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ol Dol AR 2lo] o] Alsh Aol 1609 Holgli, 201240 nEYo]
2Iolo] Elo] & Aghgo] 2209 Wolgirh. 12l 200040l 20164 EQF Groz
A3 7] AlgEo] 5% Z7ISICt (WHO, 2020). ol Py 84} & % Fuos
QA A, PR A0 2 QI3 Aol RES| F/1Y) mel Fue o Az A
goz Yty gt
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2 9oy 4 9.
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¥ o] @olo] 52 AL, ool FYHAE Jast ATl ol

(Aronson et al., 2002).

WO, BAb AR, SAISH W 5 R WHEOR o]Roj3l ge ASol
W SAEEEE 4o AT 32 HWAT (Beckman et al, 2002; Liu et al.,
2017; Wang et al., 2016). stA|RF G0l gle 77l AN 5831 S44738%
7o) Qluby olsio] cisiAle ojziol BRsich ol ATSoAE BRI 2AE F71E
282 ZAYSH WAlEo] SIS ¥gl a1 (Levitan et al., 2004; Zhao et al., 2019), of
W APSAME BRAG 2A7F Flotcleke T 4A17H el oldet S47ekE

oft

1T =20



Lojojst AT ot A=Kt (Bornfeldt, 2016; Goldberg, 2004; Sousa et al.,
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Genetic Variant
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fru
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el
ox,

g welel
sfof A3
olx-.
AN

£ ojst MRC(Medical Research Council) & stuto]
Ao B4 717r0] GWAS ZAubE skl glolE
il ARSI (Two-Sample  Mendelian
oj-&st g #A AuE AlFS &= Vlse T
S 3} horizontal pleiotropy) ¥&3 &% 9 tt2
ol &5 Jristy] Yot v 4 EF 7hssidt

(o]

22iQl 3 R 87 =238 Z 7|§t0 2 Sh= R-Package PAIC = A|lFEH 9lQ
o, dlol8 Ale thoksh A9 34504719 GWASZBE H|FH 12609 712 SNP
2 FAEo 9on, A7|AM oz AYolE L1 9t} (Hemani et al., 2018).

o] A+= SP¥HL Fugyt 35FF0 ofd
95 MR-Base Hlojg] A7F4o] = G
iy dAE 8 Al 28 &

oA Tt Atr S o]-&5FAT

FHIAY YRS Fugol g fHY
Bt et Apold ALgH 2074 o
Gh IS G ARES WD Yb AUS, 3

L339l 58,0748 02, MAGIC ZHAAAA]
T2EE HZEUY AaAd ALAES

e RAAL 7 WAE FE]

WAS 27} xt2 2 o] &atgirt.
3R 95,0309 0|1, 20209 FinnGen Biobank

mo oft

2
&ro] 7 mmol/L o]Aol AlztS

SRAIAIZCE o] AP 20124 Manning AKE B] 23 APAHSo] s 2% 9ick.

2%0] p< X107 "olakel = w2 Ads) Yol

8 LD (Linkage Disequilibrium) clumping &i2]%

(R*<0.001). 23 =3 B 10709 A =7
A B WaSo] 27t SEE A,



8 A0l AR A7) Yol THE WaolH WAsl: HYsEn
of qluge AMurlE StUch F4WL AR )5 547 E(large Artery
=

GWAS fJo]E& o] &5}t

s £4748Hs &ojAE2 MEGASTROKE ZAAAIAO|A o]2o0jZ] 17719 A3 E
AollA vl {8 Q 150,765 0ltt. s/ &S AT 446,696 % 150,765
o] =W HZAASS 51 2§02 AEE Tt} (N-case=4,373, N-control=146,
392). o] A+t 2018 Malik. RE H[X§H AALZ0 oJsl 3= qlct.
ZA75HE A2 = FinnGen Biobanko]A] ZrESH GWAS Gjo]E|& o] &3]3}

L3d0] 77,601Ho]1 (N-case=2,181. N-control=75,420), AR

of ol OMIRLE] 80AI7HA] CIoFsich. of GWAS do]eli 20204 6ol WrE] 9ict,



Atherosclerosis
(LAS, PAS)

Fasting Blood
.7 - Glucose

(7 N\
Bzx Diabetes, ] Bxy

“\

*x LAS : Large Artery Atherosclerosis (5% &ZAH331%)
* % PAS : Peripheral Atherosclerosis (@& &£4733+%)
3-1. FdEA =X (Inverse Variance Weighted) BA
TRIAY FYREI] ATHS Lohus] s, SUNHYL FHWUS GWAS o
O]E| & 0]85}o] ARAF =AW (Inverse Variance Weighted) 753 <o}y it}
A3d e Bpp)c SNP-TLH5HS 53 (SNP-outcome effect, Bzy) + SHHS

QF AE] w= SNPo| tfst SNP-Z=H¥ S 8311 (SNP-exposure effect, Bzz)2 AAF
ElojA|n], SNP-Z4W4 &1t (Bzy)0] o Bato] ofsf 7157t ALHh VW 8
A 7ol f=te 7P stoll dds Aldoh

AN EX] BEE dotH 7] 93, Funnel Plot¥t MR-Egger &H
(MR—Egger intercept) &5 YOoFEQITH Funnel Ploto] H|TAAQl RS LIELA
U MR-Egger ¥ 3fo] P-value<0.059 4%, AFARI 84 ot

(directional horizontal pleiotropy)o] &Xjgr-S 9juo|stct.



AdE2EAF 29 (Inverse Variance Weighted, IVW) &4 A], 2HO] Q™AL =1
450 SUUAE EF E5vs] OF @Yol obd, OB A2 £al F4U50]
IS £ . oleh A oA

o Ls
Exfo] o} vlolojAst jYT Aite AL 2 9tk of
z7t2 ok MR BAE 37 2a3steich of elpolA Hes IVW olele] MR HAY
O 2= MR-Egger Regression, The Weighted Median, The Weighted Mode £
ol 9ltt.

MR-Egger Regression 2 S|
o glom MW e crsich AMol 7127
horizontal) GHE# /g0l FTFZ WA &
712 YERHS. MR-Egger regression®] 0o opd A¥ g2 AAKA AHHH
(directional) ttH¥$ A4S UeEPATH (Hwang et al., 2019).
MR-Egger Regression2 =34 0|99 J=2& FoF {AA =50t S59
ofe] ATYL SYolofof ke YL et ol L MEHA VW 2
RO ot gupstE VW EAL } S| ot
71AsH7] Tj-2o|th (Hwang et al., 2019).

4>w
oE'.
_|31

Weighted Median ¥A¥e WE QA ERHAE0] Bzy o Bzo ¥]Q] 7HEAI7}
AgE FYYe o8t ok JHEAE FFS A&SHe VW BAWbe vigg:
>

Adolct. SAA Ews F ciew@gol gokn Mgstan, Jgis of F Mojw
],

A7 Rol® QAR Ewa 27t A we 2R 7w
sttt (Hwang et al., 2019).
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Single SNP ZAY2 FAAL =¥ Zb2bo] tieh MR &4 Z2atet AA] A =
+H4S9 MR 24 22 Hlas] Be ot

Leave-one-out #4442 i3 FAA =485 AR YA WA FAIAF =
B0 MR 4 23S dotis gyoltt

o

=
Single SNP 2A¥1} Leave-one-out +AH-Z F5l 242t9] {AA T HLEIE &

HH L0 0jX= AAl 9FHY 2715 dot=

4>
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3-4. Radial MR &A

Radial MR 242 Rucker? Q-FAFS AMEstA oAl {AA mt®s
(Outlier SNP)& @AIgtct. ol={gt o] FAAL ERles ot ohddd == 0f
T et ddde 7H 7hs/dol 3l (Bowden et al., 2018).

