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0.656,95%CI;0.453-0.950, P =0.026 ) . Ruminococcaceae —
UCGO13(OR=0.770,95% CI:0.598-0.990, P = 0.041 ) &4k
T POAG WY A . BURRE 7 BT 45 R R DL B 45510
FEAESE BN 2300 e A 45 R B AT SEE

218 :GM 5 POAG fETEBTER IR G &, th T POAG A
AECEYE, RIS WA T3 POAG FHT N R %
HA) ek R i B R S

SRR - W JE TR ; J P M AL OGIR (POAG) 5 i /R
BEHLIL

DOI:10.3980/j.issn.1672-5123.2024.8.21

Mendelian randomization study on the

causal relationship between gut
microbiota and primary open angle
glaucoma

Yao Wen, Cao Yuan, Feng Yanwen, Chen Fang

Department of Ophthalmology, Northern Jiangsu People’s Hospital,
Yangzhou 225001, Jiangsu Province, China

Correspondence to: Chen Fang. Department of Ophthalmology,
Northern Jiangsu People’s Hospital, Yangzhou 225001, Jiangsu
Province, China. cfyzsbyy@ 163.com

Received :2024-01-08 Accepted :2024-07-02

Abstract

e AIM. To investigate the potential causal relationship
between gut microbiota (GM) and primary open-angle
glaucoma ( POAG) based on a two-sample Mendelian
randomization (MR) analysis.

e METHODS: The exposure data was derived from the
Genome-Wide Association Studies (GWAS) of GM at the
University of Bristol, while the outcome data for POAG
was sourced from the MRC Integrative Epidemiology Unit
(IEU) Open GWAS database. In this study, inverse
variance weighted (IVW), MR Egger, weighted median
(WM) , Simple Mode, and Weighted Mode were analyzed
to investigate the potential causal relationships between
GM and POAG. IVW was used as the primary method for
this study, and sensitivity analysis was conducted to
assess the reliability of the MR analysis.

¢ RESULTS: The IVW analysis revealed that Butyrivibrio
(OR=1.170, 95%Cl. 1.057-1.295, P=0.002), Howardella
(OR=1.188, 9% CI; 1.043-1.35%5, P=10.010), and
LachnospiraceaeUCG001 ( OR=1.229, 95%C/. 1.016-1.485,
P = 0.033) were correlated with the risk of POAG.
Conversely, Candidatus Soleaferrea ( OR=0.810, 95% CI.
0.670-0.981, P=0.031), Ruminococcustorquesgroup ( OR=
0.656, 95% CI. 0. 453 - 0. 950, P = 0. 026 ), and
RuminococcaceaeUCG013 ( OR = 0.770, 95% CI. 0.598 -
0.990, P = 0. 041) were protective factors for POAG.
Sensitivity analysis showed that there were no
heterogeneity and pleiotropy among the instrumental
variables.

e CONCLUSION: The MR study indicated a causal
relationship between GM and POAG. Given the sight -
threatening characteristic of POAG, early identification
and intervention in the relative factors was significant for
the prognosis of POAG.

