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Causal relationship among circadian rhythm disruption, gut microbiota, and inflammatory bowel disease:
a Mendelian randomization study
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[ Abstract ]| Objective To investigate the causal relationship between circadian rhythm disruption and inflammatory
bowel disease (IBD) and the mediating effect of gut microbiota based on Mendelian randomization (MR). Methods Summary
statistics of Genome-wide Association Study (GWAS) for circadian rhythm disruption (=205 527) and IBD (n=214 053)
were obtained from [EU OpenGWAS database. Summary statistics of GWAS for the gut microbiota were obtained from the
MiBioGen database (=18 340). Two-sample MR analysis was used to estimate the genetic correlation and causality between
circadian rhythm disruption and IBD, and the mediating effect of the gut microbiota was analyzed by two-step MR analysis.
Results There was a suggestive causal relationship between circadian rhythm disruption and IBD (odds ratio=1.255, P<<
0.05). Rikenellaceae id.967 played a mediating role in the causal chain between them (the mediating effect was —0.028 740).
Sensitivity analysis confirmed that the results were not interfered by level pleiotropy and heterogeneity. Conclusion There is a
genetic correlation between circadian rhythm disruption and IBD, and gut microbiota may play a mediating role between them.
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‘ Analysis of the causal relationship among circadian rhythm disruption, gut microbiota, and IBD ‘
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a. Causal relationship analysis ‘ b. Causal relationship analysis c. Causal relationship analysis

between exposure and outcome between mediators and outcome between exposure and mediators
[ [ I

The analysis results between
mediators and outcome

[ Mediator analysis: two-step MR analysis |

Causal relationship among circadian rhythm disruption, gut microbiota, and IBD
1 HRIEITEZS
Fig1 Study design and framework

IBD: Inflammatory bowel disease; IEU: Integrative Epidemiology Unit; GWAS: Genome-wide Association Study; MR: Mendelian

randomization; [IVW: Inverse-variance weighted.



e 1140 -

MR 20254E9 H 5 46 %

1.2 & #% %K AWFF M IEU OpenGWAS %1 #5
% ( https://gwas.mrcieu.ac.uk/ ) 3 BUE % 17 B X
HLAH & & (jeu-b-4862, n=205 527 ) HIIBD H
3% [ £ (finn-b-K11_IBD STRICT, n=214 053)
9 GWAS ¥4 (5 32 SNP) "2, 43 BIE H )5 4k
MR WF5E ) 2 55 I &= 545 w48 i, 5T MiBioGen
56 S B AR %) B TR G R A Bl (=18 340 )
M MiBioGen (¥ J& ( https://mibiogen.gcc.rug.nl/ )
AW 211 P iz 18 B HF B9 GWAS %48 (17 38 13 B
SNP) " Mo 15 R JE PN 2R R AR, B
LGN 196 FP R JEAE A A A8 5 2 5 5 22 MR B
%o PRI GWAS i £ 2L FE SNP AR AT (40
isID ) . AEACEEDR L RN SR RIS . AN (B
BCOR) | PR I PHAEOCHEE B . AR ST
VIR, GG — RO S T MR E R
SNP LA A BAR Bl ds Ui i S UL, A JesL
IV G U HE R . ABESE AT GWAS IS E i
B oM, TR R GWAS BF7¢ ) B i S B A A EL
Al AR, BOCT A Me B L
1.3 IV iRk  FETRPSE B8, KDL AR
FEEIV: (1) BECEKEELRE N P<1X10’;
(2) JPRBE TV BBk ST, 15 AT R
R*<0.001. FEESHIIT>10 000 kb A TEAAM 1,
(3) HE FEIEMBH IV (F<10) "5 (4) F
H GWAS Catalog %4 &= J% Phenoscanner - H.HE[R
SRR ZR N 2 WM CHY SNP L 28 E iRk
Je, PREA B AR OC Y SNP SAEN IV,

