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Association between systemic lupus erythematosus and hypothyroidism: a two-sample Mendelian randomization study
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[ Abstract | Objective To investigate the relationship between systemic lupus erythematosus (SLE) and
hypothyroidism using bidirectional two-sample Mendelian randomization (MR) method. Methods The Genome-Wide
Association Study data of SLE and hypothyroidism were obtained online. Independent single nucleotide polymorphisms
closely related to SLE were screened as instrumental variable (IV), and outlier values were tested and eliminated by MR-
PRESSO tool of R 4.3.1 software. The inverse variance weighted (IVW), MR-Egger, weighted mode (WM), weighted
median (WME) and simple mode (SM) were used for MR analysis, and the values of odds ratio (OR) and 95% confidence
interval (95%CI) were used to evaluate whether there was an association between SLE and hypothyroidism. The Cochran’s
O heterogeneity test was performed for the results of IVW and MR-Egger, the pleiotropy test was performed by Egger-
intercept method, and the sensitivity analysis was performed by elimination test one by one. £ value was calculated
to evaluate whether there was a weak IV bias. Results MR analysis results showed that there was a positive causal
relationship between SLE and hypothyroidism in the overall population, and the results calculated by IVW, MR-Egger, WM
and WME were statistically significant, with OR (95%CI) being 1.004 (1.002-1.005), 1.004 (1.001-1.008), 1.004 (1.002-
1.007), and 1.004 (1.002-1.006), respectively. The heterogeneity test results for IVW and MR-Egger were P=0.086 and
P=0.098, respectively, indicating no heterogeneity; the Egger-intercept result was P=0.295, indicating no pleiotropy;
sensitivity analysis showed MR results were stable; and all / values were greater than 10, indicating no weak IV bias.
Conclusion Compared with healthy people, the risk of hypothyroidism in patients with SLE is significantly higher.

[ Key words ] systemic lupus erythematosus; hypothyroidism; Mendelian randomization; causal relation

[ Citation ] HAN Y, GUO C, JI Q, et al. Association between systemic lupus erythematosus and hypothyroidism: a
two-sample Mendelian randomization study[J]. Acad J Naval Med Univ, 2025, 46(8): 1084-1089. DOI: 10.16781/j.CN31-
2187/R.20240074.

[FEAHI] 2024-01-26 (= HH] 2024-10-30
[1EERN] #W, Wtk . E-mail: 2314706070@qq.com
"4 ( Corresponding author ). E-mail: zjj1688@163.com



WFELER AR 20254 8 H, 4 46 %

* 1085 -

RGN ( systemic lupus erythematosus,
SLE) f&—#pi Wiy B B fesied, HARRALHEICT
RoORM BB KR OETYE . B X
W2 RGAEIRE . SLEZ T 15~44
BRI LoPE, BFIET R E AR 2~3 £,
W ULBOPE R A AR 5 0 A 2 L BRI,
SLE M fal R R AL 4G N IEPE R SMEPE R RS . TR
PEAGRS 2R 2ok H 2L, 2 T[RRI A7 5545
H X SLE AJsIsZmaAR/)N, (B4 R0 2 BE )
TINRLN, PTRESESLE A, AMEME R R A K50
2. 2. W (WEBJRRE ) Y%

FHCER R T e el 1R A 2 FPBR B 3R Bk = i
8055 5 | S 1 4 S PRI 2R B 10 . ol R S
{2 FHR R 2= T e, ) s 9 O 5 H PR OB 2 Wk 2
T IEWSHM TR . R h k1R AT /Y
= B PR R = B e e AN AR HOBR B

( Hashimoto thyroiditis, HT ) , At RAL$E K
P, 25WIAH S BE IR BRI PEBOR S R
) — I meta 43 AT s, HOBRBRE D) BB IGER AE Al &
TR EARRE 10 J7 A 226 411 . HURIR D AENGE
SRR 1) T2 R 2R R e Al ™ E A, LR
Tt B R AR R A R R )
R NEENPER R, MR RS B PR
10 15, MAERREFEGEER D, sz XN
ANEET

