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Abstract

Objective: Mendelian randomization was used to explore whether there is a causal relationship be-
tween intestinal flora and cholecystitis. Methods: Appropriate single nucleotide polymorphisms
(SNPs) were selected from the MiBioGen consortium as instrumental variables for Mendelian ran-
domization analysis with GWAS data of cholecystitis in the IEU database. MR-Egger regression,
weighted median, inverse variance weighted (IVW), weighted modeling, and simple modeling were
used to investigate the causal relationship between gut flora and cholecystitis. Sensitivity analysis
was used to test the reliability of the analyzed results. Results: (1) The IVW results showed that the
phylum Lentisphaerae (Beta = 0.066, 95% CI: 1.003~1.139, P = 0.041) and the genus Clostridi-
umsensustricto 1 (Beta = 0.142, 95% CI: 1.024~1.297, P = 0.018), were positively correlated with
the onset of cholecystitis; and that the phylum Methanobacteria, order and family (Beta = -0.068,
95% CI: 0.874~0.999, P = 0.047), the family Rumococcaceae (Beta = -0.152, 95% CI: 0.741~0.997, P
= 0.045), the genus Lachnospiraceae UCG010 (Beta = -0.152, 95% CI: 0.759~0.973, P = 0.016), the
genus Ruminococcaceae NK4A214 group (Beta=-0.132,95% CI: 0.780~0.985, P = 0.027), were neg-
atively associated with the development of cholecystitis. (2) None of the sensitivity analyses showed
the presence of heterogeneity or horizontal pleiotropy. (3) No reverse Mendelian randomised cau-
sality between cholecystitisand gut flora. Conclusion: Increased abundance of the phylum Len-
tisphaerae and the genus Clostridiumsensustricto 1 may increase the risk of developing biliary flat-
ulence, whereas increased abundance of the phylum Methanobacteria, order and family, the family
Rumococcaceae, the family Ruminococcaceae, the genus Lachnospiraceae UCG010, and the genus
Ruminococcaceae NK4A214 group, may have a protective effect against biliary flatulence. These
findings provide new causal evidence for the potential role of gut flora in the pathogenesis of biliary
flatulence and provide a theoretical basis for future intervention studies.
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NP A e 5 W WA B A ARG [3]. HEEAEAF T AR N 48, i (i iE W v]
R IR A AE T IHFE T P AR R . F 8 /KB HL1L[4] (Mendelian randomization, MR) & —Ff & T i (L 45 52
A AT SR BT vz, FH B R £ 5 (single nucleotide polymorphisms, SNPs){E A % i (1) 1 5 A% & ok
W5 285 /2 TR R SR 50 R o ARHIF F R FH 4 35k PR 2H SC G 9T (genome wide association studies, GWAS) %k ,
18 FRUREAS A8 R BEALAL 23 A7, PR JIE 38 98 70 i 30 B B 2 TR R BRI SRR R, A R 45 SRV B T 1 B I 22
RITRIRHLE], BT R AIG REE AR LS, B E B A ST EE .
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Figure 1. Legend of MR analysis assumptions
1. MR S iR El 5

2.2. BIEIREL

T 8 DR R B AL B0 SRR T IR S5 K (1 i 1 R AR 22 . MiBioGen BX R TR K 1) GWAS 25355317
(https://mibiogen.gcc.rug.nl/). MiBioGen Bt Bk 145k 18 AR A BER 718 5 FEA 3k R 415088, X
T B R RES, ST 0 AT, TDEVEE T 211 NI IE AR EE(131 JE. 35 R 20 H. 16 M. 9 17), Ik
71112110 4> SNPs.  AHIF 7 IHE 4 1AL 2 kIR T IEU odhs P b (U IHZE % GWAS $ds
(https://gwas.mrcieu.ac.uk/datasets/finn-b-CHOLELITH_BROAD/), %4 & 7 IHFE R B4R, 124k
A 3845 SNPs A7 s R BR G v 5 SR DG is A% 2 58, B fr T IRFE 48 % 19,833 4], 1E " fe e Xt i 3%
195,144 {5, it 214,977 FIFEA &, 16,380,454 4~ SNPs, 31K FH KR AT o AT 589058 FH 1) 0 A L 5540
HAFR] T AU FG B e BT e 9% T, MO FHR LR A6 4R 513K (4558 & id: finn-b-CHOLELITH_
BROAD).
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23, IBE T AT =A%

(1) W& P H: & KECERAER, AFFEBZEMILE, L€ P <5 x 1078 [ /118 B AH K 1)
SNPs, i t B I 18 T A SNPs 76 LeFt it rh A A R BB IR I, ATITEEM MR i . BRlitk, A4
fiigt BB AT HAT4E, SHAL MRAFRSS, BLP < 1.0 x 108 ik &LF, M MiBioGen Bt ¥ f# GWAS
T B s HRE T A 10 SNPs 47 S/ AWIE iR 1) T AR & . (2) WRRESIA-F1# (Linkage Disequilibrium,
LD): #R¥EH M MR B 7T, B LD RE(r?) 0.001, L HE 8544 10,000 kb, 5 K n] BEH BR LR £ 240tk
MAT AR B (3) LBR LHRALRE: NAMCMEFEACEGRE, 1HE F Sit&E([5], 4k F < 10
T HEA . (4) ARIESEAFER 7 n—2tE, BHERIEISC SNPs. (5) NHERREAS SNPs f [IH 2 % # UIHH
K, THERIEAREIER, ARWFFXTEEA SNPs [ — 2K B 7E Phenoscanner [k
(http://www.phenoscanner.medschl.cam.ac.uk/) F #E 17 Fah i & .

