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WE.a¢ @i s H5 R (Mendelian randomization, MR) 5 #7, 3% & & Ao Bl ABE P % A 5 R
HRIERRGEF LRI ARG BERELFE, Fik A A GWAS Catalog 2 FF & A 69 A A B 40 £ B AF % ( genome-
wide association studies, GWAS) JL %3 ¥  FF RS Ak hh¥e s MR 547, ¥ 5 £ F ABEESGY, 0ish ¥ %k
% 4 ¥ B 47 %) 77 (angiotensin-converting enzyme inhibitors, ACEIs) . f2 /& %7k & Il % #3537 (angiotensin II recep-
tor blockers, ARBs) .B-% #kFLi# 7] ( B-blockers, BBs) |45 i# i FL#F 7 (calcium channel blockers, CCBs) & "% %
#) f 7 ( thiazide diuretics, TDs) #= 3 £ % A K5 2h 4, 16 3-F AL -3-F L R — B4 B A i JR B ( 3-hydroxy-3-
methylglutaryl-CoA reductase, HMGCR ) #7417 | 7 %& & #5108 45 32 75 ) % 9 ( proprotein convertase subtilisin/kexin
type 9, PCSK9) ¥/l % - IE 5 C1 & £ 4% & 1(Niemann-Pick Cl-like 1, NPCIL1) 474 #4F H £ E B &,
6 FFIBIFRB(EFONE, FAR, FTRE MAREF ELR EM)EALEHLTE, AiEF £ MRk
(inverse variance weighted, IVW)YE A £ & 5477 ik S X BER 43t £ & L6945 R4 7 # MR 7 ik #4738,
& A Cochran's Q #:3& MR-Egger R IESHTFo G — kAT BB M AT, 4% EARZAB T ,ACEls 5iEA(OR=
1.024, 95%CI:1.01~1.038, P, =0.002) %4 & A E(OR=1.022, 95%CI;1.019~1.024; P, <0.001) & & iR
(OR=1.017, 95%CI;1.011~1.023, P .<0.001) R &3g 2 B R A3 BBs 5% F & AR KA LERR A
B (OR=0.994, 95%CI;0.989 ~ 0.999, P, =0.034) ; PCSK9 47 4] #| 5 2 £ 8% (OR = 0.992, 95% CI: 0.986 ~
0.997, Pype =0.003) oAl Ay £ (OR=0.996, 95%CI:0.993~0.999, P, =0.048) K& MAKA £ B R X B, 72 B
AFEF  ACEls 5 H LR R e 38 A 45 42 B R % B (OR =1.088, 95%CI:1.029~1.152, Py, =0.016) ; HMGCR 47 4
525G R A LR REAFE(OR=1.194, 95%CI:1.049~1.359, P, =0.022) ; PCSK9 #7#] #| 5 F 0=
(OR=1.106,95%CI:1.039~1.176, Pp,, =0.004) F=% .8 (OR=1.082, 95%CI;1.024~1.145, Py, =0.017) R F&3%
I BB R LB, 5 F AR R FE AR A £ B R LB (OR=0.892,95%CI.0.822~0.968, Py, =0.018) ;NPCIL1 #74)
7 5 R IRR e AR A /2 B R £ B (OR =0.706,95%CI:0.579~0.861, P, =0.002) , ## ACEIs £ & &5 B
AFE o 3 7T 463 a3 4 IR B0 R % K ; BBs £ R T ABF P 3T 48 482 5 & A 8 XU ; HMGCR #74) 7 2 B A B
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Abstract; Objective To investigate the causal associations between commonly used antihypertensive and lipid-
lowering drugs and prevalent ocular diseases in East Asian and European populations using drug-target Mendelian
randomization ( MR ). Methods

association study (GWAS) summary data from the GWAS Catalog. Five classes of antihypertensive drugs, including

This cross-ancestry drug-target MR study utilized publicly available genome-wide

angiotensin-converting enzyme inhibitors ( ACEIs), angiotensin II receptor blockers ( ARBs), B-blockers ( BBs),
calcium channel blockers (CCBs) , and thiazide diuretics (TDs), and three classes of lipid-lowering drugs, including
3-hydroxy-3-methylglutaryl-CoA reductase ( HMGCR )
(PCSK9) inhibitors, and Niemann - Pick Cl-like 1 (NPCIL1) inhibitors were selected as exposures. Six common