e KEYWORDS: gut microbiota; primary open angle
glaucoma (POAG) ; Mendelian randomization
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HRRIE S M R PERRAE . POAG R &M e BE | B
PG IS DAL LR R et 1T 12, H AT 2O B PR IR
W IR N 2 —, POAG 1% T 40-80 % \BE, 2%
UL JEIRZEA P POAG KW % (5 28R IY T 50% , I
HHERRREZF LTS BECA IR, POAG &%
BILTH AN 58 5 48, T RE A B0 R R W6 . 8 T
(gut microbiota, GM ) & 3 18 1 A= 25 5 48 b 32 219 3% M Al
a7, HAE N AR EZE W HUES RS, X FANUE 5 &
PR A AR AR AL ARG FIASEE R I 2R AR I R 25 8 GM &
B R A AR BT RE R A R U B R R B R
Y, T IR AN MR , T 5 1R — R 5050 1 & A
KIED BRI E R RS 5 T POAG IR
575 0 W B9 28 ( diabetic retinopathy , DR) | 4F % #H 5C 74 #5 B¢
AP ( age—related macular degeneration, ARMD) ZEHR IR
M AR, b GM TERIZIRTT PRI 9 TR A, B
SF R A - - R 5l ( microbiome—gut—eye axis) "
FHCHIE , IA R GM TE A I B S 400 28 55 A kg
R EEAER, B R RN OM i IR 1 3
Z: SRR K A & R A1 | TR i kg F A 1) B s niy e
SN I K B e S R0 Sl R (£ B e X 0 S T I =
AEAE AW f SR TR 2% R B 52 e, DT B0 8 AN HER
R I PRAFE 5 FT RE A7 FE e 15 O o7 A5 5O 1o T 232 0 A% 1Y
SR L SRR AS S AR 2R A e i R A ' i — 2 K
A HE , 75 /R FEHLAK ( Mendelian randomization,
MR) BWF5E B il Al R 2B Te AR R R 2R
2H % B WF 5% B0 PE ( genome — wide association studies,
GWAS) , ffi 8t 1528 JeAE T B 7% 1% (instrumental variables,
IVs) , S AZIR 24 R 2R 152, i 25 30/ HEAR RO
PR SC R 25 5 st e A Se, Je A3
HPREAS MR BIFSE J5 5, 1T GWAS 1 23 S i 45 4y
Vs, Ul GM 5 POAG I ER RS R

1 W RFFTE

1.1 3%,  POAG WEHE K A T Integrative Epidemiology
Unit( IEU ) Open GWAS %045 J& ( https://gwas. mrcieu. ac.
uk) ' GWAS A 3t wl H % 4 (fion - b - H7 _
GLAUCPRIMOPEN) , 4 A 25 )5 POAG A FEEIR4E , BAEA
214 634 1], K A13% 4 433 il POAG #3210 201 i
YR A, it 16 380 455 A~ LA AT R 2 FE 14 ( Single
Nucleotide Polymorphisms, SNPs) , WER1, ZEWEEPH
BE R IE T RO AR . GM i ok B T 95 B A BT 4E
IRKEFEHY GWAS B85 e X 58 40 B 1ok H 24 BAS
1 18 340 £ 2 5% , RS WNE R0 33t 196
A~ CM Zp2 b 5 GM st 28 A CHR A 9 ANIT .
16 14020 4~ H .35 AR 119 A& HEBR T 15 R4
) GM, MR Z3Hriife & WLIE 1,

12 Fik

121 TETEMMHIE 50 L MR Vs 1Y
LAE 5 5 GM &8 R B A B 3% MG, A 5% il i
GWAS #5676 42 ik I 2 K F Bl %€ 5 POAG H G HY
SNPs, RIGA | Ge i 25 SCRIEZ R (P<1x107) , SRS E
1 H % 22 AN (linkage disequilibrium, LD) 25 R R <
0.001 , 2 3 K 25 > 10 000 kb, kb v 35 U 55 1) ik 57
SNPs, JEif I & Vs 1Y F {6>10, #8555 IVs 5] 0w

e . R’ N-k-1 ..
%,,E\EPF%IJFEE‘J/A\\K%F=I e P o Nl
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JEEE T = MR Bk, FA1{# ] PhenoScanner V2 ( http://
www.phenoscanner.medschl.cam.ac.uk/") B 4y ) 2 15 )
5 POAG FHOGAYIR A% P 2R (e i e Wi e (&7 3k e
2 BOBEPR IE 48 Rk R BT ) 1Y IVs, AN, CH T PR
VR , AHIFZE I o 55 A7 2L DRLJST3 1) 1] S SNPs . ARHIF 5
e ) T AR AR B L LT 3 A& (1) istfE T2l
BN HAREREE (P<1x107) ;(2) e THHRBHFRT
Ky (3) it T H 545 /A8 & Jo ¢, fGH oF H Ar 2 88 52
R,
122 MRA# A% R Wald HfH (WR) Jr ik X B4
SNP AT R AL 7153 BT, 38 5 ) 2 2% F1 45 JR) 1Y Beta fHL
SE {H % A ¥ 7 2 IMAL(IVW) . MR Eggerj]l”‘y 7 %5
(WM) .Simple Mode . Weighted Mode %5 J5 7% 3 4% & xR &
3T POAG 5 GM AFTEBIITE G £ . Hob  IVW D7 i g
ARk S5 A AR 1) A A T, RO TVW 3 Ll A T A
ISR RE AT, T AR 5T R L IVW I AE N E 2R 0 i
%, % P=0.05 Bf,IEW] POAG K5 GM 452 1A
AR R R Y P<0.05 [, IEW POAG N RS
GM 2R Z MfFE B Z R LR,
1.2.3 BN 4 T WFSE A SNP B gl KR e ik
Pk 2N/, FR A E ik B — A TR ST . BB S
BREA T HAR RR PG B — 1 SNP L5552, Hak,
Xt e 25 F125 R 1Y Beta {H .SE {8 .SE {Hf# A MR Egger []15
I MR-PRESSO #45 , AR MR 4347 45 02 5 A7 72 K7
LR, P=0.05 AR LA L[ MR (9 5387 25 SR A8 K-
2%, #7 MR-PRESSO 25 A7 1E P<0.05 (15 5L, W5
BRAH N A SNPs BB EAT MR 20 #r . e, X 52 58 FI 45 R
Y Beta {H .SE {H#E4T Cochran’s Q #5545, AR MR 434745
RIBEBAFAER TP, Cochran’s Q K5 P=0.05 i B
PLERY MR KR I3 BT A AE 53 B, P<0.05 IR BT LL |
1) MR KRS0 AN A = B

