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Analysis of causal relationship between gut microbiota and hyperthyroidism based on Mendelian randomization
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Abstract: Objective To investigate the relationship between human gut microbiota and hyperthyroidism. Methods
The gut microbiota of the MiBioGen database was used as the exposure factor, and hyperthyroidism was used as the out-
come variable. The GWAS data of hyperthyroidism were downloaded from the IEU Open GWAS database. Two-sample
Mendelian randomization analysis was performed using regression models such as inverse variance weighting method, MR-
Egger regression and weighted median method. The causal relationship between GM and intestinal flora was evaluated by
B-value and odds ratio of effect index and so on. The stability and reliability of the results were verified by leave-one-out
method, heterogeneity test and horizontal gene pleiotropic test. Results Mendelian randomization ( MR) analysis re-
vealed that, among 119 gut microbiota at the genus level, three bacterial taxa showed a negative association with hyper-
thyroidism ; Dialister (OR=0.998, 95% CI. 0. 996-1. 000, P=0. 037, B=-0.002), Escherichia. Shigella ( OR=
0.998, 95% CI. 0.996—-1. 000, P=0.032, B=-0.002), and Ruminococcaceae UCGO14 (OR=0.998, 95% CI.
0.996-1.000, P=0.032, B=-0.002). All three genera exhibited B<0, OR<1, and P<0. 05, suggesting they may
serve as protective factors against hyperthyroidism risk. The results of heterogeneity test (P>0.05), horizontal gene
pleiotropic test (P>0.05) and sensitivity analysis proved that the formal results were reliable. Conclusion Dialister,
Escherichia. Shigella and Ruminococcaceae UCGO14 can reduce the risk of hyperthyroidism, the potential relationship be-
tween gut microbiota and hyperthyroidism is found preliminarily.
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gle nucleotide polymorphisms, SNPs) /& T E.7F & (in-
strumental variables, IVs) ¢ ¥ Wi 7% 5 5 4% Jay 22 0] )
SROCHR , AT LAsKE B TR 2% PR 28 RS2 1) PR SR SC IS PR SR 4
Wred s ma 4 AT LA 4 35 R 4 G R E 5T ( genome-
wide association study, GWAS) SSEE TSR IPIE 3 ,1z H
MR J7 B0 GM 5 H T Z B B C R 8 s iE
B BRI T BRI S %

1 #ZREFE

L1 FRRR AHETOK CM VRN REE N R, TR
AHICHY SNPs A58 T HAZ & (1V) , HUR AR T B8 TT #EAE
MR 2 Jmy s i, B FHOBUREAS MR 1Y J5 2 32047 R2R 4y
Bro L MR ZhBriY 3 MR AT T HAR & (1Vs) i
e (B 1) o (1) RIBRPEMR B SNPs BRI HAZ & 5
A VI OC; (2) M7 PR B AF oy T HAZ RERY
SNPs A7 TR 2 (3) HEM RS SNPs 515
S5 )R HUR IR D RECHERE T 4 I, d 2 395 22 Jin
A (inverse variance weighted, IVW ) #1 MR-Egger £
bl S U, P<0. 05 BEBIRESE TR A fE s o, < B —
7 BB 43 A S TR 45 R B AR e ME A ] SE R, AR R
MR XAk 8 3 A B 25 3 T RS B RY O 2t , B 5
HEATIRIRME A3 BT - R 3R AR IR 8 22 SNPs'® | fifi i TVs R
MR ZEERME R P<1.0x107°, KM R A2 clump_
data ( exposure _ dat, clump _kb = 10 000, clump _ =
0.001) , BEREGNFH) SNP, ABFFELL F Geit it
RPPAl T HAR B 5 18 s 1 IR i 1A 1Vs
() F KE PR F>10 B9 1Vs, 22BR55 T HAR & | ke
55 1Vs G R far 7, I 2B AR 24 B R AH Y SNPs,
Hor F gt @ it m A"l F=[ RPx(N-1-K) 1/
[Kx(1-R*) ], Hf R =@ x2xMAFx(1-MAF) . Wit
R ARG S i e TR 5 K1 N AR T T R 1Y
AR K RS2 5 1088 B USRS il T AFEAH
KK SNP RURL AR ; MAF AUR /NS EE MR, F
it >10, A2 T HAR R R0 55 T R &

THAARZ @ 1S E ok
CORATRRZ A1) }—" QAT 1) WIS ThAE
®
B 1 FERBENLIE BT R
Figure 1 Flow chart of MR analysis
1.2 #FETHR AP0 A ERED R E
FLR A MiBioGen f—I0tF 58 FIIH 16S #Z B4k RNA &
PRI P 33 R 5k PR 3 RO . 046k B 24 ANTR AL
BERAFN Y 18 340 £ MA, HAT 5 747 754 /1> SNPs J7