Tt REEALE (Mendelian randomization, MR )
B PR AL R 2 R T

(instrumental variable, IV ) VP4 2 582 X 45 G- /Y
RS i, T HEBR WS A v [ A TR 2%
RIZE 520 . PIREAS MR AT fit FH 42 356 DR 4 DGR Bt
5% ( Genome-Wide Association Study, GWAS ) fJiL
SGHEE, A I MK dE . ok
Y, A RBAE OGS 48 83 HOIR AR 2 e R A A
R TR o AV, [Fh A & Rpem
() SLE F8 35 rh HUDR R ) R VR i 2 s 1) A S5 A, vy
T FEARE, T o —250F Ak i B SLE 5 HUR R
DIfeiaRiE Z [ C R, A5 R A MR 73
B, FEXTEE S B RS RN 2R A T BIE

1 FRFHE

L1 #ERR NTEEREMLGREAES
T A i 22, DA ] SR Y5 B 800 2 v 2 BB e A

G5 RFEA, SLE WL S48 1854 4 v B A= W 15
BT B S7, 1D M ebi-a-GCST003156, #5 M
5201 {5 RR ¥ SLE f& 2 F1 9 066 f3i] {g J5¢ % i, 2A.
¥ 7 1R 2 25 P (single nucleotide polymorphism,
SNP) (%CE R 7 071 163, FULR AR Ty A U6 AR AiE 14
ICBGEEEK A ukb-a-77, /i Neale 3250 % Ak,
YRR 4 Neale, BFFEXS G NBRYN 16 376 151 FHAR R D)
REDIIRAE £ 5 F1 320 783 fAilfilt FEXS AH, SNP %
k10 894 596,

1.2 o4& R PIREAR MR 734777 12,
SR EEAE LR 3 AR (1) IV S REEA
Ky (2) IVHIEZRFRIK: (3) IViGET#
g R, FEGE S U ERER S Tk,
WRIR P<<5X10"° 13 B b i HE B 22 58 T 5k 21
AHIC YIS SNP, iy 1 HEBR 1% BiAS -1 1) 52 Wi,
fif FH R 4.3.1 3% {4 ) TwoSampleMR £ 3 17 clump
HoE, BE B 7<0.001, kb=10 000, KJF, 7E
PhenoScanner ¢ #& & ( www.phenoscanner.medschl.
cam.ac.uk ) PHEZRIXLL SNP, FMFR SIRAH ZE
SERAACH) SNP, IR R FEIEFRRETR RN R L
HPATRE FEG R ABTENR 2R . SLE (199 WL AE
PR ALFE AR T WO . AR . HEE LA 22 D ik
Z U0 B D RN E AT Y 3 LG 6 DY R A A £
PE. W= | g, ARG = BT R a At H
f 9 B e i, BRAN. 254 (Memld, 2. T
F ) %V RE, FERMBREMG RS KR F
<10 LAY SNP (GFE A S AN I 4507
PRI B RIS L RATR [0S0 ) J5, ARV,

1.3 Geitas® TERSARIVIE, RHIMR-Egger,
JACH A7 8% (weighted median, WME ) | ¥y
Z A% (inverse variance weighted, IVW ) | 3
T ARE 7 BAd 11 (simple mode, SM) . NAUAR
Bk (weighted mode, WM ) 5 Ff J5 35 X A 5L TV
PEAT MR 2R F IVW 347 MR 23, H
MR-Egger. WM, SM Fll WME 3% 4 i J7 i AE N 2
%, IVW EE TR R SERPEIRC R,
A5 BT s TC 5 I, 111 46 Ry 26 R IRV E AL
FHEATHIE; 5 SNP ¥ A LIV, %7 il
FHEAXT I fER . MR-Egger J5 5 09 A 6] 78 7 7]
VA53AT N 25 eI A, 20 TE BRI T T
i SNP (25t IR UE LT 0 B, %51k
A LA AT 25 5T IVW i, RZ R IV



° 1086 -

MR R 20254E 8 H, 46 3%

AT REAFFE K220t R ge/kKiE (a) 2 0.05. K
A Cochran’s O ¥ % X} MR-Egger 5 IVW 25 S it 17
SRR, O (EBR N PE B/, P<<0.05 KR