inhibitors, proprotein convertase subtilisin/kexin type 9
ocular diseases ( senile cataract, glaucoma, dry eye syndrome, visual impairment, presbyopia, and myopia) were
defined as outcomes. Inverse variance weighted (IVW) was employed as the primary analytical method, supplemented
by seven additional MR methods for findings with statiscauy significant correlation. Sensitivity analyses were conducted
using Cochran’s Q test, MR-Egger intercept test, and leave-one-out analysis. Results
ACEIs were causally associated with increased risks of myopia (OR=1.024, 95%CI. 1.010-1.038, P, =0.002),
senile cataract (OR=1.022, 95%CI. 1.019-1.024, P,;<0.001), and glaucoma (OR=1.017, 95%CI. 1.011-1.023,
Prr<0.001) ; BBs were associated with reduced risk of senile cataract (OR=0.994, 95%CI. 0.989-0.999, P =
0.034) ; PCSK9 inhibitors were associated with reduced risks of presbyopia (OR=0.993, 95%CI. 0.986-0.997, Py, =
0.003) and visual impairment ( OR=0.996, 95%CI. 0.992-0.999, P, =0.048). In European populations, ACEIs
were associated with increased glaucoma risk (OR=1.088, 95%CI; 1.029-1.152, Py,; =0.016) ; HMGCR inhibitors
were associated with increased senile cataract risk (OR=1.194, 95%CI. 1.049-1.359, P, =0.022) ; PCSKO9 inhibitors
were associated with increased risks of dry eye syndrome (OR =1.106, 95% CI. 1.039-1.176, Pgy; =0.004) and
presbyopia (OR=1.082, 95%CI. 1.024-1.145, Py, =0.017), but with reduced glaucoma risk (OR=0.892, 95%CI .
0.822-0.968, P,z =0.018); NPCILI inhibitors were associated with reduced glaucoma risk ( OR =0.706, 95%CI;

0.579-0.861, Py =0.002). Conclusion ACEIs may increase risks of certain ocular diseases in both East Asian and

In East Asian populations,

European populations. BBs may reduce senile cataract risk in East Asians. HMGCR inhibitors may increase cataract risk

in Europeans, while NPC1L1 inhibitors may reduce glaucoma risk in Europeans. The effects of PCSK9 inhibitors on

64 %7 1

ocular diseases exhibit ethnic differences.
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ESTEMIRERR IS CITOP S-SR/ €/ L
111 FRE R IR

R 25 (1) TVs i1 2 T W5 4 1 ( systolic blood
pressure, SBP) i) 42 3 A 41 S I 5% ( genome-wide
association study, GWAS) L. &L 50 4 | B AR 2591 /9
Vs 9 3% 5 T % % B A5 2% 11 JIH [ B ( low-density
lipoprotein cholesterol, LDL-C) ) GWAS [ & %
o AR FHAE S AR T i K GWAS meta 77
Bras il IOk IVs B AT SEPERGE A iE . AR
7t SBP 4% (n =238 120) 5 LDL-C (¥ (n =
165 481) L K Wi A #E SBP %44 (n=1 028 980) 5
LDL-C ¥t4E (n =1 320 016) ¥]3k [1 GWAS Catalog
(https ://www.ebi.ac.uk/gwas/home ) (te17]

1.1.2 S5 RBda kA

6 FIHR FRBE (T HRAE L 2AF N B T OGIR AL
JrBEERS G CEAEHR) 19 GWAS IS Bk IR T
“H B % Nt %" (Million Veteran Program,
MVP) " RS 64 Ti B S G 2
NAWIGERE . ASAIEFE 53 042 5T M 5 2R AR 1Y) 3
Pk GWAS %
1.1.3 BT B e I3

S Uk TR B A R A9 L) e IR B ik
¥4 (coronary artery disease, CAD) 1E A FH P X Bt
450, BRUHAHE CAD %8 (n=1 165 690) KI5 T
Aragam 25V HFSY, AR A BE CAD #5045 (n=51 442)
K UR T Matsunaga %20 W5, X EEE S H TR A
HEh A B B K CAD GWAS i