M8 S A R A B P (P< DX
107*) i 38 5 A BCHE MBG. allHits. pled. tx, &8« 8”7
(genus ) 7KV BUAIE AT 7047

5k IEU OpenGWAS, il A9 44 B hyperthyroid-
ism FEAT I &, 2R 45 HUR IR 2 58 JT i 5E (hyperthyroid-
ism,HT) GWAS %#idk . A4 Gwas_id y UKB-
A-76, AR 255 Yk H I AR, 885 A Neale-
Lab T & RIBFFEH RS W44 U R S R E
HEAT , JE AR RLAC AU 4 BRI , £33 SREAC iR
337 159 i, SNPs $i 2 10 894 596 , H rp (£ 50 21
2 547 {5 FIXS RZH 334 612 4],
1.3 HEREALSH  AWFTE T 22 ik
(inverse variance weighted , IVW) MR-Egger [8]J5 4L
A E P (weighted mode, WM ) | i B4 AU 15 ( simple
mode , SM) HINIAH 7 507 (weighted median estimator,
WME) %% GM 5 ST BFIRC R . #0057 22 AL
I wald FCAEIESGOCHCAAS SN, IHRAEAS SNP AL
THEIF RT3 5 22 INACA IF 45 BRI HE 1%
kR R T A SNP A % IVs AR, AT Sk
ERGR T A RSN S MR 43T 9 & bR
e, MR-Egger: [0 i A7 AR BE 300k Al 2 21k,
WSFIZEEEIAN 0 JEF 453, B4 MR-Egger [a] 415174
BUAT IVW R 3 H0E, fe =z, X 26 TVs (8] 7] BE A7 7K 7
ZRE . WME 7] /b PSR A8 Al 1145 SR 00 i 77, 17
PAREAIEEL (simple mode , SM ) J&—Ff Hp A7 B LR AL T T
T A A~ SNP RO Al THAFTE B 35 25 e, e R AIA
TR . IR % ((weighted mode, WM ) 4 71 EL A
Fe KA SNPs 42 1Y PR BN
1.4 FRWESH b T kS T HAR 5 AT BB AR 1Y 57
JiPE (heterogeneity ) , Il /Dol JE BR X MR 7341 45 SR 1) 52
W), 5 X MR 23 BT 09 53 PR 25 2R e AT DAL . ARBIESE
i 1F IVW 1 MR-Egger [ Cochran' Q K3 7FAl 5 5
P<0. 05 FmWt A e Btk
1.5 %zl 280 (pleiotropy ) 23 20 7 M
BRSO RS . IR AT IR 22 25 PR il i 18
TR AE LA M Y Al PR 2R 52 e PR G 2% AR I 150 B B IR
LM HA LR, MR-Egger SRS I /K- £ 8501,
AP 0 AEH #2102 JERNAAAE 2301 s MR £
B ZE RIS (H BEHLAL (MR-PRESSO) #6275 77
TERHEAE, W12 P> 0. 05, WA A 77 18 7K F 2 2%
PR AR E B P<0. 05, W R B A7 7 £
Rk
1.6 #EMSH T 5B R AT RE 2 R
w PR BERLAG 23 B 45 28 Bt LA F 5 3 i S0aer o
Mok PEAL 45 R AT SR PR AR A . AT R B — 1k
(leave-one-out) T EJE ST LAITAL 45 SR AR frle b
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1.7 “itFsE AOEMEA R 441 ], A
“Twosample MR” “devtools” “mrcieu” “ieugwasr” “ Vari-
antAnnotation” “ gwasglue” Fll “ MR-PRESSO ™ {1, i 17 %k
i3 K Sk HE «=0. 05, MR Z3H7 A B2k B EP<
0. 05, 1t F 5 5 A 28 Mg HATAH G RN B<0,
TR BRI H R ME SR E IR,
PN 25995 KU DMK 5 8 1EL>0, &7 41 B 5 9 42 1E A5G
KFR PR A AR, e, DA s R 3R 5 PRER S R B &5
RIIRN OR(ER95% CI, W5 OR> 1, FRon B AT
HHTURIEMEKFR; OR<, KR HEME S LR
AR AR,

2 &% R

2.1 TAZZFWHHELER  MiBioGen Bidi 1Y iE
LI SE 2RAS 119 4> genus H T4301, &t £Bk
AT (clump_kb =10 000, clump_r>=0.001) , 2
B85 THAR G (F K250 > 10) AR ] 3C SNPs Fgh
JEARE SNPs J5 3545 1 531 /4~ SNPs, 1 i £ /R it bl
E(MR) By THAZR (TVs) W3R 1,