SR Z2 AR 56 U AR 4l MR-Egger 15 1Y
P EAIEr, P<0.05 FnA 28t RHZEANH
BREEEA T HUSPER S, THEFA SNP Y6 IR0 T
W25 SNP XFZE IR fy sz, SEIMIFEAS MR 43Hr4h
A e AR E PE Y o B A ARG 36 S S 1t P
R 4.3.1 # 1 MR-PRESSO fil.. AHF 5% 43 Hr 45 SR A8
H R 4.3.1 34 TwoSampleMR 115 i, A 5%
JIifi GWAS BAREBIC AT LR, JFEJASAHNT
(IR Al

2 # R

2.1 Wik B8 IV M SLE GWAS b #2 Bt 45 4~
SNP &0, 16 2% 88 5 45 " 19 TV J7 ] — EX,
1528361029 [P £, 75 N 3 25 % 45 7 35 PR 17 #8500 I,

rs4388254
rs13332649
rs3747093
156671847

1s2736332 ., rs28834423 PR HAT v [1] A5 v A DA A 30
[l SR . 2ok iR 2% PR 2R (W HERR & Steiger ik
WS, BAEH 17 4> SNP #HATFIFEA MR 23 #7 .
FIiA SNP (1) FAE>10, BT 55 IV (50

22 BmHEAMRYHER VW IS4 R EA 5
12478 X (OR=1.004, 95%CI 1.002~1.005, P<
0.01) , ULBHEEPR AR SLE 5 HUR IR ) ARG fiE
HAERMPRIRCR, HAl 4 FhorHr )z, MR-
Egger (OR=1.004, 95%CI1.001~1.008, P=0.025)
WME ( OR=1.004, 95%CI 1.002~1.006, P<<0.001)
AWM (OR=1.004, 95%CI 1.002~1.007, P=
0.006) Frfs4 R BA G52 X, 1 SM ifq
45 5 (OR=1.001, 95%CI 0.998~1.005) J& % it
e, W 1, 2. MR-Egger, WM il WME 5
IVW Ji15 OR J 95%CI ¥4 T —2L, 4 Fhias 2l
DRSRAON 7 1) — 54, ¥4/ SLE S8 HUR R T e
TR P 0 RS T 1 o

rs58721818
rs35000415

rs150180633
rs17849501

a9
Z 1813136219
n

156889239
rs7097397

rs10048743

rs10200680

rs4916215
rs1143679

rs353608

rs2431697

MR-Egger ( 5£) F
7 ZEALE CEAR)

—————
e e

——e
—_—
—_—

—0.010 —0.005 0

0.005 0.010 0.015 0.020
In(OR)

1 SLE S5EURIEThEERUR EMFEA MR fHiHERFRME
SLE: ZGMELLBIAUE s MR : d /R BEHLAL ; SNP . SRR £ 5 ; OR . FUIE L.

23 FMA  Cochran’s O /56 Wos, IVW i
% P=0.086, MR-Egger J7 & P=0.098, [X It AH
A5k

24 BEMSH ZBENHIRKR, KB
AN SNP, #H A 16 4> SNP #EAT40 1. 55 59 A

427 SNP 1Y IVW Zr M 45 B i, HARTE ALty
K 3) , BEA YK MR 20l S rafdnl 55, T
SR Rl R B — SNP AR TV B, AR KR
RN Y SR B XS PRI AT, 7R 32U AE D e 52 Wl )
etk (K 4) .



