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Causality between thyroid dysfunction and lacunar stroke:

a bidirectional ,two—sample Mendelian randomization study
Deng Xinmin',Chang Wen', Lii Xiaofeng',Lai Rui',Liang Jingtao®
(1. School of Clinical Medicine ,Chengdu University of Traditional Chinese Medicine ;2. Department of Neurology,
Affiliated Hospital of Chengdu University of Traditional Chinese Medicine )
[ Abstract]Objective : To explore the causality between thyroid dysfunction and lacunar stroke using two—sample Mendelian randomiza-
tion(MR) analysis. Methods : The study extracted summary data from published genome-wide association studies (GWAS) for hypothy-
roidism, hyperthyroidism, and lacunar stroke, comprising 494 577, 172 938, and 254 459 samples, respectively. In the forward MR
analysis , hypothyroidism and hyperthyroidism were used as the exposure, with 103 and 5 single nucleotide polymorphisms (SNPs )
selected as instrumental variables (IVs) , respectively, and lacunar stroke as the outcome. In the reverse MR analysis, lacunar stroke
was used as the exposure, with 3 SNPs selected as IVs, and hypothyroidism and hyperthyroidism as the outcomes. Bidirectional MR
analyses were performed using the inverse variance weighted (IVW) method as the primary analysis method, and weighted median
(WM) and MR-Egger methods were used as supplementary analysis methods to evaluate causal effects. Additionally, heterogeneity
and pleiotropy tests were conducted , and the leave—one—out analysis was employed to assess the stability of the results. Results :
Genetic predisposition to hypothyroidism was significantly associated with an increased risk of lacunar stroke(IVW :odds ratio[ OR =
1.118,95%CI=1.030-1.214). No causal association was found between hyperthyroidism and lacunar stroke (IVW : OR=1.011,95%Cl=
0.958-1.067) , lacunar stroke and hypothyroidism (IVW : OR=1.093, 95%CI1=0.996-1.200) , and lacunar stroke and hyperthyroidism
(IVW : OR=0.857, 95%CI=0.556-1.320). Conclusion : Hypothyroidism is causally related to an increased risk of lacunar stroke.
However, no causal associations were found for hyperthyroidism and lacunar stroke or in the reverse study. These results require fur-

ther verification through laboratory investigation and evidence from

{EENLE SR A4, Email : 1772968124@qq.com, future studies with larger sample sizes.
BRI T 61 2 P B R TG T T R [Key words] mendelian randomization causality ; thyroid dysfunc-

EIE1EE : %% , Email : oliveliang@aliyun.com,,
158 H AR : https:/link.cnki.net/urlid/50.1046.R.20231227.1634.032
(2023-12-29)

tion ;lacunar stroke



BERERKFZR 2023 £55 48 5 12 # (Journal of Chongging Medical University 2023.Vol.48 No.12 )

— 1447 —

A g el i LA A R M 28 T RE A A —
KEEBAE S22 BREE RIS = KRBk s A
FERT RLA3 R WG SIS B ol P 2 v R A A e
e LA o5 T A Y 80% LA L, H iR T/ NSl
OB A T BOCHE ST | EC I | PN S AT i A R AR
SR R AR/ T 15 mm 0 BRI AR FE 4 B
B A e o iR A P 2591, B AR
B BB, — AN R L SV 2 D RE SR AUE AR
(LB 2 A A L 9747 (38 22 25 Hh BB TE ) ORRAR |
INHIRE T RS Z AR T AT A, I B A
Hh R R AR S R I R B R DR ILAE S5 LA A B
RRBUIMC, EAER, — SO A TN B
J I, AR B Dy i e 0 (S A0 45 HHOBR A ) R DR
s T HE ) L n] B 2 19N B PR 2 v A XU ™, I
R HUIR i B R B 65 T e AR R s Bt A v iy —
R ZR o AR, X e RS AR AT A AR S 1) PR 2R DG &R A
R AR TR 2% PR 28 A ) L, X LA o IR R T RE B 5
JEBRPEAR TR Z [ 0C R . R T SE ok S n) B, o K
FiEi 1L 4k (Mendelian randomization, MR) J5 15 #f 42
FETIZ N THRA T 2 U . MR — R R 35 1%
AR S VE N T B 785 (instrumental variable, IV) #4431
TR G ER Z AR AE IR OC R AT s
T AL AR AR A > B R P L A R AR AN
SR 2% R 2R R 1) DR R 5 2 B S M), MR AT LA 3]
B BEN L BRI R, AT B A ZR IO
HIE AR 4 B R 21 ¢ BK B 9% (genome—wide association
studies, GWAS) F 4, FIPIFEAS XL j) MR J5 5k
PRV HUR AR D Re sl | HAR B D e TT 5 I B 1 2
W Z AN AR I AR, D TR AR T I B 2R v S Ak
BT TEHE S

