o SR F Frali i CRP £4 W4 HR[81] 5 M 2 (DA

F-a £ IL-6 > &

i ﬁ'¢vf§ » B {7

7 '/% EE!I;’I‘J]/R‘—\;EG;:}'E% ’ ii{yz:@t‘ /TAJ\*%;L_IL
W g cnd B - OV Ky
&%%ﬁ%ﬁﬁ%ﬁﬁ#ﬁﬁyéﬁﬂ’%%&%mﬁ

k=R N N3

R R w b3 B $34F 2§ 7 (Ao Bifidobacterium ) e 78 i€ * £ *QLP* L R G SN
7 (4v Bilophila ) ehir3c % o Jis5k 34 B~ it 184E Bifidobacteriu
o 3 B U444 Bilophila ke feigire Bt o d AT HFME § 0
I AT LEWY LY ZERES FR AR B 8 LS E AR
BhGEHE T EALENS
(Bifidobacterium ~ Bilophila)&n*: 4| %6 > ¥ (T 53 G4 8 4 » 2 2xend P ikie

4.5 3 02)

SRR E SLUEE v T BN RS 4

SEA L AN X AT

SR BE GRS E R

TR

TEFRONI B2 #FEZI Y AFEF ALY E AR 2 BT
RSP m AR AR AP F B e PR R
BRFLE-HER - AF AP THIFLETEARL e Ta o d 20

3 k53] o g

/{;1__1-|3 m #\ j\m'ﬂll

SiEB R G GHBE FRAP IRV R G AR T

B fs o 740 AT A & £15 8 PICRUSE k4% 168 rRNA %A T it 737 ) »

I

#5

2P T RIS P A TR
Brt i T 2 R R

R A o F AP S

) @ LA B D R -
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FIRFHFPAKSE N REE M Y R
PR3 I )

51 %

~ %5 i x (Irritable bowel syndrome, IBS)*t §i2/k F 4 2 & 5 % b3 & B
% (disorders of gut-brain interaction ) e {7 ic 4% i 5 Fi[92] - - Bk E 52
R RN & 24787 0 S SR D2k E T 582 14%[4] - J”f TR R
RERTYRaRD VTR Re g LA RE L @pswyvﬁ4%
S IR A FOR A ki AL HE[92] 0 % Y BRE B BB 2 S
A A S umEY T3 BR L A SERS TSI FE[92]d
GAEEV AP PRBEFIR RS E IR DR A R E S LR
& Rvg[92] 0 P oA & % BRI 4R 8 F T % 0 AT (fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols, FODMAP ) 4 & & i* £[95,96] » ¥ &
A “f FTRAFRMDEGS S PR T o FAnF A G F 2L U o
AT EPAFAERNESAUL L ERGIEF LSS HEF 2 RT I US LRD
Pl "R B @RS R e R R RS S ERRER R -

fE 4 14 & 20 % % B (PR B P B 0 B L 3R[97, 98] o A A S F 7
GER S S I H TR A [7,8] 0 T LR AT A L 5 4 nsh
o %% f& (short-chain fatty acids, SCFAs ) £ =¢[7,99] - SCFAs £ % i fg_rﬁ‘ga_;}g—; -
P E S L] 2 N AR B[O, 100] 0 Flet T A 4% % ke £ 7
Er o kA o MafE e g ﬁu&ﬁﬁ%¢£{9&1ou’??nazﬁﬁu%%ﬂ %]
BB E A B E AR B AE N RSP R W [92,98] 0 Fl o fE b1
A SRR RS AR H - oo m - HRA AR ST -
BEHEGH P AL AN USTER B F R T RRERRR S e
BEFAEL G ALB Y BRLIPRTFIHE IS XS FR M T
M- R ISR G RFEL G RE A G RRR b R[98] 0 A H A
TORIELZ T 3 & A0 8 & K X % iR b ' 4R B (OR=0.76, 95% CI, 0.59-
0.98)[97] « st — A pEE A » E M E GMLE -GSl FAEE AR E 57
R et P ERF .

% FREALR R AT 8 S e B G 2 - i 4 v pr e

B2 BRSPS A YRR B A0 B S AR ¢ Bifidobacterium £
37



Prevotella - ¥4 @ 3 45 0 » T EEHR Y > S B EHFE ?."ﬁ £
Bifidobacterium € & & F .5 ¥ 7 '$[9, 102] ; @ Prevotella %7 F = % i E I 4
B chA % B G AL R[103] 0 ¥ - 2 & » UGS L Ak 6T e
Prevotella ¥ % [7, 99, 104] » & & P 3 L B f 7 T nFE Z L 7 i 1@
Bifidobacterium p¥+% & T *E[7, 84] o Ft o BEARE G HIp A F i HE T oL
A S X a2 TFa? 1 4F epmbatsl e gt
PAWRE Y o KARA S SR FEL AR N S G EFRIEIRIG[4] - F
Bifidobacterium ¥ Prevotella ¥& 5 5 B4ken? 4 F|+ > PI7 B P4 a ~ &
AFS AR AP A Weg o s BB T FE L F B[10] 0 £ ee ot R
A R e AR S R A R 02 AR XS A RS i 4
Wk kg o

Ex bt A BRI R RE O SRR L SRR TV G B8
pr.ég”% i ,;»]13:7 oo B N LT R R SRR IR (T o P u] 4
TRBREBRNETSESEE G A Rt L R MI S B R—
Bifidobacterium ¥ Prevotella—#-1¥ 5 275 Sz 2. ¢ A 1L 48 o %56 AGP ch o |
AL NI S U TR SRR B (D)3 2 AR 8 S kR
@ b 'k 2 4p M2 (2)Bifidobacterium £ Prevotella %t 7 A & 22 % % i
BB ? ST iF 2 B )P A R d 2 Q)R FE A N AR R A
G rpRr BB Y 2 SRR M Ak o

5.2 #H#gr =2

520 #ABEFLEELTE
HF A28 (a4 LR iR TR 746 AR 82 153 ek % 4 6 )
fo (%52 Q%E\f%—g) ?7}—'{9 v A o~ 12561 'ﬂﬂ"éﬂ

LSRR YT R AR g B R L %8 > ~p miEH [ Diagnosed

by a medical professional doctor, physician assistant | —‘F*f B s YR Cp M

% # "1donothave this condition | R s SREDEL RN AP

# “,ﬁ% 4278 %k ~ (Diagnosed by an alternative medicine practitioner, Not provided,

Self-diagnosed, and Unspeciﬁed) s Ry o AT P FOTAC L AREP A 2 |

(Pescetarian) &2 153 #4¢ & | i 4 % ﬁ o HA A PTIS 0 FIW AT 8 Fdm
FHUTRERZINEFLE r‘Cﬁ’»é’x Bt A e T4 £ 12233 LR
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PALFACR] (L 2) R e SRR T R TS P A B L B AR A
HBFHF*Y Ramice 2 2 31707 7 €47 & -

AGP metadata
44388 Participants

Excluded 17558 subjects without age or sex data,
6153 subjects with non-human gut, paired-end. or

unreliable primer annotations, and 2939 subjects

with fewer than 10000 denoised reads.

¥

17738 Participants

L—b Excluded 4278 subjects with missing IBS status.