T 8 M5 R 7 e BRI R IR FEARRAE R
BRI L,

R BRI AR

Table 1 Data sources and description

B2 PAEITE S s GR5 FEA L (/%7 i) g
T
SBP GWAS Catalog GCST90310294 1 028 980/— el
SBP GWAS Catalog GCST90278668 238 120/— 2
LDL-C GWAS Catalog GCST90239658 1 320 016/— el
LDL-C GWAS Catalog GCST90278665 165 481/— K
2R
T HR9E GWAS Catalog GCST90475895 398 636(84 262 / 314 374) R
FHRAE GWAS Catalog GCST90477755 6 029(1 219 / 4 810) R
EAEANRE GWAS Catalog GCST90477674 404 086( 197 600 / 206 486) BRI
BAE GWAS Catalog GCST90477672 6 255(2 197 / 4 058) K
HOLR GWAS Catalog GCST90475869 430 721(81 303 / 349 418) el
H IR GWAS Catalog GCST90477662 6 503(1 446 / 5 057) R
Al GWAS Catalog GCST90475878 399 356(267 840 / 131 516) el
LAl GWAS Catalog GCST90477677 6 010(3 830 / 2 180) RV
Sl GWAS Catalog GCST90475880 398 816( 65 574 / 333 242) el
b)) GWAS Catalog GCST90477680 5 874(1 535 / 4 339) ZRIF
AR GWAS Catalog GCST90475881 390 253(211 535 / 178 718) FER
HAGIR GWAS Catalog GCST90477686 6 065(2 868 / 3 197) RIE
[{EREPOpi
CAD GWAS Catalog GCST90132314 1 165 690( 181 522 / 984 168) el
CAD GWAS Catalog GCST010480 51 442(15 302 / 36 140) R

T =" FR IR BRI S

12 FHix
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ABIE TG (2024 A7 R o 1L 27 2 Wk AR 512 B
FERG )Y R e A R AR S ()2 AR 2024

)Y R BIRT S K MR 2, (046 L Rk %

B4 5] ( angiotensin-converting enzyme inhibi-

tors, ACEIs) (I %k % 11 Z K507 (angioten-
sin I receptor blockers, ARBs) . B-3Z 1A BH ¥ 7
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( B-blockers, BBs) 5 & B ## 77 ( calcium channel
blockers, CCBs) M BRI H| /K ( thiazide diuretics,
TDs) , DL J 3 2 JHRENR 24 , (4 3-8 3k-3- 11 k)%
T WEH B A 6 )5BS (3-hydroxy-3-methylglutaryl-
CoA reductase, HMGCR ) #ll il 7 | 7y &5 H % 1L B Al
HS T 2 9 ( proprotein convertase subtilisin/kexin
type 9, PCSK9) #liil 1] | Jé 2 -Vt vg C1 R
1 (Niemann-Pick C1-like 1, NPCIL1) #0141 51 /& K

TREE, WA 2, TR MR AEZETR DLy 22 0m
L (inverse variance weighted, TVW) & 5 7 fr
Ik, RGVHL FIR 25 6 T UL IR BB Z [A]
PRI OCHK Ry o 25 SR A AR gt | AR Y [R] s ok
T AR BRI SR 7 Fib 78 MR T3k 254756
E, 3138 i B — ¥ . Cochran’s Q 5 Joi VE A6 56 L) K
MR-Egger #4560 74T B0 204

R2 W ILREIRZG Y AIRENR 25 W) KA LR R B

Table 2 Common antihypertensive and lipid-lowering drugs and their target gene information

ELpSil REZ FEHOIER Pt E R {7 5 (GRCh3T / hgl9)
W2y
ACEIs R ACE 17 61554422-61575734
ARBs b AGTR1 3 148415690-148460790
26605667-26724795/
159343489-159400019/
BBs SR ADRA1A/ADRA1B/ADRAID/ 8/5/20/ 4201277-4229934/
» ADRB1/ADRB2/ADRB3 10/5/8 115803625-115806663/
148206174-148208186/
37820508-37824117
CACNALC/ CACNALD/ 2162153-2807116/53528638-53847760/
CACNALGY CACNALHY 48638076-48704835/1203106-1271768/
CACNALL/CACNALS/ 12/3/17/16/ 39966758-40085740/201008640-201081554/
CCBs M CACNAZDL/ CACNA2D 22/1/7/3/11/ 81575760-82073272/50400044-50541675/
CACNBL/ CACNBY, 10/12/2/17 37329706-37353922/18429353-18832486/
49208263-49222724/152689285-152955681/
CACNB3/CACNB4/CACNG1 65040670-65052913
TDs A e SLC12A1/SLC1243 15/16 48498499-48596275/56899119-56949762
W NGy
HMGCR #33 BT AT HMGCR 5 74632993-74657941
PCSKO9 || Ly N PCSK9 1 55505221-55530525
NPCIL1 1 WA 2 A NPCIL1 7 44552134-44580929