| AR

1.1 #¥ERR

FIR R I RE DT RE A9 GWAS T BB ok [ T 25 22 i 5T T
H (FINNGEN RESEARCH PROJECT) , iX 3l GWAS WF 57 £ &
962 il 95 1 A1 172 976 ] XF B& 1% GWAS L &b £ 4% ] 7%
MRC IEU Open GWAS I H B E (https : //gwas. mrcieu. ac.
uk/) R E] . FURIRDIREIGR 1 CWAS T EEE R [ 13K
T GWAS meta 23 M7, BL 75 51 194 555 141 A1 443 383 45 Xf
TR WFFE xSk A 5 E A4 P 4R 4T (UK Biobank) 1 25 130 4]
93 16111 383 471 (%] RELA Bk B 25 22 F9 30 H 11 26 064 1l
BN 59 912 4%} MR (1) GWAS BHf 64T T meta 4347, B8 T
1394~ 55 FAR BR T BB IR ik AH 5 119 JRUBS: A7 51

JE B AR T T R G B O B PR A s A 2 s
(ISGC) I 1 I GWAS meta 5347, 1% GWAS G H U8 A F8 R

LG8 53 B FOALHE I A I GE RO 00 5 R0 23 . S T o>
TR 22, AR T 80T BRI SE i ge e . IR,
A7 254 459 151 (6 030 5l il 711 248 929 il %f 1) e 4 AAF
o

12 Vet

MR AF 5T 19 TV 264500 2 3 ik DIV 5 5 57 1B 5 4
K QIV HIR AR IO ; @IV AL it R 55 5 45 ="

FEIE [ MR 23 Hr v, HRAR I 2 e v R A IR I D e TT i
VB 288 PR A T e g o T RS L MR, AR
WFFEESE T 75 4k R 20 3 Bl A 45 FFOIR R 2 BE st IR 18 28 AH O
(P<5%107%) , H A 17 76 3% 50 A - iy (linkage disequilibrium,
LD) (+<0.001, kb=10 000) ¥ BL4% 1¥ IR 2 45 1 (single nucleo-
tide polymorphism, SNP) o WM AR I E /& I B PR
90 i U 25 R L st g ) R J SR A S 2 JES B
PR A SRR R T HEBRIE AL NIR 2R 2, A
95462 T PhenoScannerV2 W i (http . //www.PhenoScanner.
medschl.cam.ac.uk/) (I & : P<5x107%,72>0.8) , - HEBE T 5 I
IR AE RS K 2 B A S 1 SNP, LA L 56 2 B . o Tl A2
55 3B, ABFFTHERR T 5 M B A A 4 BE TR 20 Y LA
B HIEH) SNP(P<5x107) .

TE S I) MR 43 B o B 2 b 4 Sy 2 88, HOIR IR ) fg
AR AN HIR R D RETCHEAE 45 )R o 13 -5 1 [a] MR AH [R] 9 0
T B AR BRCLE 4 5 PRI 28 3 T P 5 R B e A v Jed 25 DG FLAS
746 LD /Y SNP, DAV /2268 1 AR . 48R PhenoScannerV2
W3 (8 - P<5x107™,17>0.8) , HERR 55 F bR R ) B8 e 15 18 162
(K2 EAEAHOCHY SNP, LI R 55 2 MRk . s, ad HERR
55 HURBR D) 16 B 15 7 42 5L DR AT 3 BBl P S 38 A G 1 SNP LG
SRS 3 MR

WAL, 2 58 FNEE Jry S BE AN — B0 SNP LA K HLAT Hh 4
SR BE DRI Y ] SC SNPWEHEBRTESL . 80 Bk — FR 50 ™
& O 16 1) SNP K5 FH T a5 4 I AR 4347
1.3 MR %#

AHHF 5T 35677 22 A (inverse variance weighted, [IVW)
YR MR A3 HT ) E BT ik o 2k SNPSAA AL IV B
IVW 2 BEHR LI VA 1) PR SR SC IR AR B A T, Ak, AR TF
SR IR P47 58 (weighted median, WM ) Fll MR Egger 1
VENANFEAIAT o P H LA E A SNP R A 25TV B, WM 7 i
AR R AT, 2 i SNP B8N S ok IV
ft, MR-Egger J7 1% AT LA4& fL AT 58 i B 21 6 & A 11,