1.4 MR oOH AWK RiE T TwoSampleMR 11
(WA 0.5.7, https://mrcieu.github.io/ TwoSampleMR/ )
PEAT PSR 0 A 7 R D 1 3 O 25 AL ik
(inverse-variance weighted, IVW ) T A9 [ & %W
FH (fixed effect model, FEM ) 5 Bifi #1505 o 5% 7Y
(random effect model, REM ) , Ff-i i< JinAL 47
B . IMBURECE: . MR Egger 156 1E 25 J 1) Fa fidt
Mo FATAESERE (P<0.05) NIR REM R/
ffar, 2R FEM, F 2300 #4815 K OR K

95%CI,
1.5 #BMESHT  RIFARGIR AT RN, TR

OB HT: (1) FIH Cochran’s O K503 -4l IVW
MR Egger ¥ 1Y 5 BiPE;  (2) R H MR Egger 7]

AR AG S . MR 225 PE5R 22 FI B RF(E. ( Mendelian
randomization-pleiotropy residual sum and outlier, MR-
PRESSO) /K25t ;  (3) A7 —00 4T
(leave-one-out analysis ) , <YK 5Bk B4~ SNP J5
Bt E VW SRR i, T8 i AR B R
A~ SNP XPEEARZE R 5, USRS R AR E M

2 &% R

2.1 RBELERHMEREE RSN

2.1.1 MR Ak O ok 2% 87 I R 5 45 s ] [
ROCERM MR 7, L3515 158 4~ SNP i i fEH
IV, IVWZE R (#2) KU ER T H#EAL S IBD
TETE B E R EHE (OR=1.255, P=0.033) , 1%
IR AL IBD RIS R 2

MR method P value OR (95%CI)
MR Egger 0.024 2.012 (1.102, 3.674) | ) {
Weighted median 0.477 1.111 (0.831, 1.484) HilH
Inverse-variance weighted 0.033 1.255 (1.018, 1.546) H -
Simple mode 0.804 0.901 (0.394, 2.057) ——
Weighted mode 0.699 0.854 (0.386, 1.893) —a—,
0 1 2 3 4
OR

2 BERTEZFILS IBD BRXZR MR S RFWKE

Fig2 Forest plot of MR analysis results for circadian rhythm disruption-IBD causal correlation

IBD: Inflammatory bowel disease; MR: Mendelian randomization; OR: Odds ratio; 95%CI: 95% confidence interval.
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Fig 3 Scatter plot (A) and funnel plot (B) of MR analysis for circadian rhythm disruption-IBD casual correlation

IBD: Inflammatory bowel disease; MR: Mendelian randomization; SNP: Single nucleotide polymorphism; SE: Standard error; IV:

Instrumental variable.
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Fig4 Forest plot of MR analysis results for 12 gut microbiota-IBD causal correlation

IBD: Inflammatory bowel disease; MR: Mendelian randomization; IVW: Inverse-variance weighted; OR: Odds ratio; 95%CI: 95% confidence interval.
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Fig5 Scatter plots for MR analysis for 12 gut microbiota-IBD causal correlation

