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Drug-targeted Mendelian Randomization Study on the Causal Relationship Between
Lipid—lowering Drugs and Autoimmune Diseases in Children
KONG Dejin', KONG Xiangbin?, ZHANG Jingxiu', GAO Yang'
(Department of Pediatric', Department of Otolaryngology?, Linyi Central Hospital, Linyi 276400, Shandong, China)
Abstract: Objective To analyze whether genetic variations affecting the expression or function of lipid—-lowering drug targets are associated with the
risk of autoimmune diseases in children. Methods Mendelian randomization analysis was performed using HMGCR  (encoding the target of statins),
PCSK9 (encoding the target of PCSK9 inhibitors), and APOB (encoding the target of milpometasone). Mendelian randomization (MR) was used to
analyze the effects of targeted inhibitors on different autoimmune diseases. Results Inhibition of HMGCR target expression had a protective effect on
type 1 diabetes mellitus in children [IVW method: OR(95% C1)=0.5996(0.3714—0.8277), P=1.11x10"% weighted median method: OR(95% C))=0.6555
(0.3725-0.9385), P=0.0034]. Inhibition of APOB targets had a protective effect on adolescent idiopathic arthritis [IVW method: OR (95% CI)=
0.3053(~0.3960-1.0066), P=9.130x10 weighted median method: OR(95% C1)=0.3599(-0.5955-1.3152), P=0.0036]and early—onset myasthenia gravis
[IVW method: OR (95% CD)=0.2361 (-0.4439-0.9162), P=3.182x10"%; weighted median method: OR (95% C)=0.3192 (-0.5376-1.1760), P=0.0090].
APOB inhibitor had a protective effect on children’s thyroiditis in IVW method [OR(95% CI)=0.3849(~0.5495-1.3193), P=0.0452], and there was no
statistical significance in weighted median method [OR (95% C)=0.3821 (-0.6843-1.4485), P=0.0770]. Inhibition of PCSK9, HMGCR, and APOB
targets was not significantly associated with the risk of Kawasaki disease, celiac disease, and psoriasis. Conclusion Lipid-lowering drugs may have
protective effects on children with type 1 diabetes mellitus, adolescent idiopathic arthritis, early—onset myasthenia gravis and thyroiditis in children
through targets, but clinical application still needs to be cautious.
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1.1 PCSK9 . HMGCR #1 APOB iy T B8 ik #% Ik
% 5 g 25 A [E 85 (low—density lipoprotein, LDL-C)
1 GWAG L& 1D :ieu—a-300, 17 173 082 %
MR o 8 56 3R BCHE 1] 7 s PCSK9 .HMGCR F
APOB F#{X LDL-C ) T HA &, 3oiiE PCSK9 #ill

I VHMGCR 4l 7] ({772 ) A APOB 41l 77 ¥
VR THAR i P57 T PCSK \HMGCR 5 APOB
5 [K J8E +100kb {5l A 5 LDL—C 7K AH G Y B
IR 2251 (single nucleotide polymorphism, SNP), A
T hEG R BN (linkage disequilibrium, LD ),
BT LD MEIE(r°<0.3). 55, 3RIK PCSK9 11y 13
A~ 3 SNP .HMGCR (1 8 > 3 SNP I APOB 1)
20 i SNP

1.2 2550k ] 12 P v 259788 £ MR 43
M2 R, Horp 5095 (coronary heart disease, CHD )
VE R BAVESIE A BE 4R . e 240k A M AHE
CHD $¥li4ek H GWASILESET, {245 60 801 4]
I 123 504 % BE L A WCEE TR 1 LR
(type 1 diabetes mellitus, TIDM ), JI|U&% ( Kawasaki
disease, KD) , T 2% &1 (Sjogrena syndrome, SS) .,
1 HUPE 509 (Henoch—Schonlein purpura, HSP) \4/j4F
T & ST % (Juvenile Idiopathic Arthritis, JIA) (FL
JBETE (celiac disease, CD) ' F Kz BT EAS 42 (pri-
mary adrenocortical Insufficiency, PACI). %R J& 5
(psoriasis, PSA), AR EFENLTIC S (early—onset
myasthenia Gravis, EOMG), H B A e VTR (au—
toimmune hepatitis, AIH) F1 H B A e Ve IR IR R
(autoimmune thyroiditis, AT)YER FELE /AT GWAS
B, Wk 1.
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PR GWAS ID AR BEABEL  RBIAAK XTER AL PMID G