1.4 BURMSHT

8 FH IVW FI MR Egger [nl 50 5 Fid4: , 7155 Cochran’s
Qgeiti LA b5 Btk R/, 24 PAE/INT 0.05 A A7 7E 5+
TP, e I At B L8O AT AT MR 43 Sl A
MR Egger [1] 5 (1) 18 BF ok K 7K - 220 , 24 MR Egger [71)H
HE Y P/ T 0.05 I, R WIAF AR K- 280, LI ) MR
SEBLONATEENS (] MR-PRESSO 4 Ry A6 1 316 1R 51 B e e
MR-PRESSO 2 a4 1) P /N T 0.05, WU WA 76 B A,
oK LS bR IF B R AT MR A3 Hr™, AN, B — s ik vk
TIPAl MR 45 2 15 52 B4~ SNP I s il o fe ), i ] F et
SR PEAL L T H AR . FEETT KT 10 00 MR 2%
SR ATHEsZ 355 1V (520



— 1448 —

FRERAFFIR 2023 £5 48 % 12 85 (Journal of Chongqing Medical University 2023.Vol.48 No.12 )

FEH AR LT AR F=B7/SE? .

fift Fi 7E 26 mRnd 4t 31 D1 203 5 4% (http : //ensgenomics.
com/shiny/mRnd/) # 4T G i+ I RGHE . BT A MR AH G40 #r
76 R (4.2.2 {0) "1 {d F TwoSampleMR il MRPRESSO % 1
FHEFT

2 # R

2.1 A TEGMRYHEIV
AR B R GE 09 GWAS I S rh B2 B T 148 4

S A e HAR T A 57 1 SNP, Herp 17 /4> SNP o 75 i B 1 25
H R GWAS I BB h 4R B, 28 4~ LA Hh 45 45 (37 5 PR AT %
B4 1] 3C SNP B HEBR R A1, A & 05 s B 1 2 v i 5 A S A
SNP, 3t 103 4~ SNP H F B 540 #r o A HUIR R D RE JCF 19
GWAS LS R IR 1 74~ i 38 A ¢ HAH EL 57 119 SNP,
Horp 24> SNP AR TE R B A b () GWAS T S Bl i 4R 3
A &S BB A 2 OC 1 SNP. R L 454 103
A~ SNP FHF HAR R 2 8 AR 55 1 B A< o i B R T
5 4> SNP I R B T 68 0 i 5 1 W 1k A b 0 R SR 23 B
(F£1),