G2 R A R #F(4.3.1) % MRInstruments |
plyr. dplyr, data. table , TwoSampleMR | ieugwasr ., plinkbinr
MR-PRESSO . forestmodel , forestploter R WS
Pr. P<0.05 BESAGITFEL,

RERR

BHEEEGWAS
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21 MR Z&R4H XF 196 il GM #EAT RS A2 2134
MSZHY SNPs 5 GM ARG, o4& 11 40 B BHRTE 5 4
PRI, Gl — R IR B BR i 119 4> TVs i
17 MR W58, Horp, BF A 0L th 9 SNPs i1t it F 34
>10, Hrp Streptococcaceae A8 17 /|~ SNPs, Butyrivibrio |
Candidatus Soleaferrea , Lachnospiraceae UCG001 K415 16
4~ SNPs , Oxalobacteraceae F1 RuminococcaceaeUCG013 )
% 15 /> SNPs, Ruminococcustorquesgroup £, & 13 /> SNPs,
Howardella £27 11 /> SNPs, IVW 43#r 7, 2% 51 8 #
GM 5 POAG F7E 1., Ho Butyrivibrio( OR=1.170,95%
CI:1.057-1.295,P=0.002) .Howardella( OR=1.188,95%CI ;
1.043-1.355,P=0.010) ,LachnospiraceacUCG001 ( OR=1.229,
95%CI;1.016-1.485, P =0.033) | Streptococcaceae ( OR =
1.330,95%CI:1.020-1.734,P=0.035) 5 POAG I &K 1+
FE—ERIRR BN T POAG 1) & WU, 5 POAG HY K
RS IEAHZE; M RuminococcaceaeUCGO13 ( OR=0.772,95%
CI:0.601-0.991, P =0.042) . Candidatus Soleaferrea ( OR =
0.773, 95% CI. 0. 647 - 0. 923, P = 0. 005 ).
Ruminococcustorquesgroup ( OR = 0. 631, 95% CI . 0. 440 -
0.905,P=0.012) F1 Oxalobacteraceae (OR = 0.833,95% CI ;

0.704-0.986,P=0.034) AT BEFEAIN T POAG B & KB, 5
POAG 19 & 5 5 A ¢, 7832 3wk 58 b, Je AT 48
PhenoScanner V2 /3§ 25 1A) 5 8 F iz 1 1 BEAH & ) SNPs
PAHEBRIR A% R R 132 0 LA L2 8] MR -PRESSO 73 #1 J5 ik
HEBR K28Ry, ARG A 45 R K A 5 1> SNPs
PRI A A 2 s Wi e (BT 3 7 2 B B s A £ SR
Kok 1,