13460 Participants

Excluded 746 pescetarians and 153 subjects with

missing vegetarian status.

h

12561 Participants

Excluded 328 vegans. (Preliminary analysis: p >

0.05 vs. omnivores)

h

12233 Participants
Y ‘L
11613 omnivore Participants 620 vegetarian Participants
‘, ‘, l l
9979 Participants 1634 Participants 558 Participants 62 Participants
with non-IBS with IBS with non-IBS with IBS

W (=) Ak A EE2R

5.2.2 B3t 47

Fr o *aFEES R FA A HEFEHD FE LR
BAEEE g ) 8RR L B B A i F 6
(¢ g Rodtn) it v S B 2 15? I~ JLACAR M P15 2 TRk 4
MRd (Ed s s ST REE R F G 2 AT S T

I
/

E~%2 8w

=

.'\l>

’
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BB S E R R b RV E2 R R RERR ) A

TPAEFTE B F e R (5 - B p-value) SRS E- HRGFTTE S
w A B Jodnd e E e A e 2 (2 8% 2 B povalue) - Ak 4K

mﬁwﬁ%%%—wToHﬁﬁeﬁmé*%k;ﬂ’éi%&%?
Wilcoxon f#&frs T8 7 4 47 s W FEA| R * ¥ 2 T o E- HIFF I E 4 S
B HRE PR T2 2 BB AT AT T A A S & 1 R b R 2
M Be 47 ¢ 7 A4 #-3) (crude model ) 2 %2 % £ &1+ #-7] (adjusted model )»
FporES B DT ERE R A SR F LS E AR TR
FlFRiEes T WAKRAER BT FATOFETF 5 44 B> R4 P Rmice
R #3170 7 5 L8 E RJIL 0 U By = B

523 F A

FREYEAFLS SR AHBLAT AR A A S EHRER P
ihd > AT APHEL T L ELRERDS L F fgi,—Bmdobactenum &
Prevotella—:i& {7 ¢ 41 & 47 I A HEFEMEAFEFR N 0 G447 &9 4 407)
PoAPL GRS L RRT 0 AR A SR B AE (B
R i) 5 ¢ 4 ]S o e Bifidobacterium &2 Prevotella #» 47 ® i > = B4 :
BAl- 2 AFFAL MR A5 R BB S Y EFREE TR 5 p FiE(R
o)A - 5 ¢ A 03] 4wl Bifidobacterium & Prevotella ¥ R G Jk %
Bo~ AR EERE S T RFT LA Rl BFOUR f 2R fFE LRI B RR R
offset » kI ¥ T L 2 fran 128236 & % & (over-dispersion) ¥ 4Z[36] 5 #-3] = & 2
BAl B - Rt icAp e R e P HBC AR AREE R TS B E(S([37,38] B~
P ARHEC[39]1F 5 P A 78 o FFEESTJR Y jointtest 2215 [40] 0 & 00 £ B iE (M-
ERE) R RFEURE AP A H[41] -

AT RS WS AR SELER TR RS R
|E;~7}gf3§ ' 1% R o @4 (isometric log-ratio, ILR ) EJE F#E FAL[42] - 4 £
:‘5 fé_ RIS RE A RO A R - ¥ R
SR B2 FETFF LB A EINHRERSERAFOT o EF 2

iﬁ’ﬁfé} % ?; D R WL B R GEERT A 0 & Ridge ) b £ R
B3 AREL[43] - BT LR 2 B3 o 913 3 RS Y R 7 - B8
¢ * stats4.4.1> FWIR] = lﬁﬁﬁﬁié * glmmTMB 1.1.9 - Ridge # 3 #-2
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i€ * glmnet4.1.8 °

53 #4

531 P74 2B ELFH LT

aATH AT AR ER ARG (T RPFRSF) R G ERRE D
b ' B ¥ 1430 E @ & (crude OR, 0.7525; 95% CI, 0.6081-0.9287; p=0.008 ) = #p #
WE (AR ) FrE e kR F R A ik b ' (crude OR, 0.7144;
95% CI, 0.5464-0.9341;p=0.014) 5 X @ » % ' b % Sk b "6t PI2E & K
g o F L3 (crude OR, 0.9442; 95% CI, 0.6798-1.3115; p=0.732) - A&
WS AT RR I E G AT EE L AR e FE R A
A FEE Y R 2B

532 Ar B BEAFLE

AETURITE S E IR F B H L OB 2R B
%;?xrﬂiki’)ﬁffiax{miﬁl v £ 5~ 12561 ?%;é—‘ﬁ HY F G 11613 &0 % 9
e 948 7 (Fm 2 2 62028 % 2 328 ¢ )o = el Ak (&) FoF o

BA T ERES G ) i e THEREFMNE 8 2 (4576 £ 18.13 & vs.
4325+ 1739 f > p < 0.001 ) > 4 mend it HlEgF K> FE 8 2 (48.8% vs.
42.7% p=0.004); ¥ F-dn%. emuww?ﬂiﬁg{%; ¥4 2(2436+527
vs.23.48+£5.03 » p<0001) B2 EYREEFRY 20 > FnE BIRY 2t R
F1L GIAEE R F 4 2 (63.2%vs. 68.9% > p<0.001) > % e g FP B EE
FHAE a8 (51.4%vs.38.9% > p<0.001 ) - EREE R S EER G F X
e R -‘}}%(5.9%VS. 3.5%>p=0.018)% = % grifE (14.1% vs. 10.0% p=0.005 )
LG FEFENE S AR ERAITIF 2o (2 F BT E )
PR EGV T REEFMRN TG @ }&ﬁéﬁﬁfaﬁiﬁﬁf%‘*éﬂ (p A
30093 3 0.622)c b ¢h » ZAF B BE G AGF I EHY R F 2 HE
i R R SR FLR (p 4200180 2 1.000) [3 2 a4 (4 )]

B A S 8 L S epbE cn e F A JE R0 Y (N=12223) 0 A kg B F
FARTRERIELT I FEEFRDE > A U E H s T TS (E
%*"%"fﬂa‘p@: Lt F o) 2 UG EAR) ARE T EFFTFF L T
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FA S BB EEE 0 8 F M % (adjusted OR, 0.6866; 95% CI, 0.5239-
0.8999; p=0.006) -