Radial Plot2 IVW 24 3 MR-Egger &40l 2o} Q1= oJgx] fAAF B8
5 Aol IhdsHA dotEg 4 == SiEd

3-5. ol ZA}

o]’d’d (Heterogeneity) dAt= 2249 {AIAL =dao] Ofs] d2 Aabd FHA|
o] HE/de Uil AR =4¥4 Zh7ko] MR #4 ZirF & fAA =¥ e
2 MR 242 o192 o ¥+ MR Ziet dX|sh= Aes UET o]AAd dA=
Cochran's Q testg ©o]&sto] A4tE]oIX|H, Q_value 7} w25 dapd FAR Y
HEAo] obalS Uepdict metA, Q_value 7t @242 MR 24 ZAvto] Alg]Ao]
=r}1 & £ 9t} (Hemani et al., 2018)

w28t FAA =¥ a0 tisf 242 ©& 7HgE sk MR 24 (IVW, MR-Egger
regression, Weighted Median, Weighted Mode) ¥ W= EXA (Single SNP
analysis, Leave-one-out analysis), Radial MR &A1 ZAiutojA &= OALSH Aulrt
ASEE A9 SYNUSY FHWUA 7ho] Ay of o By U MY RolF 4

=
ot

DE ¥Mye MR-Base Web app (http://app.mrbase.org) #} R Version 4.0.3
o] Two Sample MR m|7|X]& o]&35}o] 43859}
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3-6. SAXX} £33 W (IV: Instrumental Variable) A1E8

7

SRR B2 WA MY wpge ohed 2ok (23 3)

Exposure Data Set {(Sample 1)
: (1) T2D Diabetes by FinnGen Project
{2) Fasting Blood Glucose by MAGIC

(1) T2D Diabatoes of Europaan
ancaestry, N=95,030

{Z) Nendiabactic Male &
Famala Adults
of European Descent from
29 cohorts, N=5S8,074

b

(1) 16,152,119 SNPs,
{2) 2,599,409 SNPs

Selected association with T2D
Diabetes and Fasting Blaod
Glucose

P=SK10 U SHPs by GUWAS

(1) 10 SNPs
(2) 22 sNPs

[ Matched SNPs |

Outcoma Data Set (Sample 2)
: {a) Large Artery Atherosclerosis by
MEGASTROKE
{b) Peripheral Atheroscierosis by
FinnGen Project

{a) Large Artery Atherosclerosis
as subtype of Ischemic Stroke
in the European Ancestory
Group from
17 studies, N=150,765

(b) Eurapaan Adults with
Paripheral Atherosclerosis of
FinnGan Biocbank,
MN=77,601

(a) 7,992,739 SNPs,
(b) 16,152,119 SNPs

A

Removing Incompatible &
palidramic with intermoediate
allel frequencies alleles

{1)-(m) & SMPs, (1)-(b) 7 SNPs.

(2)-{a) 22 SNPs, (2)-(b) 20 SMPs.
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TEEY WY APOUASL 5 5807489 SYA

S

1 QRREREe] s Ao thist GWAS tEF LS E5f

THEAIEREEE 2FEAT. AAAG AFAES 28 T

|25 9 Qe AME, 35¥Y $A17F 7 mmol/L o4l AlEES

: ] 54S RS B0 AT (% =

7F 3B E ATO] P o] WMol A 31~76.65 M|, oA} : 31~76.29 M|, 3
(kg/m?), oJx}:21.36~31.86 (kg/m?), B

~

EN
ok of

o Jx}F 1 3.96~6.05 (mmol/L), oA} : 3.86~5.92 (mmol/L), 3
o]t Jx} : 31.7~95.1 (pmol/L), 9J&} : 28.2~93.3 (pmol/L) ©]ic}. of
E Ad ol 45K1~60M% o, BMI, 3589, s5Q0ad Bk
L el ). &

tt. (& : Critical Value of BMI > 30(H]gH),
0]

19
e
=2
4SS

Ass  APTAtel o] ¥9E s¥A WUEF x4 9
METASTROKE ZAA| Qo4 Hagat A7 Aelstne 2% 184 o4 4ag o
2 st oisW EAEsts  ARCARbE & 150,765%0] L(N-case=4,373.
N-control=146,392), o] GWAS HE} A= 201839 MEGASTROKE Z1A Ao <]5)
23] Qlr}.

YEEW FAYSHE ALPAASL FinnGen m2AEo] Aojd Selolc, AA

= o =
AL ART = 77,601Ho]lal (N-case=2,181. N-control=75,420), AFLHAAISY]
A

W W@ Lol W, 1 S50} 66.374 o|th (65.914(2)/67.34(o))),
2} Aqo] o2 APUAAIES Yol chgw 2ok (& 2)
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/ MR Egger / Weighted mode
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2. URE &2

4%

=y

2-1. Single SNP &4

28 G=y RAR =¥ 4749 FA4AsHsl tigt MR Zaks #As) ig;q
o] 3gollAl 28 Fuyit e F4Fetsae] MR #A0x & 2709 {25t SN
= WAsIY T (rs35198068, rs9940128), WA S ZAAEETR0] MR 240 A] 1711
o] §oJgt SNPE L7A5ICH (rs35198068). SRRl =¥ 4 re35198068% s &
BAsHE, Bi ZAAESHEOA RE foF mavse wE gl

7V AR =¥l MR A Autel (R m-4) (£F B-5) IS AlAERst
Forest Plot2 thg3t Ztt (21 6) (29 7)

rs35198068 - .
rs10830963 - i
rs9940128 - =
rs2237896 - L
rsO348441 -
rs9275095 - -
All - MR Egger -
All = Inverse variance weighted
" H ! .
-0.5 0.0 0.5 1.0

MR effect size for
“Type 2 diabetes || id:finn-a~E4_DM2' on 'Ischemic stroke (large artery atherosclerasis) || id-ebi-a-GCST005:

37 6. Forest Plot : 28 Sk £7¥4 77to] oga Sy7stso] g
MR £A.
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rs10830963 -
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L ]

rs9275005 - -

rs9348441 - - .

rs9940128 -

»

rs2237896 -

rs112108223 - : .

All - MR Egger - =z

All - Inverse variance weighted - ———

) ; L) L)
-0.5 0.0 0.5 1.0

MR effect size for
"Type 2 diabetes || id:finn-a—E4_DM2' on 'Peripheral atherosclerosis || id:finn-a-DM_PERIPHATHERO'

73 7. Forest Plot : 28 Wi E7%% 7170 2k E47ebsol ofst
=]
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2-2. Leave-one-out 24

28 Tedyy e HAEEE5  Leave-one-out ZARoA] rs35198068
Leave-one-out A& A|QJst YA 2& JFAA =414 Leave-one-out Ao
A FAuRt S AT (P-value < 0.05). 29 H=9¥y Tx HYFSHEH
Leave-one-out BAH oAl W& OXAL T AH0|A  §ojujst Ayt ugict o]
S &0, =4 rs351980682) O s H4GekEol dieh el T2 FF3eS
oMEct 9§ It= 22 & 4+ AU

Leave-one-out MR ®AZAWe} (X2 x-6) (B2 xH-7) IS Az33

AON z

Leave-one-out Plot2 C}

rs9348441 -

rs9275095 -

rs2237896 -

rs10830963 -

rs9940128 -

rs35198068 -

All -

i ' )
0.0 0.2 0.4
MR leave—one-out sensitivity analysis for
“Type 2 diabetes || id-finn—a—E4_DM2' on 'Ischemic stroke (large artery atherosclerosis) || id-ebi-a-GCST005840"