M #E MR - PRESSO 43 #rf 45 R w 4%
Ruminococcustorquesgroup #1  Oxalobacteraceae [ MR -
PRESSO 1) P<0.05, [A MK 3 48 SNP HEBR Jm 52087 AT
MR 7 Mt O IF 5 A 45 2R BoOR, 78 IVW J7 ik
Candidatus Soleaferrea( OR = 0.810,95% CI.0.670—-0.981,
P=0.031) , Ruminococcustorquesgroup ( OR = 0.656,95% CI .
0.453-0.950, P =0.026) . RuminococcaceacUCGO13 ( OR=
0.770,95%CI:0.598—0.990, P=0.042) HIF&{% T POAG 1y
Ko XK, 5 POAG Y & B LA K,
Streptococcaceae , Oxalobacteraceae e 9 22 1% 12952251
rs111966731 J&i , 5 POAG & AHI XK (P>0.05) , 3@ i
MR Egger, Weighted median, IVW | Simple mode , Weighted
mode 43 AT /7 %F GM 5 POAG H 456 & 19 40 #r DL & 2.,
[FFER R AT e T iR ZE R (& 3)

i T B Faici—1 5 Pt
®1 MERENIRETEHNEFRBESHMEN SNPs
25k b A 4
GM SNPs ZRNERRE P
Candidatus Soleaferrea 156489992 BRI I v I s 7.43E-10
3 A B v I 1.97E-09
EPokIE 2.00E-07
Wi s 2.14E-06
156494306 2 AR PR 2.66E-06
Streptococcaceae rs2952251 & 1.19E-09
Ruminococcustorquesgroup rs35866622 EE: ¥, & Nior=7 I0E 2.51E-07
RuminococcaceacUCGO13 rs12189346 e 7.43E-06
Exposure Method nsnp Beta SE OR 95%ClI P Value
Butyrivibrio MR Egger 15 0.065 0.223 1.067 0.690-1.652 —— 0.774
Butyrivibrio Weighted median 15 0.176 0.069 1.193 1.041-1.366 f 0.011
Butyrivibrio Inverse variance weighted 15 0.157 0.052 1.170 1.057-1.295 — 0.002
Butyrivibrio Simple mode 15 0.248 0.127 1.281 1.000-1.642 — 0.071
Butyrivibrio Weighted mode 15 0.224 0.127 1.251 0.976-1.603 = 0.099
Howardella MR Egger 9 0.072 0.266 1.075 0.639-1.809 —-— 0.794
Howardella Weighted median 9 0.182 0.092 1.199 1.001-1.436 '— 0.049
Howardella Inverse variance weighted 9 0.173 0.067 1.188 1.043-1.355 - 0.010
Howardella Simple mode 9 0.181 0.131 1.198 0.926-1.550 v— 0.206
Howardella Weighted mode 9 0.167 0.115 1.182 0.944-1.480 — 0.182
LachnospiraceaeUCGO001 MR Egger 12 0.889 0.398 2434 1.116-5.308 b 0.049
LachnospiraceaeUCGO001 Weighted median 12 0.266 0.129 1.304 1.013-1.679 — 0.039
LachnospiraceaeUCGO001 Inverse variance weighted 12 0.206 0.097 1.229 1.016-1.485 '— 0.033
LachnospiraceaeUCGO001 Simple mode 12 0.377 0.231 1.457 0.927-2.292 ~— 0.131
LachnospiraceaeUCGO001 Weighted mode 12 0.360 0.240 1.434 0.895-2.296 ﬁ— 0.162
CandidatusSoleaferrea MR Egger 8 -0.040 1.003 0.961 0.135~6.859 J—* 0.970
CandidatusSoleaferrea Weighted median 8 -0.221 0.123 0.802 0.630~1.020 — 0.073
CandidatusSoleaferrea Inverse variance weighted 8 -0.210 0.097 0.810 0.670~0.981 - 0.031
CandidatusSoleaferrea Simple mode 8 -0.255 0.189 0.775 0.535~1.123 —+ 0.220
CandidatusSoleaferrea Weighted mode 8 -0.257 0.181 0.773 0.542~1.103 — 0.199
Ruminococcustorquesgroup MR Egger 7 -0.136 0.546 0.873 0.300~2.544 —-— 0.814
Ruminococcustorquesgroup Weighted median 7 -0.356 0.255 0.701 0.425~1.155 - 0.163
Ruminococcustorquesgroup Inverse variance weighted 7 -0.421 0.189 0.656 0.453~0.950 —- 0.026
Ruminococcustorquesgroup Simple mode 7 -0.695 0.429 0.499 0.215~1.157 = 0.156
Ruminococcustorquesgroup Weighted mode 7 -0.638 0.382 0.528 0.250~1.116 -=—+ 0.146
RuminococcaceaeUCG013 MR Egger 1" -0.506 0.350 0.603 0.303~1.198 - 0.183
RuminococcaceaeUCG013  Weighted median 1" -0.174 0.176 0.840 0.595~1.187 ‘ 0.323
RuminococcaceaeUCG013  Inverse variance weighted 11 -0.262 0.128 0.770 0.598~0.990 — 0.042
RuminococcaceaeUCG013  Simple mode 1 -0.115 0.290 0.891 0.505~1.573 —-«— 0.700
RuminococcaceaeUCG013  Weighted mode 1" -0.097 0.256 0.908 0.549~1.501 —— 0.714
0.51 3 5