% () WRE S H B R A A FEA LA v R4
4% (N=11613) % 84 (N=948)
E el i R
p-value (N=620) p-value (N=328) p-value
£ i 0.017 <0.001 0.581
T 3o(H8 £) 45.76 (18.13) 43.25(17.39) 46.32 (16.35)
e <0.001 0.004 0.034
L e 5950 (51.2%) 355 (57.3%) 188 (57.3%)
= 5663 (48.8%) 265 (42.7%) 140 (42.7%)
LTk <0.001 <0.001 <0.001
T 3a(H 8 1) 24.36 (5.27) 23.48 (5.03) 22.93 (5.16)
i FiEE <0.001 <0.001 0.001
B 3776(32.5%) 162 (26.1%) 78 (23.8%)
2 7335(63.2%) 427 (68.9%) 235 (71.6%)
LB 502 (4.3%) 31 (5.0%) 15 (4.6%)
LN <0.001 <0.001 <0.001
3 5576 (48.0%) 378 (61.0%) 232 (70.7%)
A 5969 (51.4%) 241 (38.9%) 96 (29.3%)
% 68 (0.6%) 1 (0.2%) 0 (0.0%)
e ENGE <0.001 0.622 <0.001
3 5510 (47.4%) 288 (46.5%) 323 (98.5%)
A 6022 (51.9%) 329 (53.1%) 4 (1.2%)
% 81 (0.7%) 3 (0.5%) 1(0.3%)
L <0.001 0.093 <0.001
3 4615 (39.7%) 224 (36.1%) 209 (63.7%)
A 6893 (59.4%) 388 (62.6%) 119 (36.3%)
% 105 (0.9%) 8 (1.3%) 0 (0.0%)
WP B <0.001 0.464 <0.001
T 5339 (46.0%) 295 (47.6%) 225 (68.6%)
A 6175 (53.2%) 320 (51.6%) 101 (30.8%)
% 99 (0.9%) 5 (0.8%) 2 (0.6%)
= BRI 0.001 0.018 0.022
T 10742 (92.5%) 593 (95.6%) 315 (96.0%)
A 682 (5.9%) 22 (3.5%) 9 (2.7%)
% 189 (1.6%) 5 (0.8%) 4 (1.3%)
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C R R 0.009 0.005 0.569
S 9976 (85.9%) 558 (90.0%) 286 (87.2%)
£ 1634 (14.1%) 62 (10.0%) 42 (12.8%)

533a £ S HEYE

Bl Sw (A) 97 0 BE S FOREY 7 < Rk 7
o FHRETREEFLR DAY EKFER %_—’" #. Observed ~ Chaol ~ Shannon %
Simpson = 5 45 fh + 2R F Mot 2L R (p<0.001) - Ap§td > 4oBl - v (B) #7
T R EEFEY O G RRE LR L B e SRR R SR T kg
FAR > Lo 4pteL p B AT 0398 2 0811 2 FF o p % BT X @ %HS
SRR A ERATFE R REBIARASPE TR M AR EE
W AR E LA REE R RO R AN FINM

RS T (A) 7 G E GRS % R A 2L i e
EREFLE - BEET 0 = AEEREL L (Bray-Curtis » Unweighted UniFrac
% Weighted UniFrac) 2. ik T8 %52 FREFALE - Ry o B+ 7 (B) #r
o bR E oYY REIMNFSESL R oo hEMY o - iEed i
( Bray-Curtis ~ Unweighted UniFrac % Weighted UniFrac) 2. & T % %325 L&
FAR FENIPRE S AWMEL SAFRF R o S G ERELFE L
2 B e BiEol 3 P BT E T R o
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(A) Omnivore

Observed Chaot Shannon
4301 tiie <0.001 4901 tiue < 0,001 5 pdalue < 0,001
; 0
350 , 3501 H 4-
2 | !
n
2 250 250+ ’ 3
a
[u]
i«Em -Em
< 27
50 501 ‘
—— 1 1}
Mo Yes No Yes No Yes
(B) Vegetarian
Observed Chao1 Shannon
450 p-value = 0.3.93 450 p-value = 0.3'93 51 p-value = 06565
- 3501 350 i 41
@
L 2% 250 3
a
m
£ 150 150
= 2]
50 ‘ 50
94
No Yes No Yes

W(+e):

(A) a1

No Yes

2(B) Bkt et

% b BT o f i
(A) Omnivore
Bray Curtis Unweighted UniFrac
p-value = 0.007 p-value = <0.001
i, IBS B IBS
- No ’ - No
% - Yes % ~ Yes
Q- © oe
&
06 0.0 08 04 02 0.2
PCoM [17. 4%] PCoA1 [9 7%]
(B) Vegetarian
Bray Curtis Unweighted UniFrac
p-value = <0.001 p-value = <0.001
; 3 025 25
s £
<, 10, 000 IBS
- No
% % T =Yes
2 g”

08 0.0 08

PCOA1 M 7%]

W (+3):(A) -
HcHR R B AR 2 B

-04 02 0.0

PCoA1 [9. 8%]
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ngr (B) 3dnd 0 bl

Simpson
12 p-value < 0.001
1.0
IBS
0.8 & No
™ Yes
0.6
0.4
No Yes
Simpson
1'2] p-value =0 811
10
i BS
0 = No
| M Yes
0.6]
04l !
Na Yes

LR AL

Weighted UniFracc
p-value = 0.015
g Q2 ) ‘
et
S 0 IBS
e - No
2 0:0 -~ Yes
S ¢
8 )
a
0.4 =
€2 01 00 0.1 02
PCoA1 [37%)]
Weighted UniFracc
p-value = <0.001
T 04 ——
o (

g_)‘ 00 IBS
o - No
01 =3
% Yes

8 0.2

42 061 00 01 02

PCoA1 [36.5%]
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534 7 LA fr R

BEEFAPEFP 420 A 17115 Bifidobacterium ¥ Prevotella <17 4 5T

mrE s d B (L) Bpdrd (L) 9% % &7 Bifidobacterium(PM=9.01% >

p<0.001) ~ Prevotella(PM=1.42% > p<0.001)* /i > 's 5 B ¥ ° Bifidobacterium
b E EE T R B (B =0.4888;95% CI, 0.3418 - 0.6358; p<0.001) » * &

B R R & F e M (B =-0.0552;95% CI, -0.0712 - -0.0392; p<0.001) - I $&
¥ o Prevotella B d—m % ¥ ¥ B # 3 (B = 0.2296; 95% CI, 0.0185 — 0.4408;
p=0.033)> & £ % B gk b ' 5 F B (8 =-0.0393;95% CL-0.0536 —-0.0250;
p<0.001)

(A) Bifidobacterium 35 % & 8 22 < % i jg 20 B en? 4 30

Bifidobacterium
B = .4888 ‘ B =-.0552
P = <.001 P = <.001
Direct effect : P=.013
Vegetarian - IBS
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7464 (96.4%)
276 (3.6%)

7633 (98.6%)
107 (1.4%)

142 (1.8%)
7598 (98.2%)

4060 (52.5%)
3680 (47.5%)

6018 (77.8%)
1722 (22.2%)

7309 (94.4%)
431 (5.6%)

3400 (43.9%)
4308 (55.7%)
32 (0.4%)

294 (94.2%)
18 (5.8%)

307 (98.4%)
5 (1.6%)

7 (2.2%)
305 (97.8%)

156 (50.0%)
156 (50.0%)

223 (71.5%)
89 (28.5%)

285 (91.3%)
27 (8.7%)

147 (47.1%)
165 (52.9%)

0.937

0.756

0.428

0.011 *

0.029 *

0.322

0.315



3 7192 (92.9%) 285 (91.3%)

2 519 (6.7%) 26 (8.3%)

E N 29 (0.4%) 1 (0.3%)
JR* S & 0.433
3 5179 (66.9%) 215 (69.8%)

A 2493 (32.2%) 93 (29.8%)

% B 68 (0.9%) 4 (1.3%)
i P 0.284
T 3064 (39.6%) 134 (42.9%)

2 4618 (59.7%) 177 (56.7%)

A 58 (0.7%) 1 (0.3%)

S LE 2 0.311
T 4163 (53.8%) 175 (56.1%)

2 3509 (45.3%) 130 (41.7%)

AR 68 (0.9%) 7 (2.2%)

