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[ Abstract] Objective To analyze the causal relationship between statins and type 1
or type 2 diabetes mellitus by using Mendelian randomization (MR). Methods Based on the
collected data of genome-wide association studies (GWAS), single nucleotide polymorphism
(SNP), which were independent of each other and highly correlated with statins and diabetes
mellitus, were selected as tool variables. MR-Egger regression, weighted median, inverse
variance weighting (IVW), simple mode and weighted mode were used for two-sample MR
analyses to evaluate the causal relationship between statins and type 1 or type 2 diabetes
respectively, and heterogeneity tests, multiplicity analyses, and sensitivity analysis to evaluate
the reliability of the study. Results A total of 78 SNPs independently associated with statins

were included as tool variables in this study at the genome-wide significance level (P<5x10°).
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The results of IVW analysis showed that statins were causally associated with an increased risk
of type 1 diabetes mellitus (OR=1.524, 95%CI 1.077 to 2.157, P=0.017), and there was also a
causal relationship between statins and the increased risk of type 2 diabetes (OR=1.261, 95%CI
1.165 to 1.366, P<0.001). The results were not affected by multiplicity and heterogeneity, and the

reliability of the results was verified by sensitivity analysis. Conclusion Statins may be a risk

factor for increasing the risk of type 1 or type 2 diabetes. However, further studies with larger

sample sizes of GWAS data are still needed to verify the causal association.

[Keywords] Statins; Type 1 diabetes; Type 2 diabetes; Causality; Mendelian

randomization; Genome-wide association study

W8 DR 9 A2 LA M 3 I A Ry 32 22 3R 1Y) S o
PEAGAZETLAEAR, R R WAL . FEHIZE
BLE P LM E R 380, ARGE R ML R
O3 1 BUREBR . 2 BUBEDRIA . LR ORI bR B
HAB PRSI IR s, Horp 2 BUBH PR B
90% LA P 2021 4F [ B RS Bk B K A 1 4L
P lon, IR B E (20~79 %) AEL
ik 5.37 4, JEBAEREIN, FiitE] 2045 4R
7.83 421, BT, T E A NE R R E A
LML, RSP 2 A 3R R TR
P T BEIRIE BTG T T BOR YR TT
HarEhig G, HajhAa SR T4
IRITSERTRIT F B AL, (IR TR AR K Hg
DA

7T 225 IR IT AR Y — 245, 1R
FPLEI ARSI 3— FE3E —3— HH L — Wbl A i
Vg, 38 YA/ R [ A AR B i DA S A
B R AR 1 A2 AR 3R HUAR ARG ATR i 2 I [ e 7K
Vo BREEFEARAAFE BEKEAL, 2L 25 e Bk
SCHAT 2 g Y Ak U eI T2
YR B AABAR . RIETETT TTIS U LA A
il Z A A A R SR . R, BEE 7T 2
I A8 RO TR AT, R 2
IS FEA BNz 00, 4G T RERS bk
PRI B K gpa 2 M — T AL BG4 R
7N, AR A TT 2 25 A 2 AR PR AR
o KU 34 TN 24 1%, T e 7100 S 2 680 DU 34 n
25 20%. HARCAMCHGE, (BAZ 5L
WIFAEAEZ B Z PR A R A sEm, fhiT2e2y
Y1575 | W8 s RURS: T4 PR R O 2% 1 AS B A

o 15 /R B ML Ak ( mendelian randomization,
MR) H 2003 4F George B U4 1 Il HT Lok,
I N R R AR F ) Z 0] R R 15

HTH, HoR 5 5 is R IBAHSCH A R 2345
( single nucleotide polymorphism, SNP ) VBN T H
AR, A SNP HEWTFR ER SAE R Z A R R G R,
M 7 P REAEAE A AU 22 1, AR B9 SR
FEAS MR J7 ARG TS 25W) S0 (1 B4 2
B KGR Z ARG AR, il R b & R Al
TR A
1 #ABEFE
11 Brsigit

