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A two—sample Mendelian randomized study on rheumatoid arthritis and

atherosclerosis
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Abstract: Objective To study the causal relationship between rheumatoid arthritis (RA) and atherosclerosis  (AS) by two—
sample Mendelian randomized analysis. Methods The whole genomes of RA and different subtypes of AS were obtained from
IEU Open GWAS (https://gwas.mrcieu.ac.uk/) database. Two—sample Mendelian randomized analysis was carried out using the
inverse—variance weighted (IVW) method, MR-Egger regression, simple mode, weighted mode, and weighted median (WM),
and the results were verified by multiple sensitivity analyses. Results In total 86 single nucleotide polymorphisms (SNPs)
strongly associated with RA were included as instrumental variables in this study. According to IVW, RA was associated with
coronary atherosclerosis (OR=1.034, 95%CI: 1.010-1.058) and peripheral atherosclerosis (OR=1.083, 95%CI: 1.041-1.127,
P=0.001). Heterogeneity test, horizontal multiple effect analysis, sensitivity analysis, and MR—=PRESSO further clarified the
causal relationship by Mendelian randomization analysis. Conclusion RA has positive causal correlations with coronary
atherosclerosis and peripheral atherosclerosis, but there is no causal correlation between AS and RA by reverse MR analysis.
RA increases the risk of coronary atherosclerosis and peripheral arteriosclerosis. It is suggested to actively control RA to re-
duce the risk of AS.
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rosis
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1.1 BrR3 AUFECR I PIREAS do PR BEHL A
(two sample Mendelian randomization, TSMR) #£%¢ RA
5 AS ZHMRIE R, DL RA NBFEKNE,AS hEh
Jiyo MR LZBTEAE = KA OB : (DIV 5 R FF R
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1.2 BIERR AOFE RSB EHREL A TFRY
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iV T European Study fziff &3R 1 GWAS H15 RA
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Table 1 The basic information of study sample

VR GWAS D G (4F) AH A S AR Xof BEE SNPs #tit
FEMRPE T 58 ebi—a—GCSTI0013534 2020 SN 58284 14 361 43923 13 108 512
TR B K REREfL finn-h-T9_CORATHER 2021 e/IUN 211203 16 761 194 442 16 380 402
SNE B FEEAL  finn-h-DM_PERIPHATHERO 2021 T A 168 832 6631 162201 16 380 247
1.3 ARk FELLIVW BRI as R £, R UFh 5 e R
1.3.1 MR Zp#r AWFSE TSMR iz JHJ5 22 AL BiBIANSE. IVW 224 P<0.05 I, 25 HA G &

% (inverse—variance weighted,IVW ) MR—-Egger [7] I |
fi] BAAE 2 (simple mode) AR 7 (weighted mode) 1l
AL B (weight median ) 45 08 5 32 DL HE Wi PR 2R
KR, TEHE R 545 /iy RER G by, TURh 7%

SC, NN B 5 585/ Z MAFTE R E & 5 2
OR>1 I, INSE B 5 45 Ry Z ] S B AR O,

1.8.2 SRS BURE T K2R b

S BTV FEORAG T IV Z R AR TER R 2 5+
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A AR VRN SNP S0 R0 U B HEE . KF
ZRE AT R T Rt L AR SR il o A O B L
SMWIERRZ WSS Ry, BT d ] Egger—intercept
2,24 P<0.05 i ARERAFAEAKT- 22000,

1.3.3  MR-PRESSO 4r#fr 2 Jm i) 23015k 22 F1 7
JEAEAT BT ] MR-PRESSO 4347 , A% B RE (0 T2
5 55 45 )R Z [A] DI 1) s e ) B A T S0 B g AR
1.3.4 JxInl MR 208 b 7RSS B A i B
TR, AW AS 5 RA & &4 X
Pk HAEAERIR G R #6471 &l MR 4081 [AlkEiz
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AS PIFPETY , RA 1E &5 )R it A7 40 Mo TV 1 35 A
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Table 2 Instrumental variables

BUONTRENIHER ARRON A L PAH ROSLAE(B)
T G 9.73 x 107" -0.078
T C 2.36x10°* -0.085
C T 2.01x10™ -0.099
T C 3.82x 10 0.191
A G 1.82x 107 0.488
C A 1.29 x 10 0.788
A G 9.92x 107" 0.115
T C 2.45x 107" 0.381
C T 1.88 x 1072 -0.136
T ( 432x 107 0.147
A G 1.01 x 10 -0.075
G A 1.90 x 10 0.080
T C 1.59x 107 0.103
T C 1.35%x 10™ 0.138
T C 3.04x10° 0.087
T C 429 x 10™ 0.099
G A 6.77 x 1072 0.082
G A 8.68 x 10 0.383
A G 3.29x 10 -0.438
T C 442x 107 0.067
T C 413%x10™ -0.154
T A 229 x10™ 0.084
A G 454 x 107" -0.117

(8:4)

