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[Abstract] Objective This study aims to investigate the causal effect of toxic diffuse goiter (Graves’ disease) on hypertensive
disorders during pregnancy ( HDP) through Mendelian randomization ( MR) analysis and to elucidate its potential biological
mechanisms. Methods This study obtained data on hypertensive disorders during pregnancy from the Finnish Biobank (FinnGen)
and genetic variation data for Graves’ disease from the IEU Open GWAS database. We employed four MR statistical methods
including Inverse-Variance Weighted (IVW) , MR-Egger, Weighted Median, and Weighted Mode to analyse the causal relationship
between Graves’ disease and HDP during pregnancy.Single nucleotide polymorphisms (SNPs) associated with Graves’ disease were
used as instrumental variables to minimize the influence of confounding factors and reverse causality. Results A total of 25
instrumental variables consistent with the MR assumptions were identified in this study. The IVW analysis showed that Graves’
disease reduced the risk of HDP during pregnancy (OR =0.951,95% CI:0.926-0.976,P =0.001). The results from MR-Egger
(OR=0.927,95%CI:0.861-0.998) , Weighted Median (OR=0.943,95%CI :0.909-0.977) ,and Weighted Mode (OR=0.938,95%

CI:0.899-0.979) all supported this conclusion (all P<C0.05).Cochran’s Q test indicated heterogeneity among the included SNPs,
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with heterogeneity at 4.377% (Q=24.536,P =0.375).All 25 instrumental variables used in the study were strong instruments,

with SNP F-values™10 (ranging from 30.42 to 306.74). Conclusion This study using Mendelian randomization demonstrates that

Graves’ disease reduces the risk of hypertensive disorders during pregnancy in European populations.
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Fig.1 The three core assumptions of Mendelian randomization
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Table 1 Summary of the GWAS data from two-sample

Mendelian randomization analysis
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Table 2 Detailed information of 25 SNPs in the genetic instrumental variables

x2 BEIRAZTEP 25N SNPHEAKER

1D SNP DARGRIN [y FEA EA_NEA EAF B S.E.

172 rs11065774 12 111355326 MYL2 G>A 0.124 976 0.236 5 0.034 8
17807 rs6936707 6 32684069 LOC102725019 Cc>T 0.035 104 —0.462 7 0.047 9
1152 rs13136820 4 40307564 LINC02265 Cc>T 0.700 325 —0.136 1 0.024 4
119 rs4409785 11 95311422 — TC 0.143 693 0.202 9 0.035 0
2841 rs9368606 6 29518665 OR211P A>C 0.218 706 0.190 0 0.025 5
10530 rs7746061 6 31419216 — G>A 0.055 725 —0.383 6 0.051 6
835 rs17689159 16 79742390 LOC105371356 T>C 0.304 638 0.162 1 0.024 0
60 rs10821944 10 63785089 ARID5B G>T 0.703 121 —0.156 6 0.023 2
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(2 13
1D SNP PARGRIN [y FH EA_NEA EAF B S.E.
613 rs28414437 14 81457257 TSHR A>C 0.424 075 0.287 1 0.022 8
20987 1$860262 7 28194397 JAZF1 C>A 0.417 680 —0.137 3 0.024 5
20989 rs2466028 8 128200556 CASC19 T>C 0.361 033 —0.145 0 0.023 5
110 rs61850863 10 64041772 - G>A 0.144 977 0.202 7 0.033 9
1088 1$5751536 22 23052967 LL22NC03-102D1.18 G>A 0.451 066 —0.209 6 0.038 0
1073 rs34544259 21 43834854 UBASH3A A>G 0.404 710 0.140 6 0.022 8
1066 rs1569723 20 44742064 — C>A 0.711 732 0.164 1 0.023 2
959 rs231779 2 204734487 CTLA4 C>T 0.467 891 0.235 2 0.022 2
19230 rs9357156 6 33041073 HLA-DPA1 A>C 0.230 863 0.439 6 0.025 1
16706 1$9273410 6 32627250 HLA-DQBI C>A 0.429 379 0.307 2 0.024 0
3 rs2476601 1 114377568 PTPN22 A>G 0.887 920 —0.385 6 0.053 6
1147 rs6780858 3 188132110 LPP A>G 0.468 120 —0.163 4 0.022 5
864 rs12612769 2 191953998 STAT4 A>C 0.218 448 0.144 9 0.025 2
5240 159260026 6 29907133 LOC124901298 G>A 0.291 797 —0.340 9 0.023 8
18 rs1977710 1 157693722 — A>G 0.444 294 0.146 1 0.022 3
3174 rs7741597 6 29701661 HLA-F T>C 0.144 076 —0.221 5 0.029 0
20891 rs239933 6 167413230 CEP43 A>G 0.476 193 0.135 0 0.021 9