WP 2025 4R 8 H, 45 46 % © 1087 -
0.008f
i 7 L
‘ L L AL
#0006 kL K
= — MR-Egger
;ﬂé) .
& 0.004f |
:‘:Rl:: .
2 o002} L1 ,
J;T ok /:?./
%
—0.002 ; ; ; ; ;
0 0.25 0.50 0.75 1.00 1.25
SNP 5 SLE [ 5k
B2 SLE 5RURBRINBERGREMFEAR MR 2 RATH S E
SLE: ZRGEMELLBERNAE s MR i fE/RBEHLAL s SNP - B R 2 251k
rs1143679r
152431697
1353608
154916215 |
1510200680
156889239
o 1510048743}
Z 157097397
£ rs13136219F
£ 15150180633
T ssg721818F
16671847
rsd388254
15178495011
13747093 F
rs35000415F
rs13332649F
IkE , , - , , ,
0 0.001 0.002 0.003 0.004 0.005 0.006
In(OR)
B3 WA MR &REZEAN B BRQLE SRS 7
MR : ifi /R FALAL s SNP: FRLAZ R 2751 s OR: LUAELL.
000 MR Ea A S WS A SR A BT 23 (P=0.295 il P=
ol 0.089) , HIVZHEFAEIR A A S T R/
o 303t it
& 500
~ ool SLE M ANAT- SR B W SO0 T A
300t BRifbE, FEH SPURRENSEZ, oG
200 . . . . . R PE SO PEMIAT [ SO I S8, P T 28
—0.002 5 0 0.0025 00050  0.0075 0.0100 NIV o
oR). BYURIG A H e A TR T LU, M

4 SLE 5HIRBRINGERIRAE M A MR 45 RViRHE
SLE: REMELLBEARIE s MR « da fE/RBEALAL ; SE - ARIEDR TV :

TR,

2.5 %uEsH  MR-Egger #ifi %5 MR-PRESSO

SEAMRRAHEE . PRI A S 2 2R AR L
Lo H B ONIPER  ARAE I 5, A A B 2 AR
#ithi. 215 SLE BUR I SE R 40 228
RANAE . EREAf . AR AR A P 20
YER—Fh H S 52k, SLE RUMAREL, #



° 1088 -

MR R 20254E 8 H, 46 3%

HIFH AL B &R REe, W 2. BRI,
2019 4F—IF4F %R P 708 9] SLE H 2 A [l Jisi 14 #F
LR, SLE & A 67 RN ibgems, Horbix
LA HUR IR DD BRI (5.5%) 1. — 54l
AT 10 J 3CHkAY meta 438726, SLE5 CIEIGIR )
FHCHR R 1) RE Dol AE (4 XU 384 o i 25 A 5, (EX (O
P ) FOIR IR S BE T HERE A0S AR /N L B R
RIR D BE VSR A A9 e 8 LR KA HT, %% Je—Fh
FI B g2 P HOIR MR s, AR AE 2 AR R AR R 3
K KBRS . A7 IR R R AR T
PRI HT R, SRR, I AR
Bl BT 22 2 K 8k FEUIR BRI RE VSR AE

— IR PR3 Bt B R, SLE & HT S Y
Pr SSB HUARFVER I B I . i SSB BTk S
—Fp [ B R —— TR A IR R PR, T
WRCEA AR HT A ARG B AR, 31X 2 Rl
AT T ] 9 A 4R R DR3 814 b JE ik
Pk A", i, SLE B#FRA T RErE K HT ¥
T 22 A4 HOR IR D RE R SE . H AT, HT M % 5%
PU BB S e . S RSN R A, HpAg
AL G IR AR PR BE N R AR R 7=/ CD4 "
T2, XA ARG R B B SOW M B A0S AL
FEEEE B HURAR, M= A HUR IR ER & A ik,
AR AP F SRS E X R R Y A &
Filk, B TI54kE CD4T T 40 554E CD8 " 41 il 75
P T 40 B R T IR IR g i 2 46, HURBRER & A
PorR%E A Bt nlm s B Ao 4n i S i 4i i
BEAE B AMACHR (14 40 25 1 FH 3403 FFOIR R 4 i,
il HT 8 B HDR RS REBGE 7 o 76 HT S
HH AR IET B T 400 2 2 AR A R F 2 — 1IL-6
KOV T, HR IL-6 T fgS HT K™,
TL-6 38 i SR A0 M A3 AL TG AL LA B 2 5 980 2 i AfE
Pk SLE & J&, HIKFAEAEIKIERKTT 4 . SLE %
H B th 15, W7E Graves i . 22k HUR
R A BB HCR RIS R T Y o R, IL-6
K38 = AR T REJE SLE A4 AR HT XU A pL
il Zz—. HFAHCHMIIE M, X — 75 25 22
SERHEA T

SCHRARGE, 7F SLE B HRR R b, o
PR BBk 2 1 O MR RO st S A B A (0 BE
R T AR . AU, EEBRER
PR R B IE 32 1R 22 LK R620W £ 25 1 W] fig J2

B i 1 HOIR IR 995 B SLE I & H B s i 1
FER P2 Y . SLE B IF & A B s vk BRI
93 AT RESHTHUIRRS S b LR . BUAUIR R Bk R
FIPLR . M. /MR, i LB A e
DNA FfARBHPER > .