3 8. Leave-one-out Plot : 23 Yyl Tz ZAASHS,
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rs112108223 -

rs2237896 -

rs9940128 -

L ]

rs9348441 -

rs9275085 -

L ]

rs10830963 -

rs35198068 -

All-

; L) L) L) L)
0.0 0.1 0.2 0.3 0.4 0.5
MR leave—one-out sensitivity analysis for
‘Type 2 diabetes || id:finn-a~E4_DM2' on 'Peripheral atherosclerosis || id:finn-a-DM_PERIPHATHERO"

bt

32 9. Leave-one-out Plot : 2% Gy X ZAHSHS.
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3. gy 4 2y

o] MR ®A oA AFAQA LA chHEUEA  (directional horizontal
pleiotropy) =7 ojBE5 &9lst7] ¢s MR-Egger A™ (MR-Egger Intercept) &

= off Bttt MR-Egger &A™ (MR-Egger Intercept) P-value 7} fola3 2
(P<0 05) AAARl +BA o Wad/do] EXst= ez 2o

23 Guysl 05U AYA85, 28 Juya %E FYPSA] MR-Egger
m BAMo] P-value’l 2% 90|5tA] 9o 7102 Ho} (P-value > 0.05), o] MR A
AoA AFGAQl A O W Weld2 EAIGH] d=te 2 ¢ & Ao

u

oleigt M 2WA CHANENS AZEe ol Funnel Plot ofth IVWe}
MR-Egger Afo] 7170l 4%, 13o] fJyg o842 NHHolm Sy ciwl
Lol £ 7h5ge Holmc

28 Fu FYFASTC] LAY Ao} (E 4) Funnel Plote thgat 2t

4. 29 St 54792509 MR-Egger AH 24 ZAa}

Exposure Outcome MR-Egger B intercept SE P-value
Type 2 LAS -0.032 0.054 0.590
Diabetes PAS 0.003 0.047 0.945

** LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis,
SE=Standard Error
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MR Method
Inverse variance weighted

ola

MR Egger
-0.2 o’o o'z
B
12 10. Funnel Plot : 28 @yt =t SAMFSHES.
MR Method
Inverse variance weighted
| ™R Egger
o0.20 0.25 0.30
Bl\f
S = =
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I3 11. Funnel Plot : 28
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73 S ool Ad FAHXY W 7he/dS LotEdt oldd A Bt
o2 Zo. (& 5)
Al 29 F=Eat gl 544952 oldd A 2y IVW Q-value=14.02, IVW

Q-P_Value=0.016, MR-Egger Q-value=12.91, MR-Egger Q-P_value=0.012 = IVW
243 MR-Egger ®AolH 2% gojgt oA g 7R Bk

Al 2% Fuds Tx S4FE5 0”4 HA A VW Q-value=0.287, IVW
Q-P_Value=0.100, MR-Egger Q-value=0.281, MR-Egger Q-P_value=0.998 = VW
243 MR-Egger RAolH BE gojgt o)A S FAIA] 94ee Bt

oy AAF ATE Bol Al 28 FuuT Tx S4FLET MR £ A} A
2% Py chEU 4745l MR 24 Aguc o gL dEg st @
olct.

+

]
o

2% YuE FYFeETe oy 7l

Heterogeneity
Exposure Outcome Method Q-value | Q-P_Value
VW 14.02 0.016
LAS
Type 2 MR-Egger 12.91 0.012
i IVW 0.287 0.100
Diabetes PAS
MR-Egger 0.281 0.998

** LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis
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effect on Ischemic stroke (large artery atherosclerosis) || id:ebi-a-GCST005840
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-0.05-

-010-

01-

0.0-

01-

-0.2-

0.025 0.050 0.075

0.100
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2-1. Single SNP £A

ol gl AR $58F FAA = 2479 444850 digt MR 24
= o35t AR fAR =¥sE ARESt MROEA] Zapel vlwsl Bt
Single SNP MR #A] Aut= th2ah 2o

583 de™ =47de5ute] 2A0A 79 Rojulet fAA EtvaE T
St (rs11039138, rs2524299, rs17747324, rs11558471. P<0.05), 3 E2dTy} T X

A Z 0] BA oA 2709 S.9Jn|st S AR EHAS vrASIACH (rs2524299,
rsl17747324. P<0.05). & 719 ZEIY SHAA =¥ (rs2524299, rsl17747324)=
& 547451 Bx F44500A 2% foulgt 9E€3 st /A =HS

A2 LA
Single SNP MR 4 ZAiue} (5 #-8) (£5 &-

(238 14) (23 19)

9) Forest Plot2 o3} Zt}.

All- MR Egger -
All- Inverse variance weighted -

1= 14. Forest Plot :

-4
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2-2. Leave-one-out &4
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b5, 3589 ¥ 473959 MR-Egger 2H &4
) Funnel Plotg &3} o] ¢oj

At 55 Qojsix] Fe
A ARARD £ A gHgd o] EASHA e & 4 e (= 7) (2™ 18)
(2 19)
* 7. 35T FEe5 0] MR-Egger ¥ 4 Zi}

Exposure Outcome MR-Egger Intercept SE P-Value

Fasting LAS 0.0155 0.018 0.388

Blood
Glucose PAS 0.0064 0.026 0.807

** LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis,

SE=Standard Error
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S
S,

ba)
oX,
oY
Do)

FE ST oY W ke g Vel (29

TeEgw g5y FY7etEo oAy FA A VW Q-value=1.951, VW
Q-P_Value=0.377, MR-Egger Q-value=0.77 4 MR-Egger Q-P_value=0.379 & IVW
23 MR-Egger BA0JA L5 9oJ3t o] 2de /x| 2eg Bk,

FRUGY YA EYeSY oY WAL AT VW Q-value=0.588, VW

Q-P_Value=0.745, MR-Egger Q-value=0.006, MR-Egger Q-P_value=0.937 & IVW
243} MR-Egger #4014 B% gol3t o WY g 71xx 4gg Beich

oy WAt AME o B AP FRAGY FUAYEFY MR B A BE
wo AEE P L 4 9t

A

Heterogeneity
Exposure QOutcome Method Q-value | Q-P_Value

IVW 1.951 0.377

LAS
Fasting Blood MR-Egger  0.774 0.379
IVW 0.588 0.745

Glucose PAS
MR-Egger  0.006 0.937

**x LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis
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5. Radial MR

Radial MR 248 £a, 22893 thso SAAs5e] A0 47), 22ag
Dz FAstaate] BAolN 37h0] oAl SRR EavAE wristert
TEAYT U Sa7etsTte] BAdN 2R F 470) oA SAXF B
(rs11039138, rs11558471, rs17747324, rs2524299)= IVWEA 1} MR-Egger &4
&L= sigste O YAl WA, FREEN YE FAEFETI A A
3709] o|AR] AR ¥4 (rs17747324, rs2524299, rs11708067) %,
A1} MR-Egger B4l =202 3§15t (rsl17747324, rs2524299), 17
+ VW 2A0)gk s[jg5t= (rs11708067) o]/gA] & 1+HAA

71E VW 24 Ax}, 7]E MR-Egger AW #A1 Aukel Radial MR 4 7[H-Z o]
8sto] oA AR EIWAE S| Fut o] VW 24 Aule} MR-Egger A
o 24 ZaE vlas] 2l