A 58 Al T 2 3 1y 4 B A O B B 98
( genome—wide association studies, GWAS ) jL &L
AR AT PIREA MR 20 B, PPAG AT 2259 73
S5 1 BB . 2 BURE R Z A Y PR DG &R .
MR i 2 3 M ™, OB : T
H AR 5 SNP 5 585 2R Z [MLZ AR OC Y ;. @l
SEVERIAE: SNP SRR Z B /s GHE
floPABese . SNP R A i B i PR 30 4 Jey ™ AR AR
L g ILE 1,
1.2 HHERiR

REERR (W75 ) Ndmbat (1 ABlEg
2 RUE BRI ) (1 GWAS iR T4 9 WoF 2 5L
¥ 1% ( FinnGen, https://r9.finngen.ﬁ/) FIEU 3045
JE (https://gwas.mrciev.ac.uk/ ) , TEAMEE L 1.
R A% 5 FEN S R R, ARFTOR AR
R R R 2 S R T 1 AR S Tl
FIBE K A A TFAY GWAS KU 122 AR & /8 BEIA
AR, PRI TCTT e AR PR D1 23 o A it
1.3 ITETSMEFMH

WAL N4 2 R B R & K SNP (P <
5x 107") RIS 258 % UIAHOCHY SNPs 42 T
HAR i I B EEBUR T8 R 8 7=0.001, X1k
P& 10 000 kb, HEERZEGA P, LLORIESS

https://ywlxbx.whuznhmedj.com/


https://r9.finngen.fi/
https://gwas.mrcieu.ac.uk/

HYRITRFSE 2024 £8 A 33455 81 871
v B2
SNP5 2 FE R AH G 7N H
(P<5x10™) \i,
| S —
HEBRIE (Linkage
disequilirium, LD)
AP T R r 4 JRAs
(R*>0.001) fiT225%) R RE YR
R
HebRss THRAN R X
(F<10) i
E1 MR gL E
Figure 1. Technical roadmap of MR analysis
F1 RESEBHIGWASHEER
Table 1. Characteristics of GWAS data for exposure and outcomes
TR/ R R GWASEHEID % FEARRIE  SNPAMEL HAR BRI B MED
T2 finngen_R9_RX_STATIN el 20170 236 377277  FinnGen Biobank 2021
LRV R finngen_R9_T1D_WIDE el 20168683 317340  FinnGen Biobank 2021
ebi—a-GCST010681 [iyeil 12783 129 24 840 IEU 2020
2RUBEIR I finngen_R9_T2D_WIDE el 20169 651 348788  FinnGen Biobank 2021
ebi—a-GCST006867 el 5030727 655666 IEU 2018
SNP Z [AIAH BT . S slk B iR 2% PR R 6 o A 4t 2R IRV 25 SR 5 ) (R RS A PRI RPE , AT T Uk

FsZm, Lt A4 R 15 S P A PhenoScanner
BRI ( http://www.phenoscanner.medschl.cam.
ac.uk/ ) GIBRXF N F R 545 J5 AR i (1 AYal 2 R
VR ) FHSCHY SNPs, K2R H I 20234F12 A 26 H,
AR B BB RS EURIC SNP, ),
A SNP (1 F ge it DAl O TR 55 Fl R 68
Z AR A SCE, XY F > 10 B3I 55 T HAR 5w
2P REHEAR /N, AR 5

R =2x( EI;I;—')XEAFX(SEX\/N)

1-R?

Horp NGB A, B UG SNP X 2R
RURLNIHE, SE & B BIRRIEDR, EAF SR80 45 (i 5
PRI
1.4 AHAMRIH

K HI 77 22104 (inverse variance weighted,
IVW) A RERMFEA MR 73087074, JFR
H MR-Egger AL %L ( weighted median,
WM) ¥, Aok A =k 45 Uy Ak
AN FEITRE AT DR AR BT . 27KV 2R AR AE
WF, IVW RS R AT E e, PR o Bl 2k
MR T oAty v s L AT 1 ST A AT T 26 2Y
PIAR G AL TR 22 A5 MR 1 7k 2 HOBE PR3

F=(N-2)x

https://ywlxbx.whuznhmedj.com/

Pt B0 e Y SNPs {8 F Cochran's O #6565 P
flik A S, YEAT MR—Egger #5532 DL 56 IE
Pl R RS AAAEZ . SR MR-PRESSO 573
(R, UK BR S 8 (R K 2 85 A AL
IE S BRAh, R R T R S, R
WRAHEREEAS SNP, SRJFTHERI T T4 SNP (95
FERONE, PEHT A~ SNP & A XTROUN Al 45 5 7= A
s
1.5 SGitZEaHh