1.2.2 T HASE ik

MR F3 B B9 SO T TVs TRl s /2 3 4%
O O5 R R (MR ;@ 5IR
2 P Z ST (P S VA ) 5 DL i 28 55 R I 4 R
(HEbPEARRL ) LI 1, BET i AR5 4% DL 20 3R
e T HAZ & OIRIE 25 W) 25 BVE T B 25 19 TV's
MEj SBP . 35 AH 3G 4352 1% 718 S v i 08 ; e iR 25 1Y
IVs U A\ 5 LDL-C i 25 #H 5 19 38t 4% 728 S5 v 0 2
2 i@ 4 DrugBank ( https://www. drugbank. com/
datasets ) 5 GeneCards ¢ #}i J%£ ( https://www. gene-
cards.org ) i 7 - 25 24 W $ A50ER 10 X0 7 1) G L) A A
MG EG R (R 1), M TEMGY), 5
A7 F HA L R N Bk B R 500 T3 X% (kilobase

pairs, kb) i [E P14 SNP, H33k H 5 SBP 5{LDL-C
) GWAS JCIK i 2R3 /2 P<5x107°, @HFTF A
S DR ZH 0] v B R0 ST A A A 3% B0EAS P-4 ( link-
age disequilibrium, LD) &% [Hitl , X ik SNP #H17
LD R 5Bk (LD clumping) , EZSH N r< 0.1,
HEIEBS T 1024 10 000 kb, LABH{RAR B 19 SNP A1 H.
M7, R ss T EAS E iy, TH AR IVs 1Y F
gt (LR F> 10 B9 SNP, [A] i) i 47 MR
Steiger J7 [ PERG G , HEBR X 45 5y R A 7 2= i B =
T T R A fE L 1 SNP, LA il 52 1) PRI 2R A 0%
FESZI . (R FHRE R 2 M P 25 % CAD HA {4
AR K — 38 Ak B P 6T R Ao B 6 E T O TV
AT SEE
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1.3 SritsahiE

FA 3 AR T R B (RUAS 4.4.0) b AR
£ “ MendelianRandomization ” “ TwoSampleMR ”
“MRPRESSO” #1“MR.rap” #17 ,
1.3.1 MR 7k

PRIRAN Al 1. DL IVW S EZ 0 ik, 4
Vs Jg 54~ SNP fif >R Wald FUAEIE

ZRURAIE . X IVW 3545 1 8 2 4521, it —
AR A A7 8507 (weighted median estimator ,
WME) JnAUAE s (weighted mode, WM) FE T4
faEE 71 19 B9 MR-IVW 3% ( MR-IVW method using
robust regression, MR-Robust ) , MR-Egger [f] I 7%
( MR-Egger regression, MR-Egger) & T ERA DM
MR 75 ( MR-least absolute shrinkage and selection
operator, MR-Lasso) \MR % fdt i} % (1) 46 B 15 73 vk
( MR-robust adjusted profile score, MR-RAPS) J&
MR ZR01H: 5% 2% F1 5 B R I ( MR pleiotropy resi-
dual sum and outlier, MR-PRESSO) &5 7 Fh 5y it 47
—BPERE
1.3.2  BustEo it 5 2 ERR AL E

K H Cochran’s Q £ 5 PF-Aili SNP [H] 1) 55 51 4 ,
MR-Egger [B] 5 (14 8 5 00 4G 56 K7 Z2850bE . R B

MR WF5EBEHHESE 5 s
Framework and assumptions of the MR study design

— ik, B —HFRRA SNP JFEE MR 4047, LAITEAL
R B E S A AFE S SNP 3K Bl 1) i 17
FEHTEE B P K H Benjamini —Hochberg /7
EVEAT AR & PR (false discovery rate, FDR) ¢
1E, Kg/KHE a=0.05,

AR 53 5 4 4380 STROBE-MR

PR

2.1 IVs fFiE

WG T A I AR, 76 2 R Hh 2345 31
A5 4 2R R Z5AH G SNPs Fl 44 15 2 5[4 624
FHOCHY SNPs ; 7ERRIN ARE L3R4S 163 4~ 5 5 5%
FEZ5AHEHY SNPs DU K 221 5 3 25FE B8 25/ 561
SNPs

Hrr, ARBs 5 NPCIL1 #IIFIARAEAR WAFE i
VERNFF G40 SNP ORI AZ AT G 225087
2.2 [PEMEXTERS

FEZR AR5 RGBT, L CAD A BH X
WREE SR o BT 4 3 B 7 | JIT A e s 24 T8 g 24 40 ¢
1) 1Vs B 5 H L AHSE (P<0.05) , L3 3,

F 3 FEIRZGYAENG 259 (9 FPE XS R Hr 2 R

Table 3 Positive control analysis results of antihypertensive and lipid-lowering drugs