0.05F
0.05¢ o.10f
0.10F A :
o g g
§ 5 0.05 s
5 21 2t
2 E 3
5 5 5005
z e £
« r% —0.05 12
—0.10F
L L L L L L L L L —0.10 L L L L L L L L
0.05 0.10 0.15 020 025 0.10  0.15 020 025 030 0.10 0.15 0.20 0.09 0.12 0.15  0.18 0.21
SNP effect on genus Actinomyces id.423 SNP effect on order Bacillales id.1674 SNP effect on genus Anaerofilum id.2053 SNP effect on genus Rikenellaceae
RC9 gut group id.11191
/Inverse-variance weighted _/ Weighted median /Inverse-variance weighted / Weighted median /Inverse-variance weighted ~ Weighted median /Inverse-variance weighted / Weighted median
/MR Egger Weighted mode /MR Egger _ Weighted mode /MR Egger  Weighted mode /MR Egger Weighted mode
/Simple mode “Simple mode /Simple mode /Simple mode
03}F 0.05F 0.1F
0.10
a Q a
021 A a @
§—0.05 g 005 8
k3t i3 S —0.1F
L o O
0.1F 5 —0.10 5 &
s s Of 2
© —0.151 & Z —02r
. . . . —020r ., -eosp . . —03k . . .
0.05 0.10 0.15 0.20 0.05 0.10  0.15 0.20 0.25 0.10 0.15 0.20 0.05 0.10 0.15 0.20
SNP effect on genus Barnesiella id.994 SNP effect on family SNP effect on genus Candidatus SNP effect on genus Ruminococcaceae
Lactobacillaceae id.1836 Soleaferrea id.11350 UCGO002 id.11360
_/Tnverse-variance weighted / Weighted median /Inverse-variance weighted ~ Weighted median /Inverse-variance weighted ~ Weighted median _/Inverse-variance weighted ~ Weighted median
/MR Egger Weighted mode /MR Egger Weighted mode /MR Egger Weighted mode /MR Egger ~ Weighted mode
/Simple mode /Simple mode “Simple mode / Simple mode
0.05F
0.10f
L10F L
0.10 a A 0.05
Q 2 a
0.05 = 9 = 005 a
= g A
s : 2
0 g £ of 5
=] 5] 5]
° =
— 005} & —0.05 & 3
Z 7% —0.05F z
—0.10 —0.15}
L L L —0.10f L L L L —0.10p_, L L L L L L L
0.05 0.10 0.15 0.10 0.15 020 0.25 0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20

SNP effect on genus Ruminococcaceae
UCGO005 id.11363

IBD: Inflammatory bowel disease; MR: Mendelian randomization; SNP: Single nucleotide polymorphism.
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Tab 1 Heterogeneity and horizontal pleiotropy test results for 12 gut microbita-IBD causal correlation
Pleiotropy by MR Egger intercept test P value for
Outcome Exposure P value fqr R — . MR-PRESSO
heterogeneity  Intercept SE P value pleiotropy
IBD  Genus Barnesiella, id.944 0.672 814 0.004 321  0.037 415 0.910 143 0.837
IBD  Order Bacillales, id.1674 0.429 794 0.035807 0.045789  0.459 844 0.512
IBD  Family Rikenellaceae, id.967 0.638 489 0.041479  0.025 283 0.121 677 0.682
IBD  Genus Rikenellaceae RC9 gut group, id.11191 0.471 885 —0.060 020  0.056 743 0.317 706 0.652
IBD  Genus Candidatus Soleaferrea, id.11350 0.078 090 —0.033760 0.059 148  0.582 123 0.014
IBD  Genus Actinomyces, id.423 0.858 368 0.005681 0.031240  0.862 840 0.866
IBD  Genus Ruminococcaceae UCGO13, id.11370 0.420 832 0.023 032 0.027822  0.427079 0.380
IBD  Genus Ruminococcaceae UCG002, id.11360 0.342 925 0.009496  0.019952  0.639 280 0.167
IBD  Genus Lactobacillus, id.1837 0.404 515 —0.006470 0.030 261 0.836 699 0.385
IBD  Family Lactobacillaceae, id.1836 0.281432 —0.017590 0.036 024  0.642 765 0.300
IBD  Genus Ruminococcaceae UCGO005, id. 11363 0.435 768 0.017 232 0.025 968 0.519 511 0.629
IBD  Genus Anaerofilum, id.2053 0.459 109 0.060479  0.048 631 0.245 053 0.571
IBD: Inflammatory bowel disease; MR: Mendelian randomization; SE: Standard error; PRESSO: Pleiotropy residual sum and
outlier.
Exposure Outcome P value of IVW OR (95%CI)
Chronotype  Family Lactobacillaceae id.1836 0.894 1.010 (0.873, 1.169) i
Chronotype  Family Rikenellaceae 1d.967 0.037 0.898 (0.812, 0.994) H
Chronotype  Genus Actinomyces id.423 0.581 0.961 (0.835, 1.107) i
Chronotype  Genus Anaerofilum id.2053 0.361 1.084 (0.912, 1.289) i
Chronotype  Genus Barnesiella id.944 0.077 0.906 (0.812, 1.011) KA
Chronotype  Genus Candidatus Soleaferrea id.11350 0.612 1.041 (0.891, 1.217) ——
Chronotype  Genus Lactobacillus id.1837 0.850 0.986 (0.851, 1.142) o=
Chronotype  Genus Rikenellaceae RC9 gut group id.11191 0.501 0.925 (0.737, 1.161) — —
Chronotype  Genus Ruminococcaceae UCG002 id.11360 0.157 0.935 (0.851, 1.026) HEH
Chronotype  Genus Ruminococcaceae UCGO005 id.11363 0.932 0.996 (0.900, 1.101) HH
Chronotype  Genus Ruminococcaceae UCGO013 id.11370 0.667 1.023 (0.924, 1.132) HEH
Chronotype  Order Bacillales id.1674 0.546 0.928 (0.728, 1.183) | ) )
0 0.5 1.0 1.5 2.0
OR