3 F R 4.3.1 B A4 A9 TwoSampleMR Fl1 MR-
PRESSO /¥ AT GE 1t o3 Ao VAL R EEAF AR
SIS 45 R LU LA L (odds ratio, OR) M
95% E{ZIX 8] ( confidence interval, CI) £F, Y4
OR > 1H P <0051, FRIEMK; HOR <1
H P <0050, RROAC, XLt BEH T
DA A 5 2 [H] G AR 15 B R S . AT IEU /Y
25 R A T, DA AR R PR SS AR

2 #R

21 ITETERELR

i ik, DGR RS ALRE . B AT S
BRI L/ 60 4~ SNPs, ARAFFTIRANAT 91 4
ST R C I SNPs VS e T HAS &


http://www.phenoscanner.medschl.cam.ac.uk/
http://www.phenoscanner.medschl.cam.ac.uk/

872

2.2 fiTHRAME1RERFHIMRY #4R
DIMIT 225 iz R 2, 1 AUBE IR A 46
JRZEE, WEPMH (P<5x10°) , 206k if
JE 91 4~ SNP/E - T HAR &, FAE¥ARF 10, H
At 13 > SNPs e K # 99 A MR 43 #r. IVW
ST A RS, MITZRAY S 1 AU IR KRS
B AE A R G & [OR=1.524, 95%CI ( 1.077,
2.157) , P=0.017], 5% ULIEI 2A | & 2C FiIg 2,
MR-Egger 8] 5 () # #F £ 35 T 0 ( ## =0.017,
P=0.3889) , W] SNPs i) 5E 0] Z 50 251 h
AT A R B AR, AR, MR-PRESSO #6545
W, PAGIHTEY SNPs AAFLEKT- 2301 (global
test RSSobs=100.56, P=0.225) , J§}&45REA
XIFR, R EERBA WA, W 2B,
USSR, Cochran's O K50 )45 B B 7R

MRYiE
e  we

 un e
¢
3
5o
3
] | bt
:
& /

- 2 .
p ————

Chin J Pharmacoepidemiol, Aug. 2024, Vol. 33, No.8

A B 5T B 2440 A MR 53 #T (1 SNPs AN 1775 55 o
( MR-Egger: P=0.116; IVW: P=0276) . R

— AR S T VAL B SNP K BR 5 X VT 25 24
Y5 1 BB RAS Z AR SR R s, 25 R IIIL
A5~ SNP XF MR S5 R &5, LK 2D,

{iff FH IEU (925 R 8 s SE AT 30 E, TVW 543
Bras R BR, MITREAM5 1 BOE PRI XU 7
TEHH IR [OR=1.606, 95%CI (1.000, 2.670) ,
P=0.043].
2.3 TR 528 1 KR % KU FIMR S
&R

DIiT 225 h 2R g R 3R, 2 AUBH RSN M 4
Jas i, EE PH (P <50x10") | &0k
JE 91/~ SNPs /8 T HAR &, FAHYI KT 10,
Hodr 13 4~ SNPs S Z R A0 A MR 73 Hr. IVW

MRS

-
|

>
u
&2

aad, Banlags Ralasd aa=Piians 2532
. NeE S Rt
P N e L = 5 2" ) i
2 R e R TR RS AR Es =

E2 fiT3Z5H 51 BUEERm KU F SR X EX R P ARMR S T 45 3R
Figure 2. Results of two—sample MR analysis of causal association between statins
and type 1 diabetes risk
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Table 2. Characteristics of GWAS data for statins and type 1 diabetes risk
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Figure 3. Results of two—sample MR analysis of causal association between statins
and type 2 diabetes risk
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Table 3. Characteristics of GWAS data for statins and type 2 diabetes risk
Ttk B SE OR (95%CI ) P
MR-Egger 0.160 0.069 1.173 (1.025, 1.343) 0.023
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TAUAR R 0.200 0.079 1.221 (1.046, 1.426 ) 0.014
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