WS R HPIREA MR 3007074, s tE24 £
JEHRTT T SLE 5 HUAR R Ty 8 R E =2 18] 7 PRI SR 56
Zo BT LIERENERFST, ASWFFE 78
P, A RCHERRIR AR R T, 0 AR T
KA GWAS Edl, it fo 1 034 75 77 I [A]
AR, ARWFFE MR 85584552 T 5 it 5 230k
5, HAREEN, 4581 %W, SLE GBI
FFDR B ) BB RIAR i 114 g XU Il LT, Mg A
SEMPEEIE T A Z TR L R . AFoE 45 R
PEoR B TAE A N B 0 A SLE f8 35 & A5 AT H
ARBRIR, LA SIS T3 B G PF 2 1) FEOIR R D BB Vs
RAE

KRIFRAE—ENE. T, 2 MEWHEAY
VR F R AT, 2538 B — i 1 X8R B
PG 2 T AL X A SIS, A L)
GWAS $dli i —200F9 . Hk, SLE (8 FEAS
WIS, T RAEAS T REAS T IMERR A 451 . It
Hh, Rift—2PAR5Y SLE 5 HUIR AR D) REIHEAE Y 2R
KF, AWFFEZER T K5 MR 23T, (BRI F <
10 BY55 IV JE R4 2 4> SNP i AFEA 1, DL
ARBRDIREVGRAE N #2585 N K . SLE NZ5 R MFEAS
MR ZMH7, 150 T P& AT PR R iasie ™.
DRI, eI PR 55 22 W SLE H iy HR AR DO e,
[vi] B O 7 FF R IR T BE ek AR A B & SLE (1) T B Ay
J7, AL AE RS PR 28 Rl e B X R T T R A

Zi FRRR, ABFSE R SLE n] BE2 R IR IIAE
WARAE A fE R R 2R, FENG PR N i B X SLE B 1)
R, SR, SRR LR R AR T R IR AE
FHIFFRAE

(5 % 3 #k]

[1] FONT J, CERVERA R, RAMOS-CASALS M, et al.
Clusters of clinical and immunologic features in
systemic lupus erythematosus: analysis of 600 patients
from a single center[J]. Semin Arthritis Rheum, 2004,
33(4): 217-230. DOTI: 10.1053/s0049-0172(03)00133-1.

[2]  BARBER M R W, DRENKARD C, FALASINNU T,

et al. Global epidemiology of systemic lupus



PRI AR

2025 4F 8 H, 5 46 &

* 1089 -

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

erythematosus[J]. Nat Rev Rheumatol, 2021, 17(9):
515-532. DOI: 10.1038/s41584-021-00668-1.

KAUL A, GORDON C, CROW M K, et al. Systemic
lupus erythematosus[J]. Nat Rev Dis Primers, 2016, 2:
16039. DOI: 10.1038/nrdp.2016.39.

HEGEDUS L, BIANCO A C, JONKLAAS I, et al.
Primary hypothyroidism and quality of life[J]. Nat
Rev Endocrinol, 2022, 18(4): 230-242. DOI: 10.1038/
s41574-021-00625-8.

TAYLOR P N, ALBRECHT D, SCHOLZ A, et al.
Global epidemiology of hyperthyroidism and
hypothyroidism[J]. Nat Rev Endocrinol, 2018, 14(5):
301-316. DOIL: 10.1038/nrendo.2018.18.

GARMENDIA MADARIAGA A, SANTOS PALACIOS S,
GUILLEN-GRIMA F, et al. The incidence and
prevalence of thyroid dysfunction in Europe: a meta-
analysis[J]. J Clin Endocrinol Metab, 2014, 99(3): 923-
931. DOI: 10.1210/j¢.2013-2409.