J1& VW 2M¥og At&d B, SE, P-value 27 Radial MR 7]%8g o] &3to] A
£ oA =4HAE Al7st7] A Radial IVW B, SE, P-value 3fo] &5 AX|5H]
t} (B=-0.134, SE=0.222, P=0.545). o]A}X] =LWLZ A|AH3t o] A& Radial
VW BA%0] P-valuet TI5Y FA7SHET TE FYRAEY 49 BE oK 7
ast@ou, o3| {oJstA] 9f> ZE B THP>0.05). o]=fgt g
g3t £47si5Tre) Qnt4ol EAetx] 4SS AR 4 YTt (& 9)

712 MR-Egger A3 P-value 9} Radial MR 7|®-& o]&35}to] At&ESH o] Ak

E

Ao A Al A o] 1L
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Aol A o] g o] ATt (
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# 9. 7]& MR IVW, Radial MR IVW (0]A4}x] E 12 A|A A,

%) bl

Exposure Outcome

NSNP
Method (N of B
Outliers)

SE

P-Value

LAS

Fasting
Blood

IVW 22 -0.134

0.222

0.545

Radial
IVW
(Before
. 2 (4) -0.134
Removing
Outlier

SNPs)

0.222

0.545

Radial
IVW
(After
Removing
Outlier
SNPs)

18 -0.116

0.142

0.416

Glucose

PAS

IVW 20 -0.259

0.347

0.455

Radial
IVW
(Before
. 20 (3)  -0.259
Removing
Outlier

SNPs)

0.347

0.455

Radial
IVW
(After
Removing
Outlier
SNPs)

17 -0.314

0.294

0.285

**x LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis,

SE=Standard Error
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& 10. 71& MR-Egger Intercept, Radial MR-Egger Intercept

(OIFA] =7 e AA A, £) 8l

Exposure Outcome Method Value SE P-value
MR-Egger

Intercept
Radial

MR-Egger
Intercept 0.529 0.729 0.477
(O] FA] =84
A A)
Radial
MR-Egger
Intercept 0.887  0.446 0.064
AFx WA
Fasting (] O;] 1E_;; =T
AqA &
Blood MR-Egger

Glucose 0.006  0.026 0.807
Intercept

Radial
MR-Egger
Intercept 0.291 0.684 0.675
(o1 =S
A )
Radial
MR-Egger
Intercept -0.148 0.601 0.809
(17 =L

AA 2

0.016  0.018 0.388

LAS

PAS

** LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis,
SE=Standard Error
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B 1L oA EPWA o8y Aat

Exposure Outcome SNP Q-value Q-P_Value
rs11039138 14.542 0.0001
Las rs11558471 5.156 0.0232
Fasting rs17747324 8.505 0.0035
Blood rs2524299 8.260 0.0041
Glucose rs11708067 3.981 0.0460
PAS rs17747324 6.610 0.0101
rs2524299 4.516 0.0336

**x LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis

B 12, o)A = AlA A, & o2/ At

oA E¥s A A | oA =W A 3

Exposure  Outcome Method Q-value | Q-P_value | Q-value | Q-P_value

S IVW 52.54 0.0002 16.06 0.520
: LA
Fasting MR-Egger  51.00 0.0003 12.77 0.751
Blood
IVW 34.27 0.017 19.12 0.262
Glucose PAS

MR-Egger  33.86 0.019 19.05 0.266

**x LAS=Large Artery Atherosclerosis, PAS=Peripheral Atherosclerosis
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PART IV. 4 AAo] ©}2 MR ¥ Az}

MR-Base T2 J3ojJA= LD clumping, LD proxies, Allele harmonisation,
Select methods for analysis 42 A&t ot kst M-S AR5t MR

w2 Alsgsta, o] oE Zus vlus] & 4 Aoh

< O @ A LEH 22 | appmrbaseorg ot

LD clumping Select methods for analysis Submit

M R B Most tvio sample MR methods require that the instruments do Many methods exist for performing two sample MR. Jifferent Oncayou have selected exposures, outcomes, arnd znalysis

Z SE nat have LD bexween them. methocs nave sensitivities to different potential issues, opticns you are rezdy ta perform the analysis.
accommedate different scenarios, and vary in their stetistical
efficiency.

© Donot check for LD between SNPs

_ Che hich methods to use: T
© Wel toMR @ Useclumping to prune SNPsfor LD 005€ which methodstouse: ’Pedarm bR a"aly“s
© Welcometo MR Base Wald ratio

[0 Maximum likelihooc

Linkage disequilibrium

i About
= REgger
LD proxies I
v ootstrap;
D Acknowledgements O MR Egger Ibootstrap)
fa parcicular exposure SNP s not presert in 2n ouzcome [ simole median
B Changelog dateset, should proxy SNPs be used instead through LD tagging? Weighted median
Use proxies? [0 Penalised weighted median
2 Date access agreement nverse variance weighted
Minimum LD Rsq value - X
O VW radiel
0 ®
O inverse variance weighted {multiolicative random effects)

ampleMR R package

Locecenc s snan -
[ 'nverse variance weighted ffixed ffects)

[0 Simple mode
Allow palind-omic SNPs? .
Weightad mode

ghtad mede (NOME)
oot @8 () Simole mode (NOVE]
T

MAF threshold for aligning palindromes ]

(O Robust adjustac prefile scare (RAPS)

[0 Sign concordence test

([0 Unweighted regression

Q. Quick SNP lookup
Allele harmonisation

Animportant step in two sample MR is meking sure tht the
effects of the SNPs

IRTIORRTRRI:

22 22. MR-Base

LD clumping 242 A SNP(correlated SNP) A+ §F&5 Mg 4~ 9= 2
o]t} LD clumping2 o] &3] Hd% SNPE A|A35t1 Alo®H “Use clumping to prune
SNPs for LD", 23X & oW "Do not check for LD between SNPs"E AMEHSICE

LD proxies & £4&¥H4 XFg(Outcome data)o|A] T H+¥HS SNPQ] Betall BFEQ
AHStandard Error)dE& F&F 0, 5] AX|sth= SNPo] g3 A tidl &5
e 3 AX|(Minium LD RY)S AA3stc}h Use Proxies:s A3d|E3] o x](Minium
LD RY)E AAsta, Allow palindromic SNPE Z7F MAF(Intermediate MAF)E 7}A1
SNP=2 3] 835t= MAF 9X|(MAF threshold) 32 A& st

Allel Harmonization® =d¥ 4 A& (Exposure data) ZA2HA X E (Outcome
data)ol]lA] Effect alleled}t Other allele®] ®HIgFAd =74 dWidHo| Ust 2Mo|0, Select
methods for analysis & MR 84 S XEi5I= 20|}

A 2%

z
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1. LD clumping ALg 0] u}2 MR ¥4 Zz}

Proxy SNPs& AR&stAl @42 m (LD Proxies
clumping AFg %o T MR B4 Azbs ohgat 2ot (& 13) (& 14)

Proxy SNPsZ AMga}x] oigh
$ 2y7ets, 3R V2 3
AR]st . Weighted Median 241} Weighted Mode £X4%9] SE(EZQX}et
P-value o4& ofx o]AIst xto]7F Qi

=]

o, LD clumping AM§ §-20] T2 ¥
474859 IVW, MR Egger &4

Pir o
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2. Minimum LD R* A&o] @& MR 24 ZHu}

APE|EY 99X (Minimum LD R%) A& wslo] ©t2& MR BA ZHiZ LD
clumpings AFHES mjet ALESHA] oIS T2 o] ZHzb At Eqict. o] mf, MAF <&
Rl (MAF threshold) 3/ 0.322 A7Astict.

