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Abstract

Background: Observational studies have found a connection between thyrotoxicosis and low back
pain. However, the causal relationship between them remains unclear. Objectives: This study aims
to explore the genetic causal relationship between thyrotoxicosis and low back pain using Mende-
lian randomization. Methods: All data in this study are based on summary data from genome-wide
association studies. Results obtained through the inverse variance weighted method are used as the
primary outcome measure, while MR-Egger, weighted median, weighted model, and simple model
serve as supplementary outcomes to explore the potential causal relationship between thyrotoxi-
cosis and low back pain. Additionally, a series of sensitivity analyses were conducted, including
Cochran’s Q test, the MR-Egger intercept test, the MR-PRESSO method, and leave-one-out analysis
to exclude influential instrumental variables, aiming to further assess the accuracy of the Mendelian
randomization analysis. Results: The results of the inverse variance weighted analysis indicated a
positive association between thyrotoxicosis (OR = 1.048, 95% CI: 1.005~1.093, P = 0.030) and low
back pain. No significant horizontal pleiotropy or heterogeneity was observed among the Single Nu-
cleotide Polymorphisms used in the Mendelian randomization analysis. Conclusion: This study
demonstrates that individuals with thyrotoxicosis are genetically predisposed to low back pain.
These findings suggest that early screening for low back pain in patients with thyrotoxicosis may
help reduce the risk of developing this condition.
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1. 518

[ (Low back pain, LBP)2¥& KA 1E N W8-S R v 2 AT (%, v R B RCRER, ]
REATEA TROEIR, & —Fh LTS SRR R IE I 25 AR . FIG AR SR A I (R B 8, R AR S T et
A BV TECRAEWINIE, B3 v BE TR IR B IR OR,  HLE ™ B VR AT et L T AR R
s 3k o MR ROl H AR TG R i LU B B 2 — o TEABRVE R Y, e R Bk i B R A,
HEIT 2 A S IS 2 g [ 1] . 2017 4F (I JT) KRB — I FE R 1 4Bk 195 ANE 5K 328 Fif
PR R S AH 4 B R IR R PR 5 B0 A3 T A A A B BT S R R i O [2] . AR R AR K
B, BT A2 EERCNT 4 F). TatEEREG = 12 F)AEEERCST 12 ). R RRIL,
BH—FENFIRRAENERIMEZE A 33%, H 30%% 40% 1 155 554 vl se R B N8 M B3] Hal, B
(D)9 R v A B A o 0T R PR 008 IR 2 A (R B IR AR . MR . /NSRS . WL ML . BIRHR G
T EHECTRAR . KINSE A S ThREAE, DL A A AR RS S ESA AR 2 [4] [5]. M4k, HEREFnHn
SO R R MRS SR I R . R, AR 71 TS 1 7 25093 PR 0 I FLt i 1) i KA 43 £
A HEEE L,

FOR AR AR B BN A28 s, E TR il R IR R, IX AR S0 4 RE LA B AR K R
B AR B E AR . HUREREE (Thyrotoxicosis) & — R m AR 4 A, HUAFAE 2 1 i o i 25
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R IR 28 (FT4) Rl 25 — BRI R SRR (FT3) /K~ 2 2 T, T e HUIR IR R (TSH) AR T IE # /K F[6]
IRIE [ L8 DR L0 A B R . T IR AR A . B 22 450 M IR AR e RO A FEOR iR 28 25 [ 7] (8]
AT AR FOR AR B R R BT FERRASEE, HOTRER R REBARIL, BN 0.7%F1 0.5%
[9]o HOIRBRIE K i ol 51 K HUIR IR EEAE, UM K AL & B8 UL40 M Dy sebsrs , 2k AT fe 51 LA
FURFEXT B AR PR A I [6] [10]. PRG, FRARIRERIE S LA & 88 2R G0 8] v] R AR AE G . SR,
FFODR IR B3 15 R 2 1) 2 AR SRR AT ANTE 2 . AW 90 B AE b HOIR AR B 5 B 2 (R IR 95 &R, B
(T AN E ST P A B S KA

PR BEHLIE (Mendelian randomization, MR) 7T & UE 4 k140 KRB AT IR #0078 ik, Har et
5 H 5 BENU BRI AR L, 5 R 5 5 85 DR 3R 45 R AR DG (R i8R A8 e B VR Oy T R AR &, ki
Wr 2 5 5 45 JR 2 M I R SR G R [11] SAESRMRATHR S0 A L, SR BE LA RE A R0 o T 2% [H 35 1 5
M) DA K S5 1) DRV RAE FH PV AE T4, TR DN 6 R S (R R 2B S T I R AR [12] o BeAh, FfB R BEHLAL A 72 5%
AT BEALN RIS I SR LR, AR FRIATRIABE U . 75 KR B S BN DUSAEAE 46 B AN 52 B IR |
o PR, AR FUR ) dn R RN BT 7, B A BA R FRODR R ERE 5 TR XU 2 T %) DRI SR G Bk

2. MM ERZE
2.1, BiEKIR

K T8 R I URE AR i 2 /R BEATLA 5 R 58 IR IR B i 5 I I R SR DG &, DL HDIR IR B8R 1 2 i (R
1, BRSSO 1) 0F 78 B0 S5 T IEU Open GWSS Tt H (https://gwas.mrcieu.ac.uk/datasets/) .
H T BT BE 5 O P 3R H. CUFE UGB 7T SRS AE Bk UE, AP R EFHIMEHE g fit. HURIREHER
Pk B 25 22 504 (1D finn-b-THYROTOXICOSIS), % 4142 BPHGIFEA ., 213,693 %t AL A K
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Figure 1. The overall design of the present Mendelian randomization analysis
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16,380,464 ™ #1412 % 251 (Single Nucleotide Polymorphisms, SNPs) . JEfE $4E [FIRE Sk 25 22 $udli FE (1D:
finn-b-M13_LOWBACKPAIN), {7 13,178 #iliEflFE4s. 164,682 7 xf fEAE A K 16,380,287 > SNPs.