CHAKER L, RAZVI S, BENSENOR I M, et al.
Hypothyroidism[J]. Nat Rev Dis Primers, 2022, 8(1):
30. DOI: 10.1038/s41572-022-00357-7.

HUANG C M, SUNG F C, CHEN H J, et al.
Hypothyroidism risk associated with rheumatoid arthritis:
a population-based retrospective cohort study[J].
Medicine (Baltimore), 2022, 101(1): e28487. DOI:
10.1097/MD.0000000000028487.

DUAN L, CHEN D, SHI Y, et al. Rheumatoid arthritis
and hypothyroidism: a bidirectional Mendelian
randomization study[J]. Front Immunol, 2023, 14:
1146261. DOI: 10.3389/fimmu.2023.1146261.
GERGIANAKI I, BORTOLUZZI A, BERTSIAS G.
Update on the epidemiology, risk factors, and disease
outcomes of systemic lupus erythematosus[J]. Best
Pract Res Clin Rheumatol, 2018, 32(2): 188-205. DOI:
10.1016/j.berh.2018.09.004.

BOWDEN J, DAVEY SMITH G, BURGESS S.
Mendelian randomization with invalid instruments:
effect estimation and bias detection through Egger
regression[J]. Int J Epidemiol, 2015, 44(2): 512-525.
DOI: 10.1093/ije/dyv080.

MUNOZ C, ISENBERG D A. Review of major
endocrine abnormalities in patients with systemic lupus
erythematosus[J]. Clin Exp Rheumatol, 2019, 37(5):

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

791-796.
LUO W, MAO P, ZHANG L, et al. Association between
systemic lupus erythematosus and thyroid dysfunction:
a meta-analysis[J]. Lupus, 2018, 27(13): 2120-2128.
DOI: 10.1177/0961203318805849.
RALLI M, ANGELETTI D, FIORE M, et al.
Hashimoto’s thyroiditis: an update on pathogenic
mechanisms, diagnostic protocols, therapeutic
strategies, and potential malignant transformation[J].
Autoimmun Rev, 2020, 19(10): 102649. DOI: 10.1016/
j-autrev.2020.102649.
by 5 Fa M. RGEVELL BERAE A I B AR TG HAR R
REGIE R HTLT] . 72535, 2019,35(9 ):
1112-1115,1121. DOI: 10.3969/j.issn.1000-484X.
2019.09.017.
FLith, XBPREE . R GEPELL BRI S HOR IR BRI ] . e
PR Rz kAR, 2023, 52( 10 ): 638-640. DOL: 10.16761/
j-cnki.1000-4963.2023.10.018.
A2, XU BB BB E . AT A HOIR IR AR 04 2 7 R
BLEIERELT] . NRHEIE 5 928, 2013, 8( 6 ):392-396.
DOI: 10.3969/j.issn.1673-6087.2013.06.005.
SIEMINSKA L, WOJCIECHOWSKA C, KOS-KUDEA B,
et al. Serum concentrations of leptin, adiponectin,
and interleukin-6 in postmenopausal women with
Hashimoto’s thyroiditis[J]. Endokrynol Pol, 2010,
61(1): 112-116.
CHAN AT, AL-SAFFAR Z, BUCKNALL R C. Thyroid
disease in systemic lupus erythematosus and rheumatoid
arthritis[ J]. Rheumatology (Oxford), 2001, 40(3): 353-
354. DOI: 10.1093/rtheumatology/40.3.353.
WU H, CANTOR R M, GRAHAM D S C, et al.
Association analysis of the R620W polymorphism of
protein tyrosine phosphatase PTPN22 in systemic lupus
erythematosus families: increased T allele frequency in
systemic lupus erythematosus patients with autoimmune
thyroid disease[J]. Arthritis Rheum, 2005, 52(8): 2396-
2402. DOI: 10.1002/art.21223.
QIN Q, ZHAO L, REN A, et al. Systemic
lupus erythematosus is causally associated with
hypothyroidism, but not hyperthyroidism: a Mendelian
randomization study[J]. Front Immunol, 2023, 14:
1125415. DOI: 10.3389/fimmu.2023.1125415.
[(AXHE] T+ %