LD clumpingZ AR&SHA] 9431, MAF threshold=0.3 o & gx(j 5, ou|Ey odx]
2 0.65F 0.967}K] W3IA|7|HA] MR ZutS Abm B} (

l:l:l

5399 tle® =443M59 49 AuvEy 9

W4 Ji4, IVWeF MR Egger 41 Aitol= ®ab7t A5 gldth. Weighted
X
S|

3 4 ol
$9] SE (FQAY 9 P-valued Al ob% o]

Median &AH 3 Weighted Mode &
AIFE Abol 7k EAIgyc.

FHAYY TE FYAASY Ao AW A7} A4S, A8H HA
=799 47 FAT. B 84 712717t AR, AR P-value 7} Foltt B
2 =gy,

_45_



I@.VI

€€€6'0 9E¥90  9KG00- 12 z00e’0 16970 €88y 0- a4 2L0
) 29500N15)

€6€6'0 9€¥9°0  9¥S0°0- 1% SVd zoog'0 16970 ¢£88y'0- a4 89°0 - - SEECES
GE66'0 LLPIO  €S00°0- 12 20060 1650°0 €88Y°0- gz $9°0 Sunse an

L196°0 9L19°0 00£0°0- 12 20060 16570 €88V°0- 77 90

G019'0 889¢°0 8L81°0- LI eGvG'0 61220 ¢¥el 0- a4 96°0

66670 L29€°0 0L¥Z0- 61 €§%5°0 61220 CVEl0- 77 26°0

§GSV'0  VLVEO €6G2°0- 07 €G¥G°0 61220 CVET0- a4 88°0

SGSV'0 VLVEO €6G2°0- 07 €G¥S°0 61220 CVELO- a4 780

GGSV'0  VLVEO €6G20- 07 Svd €G¥G°0 61220 CVET0- a4 80 v @HMM_@ MHMM\/\\N
€SLV'0 9SVE0  L9¥TO-  0C €SvS°0 61220 CvEL0- 7z 9.0 Sunseq | esieaur
8€LL'0 TL0€0 €880°0- 12 €G¥G°0 61220 CVETO- a4 2L0

8€LL°0 T1L0€0 €8800- 1% €470 61220  CVET0- 14/ 89°0

90€8°0 260S0 2990°0- 1% €S¥5°0 61220 ZVET0- 22 ¥9°0

6vE€6'0 GG62°0 1¥Z00-  1¢ €§75°0 61220 ZVET0- 72 90

onea-4  HS g dNSN owodng onea-4  HS g dNSN ;¥ QT owodom(Q ounsodxyg — POUIdN

(¢'0=PIoyseaqy AVIN) & 4N =1n o, QT WNWIUIN ‘& & 55 lyledly §8udwunp g1 'G1 #



IN.VI

GLG6°0 21960  GBI00 1T 2€81°0  1¥0Z0 6082°0- 72 90
G€0€'0 5680 890V 0- LI ovb1'0  9L6T°0 98820~ a4 96°0
PI0E'0 69860 666£0- 61 €6G1°0  LS0Z0 9882°0-  2¢ 26°0
9882°0 €48€'0 TII¥'0- 07 Z8y1'0  9661°0 98870~ 144 88°0
L062°0 06860 TITF'0- 07 z6s1'0 05020 9887°0- (44 ¥8°0
10820 908€°0 IITVO0-  0C GeST0  €200°0  988z0- 7z 80 PP | empepy
0.L2°0 08Le'0 60170~ 07 oY 0810  1612°0  98872°0- (44 9L°0 SVl Mooa paySom
unse,
8LVY'0 VWEE'D 6£G20- 1 2891'0  S602°0  9887°0- a4 2L0
00LV'0 ¥IGE'0 6€G20- 1% £991°0  L80Z0  9887°0- a4 89°0
vZov'0 GWFE0 2€G20- 1% Gz91°0 L9020 9887°0- a4 790
0ILV'0 8L¥E0 L0GZ0- 1% 96610 ¢80C°0 98820~ a4 90
816V'0 69940 86£5°0- LI zooeo 16970 gsgy0- 72 96°0
1€25°0 G88L°0 IVIS0- 61 zooge'0 16970 £88y0- a4 260
G18G°0 1SGL'0 8EZV'0- 07 z00e'0 1670 €88y 0- a4 88°0
G18G'0 1GGL°0 8€Z¥0- 07 zoog'0  169Y°0 €88y 0~ a4 780
G18G°0 1SGL'0 8EZV0- 07 z00e’0  I6S97°0 €88y 0- (44 80
295G°0 G0SL'0 00SP0- 07 zooge'0  169Y°0  £88y0- 14 9.0




I@.VI

JOJIq pJepurls : AS ‘SINS Jo JoquinN : JNSN ‘SIsoJo[dsoJayly [etoyduiad : SVd ‘SISOIS[DSOJOU)Y AIDMIY 98JeT : QYT **

91¥e’'0 02860 ¥WLEO- LI 9e81°'0  ¢v0C’0 60820~ a4 96°0

90€¥’'0 1€8€°0 680€0- 61 18,1°0  ¢002°0 6087 0- a4 260

927’0 LEIV'O ¥SEE0- 07 evs10 10610 60820~ 14/ 88°0

96Zv’0  10T¥'0 ¥SEE0- 0 9181'0 €020 60820~ 7T 80 asoon(n

12v'0  2L27'0 ¥S€€0- 0% svd 1€L1°0  2661°0 60820~ 14/ 80 SV pooiqg Ewmmw\s
968€°0 78LE0 0£EE0-  0C 1181°0  1€02°0 608z 0- 7z 940 unse.

79960 86€€°0  GVI00 12 L9610 90120 60820~ a4 2L0

65960 LVEESO S¥I00 12 0081°0  9202°0 608720~ 144 89°0

7868°0 €780 ¥Z¥00 12 L0020 921Z2°0 60820~ a4 790




LD clumping& AFgsti, MAF threshod=0.3 o=z A4 & 3
0.6%E 0967 WahA7|n pRada S474ss0) MR ¥4 Ads AbHugitt
(® 16)

Fo A%, Anulny 9x| Wate] 42 AgE SHA

-
| 2 MR-Egger $A1¥e] Zabe #s}l %It} Weighted
Median®} Weighted Mode #49] SE(EFQAHQt P-valuegle o] wighrt 919l

S9] 7127] &7}, SE(EZEQAN) &7}, P-value: 7Ztashs 73k

AWE|FEY AXZ2 0.65F 0.9671x] WA HYS of, 2= MR EAH|A LD
clumpingg AME-SHA] A0S 328 AME3lS 49 2% dR|stAY 719 dX|sh= 2

7t Uit

_49_



IOM._:I

€€E6°0 9S¥9°0  9¥50°0- 12 ¢00€°0  T6SV'0 €887 °0- (44 ¢L0
9s00N[o)

€CC6'0 9E¥9°0  9¥S00- 12 svd 200€'0 16970 €8870- (44 890 Sy poolg J988H-
GE66°0 LLVO'O €G00°0- 17 20080 165V°0 €88V°0-  GZ V90 Sunsey 4N

