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Abstract: Objective To utilise the Mendelian randomisation method to investigate the causal relationships between gut
microbiota, blood metabolites, and obesity. Methods The human gut microbiota genome-wide association study
(GWAS) data were obtained from the MiBioGen consortium database and utilised as exposure factors. The obesity data

were obtained from the MRC Integrative Epidemiology Unit openGWAS database (IEU OpenGWAS) as outcomes. The
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data on 1,400 blood metabolites were sourced from the National Human Genome Research Institute-European Bioinfor-
matics Institute Genome-Wide Association Studies Catalog (NHGRI-EBI GWAS Catalog) as mediators. Five methods
(random-effects inverse variance weighting, MR Egger regression, weighted median, weighted mode, and simple
mode) were employed for two-step Mendelian randomisation ( TSMR ) and multivariable Mendelian randomisation
(MVMR) to explore the causal relationships between gut microbiota, blood metabolites, and obesity. Sensitivity analy-
ses were conducted to assess the robustness of the MR results. Results A total of seven gut microbiota taxa were iden-
tified as having a causal relationship with obesity, while obesity was found to cause changes in five gut microbiota taxa.
In the TSMR analysis, the genus Eubacterium hallii group, genus Oscillibacter, genus Oxalobacter, and genus
Sutterella were found to be causally associated with obesity. MVMR analysis indicated that the association between
genus Oxalobacter and obesity may be facilitated by Salpha-androstan-3alpha, 17alpha-diol monosulfate levels, with a
mediation proportion of 8.504%. The association between genus Sutterella and obesity was likely mediated by the ratio
of cholic acid to adenosine 5'-monophosphate ( AMP) , with a mediation proportion of 12.135%. Conclusion Current

MR studies provide evidence supporting a causal relationship between genus Oxalobacter, genus Sutterella and obesity

and potentially mediating metabolites.
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Figure 1 Flow chart of Mendelian randomization study
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Figure 2 P-value and OR-value results of 211 gut microbiota and obesity



76 i R K % %= W (B % W 64 % 4 1
i WHEwR
[0 Fk nSNP P OR(95%CI)
SERRAAE ISR MR Egger[n] 5% 11 0.698 —c— 0.997 (0.984~1.011)
SRS IR AL ok 11 0.114 - 0.998 (0.996~1.000)
SRR TR W7 Z AL 11 0.029 d 0.998 (0.997~1.000)
SCRRARAS TR [HEFSA S 11 0.435 Y 0.998 (0.995~1.002)
SERRAAE ISR T AEE: 11 0.510 e 0.999 (0.995~1.002)
T REAT I MR Egger[nl I 9 0.131 —C— 0.985 (0.968~1.002)
T FCEAF kb A 9 0.102 o 0.997 (0.994~1.001)
ECEFH T M 9 0.024 i 0.997 (0.994~1.000)
BRI fRTSE A% 9 0.445 o 0.998 (0.992~1.004)
PRI I IACARE 9 0.453 e 0.998 (0.992~1.004)
B R MR Egger[al 53 14 0.273 rou 0.996 (0.990~1.002)
B O YT G E o7 14 0.031 L 0.998 (0.996~1.000)
B TR = T A 14 0.017 o 0.998 (0.996~1.000)
BRI TR] AR B 14 0.057 L] 0.996 (0.992~1.000)
BT TBAREL: 14 0.058 rol 0.996 (0.992~1.000)
TERRFF I MR Egger[al 5% 6 0.810 ——t—— 1004 (0.972~1.037)
TR IA TA e 6 0.042 [ 1.002 (1.000~1.004)
FERRFF A 75 2L 6 0.008 - 1.002 (1.001~1.004)
FERRFT I [HERAES 6 0.206 - 1.002 (0.999~1.006)
TERRFF I JIEA B 6 0.212 o 1.002 (0.999~1.005)
B RS MR Egger[il 7% 10 0.705 —er— 0.997 (0.985~1.010)
Je HARTAS AL s Eok 10 0.026 rol 0.996 (0.992~1.000)
Je HARTAS 7 AL 10 0.026 L 0.997 (0.994~1.000)
B WS {RT B 10 0.120 e 0.995 (0.990~1.001)
e HIRIAS T AHE: 10 0.126 = 0.995 (0.990~1.001)
J8 B BRI UCG010 MR Egger[al 574 5 0.283 < ® T 0.954 (0.889~1.024)
J% HEREUCGO10 A S e 5 0.026 rei 0.995 (0.990~0.999)
Ji 5 B UCGO10 Wy 2k 5 0.008 o 0.994 (0.990~0.999)
R BEKFEUCGO010 TRT AR ET: 5 0.105 e 0.993 (0.986~1.000)
Ja HERBEUCGO10 TALAEL 5 0.152 - 0.993 (0.986~1.001)
[ eI MR Egger|a] 97 11 0.783 e 1.004 (0.978~1.031)
BHRE R R GG IVEVeES 11 0.001 o 1.005 (1.002~1.008)
[ Ty ZE AL 11 <0.001 - 1.004 (1.002~1.007)
B R (L SN ¢S 11 0.028 o 1.006 (1.001~1.011)
B R Tk ok 11 0.039 . : I""' :  1.006 (1.001~1.011)
095 098 1 1.02 1.05
P=~4 2