* p-value<0.05 ** p-value<0.01 *** p-value<0.001

2 (2D F-RLBEREFERST AR

Effect of ADHD on Effect of ADHD on Effect of microbiota PM (%) P-value FDR
obesity (95% CI) microbiota (95% CI) on obeisty (95% CI)
Unadjusted 0.5133 0.002
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Adjusted
All genera

Faecalibacterium

Ruminococcus

Christensenellaceae R 7 group

UCG 010

Coprococcus

Peptococcus

Muribaculaceae

Lachnospiraceae NK4A136_group

Family XIII AD3011 group

(0.1867, 0.8399)

0.4000

0.4938
(0.1662, 0.8214)
0.4694

(0.141, 0.7978)
0.4220

(0.092, 0.752)
0.4195

(0.0886, 0.7504)
0.4722

(0.1439, 0.8005)
0.4992

(0.1719, 0.8264)
0.4783

(0.151, 0.8057)
0.4549

(0.1255, 0.7843)
0.4704

(0.141, 0.7998)

-0.1238
(-0.2454, -0.0022)
-0.1789

(-0.3514, -0.0065)
-0.4946
(-0.6774,-0.3117)
-0.5292

(-0.7602, -0.2982)
-0.3431

(-0.4992, -0.1869)
0.5255

(0.2923, 0.7588)
-0.7337

(-1.141, -0.3265)
-0.2731

(-0.4316, -0.1146)
0.2627

(0.0949, 0.4305)

62

-0.0378
(-0.0664, -0.0092)
-0.0606

(-0.0827, -0.0386)
-0.0900

(-0:1121, -0.068)
0.1324

(-0.1566, -0.1083)
-0.0443

(-0.0677, -0.021)
-0.0634

(-0.0975, -0.0294)
-0.0618

(-0.0844, -0.0392)
-0.0614

(-0.0832, -0.0397)
-0.0891

(-0.1164, -0.0617)

22.07 %

3.82%

8.56%

17.79%

18.29%

8.02%

2.76%

6.83%

11.39%

8.37%

0.046

0.042

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.002

0.199

0.199

<0.001

<0.001

0.007

0.008

0.010

0.016

0.036



UCG_002

Finegoldia

Eubacterium_eligens group

Victivallis

Clostridia_ UCG 014

Clostridium_sensu_stricto_1

Streptococcus

Clostridia_vadinBB60_group

Alistipes

Lachnospiraceae_ UCG_008

Defluviitaleaceae UCG 011

0.4599

(0.1309, 0.7889)
0.4970

(0.1701, 0.8238)
0.4663

(0.1376, 0.795)
0.4838

(0.1562, 0.8115)
0.427

(0.0959, 0.7581)
0.4989

(0.1719, 0.8258)
0.5128

(0.1856, 0.84)
0.4722

(0.1409, 0.8035)
0.4896

(0.162, 0.8172)
0.5065

(0.1795, 0.8336)
0.5086

(0.1814, 0.8358)

-0.2091

(-0.3493, -0.0689)
0.8153

(0.2638, 1.3668)
-0.2279

(-0.3978, -0.058)
0.5895

(0.1387, 1.0404)
-0.2106

(-0.386, -0.0351)
-0.6022

(-0.8447, -0.3596)
0.3014

(0.045, 0.5578)
-0.3332

(-0.6227, -0.0437)
-0.1439

(-0.272, -0.0158)
0.1719

(0.0178, 0.3261)
-0.2471

(-0.471, -0.0232)

63

-0.0581
(-0.0797, -0.0365)
0.0662

(0.0354, 0.0969)
-0.0644

(-0.0851, <0.0437)
-0.1723

(-0.2243, -0.1203)
-0.0944

(-0:1136, -0.0752)
0.0275

(-0.0506, -0.0044)
0.0659

(0.0402, 0.0915)
-0.1506

(-0.1771, -0.1241)
-0.0621

(-0.0884, -0.0358)
-0.0337

(-0.0633, -0.004)
-0.0545

(-0.0899, -0.019)

10.41%

3.20%

9.17%

5.76%

16.82%

2.83%

0.12%

8.02%

4.63%

1.33%

0.93%

0.004

0.004

0.009

0.010

0.019

0.020

0.021

0.024

0.028

0.029

0.031

0.047

0.047

0.080

0.091

0.155

0.155

0.158

0.163

0.176

0.176

0.176



Porphyromonas 0.5130 0.5230 0.0378 0.07% 0.031 0.176
(0.186, 0.84) (0.0478, 0.9982) (0.0096, 0.066)
Anaerococcus 0.5011 0.6015 0.0496 2.40% 0.032 0.176
(0.1744, 0.8277) (0.0519, 1.151) (0.018, 0.0812)
Lactococcus 0.5128 -0.921 0.0406 0.11% 0.039 0.192
(0.1859, 0.8397) (-1.5528,-0.2892) (0.0021, 0.0791)
Holdemanella 0.5078 0.3046 0.0631 1.09% 0.047 0.199
(0.1806, 0.8349) (0.0047, 0.6044) (0.04, 0.0863)
Lachnospiraceae FCS020 _group 0.4999 -0.1466 -0.0408 2.62% 0.047 0.199
(0.1727, 0.8272) (-0.2911, -0.0021) (-0:0693, -0.0122)
Oscillospira 0.4957 0.4017 -0.0979 3.45% 0.049 0.201
(0.1679, 0.8234) (0.0025,.0.8008) (-0.1365, -0.0594)
2 (2D FLHWMBRILFRS Y A4S
Effect of ADHD on Effect of ADHD on Effect of microbiota on
P-value  FDR
obesity (95% CI) metabolism (95% CI) metabolism (95% CI)
Unadjusted 0.5133 0.002
(0.1867, 0.8399)
Adjusted
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All metabolism pathway

D_Fatty.acid.biosynthesis

F_Valine..leucine.and.isoleucine.biosynthesis

F_Tyrosine.metabolism

F_Phenylalanine.metabolism

B_Butanoate.metabolism

E_Pyrimidine.metabolism

|_Pantothenate.and.CoA.biosynthesis

F_Phe.Tyr.and.Trp.biosynthesis

F_Lysine.biosynthesis

F_Histidine.metabolism

0.4395

0.4800
(0.1523, 0.8077)
0.4893

(0.1621, 0.8164)
0.4997

(0.1724, 0.8269)
0.5005

(0.1734, 0.8276)
0.5025

(0.1754, 0.8296)
0.4965

(0.1693, 0.8237)
0.4848

(0.1575, 0.8121)
0.4876

(0.16, 0.8152)
0.4938

(0.1665, 0.8212)
0.4989

(0.1715, 0.8263)

-0.0226
(-0.0354, -0.0097)
-0.0163

(-0.0263, -0.0064)
0.0437

(0.007, 0.0804)
0.0512

(0.0122, 0.0901)
0.0264

(0.0019, 0.0508)
-0.0219

(-0.0384, -0.0054)
-0.015

(-0.0244, -0.0056)
-0.0193

(-0.0327, -0.0059)
-0.0289

(-0.0478, -0.01)
-0.0262

(-0.0477, -0.0047)
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-1.3655
(-1.9905, -0.7406)
-1.4397