F1 ATMROHBIV

SNP EA OA B EAF SE P F
PP i 2y B BB~ e B 2 A TV
rs10192408 T G 0.044 2 0.489 10 0.007 98 2.94E-08 30.753
rs1033701 A G -0.059 0 0.293 20 0.009 13 1.04E-10 41.733
rs10413734 T G 0.046 2 0.327 00 0.008 46 4.53E-08 29.909
rs10929817 T C 0.0797 0.412 50 0.008 22 2.92E-22 94.151
rs11073332 T C -0.053 5 0.686 90 0.008 91 1.90E-09 36.070
rs11573988 T G 0.073 0 0.150 10 0.012 01 1.22E-09 36.945
rs116371977 T C -0.194 6 0.023 86 0.025 55 2.63E-14 58.000
rs11652097 T C 0.046 4 0.368 80 0.008 46 4.05E-08 30.123
rs11681040 T C 0.069 5 0.087 48 0.012 66 4.02E-08 30.138
rs117697016 A G 0.110 4 0.053 68 0.018 55 2.65E-09 35.426
rs11807125 T C 0.047 1 0.380 70 0.008 19 9.06E-09 33.031
rs11953611 A C -0.060 3 0.287 30 0.008 97 1.79E-11 45.180
rs1199045 T C -0.0450 0.367 80 0.008 18 3.80E-08 30.251
rs12128698 A G 0.080 9 0.072 56 0.014 65 3.31E-08 30.521
rs12208103 T C 0.049 4 0.410 50 0.008 27 2.30E-09 35.702
rs12212535 T C 0.0722 0.380 70 0.008 59 4.26E-17 70.645
rs12378308 A G 0.048 7 0.256 50 0.008 93 4.77E-08 29.807
rs12555343 A G -0.081 4 0.076 54 0.013 68 2.68E-09 35.400
rs12721025 A G -0.089 5 0.070 58 0.016 10 2.76E-08 30.873
rs12865518 A G 0.056 4 0.184 90 0.009 49 2.80E-09 35.320
rs12885698 T C 0.044 1 0.459 20 0.008 05 4.38E-08 29.974
rs13220568 T C -0.098 5 0.071 57 0.016 69 3.67E-09 34.792
rs1332183 A C -0.097 9 0.941 40 0.017 64 2.84E-08 30.816
rs139397276 T C 0.188 1 0.01093 0.032 30 5.77E-09 33.912
rs140094 T C 0.0450 0.463 20 0.008 08 2.57E-08 31.009
rs150332089 A C 0.061 2 0.143 10 0.011 09 3.32E-08 30.510
rs17019729 T C —-0.064 7 0.124 30 0.010 78 1.96E-09 36.013
rs1723023 A G 0.049 5 0.388 70 0.008 41 4.06E-09 34.596
rs17565949 A G -0.136 9 0.017 89 0.023 72 7.76E-09 33.336
rs17583283 A G -0.059 1 0.433 40 0.008 10 2.97E-13 53.225
rs1957569 A G 0.050 1 0.381 70 0.008 70 8.36E-09 33.186
rs2014857 T C -0.059 9 0.859 80 0.010 83 3.26E-08 30.544
rs2021107 A G 0.237 8 0.078 53 0.025 84 3.44E-20 84.714
rs214343 T C 0.049 3 0.668 00 0.008 48 6.26E-09 33.756
rs2195 T C -0.062 0 0.782 30 0.010 50 3.46E-09 34.903
rs2358463 T G 0.044 4 0.516 90 0.007 99 2.84E-08 30.818
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15244670 T C 0.094 3 0.839 00 0.010 90 5.28E-18 74.780
rs246857 A G -0.064 3 0.136 20 0.011 67 3.56E-08 30.372
rs2745803 A G 0.063 3 0.216 70 0.010 29 7.96E-10 37.773
rs2757635 T C 0.048 9 0.565 60 0.008 07 1.43E-09 36.636
rs2769340 A G 0.048 2 0.374 80 0.008 77 3.75E-08 30.279
rs28157 T G -0.061 1 0.295 20 0.008 58 1.05E-12 50.760
rs2823256 A G -0.048 6 0.274 40 0.008 91 4.98E-08 29.728
rs28680717 A G -0.056 0 0.244 50 0.009 50 3.85E-09 34.699
rs2954930 A G 0.044 2 0.539 80 0.008 10 4.92E-08 29.750
rs3218820 A G -0.193 4 0.01093 0.029 32 4.21E-11 43.514
rs34536806 T G -0.0929 0.092 45 0.014 85 3.89E-10 39.166
rs34976338 T C -0.047 2 0.366 80 0.008 33 1.43E-08 32.151
rs35332045 A G 0.058 2 0.211 70 0.010 27 1.43E-08 32.142
rs35370188 T -0.072 7 0.123 30 0.012 44 5.12E-09 34.145
rs35776712 T C 0.061 2 0.117 30 0.011 14 3.92E-08 30.186
rs35776863 A G 0.0727 0.189 90 0.009 88 1.84E-13 54.169
rs3760707 T C 0.059 6 0.174 00 0.010 86 3.95E-08 30.173
rs3778607 A G -0.048 9 0.492 00 0.008 00 9.68E-10 37.385
rs3862663 A G 0.1377 0.037 77 0.023 14 2.64E-09 35.430
rs387175 T C -0.0577 0.813 10 0.010 38 2.67E-08 30.933
rs4081781 A G 0.0530 0.489 10 0.008 00 3.47E-11 43.892
rs41294854 T C 0.073 2 0.090 46 0.012 84 1.21E-08 32.478
rs4234509 A G -0.0559 0.711 70 0.008 85 2.77E-10 39.830
rs4434028 A G -0.054 2 0.539 80 0.008 07 1.89E-11 45.087
rs45524632 A C -0.168 7 0.013 92 0.027 16 5.22E-10 38.594
rs4660154 A G 0.043 6 0.474 20 0.007 99 4.78E-08 29.806
rs4692059 T C 0.044 5 0.582 50 0.008 13 4.38E-08 29.974
rs4894982 A G 0.054 4 0.685 90 0.008 48 1.34E-10 41.244
rs56011703 T C 0.070 0 0.155 10 0.012 54 2.40E-08 31.140
rs56029211 T C -0.044 8 0.467 20 0.008 08 2.88E-08 30.788
rs56287910 T C 0.048 4 0.442 30 0.008 12 2.46E-09 35.568
rs56395295 T C 0.046 5 0.445 30 0.008 10 9.42E-09 32.957
rs5865 T C -0.0579 0.653 10 0.008 55 1.31E-11 45.796
rs59294813 A G 0.0513 0.272 40 0.009 38 4.66E-08 29.856
rs60600003 T G -0.0757 0.097 42 0.013 23 1.08E-08 32.703
rs62266700 A G -0.0450 0.386 70 0.008 10 2.76E-08 30.869
162476229 A G -0.047 7 0.329 00 0.008 67 3.70E-08 30.302
rs6475585 A G 0.045 6 0.503 00 0.008 00 1.21E-08 32471
rs6539078 T C -0.062 6 0.188 90 0.010 07 5.11E-10 38.631
rs6712163 T C 0.047 1 0.598 40 0.008 06 4.97E-09 34.205
rs6774223 T G -0.057 8 0.701 80 0.008 82 5.46E-11 43.009
rs6786473 A G -0.046 4 0.499 00 0.007 96 5.75E-09 33917
rs7037608 T C -0.052 8 0.248 50 0.009 28 1.22E-08 32.453
rs7095491 T C 0.049 2 0.522 90 0.007 97 6.67E-10 38.112
rs7105890 A G -0.053 4 0.227 60 0.009 52 2.10E-08 31.397
rs7124430 A G 0.0450 0.562 60 0.008 02 2.10E-08 31.397
rs7282058 T C -0.050 1 0.711 70 0.009 16 4.50E-08 29.922
rs729761 T G -0.068 7 0.726 60 0.008 85 7.93E-15 60.360
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rs7303049 A G -0.056 1 0.709 70 0.009 49 3.29E-09 35.003
rs73142294 T C -0.0511 0.237 60 0.009 13 2.15E-08 31.353
rs73161818 A C 0.104 6 0.209 70 0.009 65 2.25E-27 117.474
rs73403382 T C 0.165 1 0.028 83 0.029 79 2.99E-08 30.711
rs767179 A G 0.052 3 0.192 80 0.009 49 3.56E-08 30.376
rs7702192 A C 0.054 9 0.506 00 0.008 03 7.79E-12 46.822
rs77040243 T C -0.2202 0.013 92 0.032 76 1.79E-11 45.192
rs7710070 T G -0.045 1 0.383 70 0.008 25 4.58E-08 29.887
rs773560 A G 0.062 8 0.279 30 0.009 00 3.08E-12 48.640
rs8054578 A G 0.054 9 0.753 50 0.009 84 2.36E-08 31.171
rs8089805 T G -0.064 6 0.101 40 0.011 59 2.51E-08 31.051
rs8102923 A G 0.0579 0.158 10 0.010 60 4.72E-08 29.828
rs931555 T C -0.056 2 0.307 20 0.008 34 1.64E-11 45.352
rs938726 A C 0.054 6 0.810 10 0.009 76 2.19E-08 31.322
rs9403930 A G 0.048 1 0.305 20 0.008 55 1.88E-08 31.617
rs947712 T C -0.0570 0.344 90 0.008 45 1.48E-11 45.556
rs9521836 A G -0.0556 0.251 50 0.009 70 9.70E-09 32.900
rs953199 A C 0.068 5 0.239 60 0.009 50 5.27E-13 52.095
rs9950174 T C 0.048 6 0.533 80 0.008 01 1.33E-09 36.779