W & Tk nSNP P R IR OR(95%CI)

S5 AT MR EggerlEU 1% 17 0.137 —r—————————————> | 023 363 249 517 499.000 (0.000~5 340 142 332 686 029 446 062 282 224 406 282.000)

S FLAT R T AL 17 0.030 : 3388 005.846 (4.329~2 651 709 656 045.120)

S ELFT B RE W7 ZEINAE: 17 0.028 | 71401.319 (3.425~1 488 713 854.438)

S5 FLAT R TR B 17 0.233 : 1884 933.813 (0.000~15 757 549 838 109 580.000)

S FLAT PR 1HE AR 17 0.098 n—:—» 25 188 400.724 (0.138~4 596 607 175 608 905.000)

R Be AT e MR Egger|al53% 17 0.475 @ (.000 (0.000~2 740 855 167 002.340)

FBEss AT i I L Galive s ¢ 17 0.031 e 0.000 (0.000~0.236)

F bR AT i a Wy A 17 0.031 o 0.000 (0.000~0.346)

PRt S AT R T RIS AR BRI 17 0.169 o ———————————» 0.000 (0.000~891.338)

i PR AR 17 0.092 ~—— 0.000 (0.000~6.182)

W HR AR 9 MR Egger[il 575 17 0.404 > 144 733.762 (0.000~88 896 687 223 533 424.000)

WHEKKHERE 9 T 7 5 17 0.027 | > 13978298 (3.012~64 876 315.398)

T ERICTAR 9 575 2 A 17 0.017 | > 2 (53.925 (3.825~1 102 870.039)

IR ICEE 9 [GES- S 170293 > 3824662 (0.001~10 854 388 166.343)

WH R 9 TR E 17 0.169 b §783.499 (0.037~2 065 948 345.362)

T BRI 4251005 MR Egger[”]ﬂ1?}& 17 0.417 D:—b 9 614.604 (0.000~21 742 647 809 659.398)

I8 BRARLA 532005 P LRIV ¢S 17 0.028 o! 0.001 (0.000~0.441)

IR BRTAFL A 4} J5HE005 ) A 17 0.011 e, 0.001 (0.000~0.229)

IR ERTERLA 4} 4 HE005 TRIAAE 17 0.128 e 0.000 (0.000~9.114)

I8 BRTARL A 432005 TR E 17 0.188 @& ——————————————— (.002 (0.000~14.168)

IR ERTAR 1 MR Egger[l )3 17 0.871 o (.168 (0.000~277 882 865.786)

R BRI 1 IR 17 0.017 ! > 3 483264 (4.411~2 750 723.168)

IR R 1 7 ZE AL 17 0.004 : —> 1 319.186 (9.746~178 557.410)

IR ERTA 1 RIS AR B 17 0.131 > (442.805 (0.133~312 711 943.610)