(-2.2527, -0.6266)
0.2706

(0.0533, 0.4878)
0.2229

(0.0164, 0.4294)
0.3617

(0.0356, 0.6877)
-0.6451

(-1.1258, -0.1644)
-1.7688

(-2.6177, -0.9198)
-1.1343

(-1.7281, -0.5406)
-0.5661

(-0.99, -0.1421)
-0.4235

(-0.7878, -0.0591)

14.37%

6.50%

4.69%

2.67%

2.51%

2.12%

3.28%

5.57%

5.02%

3.80%

2.81%

0.001

0.001

0.020

0.034

0.034

0.009

0.002

0.005

0.009

0.023

0.009

0.017

0.059

0.075

0.293

0.019

0.022

0.031

0.039

0.059



J_Tetracycline.biosynthesis

C Sulfur.metabolism

C Nitrogen.metabolism

1 Nicotinate.and.nicotinamide.metabolism

1 Vitamin.B6.metabolism

G _Glutathione.metabolism

D _Arachidonic.acid. metabolism

C _Carbon.fixation.by.Calvin.cycle

I _Thiamine.metabolism

1_Porphyrin.metabolism

J_Terpenoid.backbone.biosynthesis

0.4903

(0.1629, 0.8177)
0.4702

(0.1412, 0.7992)
0.4895

(0.1616, 0.8174)
0.4973

(0.1702, 0.8245)
0.5007

(0.1738, 0.8276)
0.4959

(0.1686, 0.8231)
0.4970

(0.17, 0.8241)
0.5008

(0.1736, 0.828)
0.5011

(0.1741, 0.8281)
0.4993

(0.1721, 0.8264)
0.4934

(0.166, 0.8209)

-0.054

(-0.0811, -0.027)
0.0118

(0.0029, 0.0207)
0.0195

(0.0036, 0.0353)
-0.0087

(-0.0161, -0.0013)
0.0099

(0.0018, 0.018)
0.0519

(0.0103, 0.0935)
0.1203

(0.0459, 0.1948)
-0.0162

(-0.0306, -0.0019)
-0.021

(-0.0359, -0.006)
-0.0173

(-0.0314, -0.0031)
-0.0194

(-0.0355, -0.0033)
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-0.4175

(-0.7085, -0.1265)
2.8139

(1.9015, 3.7263)
0.9900

(0.5025, 1.4775)
-1.6367

(-2.7509, -0.5226)
1.3373
(0.3233,2.3512)
0.3015

(0.1099, 0.4931)
0.1415

(0.0317, 0.2512)
-0.5982

(-1.1491, -0.0473)
-0.5577

(-1.0946, -0.0207)
-0.6049

(-1.1807, -0.0292)
-0.808
(-1.313,-0.303)

4.50%

8.40%

4.65%

3.13%

2.46%

3.41%

3.18%

2.45%

2.39%

2.75%

3.88%

0.005

0.009

0.016

0.021

0.017

0.014

0.012

0.033

0.042

0.04

0.018

0.064

0.065

0.065

0.082

0.082

0.086

0.086

0.089

0.098

0.098

0.118



J_Biosynthesis.of-vancomycin.group.antibiotics ~ 0.4887 -0.0215 -0.8137 4.81% 0.037 0.119
(0.1607, 0.8166) (-0.0416, -0.0013) (-1.1929, -0.4345)
J_Carotenoid.biosynthesis 0.4778 -0.2507 -0.1138 6.93% 0.03 0.119
(0.1487, 0.8069) (-0.4776, -0.0239) (-0.1466, -0.0811)
L Styrene.degradation 0.4952 0.2042 0.0899 3.54% 0.007 0.125
(0.1681, 0.8223) (0.0802, 0.3282) (0.0251, 0.1548)
B _Ascorbate.and.aldarate.metabolism 0.5001 0.0671 0.1645 2.59% 0.042 0.293
(0.1728, 0.8273) (0.016, 0.1181) (0.0061, 0.3229)
K Novobiocin.biosynthesis 0.4961 -0.0133 -0.9511 3.37% 0.023 0.319
(0.1686, 0.8235) (-0.0248, -0.0019) (-1.6469, -0.2553)
H_Peptidoglycan.biosynthesis 0.4995 -0.0245 -0.4839 2.70% 0.041 0.452
(0.1725, 0.8266) (-0.042, -0.0069) (-0.9483, -0.0195)
F_Phe.Tyr.and.Trp.biosynthesis - F_Phenylalanine..tyrosine.and.tryptophan.biosynthesis
2 (2) R R 2B AEHF RS 01T E
Effect of ADHD on Effect of ADHD on Effect of microbiota on
P-value FDR
T2DM (95% CI) microbiota (95% CI) T2DM (95% CI)
Unadjusted 1.0423 0.0043

(0.3258, 1.7589)

Adjusted
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All genera

Clostridium_sensu_stricto_1

UCG_010

Christensenellaceae_R_7_group

Clostridia_UCG_014

Victivallis

RF39

Flavonifractor

Lachnospiraceae_ NK4A136_group

Coprococcus

Muribaculaceae

0.5102

0.9390
(0.2156, 1.6624)
0.9387
(0.2158, 1.6617)
0.9387
(0.2133, 1.6641)
0.9217
(0.1963, 1.6472)
1.0149
(0.2969, 1.7328)
0.9314
(0.2115, 1.6514)
1.0096
(0.2941, 1.7251)
0.8862
(0.1582, 1.6141)
0.9648
(0.2432, 1.6865)
1.0165
(0.2999, 1.7332)

-0.6792
(-0.9204, -0.4379)
-0.5029

(-0.7358, -0.2699)
-0.4627

(-0.6468, -0.2785)
-0.3152

(-0.4911, -0.1393)
0.8166

(0.341, 1.2922)
-0.4473

(-0.7102, -0.1844)
0.4016

(0.2292, 0.574)
-0.2412

(-0.3998, -0.0826)
-0.3479

(-0.5055, -0.1902)
-0.5626

(-0.9711, -0.1541)

-0.1646
(-0.2224, -0.1067)
-0.1441

(-0.2022, -0.086)
-0.0961

(-0.146, -0.0463)
-0:1387

(-0.1835, -0.0939)
-0.2509

(-0.3969, -0.105)
-0.1260

(-0.1795, -0.0724)
0.0945

(0.0361, 0.1528)
-0.1143

(-0.1621, -0.0665)
-0.0775

(-0.1296, -0.0254)
-0.1081

(-0.1668, -0.0495)

51.04%

9.92%

9.94%

9.95%

11.58%

2.64%

10.64%

3.15%

14.99%

7.44%

2.48%

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.002

0.003

0.004

0.007

<0.001

0.002

0.008

0.017

0.021

0.021

0.032

0.048

0.053

0.086



Paraprevotella

Frisingicoccus

Lachnospiraceae_ UCG_008

Dorea

Holdemanella

Subdoligranulum

Ruminococcus

Romboutsia

GCA_900066575

Intestinibacter

Fusicatenibacter

1.0284
(0.3119, 1.7449)
0.9629

(0.244, 1.6817)
1.0214

(0.3048, 1.7379)
0.9926

(0.2718, 1.7135)
1.034

(0.3177, 1.7504)
1

(0.2803, 1.7198)
0.9782

(0.2576, 1.6988)
0.9428

(0.2177, 1.6679)
0.9848

(0.2639, 1.7057)
1.0157

(0.2966, 1.7349)
0.9439

(0.2215, 1.6664)