® 1AM T HASH SNPs
Table 1 Representative instrumental variable

SNPs after screening
Hibgon 30 7%

2.2 FHERMALALER @S MR R
TEIRBEDLIE 73BT, LIRS 50 20 BE e e 1Y TVW 5 MR 43
Brasioh 3, R IAE 119 AN @A iE w5 H
TUH KRR BIEREREA 3 Fl, HEBGA R, HA 1R
1R X B B 40 T8 43 9 SR Dialister ( OR = 0. 998,
95% CI:0.996~1.000,P=0.037,8=-0.002) JHF
B8y & ¥ B B ( Escherichia. Shigella, OR = 0. 998,
95% CI:0.995~1.000,P=0.026,B=-0.002) FJ H
BR W Bl UCGO14 J& ( RuminococcaceaeUCGO14, OR =
0.998,95% CI:0.996~1.000,P=0.032,8=-0.002) ,
H: B 1EH1<0,0R {H¥)<1 H P<0.05, 347l ¥4k, 21
o, WLk 2 KE 2,

2 s B B A f AR — s AR 5 (T
ARG IVs) JB/R T i 4% 78 5 (SNP) 5 2 55 I R (ex-
posure, GM) 2 45 )y ( FHJT ) Z [RGB, A [A] B3 £ 11
LIk, ARl IVW MR-Egger 25 A [A] 5 84 #E 47 1 41
A R TR TG 5 5 2 85 R R B0l 2 5% 545 )5
(FHI0) WSEE, RARMRIR<0, FR BTN R LY R
(IO MARMHEER, RZ, WA E, AREL K
PLIVWs A 2R TG, B8R <0, HA2 T REBEH R 3
T 1 4 T 5 W T 2 B AR DG OC &R Ul WL DR 4 1

TR (SNPs) L - R F e o A Wor A - 4 JEUITEN
B g iE3 2.3 SRRbEAR AL AT I A 25 TAEE
34583783 T G Actinomyees  0.002 2.3 B T TR RE R AT S TP R 2 50 A A, ek TVW B
132715439 T C Actinomyces 0. 002 20.51 5 N . g
137680684 T C Adlercreutzia 0. 002 24.36 MR Egger 7 ﬁl:l ﬁ Y£ 1:ﬁ gﬁ ( % 3 ) Z{ Iﬁl ’ Dialister ( P=
2147798 c C Adercreutdia 0,002 23,07 0.482.0. 660) . Escherichia. Shigella (P =0. 178.0.137) .
1511729256 C T Akkermansia  0.002  24.97 RuminococcaceaeUCGO14( P=0. 088 0. 156) ) I 2& P [
154936098 G A Akkermansia 0.001 22.81 {E%Ei@%éﬁi+%%>‘( ( P>0. 05 ) , %%%‘:{% iz 3 %;P,f%
67281112 C G Alistipes 0. 001 21.18 N N e e N
1367705352 G T Alistipes 0.001 23.05 ?F'Hf%ﬁéﬁ] ﬂ] EFI JL EI(J %3%/2% Kﬁﬁ%ﬁ‘ﬁz °
1311769002 A G Alistipes 0. 001 23.36
®2 EIEREEHE TR AT 3 A B B A R
Table 2 Mendelian randomization analysis yielded results for three bacterial genera
R i T HAE Gkt B PE OR(95% CI)
Dialister Inverse variance weighted 12 -0.002 0.037 0.998(0.996~1.000)
MR Egger 12 -0. 009 0. 057 0.991(0.982~0.999)
Weighted median 12 -0.002 0.185 0.998(0.995~1.001)
Simple mode 12 -0.002 0. 400 0.997(0.993~1.002)
Weighted mode 12 0. 000 0.944 1.000(0.995~1.005)
Escherichia. Shigella Inverse variance weighted 15 -0.002 0.026 0.998(0.995~1.00)
MR Egger 15 -0.003 0.311 0.997(0.990~1.002)
Weighted median 15 -0.002 0. 158 0.998(0.995~1.000)
Simple mode 15 -0.002 0.392 0.998(0.993~1.002)
Weighted mode 15 -0. 002 0. 366 0.998(0.993~1.002)
RuminococcaceaeUCGO14 Inverse variance weighted 18 -0.002 0.032 0.998(0.996~1.000)
MR Egger 18 0.003 0.425 1.000(0.996~ 1. 008)
Weighted median 18 -0.002 0.185 0.998(0.995~1.000)
Simple mode 18 -0.002 0.355 0.998(0.993~1.002)
Weighted mode 18 -0.002 0. 425 0.998(0.994~1.002)

MR-Egger []15 rf (1) A FE 2 S W 7K - 22 8501 i —

NG RAERE BT KR & IR« Dialister(P=0.121) . Esch-
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erichia. Shigella ( P = 0. 751 ) | RuminococcaceaeUCGO14
(P=0.117) i 825 1k YA 22 S Y RGeS (P>
0.05) ,#RFEIHENT 0, /R BEALAL 20 Hr 10 22 R4 1 5%
2T F AR AL AL (MR-PRESSO ) K i 26 7% A 77 76 B