L196°0 94190 00€0°0- 17 Z00E'0  16GV°0 €88%°0- ¢ 90

G0T9'0 88960 8L81°0- LI €G¥G°0 61220 2VET0- 22 96°0

6G67'0 L2960 0L¥Z0- 61 €ava’0 170 CVELO-  CC ¢6°0

GGS¥'0 ¥LVEO €652°0- 07 €ava’0  er1z20 CVET0- 2O 88°0

GGSY'0  VLVEO €6G2°0- 0% €avs’0 170 CVELO-  CC V80

GGSV'0  VLVEO €6G2°0- 0% V4 €avs’0 1720 CVETO-  CC 80 - mwwwﬂ% MMMM\N
€SLV'0 9SVE'0  L9VZO- 0T €9va’0  erggo Cvel’0-  Cc 9L0 gunsey | essoay
8€LL'0 T1LOE0 €880°0- 1% €avs’0 1720 CVETO-  CC eLo

8€LL°0 TL0E0 €880°0- 1% €av9°0 617270 CVEL0- O 89°0

90£8°0 Z60£0 Z990°0- 12 €arqa’0  61¢¢'0  ¢vel 0- (44 ¥9°0

6vE6°0  G962°0 1¥20°0-  1¢ €G¥G°0 61220 ¢VET0- 22 90

onfea-4  dS d dNSN ewooinQ onea-4  HS d dNSN ;¥ @1 oewooinQ ounsodxy POyl

(€'0=PIoysaIq} AVIN) g N =1n [, QT WwnuwiuiN ‘&g Bgly sdudwunp 1 91 #



I—.m_:I

81060 S6£C0  ¥Z¥00 |54 0002°0  ¢zrz’0 6082°0-  ¢C 790

vLS6°0 v09€°0  S6100 17 1702°0  €v12°0 6082°0- 42 90

€00€°0  £Z6E0  890V'0- 41 G0ST'0 80020 9882°0- ¢ 96°0

L8820 69L8°0 666£0- 6T 1€91°0  0L02°0 9ggz0-  ¢C ¢6°0

72L20 €¥LE0 T1IP0- 07 6691°0 €010 988z 0-  ¢C 88°0

€00€°0 69660 TITIV0- 0% 89910  €80¢0 988z0- ¢ v8'0

0262°0 10660 111v'0- 07 66510 ¥20Z0 9ggzo- 2¢ 80 REECHLN e
¥692°0 02L8°0 601¥'0- 07 Svd LOST'0 60020 988z0-  ¢C 9L°0 svi mﬂwwwm payySEOM
€09%°0 6EVE0 6£52°0- 17 69V1'0 06610 988z 0-  ¢C ¢L0 .

LLLY'O 9LG8°0 6£52°0- 12 1Z291°0  ¥902°0 9ggz'0- ¢ 89°0

9087°0 68550 2€52°0- 12 GeST'0 22020 9882°0- ¢ ¥9°0

8L9V°0 €SVE0  L0GZ0- 17 LTLT0 21120 9882°0- ¢ 90

8I6Y'0 659L°0 geeG'0- LI Z00E'0  16GV°0 €88%°0- ¢ 96°0

1626°0 G88L°0 T¥IG0- 61 Z00E'0  16GV°0 €88%°0- ¢ 26°0

S185°0 165.°0 8szvo- 07 Z00€'0  16GV°0 €88%°0- ¢ 88°0

G186°0 1S5.°0 8£Zh0- 07 Z00E'0  16GV'0 €88%°0- ¢ ¥8°0

S185°0 1850 8szho- 07 Z00E'0  16GV°0 €88%°0- ¢ 80

7955°0 S0SL°0 00Sv°0- 0 Z00E'0  16GV°0 €88%°0- ¢ 940




INM._:I

JOIJIq PJepUBRIS : HS ‘SINS JO Joquuny : JNSN ‘SISOJe[osoJayly [etayduiad : SYd ‘SISOJIS[OSOJOU)Y AJOLIY 98JBT : QYT *x*

Le8E0  ILIVO  ¥PLEO- /1 9%02°'0  S¥1Z0 60820- 2% 96°0
19v%°0 G96£0 680c0- 61 VILT'O  €861°0 p0pgz0-  ¢C 26°0
016£°0 128¢°0 wsec0-  0¢ 68L1°0 02020 @ogz0-  ¢C 88°0
€807°0 99680 ¥see0-  0¢ Svd 6981°0 65900 608z0-  ¢C v8'0 SVl wwwwm_o SPO
880¥V'0 0L68°0 wsec0-  0¢ LY8T'0  gy0z'0 6082°0-  ¢C 80 Sunsey EREEISI)
78170 86680 o0gec0- 07 1e81’0  0v02'0 608z 0-  ¢C 9470
7596°0 287€0 SVI0°0 %4 9LLT°0 €100 608z 0-  ¢C ¢L0
8G96°0 0¥EC'0  SPI00 1z L9LT°0  6002°0 608z 0-  ¢C 890




3. MAF threshold A%of t2& MR &4 ZAx}

A7) E3 dx](Minimum LD R?)=0.82 AAst1, &7t MAF(Intermediate Minor
Allele Frequency)E 71Xl SNPE=2 3] 85t= MAF 9X|(MAF threshold) %& 0.2,
0.3, 0.42 Wst2 29Itk o] ), LD clumping AL8sHA] 9 700 Ajger A O
o MR 4] Zu}2 u]@s) Borck

AU e olx|(Minimum LD R»)=0.82 A& & MAF x| 32 0.2, 0.3,
A7 W LD clumping AMg §Fol w2 MR #4 ZAabe ohgat gotch

tu
re
o

LD clumping A& §%0] 2Aglol, MAF o] Wato] nje Ags §HA £ W
2 T4, IVW BEAHI MR-Egger 24O Ayt ¥st= ¢lolth. Weighted Median
¥} Weighted Mode £A1¥H 9] SE(EZ&QAHet P-value o= 2k7to] xtolz}t 9lQict.
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Mo

RE-x 428 Guy 9AA =¥ 27ke) gism £47e 5] MR
Standard
SNP B P-value
Error
1 rs35198068 0.429 0.093 3.82E-06
2 rs9940128 0.353 0.158 0.026
3 rs10830963 0.365 0.247 0.139
4 rs9275095 -0.303 0.221 0.171
5 rs2237896 0.217 0.182 0.232
6 rs9348441 -0.050 0.163 0.756
All - Inverse variance
) 0.262 0.104 0.011
weighted
All - MR Egger 0.439 0.322 0.245

qz
J
I
=]
i
N
ogh

Fu SR EIHS

Zizte] wx EAASHETO] MR 2

S|
Ayl

Standard
SNP P-value
Error
1 rs35198068 0.333 0.160 0.037
2 rs9275095 0.329 0.253 0.193
3 rs9348441 0.313 0.267 0.241
4 rs9940128 0.275 0.255 0.282
5 rs10830963 0.369 0.370 0.319
6 rs2237896 0.215 0.332 0.516
7 rs112108223 0.164 0.394 0.678
All - Inverse variance
, 0.304 0.097 0.002
weighted
All - MR Egger 0.285 0.275 0.348
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1t

A A

S-1 6. 29 ey gie® 5444351 Leave-one-out 4]
SNP 8 Standard P-value
Error
1 rs9275095 0.310 0.085 2.65E-04
2 rs9348441 0.315 0.104 0.003
3 rs2237896 0.268 0.123 0.029
4 rs10830963 0.255 0.119 0.032
5 rs9940128 0.246 0.124 0.048
6 rs35198068  (.128 0.119 0.280
All 0.262 0.104 0.011
-1 7. 29 Gt B2 £448519 Leave-one-out w4 At