2.4. G ZENH

AWFFAEH R BAE(RA 4.2.3)F HI# 143 TwoSample MR (V.0.5.10)Fil MR-PRESSO (L.0)#47 MR 43
T AIRURAE /38T, P <0.05 NEA GRS, DA R AR SR 28 2 Al [ R ARG R

25. HIERBEHLILDHT

MR 73 MK H 5 Fh7ik: MR-Egger [BIVS3E[6]. 18677 Z2 A% (inverse variance weight, IVW) [7]. AL
7 (weighted mode, WM) . AL A 437 34 1172 (weighted median estimation, WME) A1 ] #4528 (simple mode,
SM) [8], HIT-EGHIE 211 ANFREE (Y 718 WA S5 IHFE 2 PR R o IVW R H RN T MR 28R 3
WEFEITI%, KRS SNPs 1) Wald flitH i & IF TSRS SR THE, 1ZT7 4 4t 7 s e, #am
AW LL IVW A8 E il 8 77 . MR-Egger [RIVA7 il ik FE D - 45 5 5 38 A - B 55 I B N AU &
IEAREAY, FaeIFR EH TR 2 A = A A [9]. Wi TEAEARG ZHM, BAREEE S
%, HHE LRI T HAS R R S 230 . MR-Egger [81 513 2 s e B 78 55t 46 2 i DR SRR . n
B A EELE 50% L R SR FiE Y MR O EIL T, 558 Rea8 v v 5 A SR OC B [10] 6
BRI, A0 MR 2081, BLIVW R BR 1945 3 P < 0.05 N E A S iH2#E X, MR-Egger [A]J47%:. WM 3%,
WME 7%, SM ¥E45 BN BBGE .

2.6. WU

BRI 3 M B3 S B A B0 MK P 22 VA B0 AT —& . Cochran’s Q A& 46 Fl T+ M T B AR & 2 [A] HY
A, P <0.05 RS K72 RER S MR-Egger [R5, P > 0.06 ZoaR AMFELERT 2L
Pho BEAh, NHE RFELERZG N — SNP 17, RAE —HZE L5 ErEaE> SNP, THEF| R SNPs 243
B, HWRAIEREA SNP 545 5 i B &L,

2.7. RIE MR $4F

K E 1BV Bl FERIIHFE 28 SNPs {E 8 T HACE, MiEmiE ve RAcE, RADET MR 24, 2
DRUTAT,  DLHR A W IE 5 58 15 138 R A 75 I ) PR BEHLAL SR &

3. £R
31. TETE

AT 211 NRBEM A TE R GWAS Bl it 7 TR =L, &&IHTT 2944 4~ SNPs £+F
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HYENREERRZM, T MR 2. JT A SNPs 1 F Giit &EH1Y >10, RoRAwt s RIcss TH fif.
3.2. MR 3%

VIR I 2 B R R 5 I R 45 JR R Bl AT VR AL, B4Rt Hh 2881 A SNPs H T~ MR 43#fT. 45
oR: 124 4~ SNPs K H 9 /M1, 220 4 SNPs K 16 N4, 285 4~ SNPs K4 20 4~H, 519 4> SNPs >k H
37 &, 1760 4 SNPs K H 131 AN&. LLIVW 7571 P < 0.05 /E N BB Giit S Uimik s 1F, 5 R EoR:
8 MM AR LT 94 /> SNPs SRR M Re HA IR KR, BH6: 11714 4~ SNPs), 1 49(11 4~ SNPs), 1
H(11 4~ SNPs), 2 £H21 4> SNPs), 3 J&(36 /> SNPs). B ERERILE ], HRHAEN, FhifrEE, #
KeFFR R R EEREER, MARGEAT R E 1, BIZREE UCGO010 4, 8 5 Bk IR NK4A214 4.

VG IVW R 5645 R BoR, ZEIRERIE 1 ] (Beta = 0.066, 95% CI: 1.003~1.139, P = 0.041), HARZEAIFF
% )& 1 (Beta=0.142,95% Cl: 1.024~1.297, P = 0.018), SHHFE 4 KM EIEMIE; HLEFEHN. H. FH(Beta
=-0.068, 95% CI: 0.874~0.999, P = 0.047), J% {5 Bk i F}(Beta = —0.152, 95% CI: 0.741~0.997, P = 0.045), &
124 J& UCG010 #H (Beta=—0.152, 95% Cl: 0.759~0.973, P = 0.016), & & 3K j& NK4A214 #(Beta=—0.132,
95% Cl: 0.780~0.985, P =0.027), SHZE 5 Ko 2 A C, BOXTIHEE 8 (¥R y7 BAA IE/EM . H MR-Egger
\H. WME. WM. SM ] g5 IVW 1) pAET7 1A —3, ik 1.