ERNS ] ieu—a—7 BRI 184 305 60 801 123504 26343387 2015

1 BUMEFR I ebi—a—GCST90014023 Wl 520 580 18 942 501 638 34012112 2021

1 R ebi—a—GCST90014243 Lyl 6190 119 6071 33692975 2021
THRERAAE finn—-h-M13_SJOGREN BRI 214 435 1290 213 145 NA 2021

FUR e finn-b-D3_ALLERGPURPURA  FER¥H 216 569 470 216 099 NA 2021
AR R PEEA % ebi—a—GCST90018873 BRI 409 217 216 409 001 34594039 2021
FLEEE ieu—a—1058 B 24 269 12 041 12 228 22057235 2011

B LI B e 4 finn-b-E4_ADDISON RPN 211 526 403 211 123 NA 2021
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B RIEREIIC 1 ebi—a—GCST90093465 el 3313 595 2718 35074870 2022
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BB et ARIESE  finn—b-E4_THYROIDITAUTOIM ~ BR¥H 187 928 244 187 684 NA 2021
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2.1 PCSK9 . HMGCR .APOB #lI1%] 5 L3 [ £ feyis
PEBGZ A SRR VW IR A 807 4 1
45 R W, PCSK9 #1758 \HMGCR #1115 F1 APOB
300 AT 2 RAARRTRE O 1) A KUK (P<0.05) , 3%
SR8 HR 245 (I R IV FH — 3 A& Sl ] HMGCR
B0 TIDM A BB AR P VR 7E TVW S RTmA H
Mk A RS R L (P<0.05), il

Outcome Target method nsnp

CHD PCSK9 Inverse variance weighted 13
Weighted median 13
HMGCR  Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
T1DM PCSK9 Inverse variance weighted 13
Weighted median 13
HMGCR Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
KD PCSK9 Inverse variance weighted 2
HMGCR  Inverse variance weighted 4
Weighted median 4
APOB Inverse variance weighted 3
Weighted median 3
8S PCSK9 Inverse variance weighted 13
Weighted median 13
HMGCR Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
HSP PCSK9 Inverse variance weighted 13
Weighted median 13
HMGCR  Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
JIA PCSK9 Inverse variance weighted 13
Weighted median 13
HMGCR Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
CcD PCSK9 Inverse variance weighted 5
Weighted median 5
HMGCR  Wald ratio 1
APOB Inverse variance weighted 7
Weighted median 7
PACI PCSK9  Inverse variance weighted 13
Weighted median 13
HMGCR Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
PSA PCSK9 Inverse variance weighted 13
Weighted median 13
HMGCR  Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
EOMG PCSK9  Inverse variance weighted 13
Weighted median 13
HMGCR  Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 19
Weighted median 19
AlH PCSK9 Inverse variance weighted 13
Weighted median 13
HMGCR  Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20
Weighted median 20
AT PCSK9  Inverse variance weighted 13
Weighted median 13
HMGCR Inverse variance weighted 8
Weighted median 8
APOB Inverse variance weighted 20

Weighted median 20

& 1

pval

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.0292
0.0806
<0.001
0.0034
0.5204
0.0147
0.7745
0.9713
0.8243
0.4584
0.3776
0.1639
0.1963
0.0156
0.1378
<0.001
0.0016
0.0226
0.1332
0.7893
0.5465
0.1668
0.3036
0.2888
0.6242
0.2370
0.1547
<0.001
0.0360
0.5452
0.5397
0.6841
0.6198
0.7385
0.9413
0.6377
0.0028
0.0707
0.4541
0.2650
0.1106
0.8472
0.5509
0.7066
0.9775
0.9100
0.0763
0.1864
0.6294
0.6359
<0.001
0.0090
0.0282
0.1428
0.2292
0.2476
0.1403
0.3274
0.3398
0.9725
0.1165
0.4514
0.0452
0.0770