Standard
SNP B Error P-value
1 rs112108223 0.313 0.100 0.002
2 rs2237896 0.312 0.101 0.002
3 rs10830963 0.299 0.100 0.003
4 rs9940128 0.309 0.104 0.003
5 rs9348441 0.303 0.104 0.004
6 rs9275095 0.300 0.105 0.004
7 rs35198068 0.287 0.121 0.018
All 0.304 0.097 0.002
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=-1 8 FRYY RAA £ ZA7to) hEW Fy7eksate] MR B4 2
SNP ) Stg?;io%ﬂrd P-Value
| rs11039138 -4.548 1.157 8.4E-05
9 rs2524299 -2.900 0.962 0.003
3 rsl7747324 3.342 1.192 0.005
4 rs11558471 1.597 0.762 0.036
5 rs560887 -0.699 0.368 0.057
6 rs11708067 2.150 1.318 0.103
7 rs7644261 1.619 1.043 0.121
8 rs10830963 -0.881 0.297 0.139
9 rs10974438 1.653 1.126 0.142
10 rs2191349 0.757 0.739 0.306
11 rs882020 -0.790 0.983 0.422
12 rs11603334 -1.104 1.457 0.448
13 rs2908282 0.261 0.402 0.516
14 rs11195502 -0.514 0.980 0.600
15 rs983309 0.567 1.197 0.636
16 rs780093 -0.319 0.688 0.643
17 rs7173964 -0.335 0.990 0.735
18 rs4869272 0.300 1.110 0.787
19 rs6113722 -0.164 0.964 0.865
20 rs4148804 0.061 0.424 0.885
21 rs11605924 -0.123 1.000 0.902
22 rs10276674 ~0.026 0.608 0.966
All - Inverse Variance Weighted -0.134 0.222 0.545
-0.488 0.459 0.300

All - MR Egger
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!



=-1 9. TRUY SAA BIWS 27e] TE FAASFHC] MR B4 A

SNP B Standard e
Error
1 rs17747324 4.413 1.817 0.015
2 rs2524299 -3.038 1.307 0.020
3 rs10974438 -3.516 1.821 0.054
4 rs11708067 3.850 2.059 0.062
5 rs7173964 -3.115 1.685 0.065
6 rs2908282 -1.289 0.847 0.128
7 rs4869272 -2.315 1.795 0.197
8 rsl0276674 1.295 1.067 0.225
9 rs6113722 -2.857 2.486 0.250
10 rs2191349 1.257 1.211 0.299
11 rs11603334 1.743 1.717 0.310
12 rs10830963 -0.446 0.447 0.319
13 rs11039138 -1.552 1.743 0.373
14 rs11195502 1.420 1.677 0.397
15 rs11558471 0.952 1.193 0.425
16 rs11605924 1.023 1.559 0.512
17 rs780093 -0.616 1.103 0.577
18 rs983309 0.793 1.493 0.595
19 rs7644261 -0.929 1.810 0.608
20 rs4148804 -0.207 0.986 0.833
All - Inverse Variance Weighted -0.259 0.347 0.455
All - MR Egger -0.424 0.755 0.582
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F5-1 10. 353 He™ 5447485 12] Leave-one-out MR &4 Zat
SNP B Standard P-Value
Error
1 rs10276674 -0.140 0.234 0.548
2 rs10830963 -0.047 0.255 0.855
3 rs10974438 -0.162 0.224 0.468
4 rs11039138 -0.068 0.194 0.725
5 rs11195502 -0.126 0.229 0.582
6 rs11558471 -0.195 0.219 0.374
7 rs11603334 -0.125 0.228 0.582
8 rs11605924 -0.134 0.230 0.558
9 rs11708067 -0.160 0.222 0.470
10 rs17747324 -0.183 0.209 0.382
11 rs2191349 -0.168 0.228 0.463
12 rs2524299 -0.074 0.211 0.725
13 rs2908282 -0.189 0.240 0.431
14 rs4148804 -0.158 0.240 0.510
15 rs4869272 -0.141 0.229 0.537
16 rs560887 -0.038 0.240 0.874
17 rs6113722 -0.134 0.230 0.561
18 rs7173964 -0.130 0.230 0.571
19 rs7644261 -0.167 0.223 0.455
20 rs780093 -0.126 0.232 0.587
21 rs882020 -0.121 0.229 0.598
22 rs983309 -0.144 0.228 0.528
All -0.134 0.222 0.545
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S-2 11 S5 T 474519 Leave-one-out MR 4 A}
SNP B Standard P-value
Error
1 rs17747324 -0.356 0.323 0.271
2 rs10276674 -0.356 0.356 0.316
3 rs11708067 -0.325 0.338 0.336
4 rs2191349 -0.332 0.356 0.352
5 rs11558471 -0.319 0.360 0.375
6 rs11603334 -0.306 0.354 0.387
7 rs11195502 -0.300 0.356 0.399
8 rs11605924 -0.296 0.358 0.409
9 rs983309 -0.292 0.360 0.417
10 rs4148804 -0.263 0.370 0.477
11 rs7644261 -0.245 0.360 0.495
12 rs6113722 -0.231 0.353 0.513
13 rs780093 -0.239 0.367 0.515
14 rs11039138 -0.230 0.358 0.520
15 rs4869272 -0.216 0.354 0.542
16 rs10974438 -0.192 0.343 0.575
17 rs7173964 -0.190 0.345 0.581
18 rs2524299 -0.146 0.338 0.666
19 rs2908282 -0.153 0.366 0.675
20 rs10830963 -0.165 0.436 0.704
All -0.259 0.347 0.455

_8"_



<‘Two-Sample MR’ R package©]] Al83Ft MR &4 3d>

# Two-Sample R Package AldHo]] = Q3t R tools AX]
install.packages("devtools")

library(devtools)

install.packages("plyr")
library(plyr)

install.packages("ggplot2")
library(ggplot2)

install.packages("tibble")
library(tibble)

#devtools::install_github("MarkEdmondson1234/googleAuthR@v0.8.1")
#(Google 2 1¢1o] ot=l o 9] package AX]-> 1:All)

devtools::install_github("MarkEdmondson1234/googleAuthR@v0.8.1")
#(Google Z19lo] ot= o ¢ package AX]-> 1:All)

devtools::install_github("MRCIEU/TwoSampleMR")

devtools::install_github("MRCIEU/MRInstruments")
library(MRInstruments)

devtools::install_github("mrcieu/ieugwasr")

docker run -it mrcieu/twosamplemr

devtools::install_github("MRCIEU/TwoSampleMR@0.5.4")
library(TwoSampleMR)

_82_




devtools::install_github("WSpiller/RadialMR")
library(RadialMR)

ao <- available_outcomes()

# Exposure

one_exp_dat<-extract_instruments (outcome=" ")
< MR-Base ID 0]2] &1 glojo . 4} IDE * " AMgslo] 2.
G9]4% P<be-08, LD R?<0.001 =4¥4 35,

# Outcome

one_out_dat<-extract_outcome_data
(snps=dbt_exp_dat$SNP, outcome="")
— &AL AFg(Outcome data)2HE AW FE.

2A} D& * 7 AMESte] Y.

# Harmonization

dat <- harmonise_data (exposure_dat =

one_exp_dat,
outcome_dat = one_out_dat)
dat<-dat[dat$ambiguous!=TRUE,]

— =94 Ata(Exposure data)?} £4&WH 4 Atg(Outcome data)s
sz 53

# Perform MR

res <- mr(dat, method_list = ¢("mr_ivw","mr_egger_regression",

"mr_weighted_median","mr_weighted_mode"))
res

< s}
=
L.

rlr

MR BAgoR &4 WY 7ts
A

ol A

re

, IVW/MR-Egger/Weighted Median/Weighted Mode 4A1EH.
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# MR-Egger Intercept test
mr_pleiotropy_test(dat)

— AR™A 48 fHES A (directional horizontal pleiotropy) A& .