WO SERFEN RO A RN PH SAEB)
A T 1.14x 107™ -0.101
C T 1.13x 107 0.105
C A 1.48 x 107" -0.098
T C 1.02x 1078 0.107
A G 1.69 x 107 0.130
C T 147 x 10* 0.103
G A 6.20 x 10" -0.089
A G 6.66 x 107" 0.106
T C 6.49 x 10> 0.196
A G 6.04x 10" -0.092
A G 2.51x 107 -0.073
A G 3.75%x 10 -0.128
G T 6.04 x 107 -0.089
T C 1.66 x 107" 0.091
C A 1.71 x 107 0.162
A T 7.86 x 107 -0.123
G A 2.65x10™ 0.090
C T 4.62x 107 0.067
G C 291 x 107 -0.253
A G 3.32x 10 -0.126
A G 1.98 x 1077 0.099
A G 717 x 107 0.142
A G 1.07 x 107 —0.085
C G 1.08 x 107" -0.380
C T 1.87 x 107 0.124
T C 9.64 x 10" 0.074
G A 3.94 x 10™ 0.086
G A 3.96 x 10 —-0.091
G A 1.28 x 10 0.087
C T 7.85x 107 0.098
G A 1.76 x 107 0.075
T C 221x 107 0.088
C A 9.52x 107" 0.249
T C 5.86x 107 0.074
A G 3.75%x10° 0.086
T G 1.00 x 10 0.652
C T 6.17x 10 0.083
A G 1.36 x 107 0.089
G T 4.79 x 10” -0.079
T C 3.19x10™ -0.107
T C 6.33x 107 -0.202
T C 3.57x10° 0.104
C T 557 x10™ 0.134
C G 3.0l x 10™ 0.120
A G 1.11x 107 -0.107
A C 141 x 107 0.591
A G 1.42x 1072 —0.085
T C 3.13x 107 0.149
A G 1.11 x 10¢ 0.699
T C 6.11x10™ 0.137
T G 414 %107 0.070
A G 5.37x 107 -0.078
T C 6.83x 107" 0.160
A G 1.94x 10> -0.196
A G 347 x107% 0.284
C T 447 x 102 0.124
C T 1.81x 107 -0.082
G T 1.00 x 107 0.489
A G 9.26 x 10" —-0.089
C T 1.94 x 107 0.114
A G 1.50 x 107" 0.113
G C 2.30x10™" 0.091
T C 270 x 107 0.083
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22 FHERMAMASHLER AT HFF MR
PRI RA 5 AS ANFIE R PR R, WL 3 .4, Ho
RA 558 sh Bk RERE AL A1 & 0 bk A A A7 7E B 2R 56
Z NS KRR AL TVW 345 5 (OR:1.083, 95%
CI: 1.0401 ~ 1.127,P=0.001) . 5&AR ShBKSFAERE L TVW
BELER (OR:1.034, 95%CI1:1.010 ~ 1.058, P=0.005); RA
FSEEIR Bh B AE AL AT 45 5 - TVW 25 weighted mode &
. MR-Egger ¥ ELA G5 1124 5 X, simple mode 25 Fll

o

weighted median {545 AR B G127 2 L, RA FlAb
JA S KAE A o 4 R A G2 o AP IR 2
SRR IVW SRS A, HAR YR 3B )7 25 5
RN 5 IVW RN Jy 1] —3 R 3RATT AT LA
B RA 5 5R Sl Bk s R R AL A Sl kR 16 52 TE AR G
RN ZE . FHPELE A IVW 75 F1 MR-Egger 15 7%
AREENE 1 frs R R LA 2 - EDLE 3,

& 3 RA MRS L MR 4525

Table 3 MR analysis results of RA and coronary arteriosclerosis

MR J5i% OR {H(95%CI) b i P{H
MR Egger 1.048(1.012 ~ 1.086) 0.047 0.018 0.010
weighted median 1.040(1.008 ~ 1.073) 0.039 0.016 0.013
inverse variance weighted 1.034(1.010 ~ 1.058) 0.033 0.012 0.005
simple mode 1.015(0.945 ~ 1.090) 0.015 0.036 0.682
weighted mode 1.046(1.018 ~ 1.075) 0.045 0.014 0.002
R4 RA A S FEEELL MR 25
Table 4 MR analysis results of RA and peripheral atherosclerosis
method OR (95%CI) b 53 PAH
MR Egger 1.110(1.045 ~ 1.180) 0.105 0.031 1.16 x 107
weighted median 1.110(1.050 ~ 1.174) 0.104 0.029 2.56 x 107
inverse variance weighted 1.083(1.041 ~ 1.127) 0.080 0.020 8.38x 10°
simple mode 1.034(0.916 ~ 1.168) 0.034 0.062 5.89x 10
weighted mode 1.111(1.059 ~0.105) 0.105 0.025 545x10°
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Figure 1 Forest plot
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(P=0.480), RA FNAL & sl ok sk EAl A 1 PR SR OGR4 T
Kegh, FETF5BtEgs S, IVW 18 Cochran Q K56 {E
(41 E )=83.883 (P=0.483 ) ,MR-Egger % 1Y) Cochran Q
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Figure 2  Scatter plot
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Figure 4 Results of leave—one—out method
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