APOB LS XA R R HECTT R . BB RE LT
TAEBPYER, HAE VW AU (7 8053494 4t
TH#E X (P<0.05) . #i APOB # pixf )L 22 R AR
RAE IVW A PR (P<0.05) , ZEINAL H A7 550
it X (P>0.05) , Hoxd JL# R AR 48 47 18
AT BERCAAR R RO R R R B ERENLTE 7 55 . Ik
b, AL E] PCSKO 55 Al i 141 TIDM |
I SR SRR B e MR R KRS, #H HMGCR
A AT HE TR LR ?EJ%‘LH%B‘ZF&IJJ%‘EU@ZEW&,
P APOB L sS3E N T MR 25 G A AU ( P<0.05) . 4K
i, 3] PCSK9 ¥ 45 \HMGCR 5 F1 APOB #45, '?
JUUREG . FLBETE FNER S8 97 1) & o UG 1 JC . 2 A G

PE(P>0.05) (K 1),

OR (95% CI)
05968 (0.4670 - 0.7266)
05934 (0.4376 - 0.7493)
06989 (0.5555 - 0.8424)
0.6899 (0.5049 - 0.8749)
07612 (0.6491 - 0.8734)
0.7294 (0.5981 - 0.8606)
1.1731 (1.0296 - 1.3165)
1.1790 (0.9943 - 1.3637)
0.5996 (0.3714 - 0.8277)
0.6555 (0.3725 - 0.9385)
1.0501 (0.9010 - 1.1992)
1.2083 (1.0562 - 1.3604)
06249 (-2.5920 - 3.8418)
1.0732 (-2.7791 - 4.9256)
06140 (-3.6934 - 4.9213)
2.5789 (0.4744 - 4.6833)
21740 (0.1211 - 4.2269)
0.9679 (0.6467 - 1.2891)
0.9243 (0.5395 - 1.3092)
21082 (1.5039 - 2.7124)
1.7722 (1.0164 - 2.5279)
1.7508 (1.4353 - 2.0662)
2.1478 (1.6730 - 2.6226)
1.9409 (1.3709 - 2.5110)
1.6544 (0.9972 - 2.3116)
1.1441 (0.1564 - 2.1319)
1.4669 (0.2216 - 2.7122)
1.4378 (0.9230 - 1.9525)
1.4462 (0.7432 - 2.1491)
1.4862 (0.7541 - 2.2183)
0.7904 (-0.1505 - 1.7314)
0.4898 (-0.6933 - 1.6729)
0.3492 (-1.0996 - 1.7981)
0.3053 (-0.3960 - 1.0066)
03599 (-0.5955 - 1.3152)
08949 (0.5350 - 1.2548)
0.8749 (0.4476 - 1.3022)
0.8970 (0.3734 - 1.4206)
1.0609 (0.8274 - 1.2943)
0.9583 (0.7084 - 1.2083)
0.9789 (0.4104 - 1.5473)
0.8457 (0.1481 - 1.5433)
5.0823 (4.0175 - 6.1470)
3.5826 (2.1988 - 4.9664)
1.2517 (0.6639 - 1.8395)
1.5391 (0.7809 - 2.2973)
0.7952 (0.5136 - 1.0767)
09751 (0.7190 - 1.2313)
1.0899 (0.8070 - 1.3728)
1.0683 (0.7244 - 1.4121)
H 1.0019 (0.8718 - 1.1319)
1.0099 (0.8395 - 1.1803)
1.8427 (1.1669 - 2.5184)
1.8412 (0.9357 - 2.7467)
1.5913 (-0.2056 - 3.4782)