MR Test

nnnnn

SNP effect on hyperthyroidism

T ks oo ois oo
A SNP effect on Dialister B
2
Figure 2

00 0is 020 C
SNP effect on Escherichia.Shigella

BE{H : Dialister (P = 0. 515) | Escherichia. Shigella ( P =
0.197) .RuminococcaceaeUCGO14( P =0. 120) i) i} & 1
B 22 S 2 TEGe 7 L (P>0.05) , 45 R R BT PR AL
AN 52 Z R (P>0.05) , WL 3,

MR Test

SNP effect on hyperthyroidism
.
.
.
)
.

00 05
SNP effect on RuminococcaceaeUCGO14

i3 A5 R O IR B o R BRI 23 R0 R ]

Scatter plot of MR effect size for causal association between gut microbiota and Hyperthyroidism

3 WITURH G B 20 G 1 57 S5 1 RN 22 Rt A A 2
Table 3 Heterogeneity and pleiotropy analysis of GM related with hyperthyroidism

it ik ST A : %5&#&9@ A
Q P RSS P Egger IR P{H
Dialister Inverse variance weighted 10. 546 0.482
MR Egger 7. 680 0. 660 0. 000 0. 121
MR-PRESSO 12.580 0.515
Escherichia. Shigella Inverse variance weighted 18.673 0.178
MR Egger 18.524 0. 137 0. 000 0.751
MR-PRESSO 21.445 0. 197
RuminococcaceaeUCGO14 Inverse variance weighted 25.318 0. 088
MR Egger 21.615 0. 156 0. 000 0.117
MR-PRESSO 28.091 0. 120

2.4 HAEMIRAE Pk (leave-one-out ) FEATHL
M TEAL  PEAR B T HL AR B TVs (SNP) X 45 )55 (H
TU) FRREI G 50 45 R ) A fg 1 AR S HEBR 45 A2
2R E B, 2B SRR SNP 5, 43931
XTI A Y SNP HEHTHEAT MR 4307, 525645 SRR & 304t
SEIBAT B S B B SNP | SR T 357 BT iR MR
GBS AT 5
RI o .
3.1 MRERSA HWRBEDIRETTIHET N2 .
Z A BUZ DS HLAR ™ Az 52w, JE H X B 38 52 ) fe Ry
ML, A5 R 168 rRNA I 5 32 %} i 18
FEIEAT 43T, 2 B0 R 30 FPHR DR ) R DR B i 1 TR
FEAATEI R Y AT R S R IR T e S B
FEPE, RS AT K I Graves Wi B 5 05 2k i 5
Ji 18 TR AR 22 (R0 A7 A I g 3 P A T R 3l 2o A AR T
PS5 D Wk A KRN 0 H TS A 56 2 E
WATE RS T Z AT BEAATE R RS R

o PR BRI I 2 — P B AR 5T R SC R A9
geiteg okt ARBFSTE L MR Mk, e v T
MiBioGen #1 UKBiobank fY GWAS I & B ¥ 1 1 18 1

(B 5HITHRREN , &3 3 A @ mE R 5
JUZ B AE R R &R |, HoH Dialister  Escherichia. Shigel-
la .RuminococcaceaeUCGO14 5 F TLHY K A= XS B2 17 FH ¢
KF o Dialister (A BT i & , B/ MR ) & A
I IERRE T Y — b DURA S A2 B A8
O, & T NAWGERZ O, W A SRR LR NIR T
W2 A E A A, AR R, e R T
B b R R TR SIS FT BB Lactobacillales 1
Dialister B=EJE | VEMIEZE B ANLEE FI% ., Escherichia T
Z: 5t A R BT, I 55 A B A ] 24
M ERRAS W] 2 5 YIH RS SRt /R 450
Wi JEAE AR PR A i, Shigella (BB ) & NZEHN B 1
%% (bacillary dysentery ) BRI EE ", H BTIZ40 5 H
ARIRBIRIFFE TR D

3.2 KRG AF R L SEAWEYENIFEA L,
AWFFEE VR MR J5 2%, 43 B4 2R Bos g 1l i S
I TCAFTEARDCE | B8/ 1 1R A% R 2R X IF 98 45 SR 1 52
Ma, 4 1 RS B MERR PR b T AR PR 2R 3 ) D
fai o DN GWAS 3 I fizp 18 T4 i 1Y) 38t 4% 78 S A REA
EREIL E L i O T MR T HAZ B (SNP) By
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25 LR IR AT R R A T 48 R BEHLAE 73 B

TIERTmE RS W T Z MR PR R, 4551 o

Dialister | Escherichia. Shigella . RuminococcaceaeUCG014
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