251255 47 Tgxp WIRES OR 95%CI P
RPN i
ACEIs CAD 1 Wald H A 0.988 0.979~0.996 0.005
BBs CAD 5 IVW 0.994 0.992~0.996 <0.001
CCBs CAD 10 VW 0.997 0.995~0.999 <0.001
HMGCR #i5 CAD 8 VW 0.998 0.996 ~0.999 0.005
PCSK9 1| 1 CAD 20 IVW 0.994 0.991~0.997 <0.001
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S
265 Z5 )R e Ik OR 95%CI P
RN HE
ACEIs CAD 4 IVW 0.961 0.929~0.994 0.019
ARBs CAD 49 IVW 0.956 0.944~0.969 <0.001
BBs CAD 3 IVW 0.933 0.900~0.966 <0.001
CCBs CAD 100 IVW 0.964 0.955~0.972 <0.001
TDs CAD 6 IVW 0.933 0.902~0.966 <0.001
HMGCR 1 i5 CAD 39 IVW 0.733 0.636~0.844 <0.001
PCSKO il 51 CAD 88 IVW 0.556 0.527~0.587 <0.001
NPCI1L1 175 CAD 36 IVW 0.504 0.410~0.620 <0.001
2.3 MR &1 (Pppp<0.001) 1% 9 IXUBs: 385 i A7 78 R 2R G HK ; BBs
2.3.1 AR R R 24 AR B 24 5 R 5 1Y A N 1) 22 9 RUS: AP A PR SR DG (P =
FES QIS 0.034) . TEFEREZ4H  PCSKO #1715 4 46 IR 14 & i

MR AT 45 5 SR TERE R 245 ACELs 53 XU FRAIRAEAE PR OCHK (Prpp =0.002) , WL 4,
(P =0.002) A [T ( Py <0.001) AT AR
T4 RN PR L2 AR 25 5 5 DL IR FBE0 1 25 M0 A5 MR 43 B 45 21

Table 4 Drug target MR analysis results of antihypertensive and lipid-lowering drugs with common
ocular diseases in East Asian populations

ESLyESill 45 Noxp Jrik OR 95%CI Prox
ACEIs FHRJE 2 IVW 1.018 1.003~1.034 0.061
ACEIs bli/) 2 IVW 1.024 1.010~1.038 0.002
ACEIs HAEIR 1 Wald H{H% 1.055 0.928~1.199 0.412
ACElIs B H N R 2 IVW 1.022 1.019~1.024 <0.001
ACEIs HOGHR 2 IVW 1.017 1.011~1.023 <0.001
ACEIs e 1 Wald (B 1.055 0.928~1.199 0.767
BBs FHRJE 9 IVW 0.996 0.990~1.002 0.302
BBs bli/) 9 IVW 1.000 0.994~1.007 0.945
BBs ZAGNR 9 IVW 0.994 0.986~1.001 0.269
BBs A N B 9 IVW 0.994 0.989~0.999 0.034
BBs LR 9 IVW 1.000 0.991~1.009 0.951
BBs TS 9 IVW 0.995 0.989~1.002 0.051
CCBs THR4E 14 IVW 0.997 0.992~1.002 0.606
CCBs i) 14 IVW 1.001 0.994 ~1.009 0.945
CCBs ZAGNR 14 IVW 0.997 0.992~1.003 0.412
CCBs A N B 14 IVW 1.002 0.996~1.009 0.442
CCBs HOGHR 13 IVW 0.993 0.985~1.000 0.090
CCBs 7 b s 14 IVW 0.999 0.993~1.005 0.767
HMGCR #1451 TR fiE 13 IVW 0.999 0.996 ~1.003 0.712
HMGCR #ii i 5 blig ) 12 IVW 0.998 0.994~1.002 0.328
HMGCR i1 4151 ZAEIR 13 IVW 0.998 0.994 ~1.002 0.444
HMGCR #13i5 A N B 12 IVW 0.997 0.993~1.001 0.163
HMGCR #1451 HOLR 12 IVW 0.997 0.993~1.001 0.108
HMGCR #4151 7 A 13 IVW 0.997 0.994~1.000 0.064
PCSK9 411 il 51 T-HRE 24 IVW 0.996 0.991~1.001 0.170
PCSK9 il 5 blig ) 24 IVW 0.996 0.991 ~ 1.000 0.083
PCSK9 #1ill 1 EAER 24 IVW 0.992 0.986~0.997 0.003
PCSK9 il 5 BAE B 24 IVW 0.996 0.990~1.001 0.163
PCSK9 #1j1 il 51 HOLR 24 IVW 0.997 0.992~1.002 0.188