No_POAG POAG

2 5 POAG FHERERKZEN GM B HFME,
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22 RS SNPs 545 )5 POAG /K- 2 3tk il it
MR Egger 1705 F L — 5 4% BF 90 0F. % %5 B %
Butyrivibrio ( P = 0. 679 ) ., Howardella ( P = 0. 708 ) .,
LachnospiraceaeUCGO01 ( P = 0.793) | Candidatus Soleaferrea
(P = 0. 870 ) , Ruminococcustorquesgroup ( P = 0. 599 ) |
RuminococcaceaeUCGO13( P=0.473) 73 ¥ 45 L ¥ A FEAE £
Rk, PR MR-PRESSO 4047 i b= 3 I A7 T A6 T
HEY PEHY =0.05, TR % 1EH., KA Cochran’s ¥ 5 5 5t
P, 1250 B 45 2R W BT A TR RE R TVW A MR Egger (9
Q_pval#4>0.05 AR H B R (£2)

B IR D7 R W] KRR B GM [ BEA SNP 5, 4%
1) SNPs XJ 3 B 285 R oK 7 AR i 35 52wl BB B — 1 B A
SNP Xf SUATEAL BERS K35 A - E (K 4) .
3iTig

A B ST BFEA MR B 20 A 7 ik 20 i 7 GM 5
POAG ZIHI I A R Z& , FE % M b, il it — &
G R XS SNPs 19 0 6, 0 £ B g T HAS & £ R
IRZ2 N £ MR % 7 MR Egger [ J9 MR - PRESSO &
5 Cochran’s Q K40,k TR AR JKF 2801 7
Btk &2 omg, % % W Butyrivibrio, Howardella

glaucoma || id-finn-b-H7_GLAUCPRIMOPEN

SNP effect on Primary open-angle glaucoma | id-finn-b-H7_GLAUCPRIMOPEN

SNP effect on Primary open-angle

D SNP effect on Howardelia E

le glaucoma || idfinn-b-H7_GLAUCPRIMOPEN

SNP effect on Primary open-angle glaucoma || id-finn-b-H7_GLAUCPRIMOPEN

SNP effect on Primary open-ang!

SNP effect on CandidatusSoleaterrea

SNP effect on Butyrivibrio

SNP effect on RuMINOCOCCUSIOqUESGroUp.

LachnospiraceaeUCGO01 ,Candidatus Soleaferrea , Ruminococcaceae
UCGO13 | Ruminococcustorquesgroup L6 M A GCM 5
POAG YR R AETEE R OC R

GM Kt 8 Wl R Rl e B R0E, 25—
RYVPRI LA R A8 RVEG W | B B S PR e
iE AR DA S BT e S BRIk, GM
SRIHAE POAG w8 A Im AL RIATAS B B Lachnospiraceae 7/l
Ruminococcaceae #l e AJSW B W A YIRE % O &, EAT
A TR, M T 2 SR 2 53—k g
KB, T RRERIAYT P ] e e s B PR R BF
ST Lachnospiraceae F1 Ruminococcaceae FEERE IR
AE I o 5 Y e B B K P, Lachnospiraceae il
Ruminococcaceae 5 41 7 £ A S K M 25 IR A 3‘@ 19-20] .
Lachnospiraceae 18 5 5T 1 A IR A& G B2 R A
S POAG SR FHRE T RG1 22 18] 249 300 A 9 1%t
FEHAAEREFES HYybP i Lachnospiraceae I
Ruminococcaceae , 75— i i 5 /R B ML AL WF 5%, [A] A HIE 52
Ruminococcaceae J& T JGHR G I [ &£ X BEF 5% A3k
MRS =L Lachnospiraceae 1 Ruminococcaceae 1 A §E
5 LRl 250 R AE MR RE R 54 ¢