# MR Odds ratio
generate_odds_ratios(res)
— BuS o= H|= W

# Scatter Plot
plotl<-mr_scatter_plot(res, dat)

plotl

# Forest Plot of Single SNP MR
res_single <- mr_singlesnp(dat)
plot2<- mr_forest_plot(res_single)
plot2

# Leave-one-out Plot

res_loo <- mr_leaveoneout(dat)

plot3 <- mr_leaveoneout_plot(res_loo)
plot3

# Funnel Plot
plot4<-mr_funnel_plot(res_single)
plot4

# Radial MR
dat_radial=format_radial (dat$beta.exposure,dat$beta.outcome,
dat$se.exposure,dat$se.outcome,dat$SNP)
<~ Two Sample MRQ] &3t ffjo]E Al(Harmonized dataset)S AHE-5}1o]
Radial MR @Alo g2 s},
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< Radial IVW

A<-ivw_radial(dat_radial,0.05,3)
B<-egger_radial (dat_radial,0.05,3) < Radial MR-Egger

plotly_radial (A) < Radial IVW Plot

plot_radial(c(A,B)) < Radial IVW & MR-Egger Plot

AS$outliers < IVW OJAMR] GAA} £ t¥is ER|

A FA

B$outliers < MR-Egger 0]

# Removing Outlier SNP
out_rem<-dat_radial[dat_radial$SNP %in% A$outlier$SNP,]

SH
-

— O|AMA] SAAF =2 (Outlier SNP) AJA.

C<-dat_radial[-c(as.numeric(row.names(out_rem))),]

«— O|AFR] SAAF T WA A7 & Radial MR glo]E Al x|&
AR] O XA =AW JqAH & Radial [VW

SRS

Sk

D<-ivw_radial(C,0.05,3) < 0]

E<-egger_radial (C,0.05,3) < ©]
«— OJAFR] & XA =8 A & Radial IVW Plot

plotly_radial (D)

plot_radial(c(D,E))

«— O|AIR] S ARt =¥ A7 & Radial IVW & MR-Egger Plot
DS$outliers <« OJAMX] &AM X} = 1HA A7 & [VW Outlier SNP &x]
| SHAF = 2HSL Al & MR-Egger Outlier SNP &HA].

R

E$outliers < 0]

AMA % Radial MR-Egger
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. MR-Base web application: http://www.mrbase.org/

. Exemplar code for the use cases:
https://github.com/MRCIEU/mrbase_casestudies

. MR-Base PheWAS web application: http://phewas.mrbase.org/
. Two Sample MR R package: https://github.com/MRCIEU/TwoSampleMR/
. MR Instruments R package: https://github.com/MRCIEU/MRInstruments/

. Two Sample MR R package wiki: https://mrcieu.github.io/TwoSampleMR/
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ABSTRACT

The Causal Relationship between Fasting Blood Glucose and

Atherosclerosis : Two Sample Mendelian Randomization Analysis

Soohyun Jeon
Graduate School of Public Health

Yonsei University, Seoul, Korea

(Directed by Professor Sun Ha Jee, Ph.D.)

Background and purpose: Diabetes, one of the main chronic diseases
globally is well-known for its diverse complications like cardiovascular, blood
vessel, renal, eye diseases. Continuous hyperglycemic status for a long time
is regarded as the main cause of Atherosclerosis, the direct cause of
Diabetes complications. The causal association between fasting blood glucose
and atherosclerosis has been studied a lot and many researches proved that
they have positive association in diabetic patients. However, fasting blood
glucose influence on promoting atherosclerosis in non-diabetic individuals
has been a controversy issue and is not verified clearly yet. Many researches
have tried to investigate the relationship of the twos by biological and
biomolecular method using animal experiments, but it was hard to find the
researches on the effect of fasting blood glucose on atherosclerosis among
non-diabetic population using genetic methods like one-sample or two-sample
mendelian randomization method. So we determined to investigate the causal
relationship between fasting blood glucose and atherosclerosis in non-diabetic
individuals by using Two-Sample mendelian randomization analysis through
MR-Base Platform.
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Methods: We used the latest and large scaled GWAS summary data in
MR-Base GWAS repository to perform two-sample mendelian randomization.

To clarify the influence of fasting blood glucose in non-diabetic individuals
on atherosclerosis, we investigated the effect of diabetes (sustained
hyperglycemia status) on atherosclerosis in advance through two-sample
mendelian randomization analysis. We wused an exposure GWAS data
conducted by FinnGen Biobank and published in 2020 for Type 2 diabetes.
Another exposure data was conducted by MAGIC consortium and published in
2012 for fasting blood glucose in non-diabetic individuals. Total 10 Genetic
instruments were extracted for Type 2 diabetes from 95,030 individuals of
European ancestry and total 22 genetic instruments for fasting blood glucose
were extracted from 58,074 non-diabetic individuals of European ancestry.
And to draw more general and objective conclusion, we determined to look
for the influence of fasting blood glucose on atherosclerosis of different
lesions. So we selected 2 GWAS data as outcome data, the one on Large
Artery Atherosclerosis and the other one on Peripheral Atherosclerosis.
GWAS Data for the trait Large Artery Atherosclerosis was conducted by
MEGASTROKE consortium and was published in 2018. And GWAS Data for the
trait Peripheral Atherosclerosis is from FinnGen Biobank and was published
in June, 2020. All the participants for the outcome, atherosclerosis are
individuals of European ancestry.

We implemented Two-Sample Mendelian Randomization analysis by using
MR-Base Platform and investigated the Inverse Variance Weighted, the most
robust method and also other MR Analysis, MR-Egger regression, Weighted
Median and Weighted Mode. And We conducted Sensitivity Analysis, Single
SNP Analysis and Leave-one-out Analysis. And we performed the latest MR
method, Radial MR to detect outlier genetic instruments and checked the MR
results after removing outlier SNPs if the outlier genetic instruments existed

in the study.
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Results: We found that there is no significant association between
fasting blood glucose and atherosclerosis in non-diabetic individuals
based on the IVW method. (IVW of Fasting Blood Glucose and Large
Artery Atherosclerosis : OR=0.874, 95% CI 0.565-1.350, P=0.545. IVW of
Fasting Blood Glucose and Peripheral Atherosclerosis : OR=0.771, 95%
CI -0.940-1.524, P=0.455). When we performed Radial MR method, we
found that there are 4 outlier SNPs for the trait of Large Arthery
Atherosclerosis and 3 outlier SNPs for the trait Peripheral
Atherosclerosis. We looked for the MR Results again after removing
these outlier genetic instruments, we also found that there is no
significant effect of fasting blood glucose on atherosclerosis, too.
(Radial MR IVW of Fasting Blood Glucose and Large Artery
Atherosclerosis : B=-0.116, P=0.416. Radial MR IVW of Fasting Blood
Glucose and Peripheral Atherosclerosis : B=-0.314, P=0.294)

Conclusion: We can make a conclusion that there is no significant
influence of fasting blood glucose on atherosclerosis in non-diabetic
individuals of European ancestry. This finding shows that
atherosclerosis is affected by not only single factor of fasting blood
glucose but also acquired factors like dietary habit, physical activity,
smoking, alcohol habit and personal heredity factors. And it is
considered that atherosclerosis is preventable enough when we are in
normal status of glucose level.

Keywords : Diabetes, Non-Diabetic Individuals, Fasting Blood Glucose,
Atherosclerosis, Two-Sample Mendelian randomization, MR-Base
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