IR Bk R 1 TR B 17 0.087 I 4 639.364 (0.531~40 554 136.029)

T 11 T T
-101 5 10

3 P IRBEAIL AT 7 g 3 A5 e =2 TR AR RS R

Figure 3 Mendelian randomization analyses show causal effects between gut microbiota and obesity
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Figure 4 Mendelian randomization analyses show causal effects of blood metabolites on gut microbiota and obesity
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Table 1 Mendelian randomization analyses of the causal effects between blood metabolites and obesity
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Table 2 Mendelian randomization analyses of the causal effects between gut microbiota and blood metabolites

i il Jik nSNP  Beta(B)+SE P e 0 %}%ﬁ 7{;;?{;&
121+1;1%7EJ§¥ ﬁ}é MmRu]zaféer 16 0.109£0.137 0443  0.003  12.607  0.558

%gi 16 0.138£0.066  0.037 12667 0628 0811
ézﬁgj%%&gg %@% Mlgug%ier 14 -0.101:0.236  0.676  -0.003 11932  0.451

ﬁgi 14 -0.137+0.064  0.034 11.957 0531  0.878
X-21312 B )R MERU??;? 14 -0.1030.308  0.743  -0.006 15224  0.229

%{}Ei 14 -0.171:0.081  0.035 15291 0290  0.823
?gﬁ%}%@h ﬁ%@&%‘r Mgugiier 14 0.245:0.239 0327  -0.027  9.090  0.695

ﬁgi 14 -0.036+0.066  0.587 10574 0647 0247
?gﬁ%&%@"{z) PEAE MR Bgger ) 00050374 0959 0000 5052 0.881
K I & EEFS

fﬁ;gi 12 -0.158+0.078  0.044 5206 0916 0713
%@iﬁii@ﬁm@ﬁ gg MmRugﬁer 12 -0.323:0377 0412 0033 11010  0.357

%gi 12 0.161+0.082 0.048 12.913 0.299 0.218
X-25271 gﬁg nggiier 12 -0.405+0.440 0379  0.019  10.837  0.370

ﬁgi 12 -0.119£0.090  0.186 10837 0457 0521
cAMP HiAH gg MERU??;? 12 -0.594+0.430  0.197  0.025 5623 0.846

f‘%i 12 -0.227+0.090  0.012 6336  0.846  0.403
Eﬁ%ﬁg AMP gg Mgugiier 12 -0.640£0.386  0.128  0.030  9.462  0.489

;ﬁ;i 12 -0.220£0.116  0.058 10.835 0457  0.268

R T RUEARF G Y 2R B, FDR K IEJR , 32
FRE R EAT R W i DU R SRR AT 5 8 e
5 TR G T JRE 5 i) AR IE 5 ( 0<0.05) , 2 IR B AP 7R
i TR TR R B R R e TS 2 B — EOAG EE X AE R A 1
FER, B R T s AR R TR R A R I — BUE
JEJE B SR R 2%, M 38 TR RE S A ) =2 ] Y S Bk
YJidad 7 FDR #IE(0.1<0<0.2) , AR5 HE
Z B IVW 55 Yyl i Z H K5 AL IE (0<0.05) .

FH MVMR 3£ 56 5iF TSMR o & B9 1fi 7% AL

WA FAE R, 16 R B 8 RS, 5o -
3a, 17a-—BERGLRR IR K P FHER £E 5 AMP H{H
AT REXT AL B P2 AR S ( P<0.1) (36 3) . HLRAT
J& 5 R Bk B A et B Sa-HERE-3a, 17 - I BB
P& iR K- A5, A3 e 8.504% (P =0.093) 5 B
FETR R 55 M0 B 09 AH OCPE 2 IR 3h 5 AMP HUAH
N, N SFH BN 12.135% (P=0.062) ; 3% %
TETRREE , HA 7 FhACH 6 T R A0 52 AN 1 2



80 1

*

NI Y

64 % 4 1

K3 E R RS AR 8] PR O AR B 28 B R PR AL B

Table 3 Multivariable Mendelian randomization analyses of the causal effects between gut microbiota, blood metabolites and obesity
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