SNP effect on Primary open-angle glaucoma || id finn-b-H7_GLAUCPRIMOPEN

E SNP effect on LachnospiraceseUCG001

SNP effect on Primary open-angle glaucoma || id-fian-b-H7_GLAUCPRIMOPEN

SNP effoct on RuminococcaceaoUCGO13

3 GM 5 POAG Z BIHHX MR B A B  A:Howardella; B: Butyrivibrio; C: LachnospiraceaeUCGO001 ; D ; Candidatus Soleaferrea; E;
Ruminococcustorquesgroup ; F : RuminococcaceaeUCGO13,
x2 KEZHEHRNANFZREKRIEER
MR Egger MR-PRESSO Cochran’s Q
GM MR Egger VW
Intercept P RSSobs P

Q Q_pval Q Q_pval
Butyrivibrio 0.013 0.679 10.860 0.871 8.319 0.822 8.497 0.862
Howardella 0.016 0.708 8.181 0.695 6.713 0.459 6.866 0.551
LachnospiraceaeUCG001 -0.064 0.793 18.040 0.353 8.049 0.624 11.182 0.428
Candidatus Soleaferrea -0.016 0.870 15.284 0.463 2.537 0.864 2.567 0.922
Ruminococcustorquesgroup -0.019 0.599 22.909 0.050 5.371 0.372 5.709 0.457
RuminococcaceaeUCGO13 0.019 0.473 9.719 0.829 6.998 0.637 7.559 0.672
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C

1R ler-0ne—cus sersavey snayes
oucons | -n-b-H7_OL

MR tov0 o —cut seretrvey anaysis b
- HT_GLAUCPRIMOPEN AchospkaceaeLICO0! on Primary cpen-angie giaucora | 1 inn-0-H7_GLA

E4 GM 15 POAG #HEHHE—

E : Ruminococcustorquesgroup ; F: RuminococcaceaeUCGO13

POAG J& L RGC £ 2% ML W JIE #f 28 £F 4 )22 ( retinal
nerve fibers layer, RNFL) A5 v 1L £ 2 W sk 41 O 8 2245
TiF 1500 IR B4k 2R AT MR BT WA 22 P A el
ZRAGIERT Sy, H POAG BB BEE LD 25 46 4E ( spinal
muscular atrophy, SMA ) | if] 4> FX 7% ( Parkinson disease,
PD) B /R P% ¥ ER% ( Alzheimer disease , AD) TE1F 22 1Y Il IR
T A RULZAL G484 e AR AT B B | I R e st
A6 1) F1 R AL 46 . Howardella B9 FJ¥ 5 SMA %1
A , A Howardella 3 i< LB 2 — 5 i % H- 3l s iz iR
BRUFT o= 2 Tt i 2 TR G ik A2 2 i 381 S PR e R i
fii 95 [2¢] o Lachnospiraceae f& AD INHIBERSTE )R PD &%
)R TE AN B Y Lachnospiraceae f 1% 7= A= 40 4 A5
iR (SCFA) , fl4n T FRdh . SCFA J ¥ nl RE 25 5% i~ fi -
i, DT S 350k 28 SR 9 2 A AR 4 PD afEJE > L GM
A FE 3 g 5 e W A R 8 7 ST 7 98 1 DG SR A 7
oK Bt DA R AT R AE 2 i 0 (RIS A T
HE— A B9 W 58 56 0E Lachnospiraceae RS 2 5 AR AE
B 2008 BT N R T TR SR U A y - BE T R
OFEg A

W53 238 ) Butyrivibrio = JE 1y 36 i B8 A% 25 XU
RATRKAE MR, HIH 5 Z RAA7E— & MR C R,
AN, Butyrivibrio /2 — i WL A% 25 22 [ PR T 1L 15 5
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