TN A FE R Ceffect allele, EA) 5 JAE SN %547 £ K (none-effect allele, NEA) ; 8% i 45 43 2 R SR (effect allele frequency, EAF) ; 8, %5 i 3
BRI 3 S E. 280N B bR iR 2%
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Table 3 Results of analysis using four MR statistical methods
Wk SNP i & OR S.E. P 95%CI
VW 25 0.951 0.013 0.001 0.926~0.976
MR Egger 25 0.927 0.038 0.055 0.861~0.998
INA A K i 25 0.943 0.018 0.001 0.909~0.977
AR 3 i 25 0.938 0.022 0.007 0.899~0.979

W IVW, 53805 22 k0L ;OR A3 S EL AR iR 24 .
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SNP effect on outcome
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Fig.2 Two-sample SNP scatter plot for Mendelian randomization
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Fig.4 Two-sample Randomization funnel plot

rs9260026
rs2476601
rs9273410
rs239933
rs7741597
rs1977710
rs6780858
rs9357156
112612769
1s231779
rs1569723
rs11065774 -
134544259 23
12466028
rs860262
rs61850863
rs5751536
16936707
rs10821944
rs7746061
1528414437
rs17689159
rs9368606
rs13136820
rs4409785

b ¢ o Py

[ ]

L

0 4 |

L B Y )

All
-0.06 -0.04 -0.02 0.00

B 5 “B—E"SEESN

The results of sensitivity analysis of “leave-one-out”

-0.08

Fig.5

45



TEZE A M ik hetp: //mchchina. xjtu. edu. cn

2.4 TRTEFM

WFFEAN A 25 A T AR 5 ¥ 0 3 T =1 AR 5
SNP f F {54 >10(30.42~306.74) , Bl Graves &
32 3] 55 T HL AR O ey 145 R T REE DN

33T

3.1 Graves IR ATBE ST RS MERBH L &
K EHREERXR

IVW J7 ik Br 4 R 8w . Graves Hi 1] FEAIK 4T
YR &5 1 B A9 LB, iX — & BAS 2] T MR-Egger,
TS v 57 500 0 I ARASE =Xk 14 22 b 36 i 7 125 SCHF
RULEIRIEZ M Or T BA B miaE v, oot
H IVW SR B 4y 2 2R ok U, 45 R 5 HiAlh MR
TR WA RAAT R Graves S AT i 3 13 K 26 4L il
Xof e 4 409 e ML 0 Y A B R G, R TR
MR J5 2 Z [ Al B A0 5 22 S 7T R 5 4% A SE it
PR B v T D far Cln 22 3501 i BBORR P A G
(B Y 2, FRATT A0 &5 2R 3% B 48 ft O 9 I 9 1Y
IVW J5 3%, 5 MR 387 0 4 0 DR B A — 24

RIS R BoR , Graves I 5 H IR & L EZ
[B) A7 7 B ] OCHE L iX B Graves il I £7 76 7] g Bf
VRS 5 30 e L P e 2B XU 2 B I YR OC R TR I
R EBAAERE X T BA Graves I 1Y A1, Ik
PRAE AT 2% JECKS e 1 T 10 7 i o s 7 G A B A G
= S e R A VAR - 1 T 1 ) P S 3/
A RE Ry AR K B X 4 AR I & 1184 1 A A8 O s i A1
Ja K