gttt

ANNAR
|

IANRUNANI

rrITIITI

«—————=———> 1.4974 (-0.1738 - 3.1685)
= 0.2361 (-0.4439 - 0.9162)
R 0.3192 (-0.5376 - 1.1760)
—— 1.5857 (1.1740 - 1.9974)
h—e— 1.4745 (0.9551 - 1.9938)
H—————— 1.9107 (0.8553 - 2.9662)
————————  1.8322(0.8057 - 2.8588)
—— 0.7494 (0.3662 - 1.1327)
—— 0.7708 (0.2499 - 1.2917)
e 1.4320 (0.6947 - 2.1693)
| s— 1.0162 (0.1047 - 1.9276)
———> 3.0257 (1.6431 - 4.4082)
—————————— 2.0001 (0.1959 - 3.8043)
e 0.3849 (-0.5495 - 1.3193)
——— 0.3821 (-0.6843 - 1.4485)
6 1 2 3
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2.2 US> HT R A Cochrane’s Q A1 MR Egger [7] (P>0.05), WL.3% 2~k 4, “B—L" SR 0N, Xk
AT FEPEAL S B ACE MK 2850 . BUS MR CHD A S e R AR fal— 4~ SNP J& , 45584
SRR, A S R R R 28 SAREER

% 2 PCSK9 Xt Mmfl B & R RmH SRS

H B et S K250k
Cochran’s Q(P) MR-PRESSO( P) MR Egger(P)
TR 17.039(0.148) 0.172 -0.002(0.768)
1 BUBERAR 14.018(0.299) 0.305 -0.019(0.430)
THRLEAAE 6.484(0.889) 0.891 -0.023(0.292)
UK LY 14.249(0.285) 0.366 -0.021(0.603)
SRR R % 9.902(0.624 ) 0.528 -0.078(0.123)
FLEETE 1.556(0.817) 0.811 0.027(0.625)
B E AR BT RN 4 2.807(0.997) 0.994 -0.022(0.567)
RIBE 23.961(0.128) 0.244 0.036(0.054)

FLR T EREIC 5.119(0.953) 0.955 0.000(0.993)
H S eI 4 8.614(0.735) 0.717 -0.041(0.151)
H B e AR R 4.594(0.970) 0.945 -0.057(0.272)

% 3 HMGCR 3158:0&#0 B & RE M Rm s o4
H B et S K- 23t
Cochran’s Q(P) MR-PRESSO( P) MR Egger(P)
R 4.818(0.682) 0.682 -0.029(0.247)
1 AUBEIR SR 4.119(0.766) 0.772 0.034(0.393)
I IRjg 3.259(0.353) 0.457 -0.579(0.467)
THRERAAE 6.828(0.447) 0.537 -0.105(0.339)
UK LY 4.222(0.754) 0.787 0.085(0.624 )
SRR R PEETT R 4.306(0.744) 0.767 -0.070(0.736)
B E AR BT R4 3.716(0.812) 0.810 -0.159(0.406)
RIBE 0.908(0.996) 0.997 -0.004(0.922)
FLR T EREIC 18.910(0.847) 0.180 -0.353(0.274)
H S eI 4 14.986(0.361) 0.062 -0.242(0.182)
H S et AR R 5.669(0.579) 0.619 -0.164(0.506)
% 4 APOB X E/LMEH B & & RRHSRES T

H B et S K- 23t
Cochran’s Q(P) MR-PRESSO( P) MR Egger( P)
TR 23.188(0.183) 0.094 -0.038(0.108)

1 AUBEIR SR 34.914(0.143) 0.730 0.021(0.276)

1 IRgg 0.886(0.642) - 0.248(0.583)
THRERAAE 13.619(0.805) 0.717 -0.072(0.093)
UK LY 15.209(0.709) 0.730 -0.032(0.638)
GRS 7.803(0.989) 0.987 -0.034(0.701)
FLEETE 10.239(0.115) 0.174 -0.071(0.081)

B LR e AN 4 21.266(0.322) 0.386 0.064(0.412)
RIBE 7.152(0.993) 0.990 0.007(0.648)
B RIEREIIC 1 21.398(0.259) 0.275 -0.089(0.265)
H S eI 4 16.915(0.595) 0.633 -0.010(0.837)
EEEE e LR INI 32.104(0.304) 0.498 -0.059(0.633)
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