PCSK9 #1417 PR R 24 IVW 0.996 0.993 ~0.999 0.048
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2.3.2 R AHEBE R FIEAR 25 SRR HY A (Prpg =0.004) F1Z LR ( Prpe =0.017) B9 & 55 XL
SRS S I INAFAE PR R OG5 75 G IR A 252 s XU [ AR AT
MR 255 R FEME R 25 ACELs 5 OLIRE  FEBIRICHE (Prpy = 0.018) s NPCIL1 #1141 1 5 7 6
o AU 34 M0 A7 72 AR OGHR (P = 0.016) o TEREAR  HRAY 5 AU [ I A7 72 PR DG HK (Prpe = 0.002)
2 HMGCR #1505 & 4F AN B A AR 3 m 3k s,
FEAE PRSI ( Py =0.022) s PCSKO 11 7 5 1 iR

5 BRUNAREP R 2 RGNS 25 5 DR AP 09 25 W HE £ MR 3 B4 2R
Table 5 Drug target MR analysis results of antihypertensive and lipid-lowering drugs
with common ocular diseases in European populations

2591255 45 Mxp Tk OR 95%CI Prox
ACEIs T-HRE 4 VW 1.002 0.974~1.030 0.919
ACEIs S 4 IVW 0.988 0.879~1.110 0.869
ACEIs ZAGNR 3 IVW 0.996 0.971~1.022 0.741
ACEIs HAE B 4 IVW 1.018 0.984~1.054 0.869
ACEIs LR 4 IVW 1.088 1.029~1.152 0.016
ACElIs 7 B A 4 IVW 1.001 0.974~1.030 0.930
ARBs TR AE 3 IVW 0.998 0.963~1.034 0.919
ARBs plig ) 3 IVW 1.002 0.976~1.029 0.869
ARBs EAEIR 3 IVW 1.012 0.964~1.063 0.741
ARBs BHH N 3 IVW 1.020 0.975~1.067 0.869
ARBs FOLIR 3 IVW 0.967 0.902~1.036 0.423
ARBs Ll 3 IVW 1.011 0.974~1.050 0.699
BBs FHRJE 46 IVW 1.008 0.996~1.020 0.809
BBs bli /) 49 IVW 1.001 0.990~1.013 0.869
BBs HAEIR 48 IVW 1.002 0.992~1.013 0.741
BBs AR H N 47 IVW 0.999 0.988~1.010 0.869
BBs HOLR 48 IVW 1.008 0.988~1.029 0.441
BBs vl 47 IVW 1.008 0.996 ~1.020 0.442
CCBs T-HRE 100 VW 0.997 0.988 ~ 1.006 0.809
CCBs S 99 IVW 0.999 0.987~1.011 0.869
CCBs AR 98 IVW 1.009 1.001~1.017 0.137
CCBs HAE N B 98 IVW 1.002 0.993~1.011 0.869
CCBs TR 98 IVW 1.009 0.998~1.019 0.237
CCBs T A 98 IVW 1.005 0.996~1.013 0.442
TDs FHR i 6 IVW 0.986 0.952~1.021 0.809
TDs S 6 IVW 1.039 0.996~1.084 0.366
TDs EAEIR 6 IVW 0.982 0.945~1.019 0.741
TDs BN 6 IVW 1.006 0.968 ~1.045 0.869
TDs FOLR 6 IVW 1.019 0.994 ~ 1.046 0.237
TDs g b h 6 IVW 0.979 0.942~1.017 0.442
HMGCR #1451 THRAE 41 IVW 1.060 0.915~1.228 0.437
HMGCR #1315 bli) 41 IVW 0.967 0.779~1.201 0.762
HMGCR #1135 AR 40 IVW 1.112 0.958~1.29 0.246
HMGCR #1315 BN 41 IVW 1.194 1.049~1.359 0.022
HMGCR #1451 LR 40 IVW 0.967 0.812~1.151 0.704
HMGCR #1135 Ll R 41 IVW 1.144 0.999~1.311 0.155
PCSK9 #i il 5! TR iE 107 IVW 1.106 1.039~1.176 0.004
PCSK9 #1151 Sl 108 IVW 1.021 0.949 ~1.099 0.762