0.4086
(0.1256, 0.6917)
0.3821

(0.091, 0.6731)
0.1779

(0.0237, 0.332)
0.163

(0.042, 0.284)
0.3445

(0.0417, 0.6474)
-0.1471

(-0.2745, -0.0196)
-0.1934

(-0.3675, -0.0193)
-0.2256

(-0.4299, -0.0214)
0.1755

(0.0143, 0.3367)
-0.3508

(-0.5833, -0.1184)
-0.1389

(-0.2733, -0.0046)
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0.0611
(0.0157, 0.1065)
0.1504

(0.0897, 0.2111)
-0.0959

(-0.1717, -0.0202)
-0.067

(-0.1258, -0.0081)
0.0635

(0.0098, 0.1172)
-0.0636

(-0.1194, -0.0077)
-0.0684

(-0.1194, -0.0175)
-0.1641

(-0.2211, -0.1071)
-0.1386

(-0.2106, -0.0666)
-0.0641

(-0.124, -0.0043)
-0.135

(-0.189, -0.0811)

1.34%

7.63%

2.02%

4.77%

0.80%

4.06%

6.15%

9.55%

5.52%

2.56%

9.45%

0.008

0.010

0.024

0.026

0.026

0.026

0.030

0.030

0.033

0.036

0.043

0.096

0.107

0.202

0.202

0.202

0.202

0.215

0.215

0.223

0.232

0.249



Anaerococcus 0.9871 0.7827 0.0746 5.31% 0.043 0.249
(0.2679, 1.7062) (0.2346, 1.3307) (0.0023, 0.1469)
Negativibacillus 1.0154 0.3089 0.0596 2.59% 0.043 0.2489
(0.2997, 1.7312) (0.1246, 0.4932) (0.0018, 0.1175)
2(I)F=2FLAHMHREFERN? st EE
Effect of ADHD on Effect of ADHD on Effect of microbiota on
PM (%) P-value FDR
T2DM (95% CI) microbiota (95% CI) - T2DM (95% CI)
Unadjusted 1.0423 0.004
(0.3258, 1.7589)
Adjusted 0.7790 25.26%
All Metabolic Pathways
J_Tetracycline.biosynthesis 0.9297 -0.0549 -1.3902 10.81% <0.001 0.001
(0.2061, 1.6533) (-0.0823, -0.0275) (-1.9931, -0.7873)
G_Taurine.and.hypotaurine.metabolism 0.9142 0.0255 2.5867 12.30% <0.001 0.006
(0.1891, 1.6393) (0.0104, 0.0406) (1.2247, 3.9488)
D_Fatty.acid.biosynthesis 0.9484 -0.0212 -2.8751 9.01% 0.001 0.021

(0.2265, 1.6704)

(-0.0343, -0.0082)
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F_Valine..leucine.and.isoleucine.biosynthesis 0.969

|_Folate.biosynthesis

D_Glycerolipid.metabolism

D_Ether.lipid.metabolism

I_Nicotinate.and.nicotinamide.metabolism

C_Sulfur.metabolism

H_Peptidoglycan.biosynthesis

|_Pantothenate.and.CoA.biosynthesis

|_Vitamin.B6.metabolism

H_Glycosphingolipid.biosynthesis.

lacto.and.neolacto.series

H_Lipopolysaccharide.biosynthesis

(0.2486, 1.6893)
0.9532
(0.2301, 1.6762)
0.9632
(0.2428, 1.6836)
0.9799
(0.2582, 1.7015)
1.0159
(0.2975, 1.7343)
0.9762
(0.2537, 1.6987)
0.9969
(0.2777, 1.7162)
1.0072
(0.2896, 1.7247)
0.9813
(0.2599, 1.7026)

1.0004

(0.2845, 1.7164)
0.9775

-0.0156
(-0.0258, -0.0055)
0.0241

(0.0084, 0.0399)
-0.0231

(-0.0378, -0.0083)
-0.4311

(-0.6528, -0.2095)
-0.0093

(-0.0168, -0.0018)
0.0109

(0.002, 0.0199)
-0.0217

(-0.0395, -0.0039)
-0.0139

(-0.0235, -0.0043)
0.0094

(0.0012, 0.0176)

0.4290

(0.0504, 0.8077)
0.0619
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-4.0042
(-5.8926, -2.1158)
1.9680

(0.7108, 3.2251)
-1.8938

(-3.1978, -0.5897)
-0.1061

(-0.1828, -0.0295)
-3.9193

(-6.5125, -1.3261)
3.0889

(1.0291, 5.1487)
-1.2792

(-2.3461, -0.2123)
-2.2444

(-4.1716, -0.3172)
3.1143

(0.7341, 5.4946)

0.0662

(0.0173, 0.115)
0.4989

7.04%

8.56%

7.59%

6.00%

2.54%

6.35%

4.36%

3.38%

5.86%

4.03%

6.22%

0.002

0.003

0.004

0.007

0.015

0.017

0.019

0.023

0.024

0.026

0.029

0.031

0.033

0.033

0.033

0.073

0.133

0.105

0.073

0.073

0.105

0.105



F_Cysteine.and.methionine.metabolism

B_Citrate.cycle.. TCA.cycle.

C_Photosynthesis

|_Porphyrin.metabolism

(0.2557, 1.6994) (0.0064, 0.1173)

0.9839 -0.0144
(0.2628, 1.705) (-0.0264, -0.0023)
0.9764 0.0218

(0.2557, 1.6971) (0.0079, 0.0356)
0.9915 -0.0351

(0.2717, 1.7114) (-0.0636, -0.0065)
0.9846 -0.0144

(0.2646, 1.7045) (-0.0287, 0)

(0.1064, 0.8914)
-1.774

(-3.3769, -0.1712)
1.6332

(0.1129, 3.1535)
-0.7013

(-1.367, -0.0357)
-1.5942

(-2.8995, -0.2889)

5.61%

6.33%

4.88%

5.55%

0.030

0.035

0.039

0.049

0.195

0.493

0.156

0.118

84 (n=14519) * 94 (n=1157) p-value

P 0.144

&R 3179 (21.9%) 280 (24.2%)

(R 5219 (35.9%) 394 (34.1%)

@ 1035 (7.1%) 78 (6.7%)

% 5086 (35.0%) 405 (35.0%)
(3.8 0.504

3 7559 (52.1%) 597 (51.6%)

2 1058 (7.3%) 91 (7.9%)

4 5902 (40.7%) 469 (40.5%)
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i R NG

X B

13533 (93.2%)
925 (6.4%)
61 (0.4%)

14037 (3.1%)
331 (93.1%)
151 (3.9%)

11471 (79.0%)
434 (3.0%)
2614 (18.0%)

116 (0.8%)
327 (2.3%)

14076 (96.9%)

1095 (94.6%)
61 (5.3%)
1 (0.1%)

1131 (2.2%)
17 (93.7%)
9 (4.1%)

929 (80.3%)
31 (2.7%)
197 (17.0%)

15 (1.3%)
8 (0.7%)
1134/(98.0%)

0.148

0.088

0.565

<0.001 #**

* p-value<0.05 ** p-value<0.01 *** p-value<0.001
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2 (S )R R EFFRESY AT