3.2 Graves fR X IR B | M0 [E £ 1) K BX A B &
MLl

XA CHE A R BE IR T2 M ULE. E ok,
Graves % 51 /9 F R I ) 68 70 3 7T BE - M 45 BH.
T RE, WARBIIBE T HIRE T . i T AR IR R
IRV 1 T R a0 = AR IR R & BR (eriiodothyro-
nine, T3) ML G & H R IR R (thyroxine, T4) , § 5
O LE R GER A — R IR, e i3 L0
PR P T = A B O S O < A A Y R
FE R BE I B AR AT Ui 39T 55 1 s Can = T 4D & 2R i XL
B HRBR R B AT I PR L7 R0 e P AR B R L B
U ) IS IR & | Y € SN S 1=
(14 &F 5K F0 A0 JE M4 BE T g B AR . B TR R B
PRAR I 32 138 n KO 148 2R G 1 3 17 1k 8, T B

46

A B T G2 i 40 W 39 v 0l e R DG 9 1l 9 Bl ) 2 e
X LE A A AT Bl T A 0 I A2 A R 0T B ARG L X
LI A HE N5 3K 3 T RE AR 23 i B T Graves Ji (7%
SRR (U= (NS il M R (A " SO A
Graves Jiji i 1] G 18 o 5% Wi BRI G 05 2R 58 R FR AR 1
T 300 45 A 0 0 v I 0 1 & 2R KU S, Grraves i
S — Rl LAY B B e 1 i e PR AIE L 45 i
FFR IR 3 & (thyroid-stimulating hormone, TSH) 5%
PRBUA Y 7= A AR R IR D R i BE TR BR . © A IFR
5 Graves Ji B3 1Y 5 22 4R 25 1] BE 52 0 JI 2 19 4
PE PRI L DT 24 728 B R JL S T b A S 3 5
FEU L IR Ty B JT i AT RE S AR A ALIA T A £
AT 2 P 4 M K, 0 4 R 10 Cinterleukin-10,
TL-10) , 34 9 AE S 3% AT BE A8 G Ui 309 18] X5 470 5l
T30 14 s A IR 2 o DA I ARG AH G I R E 19 R A
UK

3.3 ARBIBHRE

BEARM WA — R R, &k, &8
MR J5 75— 5 T2 b RE 6% 9l /R A% X 3% R 1] 1A
R FR M2 H T 20 A 09 8 B T B AR RT R
V£ 58 4 UM Graves Ji B 52 200 BEZE FRARAE . LAH,
T B R U T WO B L5 R T REAFTE R AR 2
R BRI RE 23 2 00 52 ), K 26 PR 3R ] BE X 45 2R AR
— € F D Ay % T B CHE 9225 (0T RE 32 B R
TR [0 14388 4% 22 S PR 056 D) 3% T - BOHE TR 78 S 7
AR 32 B0 R W) i 280 R i 7R R B
UL B T AL e iR A4 R /Y T 40 (H &5 R A5 T
AE 32 FhRE 285 0 0 388 % 15 SR S2 . DA G, 7 B HRE
WFSE 2 R0 T v AT I 5 2 1, 1 Rk v A
TE AR LR 5 RS R R AT B B e LA 3R
1o TE L NTE 1 DB 5B A S Bl R 48 8 L.
U g ff ) T8 B AT RO  FRATT ™ A 4 1l 1 Pr ik
BE IR S 1 22 RO vE KU, . AR T B DR B 05 5 LI 1
ST G DT 1) 0 3R 555 TR 3R 50245 ) T i o3 A
PR R R X, DT 532 W) 445 2R A A AP o 7 R O A BA
FNWTFE I % AL AN [N AE R R 35 v g — 20 36 TIF ok 4
g5, S HAT E A XS Graves i 5 4 U 9 1l
FE R W58 48 A7 R S B — B8 3 A7 7 Fl Il IR F
FEALAE L TR R 0 8 I ARG 2 4 O 309 i i s ) XU
IR S ESMF A — B0, P, X — R



536 B 4 M
2025 4F 4 H

B da 44 AR
Chinese Journal of Woman and Child Health Research

Vol. 36 No. 4
Apr. 2025

B iy 3k A PEFE B AR B — 2 S Z Ml

L5 TR ARSI 2 MR 7R IESE T Graves
95 5 2 B 300 v a0 R e =z TR A AR ) R OC R . X
7] G F 1Y 7 A T BE W S 22 FhL R A HE HTAR B 2
A TTHED | R 09 1M 48 BH ) T B L SR FR S8 1A T 0 I
AN M AR AR, X SR IR UR Graves fﬁﬁ&%
FOR AR D BB 0 2E A — Rl R B . 38 v] A o H R g bk
B4 I KT B B B e 0 s 9 3 1 XU 7 A R AR R
I, 33X e ML 1 48 7R Sk PR A G R B R O R S 0 1Y
PRI AL 733 L A L o oA e R 48 B4R Bt TR TE I T
TOUHE B

(&% k]

[1]Sakurai S, Shishido E. Horiuchi S.Experiences of women
with hypertensive disorders of pregnancy: a scoping
review[J ].BMC Pregnancy Childbirth,2022,22(1) :146.