PCSK9 #i5 AR 108 VW 1.082 1.024~1.145 0.017
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2591255 455 Ronp ik OR 95%CI Prog
PCSKO i1l 51 B 108 IVW 1.001 0.939~1.067 0.974
PCSKO 411l 51 HOLHR 107 IVW 0.892 0.822~0.968 0.018
PCSKO #1117 W7 A 108 IVW 1.030 0.968~ 1.095 0.348
NPCI1L1 #jiil71 THRAE 42 VW 1.026 0.850~1.239 0.788
NPCI1L1 5] bl 42 VW 1.070 0.860~1.331 0.762
NPC1L1 15 EAER 42 IVW 0.957 0.820~1.118 0.583
NPCIL1 4l 5 BN 39 IVW 1.069 0.912~1.252 0.618
NPCIL1 #4651 HIGHR 42 IVW 0.706 0.579~0.861 0.002
NPCIL1 #il5 ) i 42 IVW 0.936 0.800~1.097 0.415
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N N S, N
) MR-Robust % (5 1E, H 5 HAW T A #5807 ey s, WK 2,
AN BRI BE
Bk %R Mo Jr¥k OR(95%CI) P #wxn 4R Msne  JiiE OR(95%Cl) P
ACEls i} 2 vw ——=—s  1024(1.010-1.038) <0.001 , ACEls T 6IR 4 vw - 1.088(1.029-1.152)  0.003
WME ' NA NA ! WME o 1.081(1.028-1.137)  0.002
WM b 1,023(0.997 - 1.050) 0.081 1 WM - 1.077 (1.022-1.136)  0.005
MR-Lasso et 1.020(1.000 - 1.048) 0.045 MR-Lasso (- 1.088 (1.029-1.152)  0.003
MR-Robust Lo 1.020(1.020-1.030) <0001 ! MR-Robust Lo 1.088 (1.041-1.136)  <0.001
MR-Egger I NA NA ! MR-Egger ] 0.890 (0.735-1.077)  0.230
MR-RAPS s 1,025(0.996 - 1047) 0.096 | MR-RAPS ™ 1.087 (1.041-1.136)  <0.001
MR-PRESSO . NA NA ! MR-PRESSO ) 1.088 (1.029-1.152)  0.049
ACEls EEANE 2 VW - 1.022(1.019- 1.024)  <0.001 | HMGCR WHE ZEANE 41 (% l—— 1.194 (1.049-1.359)  0.007
WME ' NA NA . WME st 1211 (10201437) 0029
WM bt 1.021(0.998 - 1.050) 0.131 ! WE |b—l——t 1218 (1.039-1.427)  0.015
MR-Lasso i NA NA ) MR-Lasso |—m—t  1.194 (1.049-1.359)  0.007
MR-Robust ) 1.022(1.020 - 1.030) <0.001 | MR-Robust ! —_— 1.193 (1.092-1.303)  <0.001
MR-Egger 1 NA NA ! MR-Egger et 1.016 (0.696-1.484)  0.933
MR-RAPS ———a—— 1.022(0.999-1.050) 0161 MR-RAPS R 1.193 (1.054-1.350)  0.005
MR-PRESSO : NA NA . MR-PRESSO | p—— 1.194 (1.049-1.359)  0.010
ACEls IR 2 VW | - 1.017(1.011- 1.023)  <0.001 C PCSK9 il FHAE 107 VW - 1.106 (1.036-1.179)  0.001
WME ! NA NA ) WME o 1.109 (0.994-1.237)  0.065
WM ——s—— 1.0200.999-1040) 0211 ! WM e 1.114 (1.022-1.216)  0.015
MR-Lasso bl 1.020(0.999 - 1.040) 0.177 ' MR-Lasso e 1.106 (1.036-1.179)  0.002
MR-Robust o 1.020(1.010-1.020)  <0.001 , MR-Robust ] 1.115 (1.056-1.177)  <0.001
MR-Egger ! NA NA ! MR-Egger (. 1.131 (1.034-1.236)  0.007
MR-RAPS Vit 1,020(0.990- 1.050) 0241 1 MR-RAPS | - 1.116 (1.044-1.193)  0.001
MR-PRESSO ! NA NA \ MR-PRESSO ) 1.106 (1.039-1.176)  0.002
BBs ZEANR 9 W . 0.994(0.989-0.999)  0.034 |  PCSKO il ZAEW 108 VW ] 1.082 (1.024-1.145)  0.006
WME - 0.999(0.980- 1.010)  0.390 1 WME CL 1.063 (0.975-1.159)  0.165
WM e 0.999(0.980- 1.005) 0.413 WM o 1.068 (0.999-1.143)  0.054
MR-Lasso e 0.999(0.980-1.001)  0.133 ! MR-Lasso ) 1.077 (1.021-1.136)  0.007
MR-Robust b 0.992(0.980-0.999)  0.024 1 MR-Robust v 1.073 (1.025-1.123)  0.003
MR-Egger cwe 1.000(0.998-1.010)  0.997 | MR-Egger [ 1.072 (0.993-1.159)  0.076
MR-RAPS - 0.999(0.998-1.000)  0.162 ! MR-RAPS - 1.074 (1.017-1.134)  0.010
MR-PRESSO -4 0.998(0.998 - 1.000) 0.051 1 MR-PRESSO - 1.082 (1.024-1.145)  0.007
PCSKQ #iil ) W 30 W - 0.992(0.986 - 0.997) <0.001 |  PCSK9fll R 107 Ivw - 0.892 (0.822-0.968)  0.006
WME .y 0.999(0.998 - 1.000) 0.077 ! WME I 0.910 (0.810-1.022)  0.110
WM .y 0.998(0.998 - 1.000) 0.017 1 WM .— 0.882 (0.802-0.969)  0.009
MR-Lasso - 0.995(0.990-0.999  <0.001 | MR-Lasso -t ! 0.874 (0.811-0.942)  <0.001
MR-Robust vme 0.995(0.990-0.999)  <0.001 ! MR-Robust - 0.886 (0.828-0.948)  <0.001
MR-Egger Come 0.990(0.988 - 1.010) 0.320 1 MR-Egger R 0.907 (0.809-1.017)  0.095
MR-RAPS - 0.992(0.990-0.999  <0.001 | MR-RAPS - 0.884 (0.822-0.951)  0.009
MR-PRESSO - 0.992(0.990-0.999) <0.001 ! MR-PRESSO .- 0.892 (0.822-0.968)  0.007
PCSKO#MIfilFl  MAkEE 26 vw - 0.996(0.993 -0.999) <0.001 NPCAL1 il TR 42 VW —— 0.706 (0.574-0.868)  <0.001
WME . 0.996(0.992-0.999) 0.037 | WME e 0.761 (0.561-1.032)  0.079
WM - 0.997(0.994-1.001) 0130 ! WM - 0.789 (0.583-1.068)  0.125
MR-Lasso - 0.996(0.992 - 0.999) <0.001 MR-Lasso  t——t ! 0.706 (0.574-0.868)  <0.001
MR-Robust - 0.996(0.992-0.999) 0.012 | MR-Robust  t=—i=—t 0.712 (0.567-0.894)  0.003
MR-Egger .- 1.002(0.995 - 1.008)  0.600 1 MR-Egger ¢t | 0.652 (0.461-0.922)  0.015
MR-RAPS - 0.996(0.993-0.999) 0006 MR-RAPS b=t | 0.712 (0.574-0.883)  0.002
MR-PRESSO - 0.996(0.993- 0.998)  <0.001 | MR-PRESSO, t—s—t | 0.706 (0.579-0.861)  0.001
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Figure 2 Results of all methods with significant causal associations in IVW analysis in East Asian and European populations
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Table 6 Results of heterogeneity and horizontal pleiotropy analyses