FARAR DI BE T - IE B A i TV
rs179247 G A -0.3733 0.578 50 0.047 20 2.47E-15 62.551
rs6679677 A C 0.468 9 0.140 20 0.069 20 1.20E-11 45914
rs72891915 A G 0.684 5 0.039 31 0.120 40 1.31E-08 32.322
rs9275576 T C 0.953 4 0.094 58 0.086 10 1.70E-28 122.615
rs942495 T C 0.502 0 0.071 15 0.090 30 2.75E-08 30.905

JHE B P A o — FER R D R AR 11 TV
rs12445022 A G 0.1212 0.317 10 0.021 70 2.48E-08 31.195
rs2293576 A -0.135 1 0.311 10 0.021 90 7.22E-10 38.056
rs72934535 C -0.2200 0.113 30 0.037 30 3.72E-09 34.788

JEE BRI AR v - HR IR D RE T i IV
rs12445022 A G 0.1212 0.317 10 0.021 70 2.48E-08 31.195
rs2293576 A -0.135 1 0.311 10 0.021 90 7.22E-10 38.056
rs72934535 C T -0.2200 0.113 30 0.037 30 3.72E-09 34.788
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. 2 =) ik Nsnp OR(95%CI) P
FRAR IR D REmER i B A VW 103 | —a— 1.118(1.030~1.214)  0.007
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