& 6

BRTEFIS 12 XIERAERXRK MR & RHFME

Fig 6 Forest plot of MR analysis results for circadian rhythm disruption-12 gut microbiota causal correlation

MR: Mendelian randomization; IVW: Inverse-variance weighted; OR: Odds ratio; 95%CI: 95% confidence interval.
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Scatter plot (A) and funnel plot (B) of MR analysis for circadian rhythm disruption-12 gut microbiota causal correlation

MR: Mendelian randomization; SNP: Single nucleotide polymorphism; SE: Standard error; IV: Instrumental variable.
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Tab 2 Heterogeneity and horizontal pleiotropy test results for circadian rhythm disruption-12 gut microbiota causal correlation

Pleiotropy by MR Egger intercept test P value for
Outcome Exposure hijtg/ri];:nfeoiiy Intercepy s — : MR-PRESSO

pt SE P value pleiotropy
Family Lactobacillaceae id.1836 Chronotype  0.714 224 0.020 183  0.007 465  0.007 780 0.640
Family Rikenellaceae id.967 Chronotype ~ 0.062 658 —0.007220  0.005 124  0.160 972 0.137
Genus Actinomyces id.423 Chronotype ~ 0.903298 —0.007 010  0.007 194  0.332 038 0.900
Genus Anaerofilum 1d.2053 Chronotype  0.592 417 0.008 348  0.009 140  0.362 793 0.400
Genus Barnesiella id.944 Chronotype ~ 0.129 020 —0.003 500  0.005 601  0.533 098 0.156
Genus Candidatus Soleaferrea id.11350 Chronotype  0.838 963 0.002171  0.007960  0.785 531 0.522
Genus Lactobacillus id. 1837 Chronotype  0.569 857 0.020393  0.007 518  0.007 590 0.486
Genus Rikenellaceae RC9 gut group id.11191 Chronotype  0.287 754  —0.013 050  0.012962  0.316 020 0.308
Genus Ruminococcaceae UCGO002 id.11360  Chronotype  0.778 517 0.000 389  0.004 778  0.935 262 0.670
Genus Ruminococcaceae UCGO005 id.11363  Chronotype ~ 0.237 066 0.004 892  0.005 125  0.341 651 0.280
Genus Ruminococcaceae UCGO013 id.11370  Chronotype ~ 0.117 231 0.001 428  0.005 188  0.783 532 0.103
Order Bacillales id.1674 Chronotype ~ 0.156 225 0.010600 0.014961  0.480 042 0.054

MR: Mendelian randomization; SE: Standard error; PRESSO: Pleiotropy residual sum and outlier.
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