Table 1. Main results of MR analysis
# 1. MR ST EEER

TAZE Jiik SNPs Beta {H OR (95% CI) P {H
MR Egger 0.0566 1.058 (0.819, 1.368) 0.673
WME 0.0537 1.055 (0.968, 1.150) 0.222
FIRERIL AT IVw 14 0.0663 1.069 (1.003, 1.139) 0.041
SM 0.0592 1.061 (0.893, 1.261) 0.513
WM 0.0804 1.084 (0.927, 1.267) 0.331
MR Egger —0.0683 0.934 (0.720, 1.211) 0.619
WME —0.0774 0.925 (0.850, 1.008) 0.075
F AT T A VW 11 -0.0676 0.935 (0.874, 0.999) 0.047
SM -0.0598 0.942 (0.827, 1.073) 0.389
WM -0.0928 0.911 (0.795, 1.045) 0.212
MR Egger -0.0683 0.934 (0.720, 1.211) 0.619
WME -0.0774 0.925 (0.851, 1.006) 0.069
FGEAT i H VW 11 -0.0676 0.935 (0.874, 0.999) 0.047
SM -0.0598 0.942 (0.824, 1.076) 0.399
WM -0.0928 0.911 (0.798, 1.041) 0.201
MR Egger -0.0683 0.934 (0.720, 1.211) 0.619
WME -0.0774 0.925 (0.850, 1.008) 0.077
B GE AT i A VW 11 -0.0676 0.935 (0.874, 0.999) 0.047
SM -0.0598 0.942 (0.825, 1.075) 0.396
WM -0.0928 0.911 (0.806, 1.031) 0.171
MR Egger -0.3002 0.741 (0.527, 1.042) 0.123
9o B BRI R 10
WME -0.1153 0.891 (0.749, 1.060) 0.192
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IVW -0.1517 0.859 (0.741, 0.997) 0.045
SM -0.2611 0.772 (0.567, 1.047) 0.130
WM -0.1331 0.875 (0.692, 1.108) 0.297
MR Egger 0.1729 1.189 (0.876, 1.613) 0.299
WME 0.1361 1.146 (0.972, 1.350) 0.104
BORZEARUAT B )R 1 VW 10 0.1422 1.153 (1.024, 1.297) 0.018
SM 0.2166 1.242 (0.952, 1.619) 0.144
WM 0.1871 1.206 (0.971, 1.497) 0.124
MR Egger —0.1452 0.865 (0.590, 1.267) 0.475
WME -0.1427 0.867 (0.732, 1.028) 0.100
BHZH R UCG010 41 VW 11 -0.1519 0.859 (0.759, 0.973) 0.016
SM —0.1284 0.879 (0.664, 1.165) 0.392
WM -0.1261 0.882 (0.668, 1.163) 0.394
MR Egger -0.1814 0.834 (0.589, 1.182) 0.325
WME —0.2063 0.814 (0.702, 0.943) 0.006
I3 B BRI B NK4A214 41 VW 16 -0.1315 0.877 (0.780, 0.985) 0.027
SM —0.2245 0.799 (0.625, 1.021) 0.093
WM —0.2087 0.812 (0.660, 0.998) 0.066
7: SNPs= HUHERZ &N, WME= InBh ik, IVW= W72k, SM= sk, WM = InBuxEis.
3.3. BRI

(1) FIVERSR: 2R IVWIER Q K46, 8 AN £ SNPs ¥ P {5 > 0.05, R/RATER)
TRARZAAFE R R, (2) K2R : 281475 MR-Egger 1¥] egger-intercept #ih
TUAL O HEAT SRk, Py >0.05, FRAFEARTFZ /M. Wik 2. (3) B—: BURMHESITRAE—
DB —HEBR & SNPs J&, AR AN P OE R A THE I ECK 1) SNPs. MR 73 b 25 SR ] 2~4.

Table 2. Results of heterogeneity test and horizontal multiple validity test

2. REREMRKMKE SRR

Cocharane’s Q #4:5% MR-Egger #56:
SRS

Q1H P1H MR-Egger #H P1E
FRERILEE] 12.2628 0.425 0.001437 0.941
U BEAT T 44 3.3866 0.947 0.000114 0.996
I EEA i H 3.3866 0.947 0.000114 0.996
F BT AL 3.3866 0.947 0.000114 0.996
Jei S BR AR 10.9088 0.207 0.013571 0.371
PR AT E 1 7.1474 0.521 -0.003111 0.836
B H B UCG010 41 7.5106 0.584 —0.000589 0.972
o B ER R NK4A214 4 18.6556 0.179 0.003965 0.769
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Figure 2. Scatter plot of MR results of intestinal flora with significant causal association with cholecystitis
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