= SR IR 2230 R B
Ergs ZE
0 P MR-Egger # I {H P
RPN i
ACEIs blig ) — — — —
ACEIs AR E R — — — —
ACEIs LR — — — —
BBs EEANRR 3.450 0.902 -0.034 0.704
PCSK9 1l 71 ZAEHR 36.773 0.152 -0.026 0.502
PCSK9 1 5) Al 17.298 0.871 -0.054 0.052
RN AT
ACEIs LR 5.977 0.113 0.042 0.054
HMGCR #1171 BAEH N R 46.948 0.209 0.006 0.374
PCSK9 #1115 FHRAE 97.221 0.717 -0.001 0.478
PCSKO 4l 5 EAEHR 120.341 0.178 5.7x107* 0.734
PCSK9 il 71 HIGHR 140.079 0.015 -0.001 0.682
NPCI1L1 11l 5] FOLIR 37.827 0.612 0.002 0.574
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Figure 3 Leave-one-out analysis of the top 10 SNPs contributing most to the overall effect
A PCSKO9 inhibition and presbyopia ( East Asian) ;

dry eye disease ( European) ;

B: PCSK9 inhibition and visual impairment ( East Asian) ;
C. ACEIs and glaucoma ( European) ; D: HMGCR inhibition and senile cataract ( European) ; E: PCSK9 inhibition and

(European) ; H; NPCI1LI inhibition and glaucoma ( European).

F. PCSK9 inhibition and presbyopia ( European); G: PCSK9 inhibition and glaucoma
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