Effect of vegetarian on Effect of vegetarian on

Effect of microbiota

PM (%) P-value  FDR

IBD (95% ClI) microbiota (95% CI) on IBD (95% ClI)

Unadjusted -0.5655 0.039
(-1.1026, -0.0284)

Adjusted

All genera -0.3554 37.16%

Bifidobacterium -0.4919 0.6966 -0.0651 13.02% <0.001 0.002
(-1.0296, 0.0459) (0.5265, 0.8667) (-0.0976, -0.0326)

Bilophila -0.5240 -0.6371 0.0453 7.34% 0.022 0.092
(-1.0624, 0.0143) (-0.7732, -0.5010) (0.0065, 0.0841)

Eubacterium_siraeum_group -0.4862 -0.5630 0.0708 14.02% <0.001 <0.001
(-1.0245, 0.0521) (-0.7696, -0.3564) (0.0397,0.1019)

Anaerotruncus -0.4941 -0.6523 0.0999 12.63% <0.001 <0.001
(-1.0322, 0.044) (-0.921,-0.3836) (0.0538, 0.1459)

Lachnospiraceae_ND3007_group  -0.5410 0.3158 -0.0622 4.34% <0.001 0.005
(-1.0786, -0.0034) (0.2089, 0.4228) (-0.0956, -0.0287)

Negativibacillus -0.4587 -0.4242 0.0695 18.88% <0.001 0.005
(-0.9999, 0.0824) (-0.6346, -0.2138) (0.0320, 0.1069)

Rikenellaceae_RC9_gut_group -0.5623 -0.9164 -0.1675 0.57% <0.001 0.007
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Campylobacter

Desulfovibrio

Enterorhabdus

Erysipelatoclostridium

Clostridia_vadinBB60_group

Anaerofilum

Flavonifractor

Eubacterium_ventriosum_group

Lachnospiraceae_ UCG_001

Barnesiella

Parasutterella

(-1.0998, -0.0247)
-0.5259

(-1.0643, 0.0126)
-0.4402

(-0.9766, 0.0962)
-0.5291

(-1.0672, 0.0091)
-0.5576

(-1.0961, -0.0192)
-0.5408

(-1.0781, -0.0036)
-0.5413

(-1.0783, -0.0042)
-0.5202

(-1.058, 0.0177)
-0.5625

(-1.1001, -0.0249)
-0.5590

(-1.0956, -0.0224)
-0.5270

(-1.0644, 0.0105)
-0.4970

(-1.4298, -0.4029)
0.8301

(0.3265, 1.3338)
-0.3490

(-0.5644, -0.1336)
0.4247

(0:1622, 0.6872)
-0.3821

(-0.5690, -0.1953)
-0.3710

(-0.609, -0.133)
-0.5335

(-0.8317, -0.2354)
-0.2579

(-0.4222, -0.0936)
0.3519

(0.2129, 0.491)
0.2276

(0.0813, 0.3738)
-0.2283

(-0.3794, -0.0771)
-0.2687
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(-0.2506, -0.0845)
-0.2182

(-0.3153, -0.1211)
0.1018

(0.0674, 0.1362)
-0.1606

(-0.2437, -0.0776)
0.0613

(0.0227, 0.0999)
0.0612

(0.0249, 0.0975)
0.0933

(0.0319, 0.1546)
0.0554
(0.0188,0.0919)
-0.0529

(-0.0887, -0.0171)
0.0462

(0.0133, 0.0792)
0.0432

(0.0123, 0.0741)
0.0636

7.01%

22.16%

6.45%

1.39%

4.37%

4.29%

8.02%

0.53%

1.15%

6.82%

12.12%

0.001

0.002

0.002

0.002

0.002

0.003

0.003

0.004

0.006

0.006

0.008

0.015

0.016

0.016

0.019

0.021

0.023

0.023

0.027

0.037

0.037

0.046



Eisenbergiella

Moryella

Ruminococcus_gauvreauii_group

Ezakiella

Eubacterium_nodatum_group

Lachnospiraceae_ UCG_003

Fusobacterium

Lachnoclostridium

Eubacterium_eligens_group

(-1.0343, 0.0403)

-0.4972

(-1.0347, 0.0403)

-0.5520

(-1.0887, -0.0153)
-0.5266

(-1.0644, 0.0112)

-0.5410

(-1.0781, -0.0039)
-0.5332

(-1.0707, 0.0043)
-0.4261

(-0.9628, 0.1107)
-0.5626

(-1.1003, -0.025)

-0.5493

(-1.0863, -0.0122)
-0.5395

(-1.0747, -0.0044)

(-0.4685, -0.0689)
-0.4300

(-0.7528, -0.1073)
-0.2077

(-0.3552, -0.0603)
0.1537

(0:0266, 0.2807)
0.5107

(0.0746, 0.9467)
-0.6241

(-0.9676, -0.2807)
0.2856

(0.0208, 0.5505)
-0.7328

(-1.4361, -0.0294)
-0.1472
(-0.2529;-0.0416)
0.1289

(0.0006, 0.2572)

(0.0304, 0.0968)
0.0988

(0.0582, 0.1395)
-0.0621

(-0.1116, -0.0127)
-0.1174

(-0.155, -0.0798)
-0.1337

(-0:2008, -0.0666)
0.0568

(0.0078, 0.1058)
-0.2033

(-0.281, -0.1256)
0.0512

(0.0037, 0.0986)
0.0427

(0.0005; 0.0848)
0.0885

(0.0534, 0.1236)

12.08%

2.40%

6.88%

4.34%

5.71%

24.66%

0.51%

2.87%

4.59%

0.009

0.014

0.018

0.022

0.023

0.035

0.041

0.048

0.049

0.046

0.062

0.078

0.092

0.093

0.132

0.151

0.165

0.166
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2 (M) v e F 2 RAPRISE RS

OO AR

Effect of vegetarian on  Effect of vegetarian on

Effect of metabolism on

PM (%) P-value FDR

IBD (95% ClI) metabolism (95% CI) IBD (95% CI)

Unadjusted -0.5655 0.039
(-1.1026, -0.0284)

Adjusted

All metabolic pathways -0.3724 34.15%

H_GSL Biosynthesis_Globo series -0.5612 -0.5292 -0.1533 0.76%  <0.001 0.002
(-1.0994, -0.023) (-0.8208, -0.2375) (-0.1947, -0.1119)

K_Flavone.and.flavonol.biosynthesis -0.4898 -0.2484 0.1504 13.39% <0.001 0.007
(-1.0281, 0.0486) (-0.3831, -0.1137) (0.0659, 0.2348)

H_Various.types.of.N.glycan.biosynthesis -0.4697 -0.803 0.0616 16.95% <0.001 0.002
(-1.0079, 0.0685) (-1.0765, -0.5295) (0.0264, 0.0968)

C_Methane.metabolism -0.5193 -0.0114 2.2683 8.18%  0.003 0.007
(-1.058, 0.0195) (-0.0188, -0.004) (0.8781, 3.6585)

B_Citrate.cycle.. TCA.cycle. -0.5602 -0.0239 -1.1873 0.94%  0.005 0.030
(-1.098, -0.0224) (-0.0357, -0.0121) (-2.0165, -0.3582)

L_Atrazine.degradation -0.5315 -0.1164 0.1479 6.02%  0.021 0.400

(-1.0716, 0.0086) (-0.2154, -0.0175)