[2] Hauspurg A.Jeyabalan A.Postpartum preeclampsia or
eclampsia:defining its place and management among the
hypertensive disorders of pregnancy [J]. Am J Obstet
Gynecol,2022,226(2S) :S1211-1221.

[3]Toloza F J K, Derakhshan A, Minnistd T,et al.Associa-
tion between maternal thyroid function and risk of
gestational hypertension and pre-eclampsia:a systematic
review and individual-participant data meta-analysis[J].
Lancet Diabetes Endocrinol,2022,10(4) :243-252.

[4]Smith T J,Hegedis L.Graves” Disease[J].N Engl J Med.
2016,375(16) :1552-1565.

[5]Cohen-Sela E,Brener A,Raviv O,ect al.Outcomes in ma-
ternal Graves’ disease:a population-based mother-infant
Dyad cohort study[J].Thyroid,2024,34(1):123-133.

[6]Davey Smith G, Hemani G.Mendelian randomization:
genetic anchors for causal inference in epidemiological
studies[J].Hum Mol Genet,2014,23(R1):R89-98.

[7]Burgess S, Davey Smith G, Davies N M, et al.Guidelines
for performing Mendelian randomization investigations:
update for summer 2023[J].Wellcome Open Res, 2023,
4:186.

[8]Verbanck M, Chen C Y. Neale B, et al. Detection of

47

widespread horizontal pleiotropy in causal relationships
inferred from Mendelian randomization between com-
plex traits and diseases[J].Nat Genet.2018,50(5):693-
698.

[9]Hemani G,Zheng J,Elsworth B,et al. The MR-base plat-
form supports systematic causal inference across the
human phenome[J].Elife.2018,7:e34408.

[10]Papadimitriou N, Dimou N, Tsilidis K K. et al.Physical
activity and risks of breast and colorectal cancer: a
Mendelian randomisation analysis [ J ]. Nat Commun,
2020,11(1):597.

[11]Hajifoghaha M, Teshnizi S H, Forouhari S,et al.Associ-
ation of thyroid function test abnormalities with pre-
eclampsia: a systematic review and meta-analysis[J ].
BMC Endocr Disord,2022,22(1) :240.

[12]Udovcic M,Pena R H.Patham B,et al.Hypothyroidism
and the heart[J]. Methodist Debakey Cardiovasc J.
2017,13(2) :55-59.

[13]Lee S Y.Pearce E N.Assessment and treatment of thy-
roid disorders in pregnancy and the postpartum period
[J].Nat Rev Endocrinol,2022,18(3) :158-171.

[14 ] Sanderson E.Multivariable Mendelian randomization
and mediation [J ]. Cold Spring Harb Perspect Med.,
2021,11(2):2038984.

C15]22 0, g SR 4 R 301 1 ¥ Jk 19 0 A1 R R I 3R 15 4 R 301
o IR 8 95 11 56 R A 5 L0 ] I B2 2= ) 3, 2024, 21(6)
179-181.

L1658 A, 55 2 M 399 1 3 P IR I 08 38 /K 7 5 3 AR 400 s
FEyi s i e T E AR OC R LI E A4 R4
2022,37(1):23-26.

(1705KAE 22, B A5 A0 AT IR 00 0 L P BRI 0 e bR 0 %o 2 i
RE BT S L) ] 4 4 4 R T 5%, 2020, 31(5) .
681-683.

(1814 Jy L, X0 BE . R FS L 45 HUR MR ) B 48 b 75 S ] 42 10 4 ik
S0 PR 0 G 0 0 R LR 5 A 2R kK P R LT ],
r I PR S S 4%, 2021,12(1) 2 8-11.

L&l 54T S - 05 2 8
Crb 3o B - 4 2 3 SO A - v AR B