(0.0469, 0.2488)

Abbreviations: H_GSL Biosynthesis_Globo series, H_Glycosphingolipid.biosynthesis.globo.and.isoglobo.series

77



2 (1) %37 F2 A0 Fnri

E"a‘—“ﬁ (N=11613) ¥ 3—‘%‘,’ (N=948)
% —“Ff A3 —*Fl’
p-value (N =620) p-value (N =328) p-value
0.151 1.000 0.009
10855 (93.5%) 581 (93.7%) 320 (97.6%)
701 (6.0%) 38 (6.1%) 8 (2.4%)
57 (0.5%) 1 (0.2%) 0 (0.0%)
0.001 0.941 <0.001
4837 (41.7%) 254 (41.0%) 85 (25..9%)
6657 (57.3%) 353(56.9%) 242 (73.8%)
119 (1.0%) 13 (2.1%) 1 (0.3%)
0.004 0.180 0.002
4787 (41.2%) 271 (43.7%) 164 (50.0%)
6722 (57.9%) 339 (54.7%) 162 (49.4%)
104 (0.9%) 10 (1.6%) 2 (0.6%)
0.852 0.293 0.327
7120 (61.3%) 352 (58.4%) 196 (59.8%)
975 (8.4%) 41 (6.6%) 33 (10.1%)
3518 (30.3%) 217 (35.0%) 99 (30.2%)
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2 () RIRLBEFFHREST AT R

Effect of vegetarian on IBS  Effect of vegetarian on

Effect of microbiota on IBS

PM (%) P-value FDR

(95% CI) microbiota (95% CI) (95% CI)

Unadjusted -0.3760 0.006
(-0.1055, -0.6494)

Adjusted

All genera -0.3285 12.62%

Bifidobacterium -0.3421 0.4888 -0.0552 9.01% <0.001 <0.001
(-0.6131, -0.0711) (0.3418, 0.6358) (-0.0712, -0.0392)

Eubacterium_ventriosum_group -0.3707 0.2788 -0.0322 1.41% <0.001 0.009
(-0.6412, -0.1001) (0.1551, 0.4026) (-0.0499, -0.0145)

Lachnospiraceae_ UCG_004 -0.3651 0.1393 -0.0258 2.89% 0.002 0.030
(-0.6357, -0.0945) (0.0508, 0.2278) (-0.0422, -0.0095)

Coprococcus -0.3701 0.1705 -0.0359 1.57% 0.003 0.032
(-0.6406, -0.0996) (0.0592, 0.2818) (-0.0524, -0.0194)

Butyricicoccus -0.3733 0.2496 -0.0283 0.72% 0.006 0.053
(-0.6438, -0.1027) (0.1517, 0.3475) (-0.0483, -0.0083)

Fenollaria -0.3748 0.4416 -0.0531 0.31% 0.006 0.053
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Muribaculaceae

Erysipelotrichaceae_ UCG_003

Dialister

Oscillospira

RF39

Prevotella

Dielma

Coprobacter

Lachnospiraceae_ND3007_group

(-0.6455, -0.1041)
-0.3741

(-0.6447, -0.1036)
-0.372

(-0.6425, -0.1015)
-0.3636

(-0.6343, -0.0929)
-0.3668

(-0.6374, -0.0962)
-0.3703

(-0.6408, -0.0998)
-0.3706

(-0.6414, -0.0999)
-0.3697

(-0.6402, -0.0991)
-0.3694

(-0.64, -0.0988)
-0.3707

(-0.6412, -0.1003)

(0.1275, 0.7557)
0.3614

(0.092, 0.6308)
0.1357

(0.0283, 0.243)
0.2404

(0.0872, 0.3936)
-0.4079

(-0.6853, -0.1305)
0.2063

(0.0368, 0.3757)
0.2296

(0.0185, 0.4408)
-0.3667

(-0.6867, -0.0466)
0.2734

(0.0723, 0.4744)
0.1001

(0.0019, 0.1983)

(-0.0742, -0.032)
-0.0322

(-0.0487, -0.0158)
-0.0271

(-0.0446, -0.0095)
-0.0160

(-0.03, -0.0019)
0.0275

(0.0033, 0.0516)
-0.0167

(-0.0316, -0.0019)
-0.0393

(-0.0536, -0.025)
0.0296

(0.0017, 0.0575)
0.0220

(0.0007, 0.0434)
-0.0230

(-0.0401, -0.0059)

0.48%

1.05%

3.29%

2.43%

1.50%

1.42%

1.67%

1.74%

1.39%

0.009

0.013

0.026

0.026

0.027

0.033

0.037

0.043

0.046

0.065

0.087

0.120

0.120

0.120

0.141

0.155

0.173

0.179
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2 (- ) R T R AHBEER RN T4 %

Effect of vegetarian on  Effect of vegetarian on Effect of microbiota

PM (%) P-value FDR

IBS (95% ClI) microbiota (95% CI)  on IBS (95% Cl)

Unadjusted -0.3760 0.006
(-0.1055, -0.6494)

Adjusted

D_Steroid.hormone.biosynthesis -0.3541 -0.1811 0.1570 5.80% <0.001 0.001
(-0.6271, -0.0812) (-0.2429, -0.1193) (0.0791, 0.2348)

L_Nitrotoluene.degradation -0.3681 -0.0535 0.2882 2.08% 0.002 0.038
(-0.641, -0.0952) (-0.0875, -0.0195) (0.1594, 0.4169)

E_Purine.metabolism -0.3649 0.0104 -1.6318 2.95% 0.006 0.005
(-0.6378,-0.092) (0.0037, 0.0171) (-2.2459, -1.0177)

I_Biotin.metabolism -0.3627 -0.0177 1.1228 3.52% 0.003 0.040
(-0.6356, -0.0898) (-0.0295, -0.0059) (0.7362, 1.5094)

C_Other.carbon.fixation.pathways -0.3676 -0.009 1.1366 2.22% 0.005 0.020
(-0.6403, -0.0949) (-0.0144, -0.0036) (0.3358, 1.9373)

B_Citrate.cycle.. TCA.cycle. -0.3591 -0.0137 1.6141 4.50% 0.007 0.094
(-0.6321, -0.086) (-0.0236, -0.0038) (1.1522, 2.0759)

I_Nicotinate.and.nicotinamide.metabolism -0.3631 0.0070 -2.6371 3.41% 0.009 0.053
(-0.6361, -0.0901) (0.0018, 0.0123) (-3.4591, -1.8151)

K_Flavone.and.flavonol.biosynthesis -0.3673 -0.1543 0.1077 2.30% 0.010 0.071

(-0.6403, -0.0943)

(-0.2718, -0.0368)
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B_Pentose.phosphate.pathway

B_Glycolysis...Gluconeogenesis

C_Photosynthesis

-0.3694
(-0.6424, -0.0964)
-0.3699
(-0.6425, -0.0972)
-0.3647
(-0.6378, -0.0915)

0.0098
(0.0015, 0.018)
0.0091

(0.0043, 0.014)
0.0222

(0.0015, 0.0429)

-1.3208 173%  0.020
(-1.8148, -0.8268)
-0.9714 162%  0.032
(-1.8585, -0.0843)
-0.7490 3.00%  0.035

(-0:9507, -0.5474)

0.143

0.149

0.070
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