7F 1.2 5 (Instrumental variables, IVs) ikt #2H, FRATEAE DL R A0 BRI 5 FOR IR 2508 AH 5% (1435t
FEAR T T HAN . 95, WF kB A A & 1 25 5 10 SNPs (P <5 x 10°8); Lk, N
BIRF#(LD) T, %E 3% r2<0.001 5 Kb =10000 LAVFA4 ik SNPs 8] LD 1 #L(K LD fA7E T /g
e Rmfr): B K PhenoScanner udi FEHERR SR A R R AH G/ SNPs; e, NHRIRFTIE SNPs &5
LR X 5 6 I8 4 58 T B AR B, ASHIEF0K F 48 E(F = BASER) KT 10 N ASAEAE 55 T B A8 B
(e B RN SNP W B FE R R IANAA, SE 3K g IdrdER) (W& 1) [13].

Table 1. The instrumental variable characteristics of thyrotoxicosis

F 1 PRRSENTREEHE

Exposure SNP EH:I? (aDIEZIeer Efi;f:(;:a:rl]lce)lle Beta Stg;\r((j)?rd P-value F-statistica
thyrotoxicosis  rs4600067 G A 0.14110 0.2103 0.0333  2.66E-10 39.883208
thyrotoxicosis ~ rs66953188 C CTT 0.05782 0.4186 0.0501  7.01E-17 69.810861
thyrotoxicosis rs9272305 G C 0.16810 0.3826 0.0336 5.89E-30 129.661600
thyrotoxicosis  rs2395231 A G 0.09569 0.5562 0.0421 9.18E—40 174.541128
thyrotoxicosis  rs9277457 A C 0.04696 0.5066 0.0591 9.88E-18 73.477676
thyrotoxicosis  rs11038350 G C 0.30690 0.2084 0.0253 1.78E—-16 67.850709
thyrotoxicosis ~ rs2160215 C T 0.29660 0.2936 0.0256  1.69E-30  131.532227
thyrotoxicosis  rs4338740 C T 0.31420 0.2097 0.0250 4.77E-17 70.358544
thyrotoxicosis rs4575545 A G 0.30390 0.1820 0.0252 5.04E-13 52.160494
thyrotoxicosis  rs6065926 G A 0.72710 0.1504 0.0261 8.00E-09 33.205854
thyrotoxicosis  rs1894240 G A 0.51280 -0.1368 0.0244 1.96E-08 31.433486

2.2. BABIREENILSHT

AW IR 7 ZIALE(IVW). MR-Egger v IR AL Eg: . ] R Ak 5 AU A 1 2 2 i 4y
Wi J5ice ST 75 ZIAGE A T A PUFl MR #5596 77 1 B S R e 2068, ASHFFOR IVW TR TR
i R SRR 1) E AL T A [14]. IVW VEBGE BT i B e A L AR S, JRR S5
AN SNP FJIR/RAE AL tHE (Wald estimates), AT R4S BRI 2 fe B b 0 B2 S 00 (1) S A SRl THE . %07
T SEVERCR T R B AEAE K 2 R [15]0 BEAh, AW FIERAT T — RIVBURIE S HT DUt — PR L 2 3%
PS5 RF I, AR Q K6 (Cochran’s Q test). MR-Egger #FEK U6 . B %201 LA & MR-PRESSO
K. A MR 3 #r3iEsd R A (MA 4.4.0) 111 “TwoSampleMR” 58 B, i 2445 H LA LU AE EL(OR) X
H 95%E(E X IAI(C)FER, P AT 0.05 YAZER A G55 L.

3. R
3.1. BRBEESERFERRXEK

IVW 50T 85 R, DLHUIR IR EEREVE o 2 e B 2 . O 4l R B a 4RI, ORI EE R X JER
AEAE IE 1) PR B S B (OR = 1.048, 95% Cl: 1.005~1.093, P = 0.030) (.5 2 f1[4 2),
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Table 2. Mendelian randomization analysis of causal association between thyrotoxicosis and the risk of LBP.
7 2. BRI SIES IR & R E R X R B /RBEHLL 54

Exposures Outcomes Methods SNPs Beta SE OR (95% CI) P-value
MR-Egger 11 0.015 0.058 1.015 (0.906, 1.136) 0.805
Weighted median 11 0.040 0.028 1.041 (0.985, 1.100) 0.150
Thyrotoxicosis LBP vw 11 0.047 0.022 1.048 (1.005, 1.093) 0.030
Simple mode 11 0.032 0.048 1.033(0.939, 1.135) 0.522
Weighted mode 11 0.029 0.044 1.029 (0.945, 1.121) 0.523
Exposure nsnp  Method OR(95%CI) P Value
Thyrotoxicosis :
11 MR-Egger l—:.—l 1.015 (0.906 to 1.136) 0.805
11 Weighted median HI—O—' 1.041 (0.985 to 1.100) 0.150
11 Inverse variance weighted ——i 1.048 (1.005 to 1.093) 0.030
11 Simple mode —re——  1.033(0.939t01.135) 0.522
11 Weighted mode ——i 1.029 (0.945to0 1.121) 0.523

!
I I I |
08 09 1 11 12

Figure 2. MR forest plot illustrating the causal effect of thyrotoxicosis on the risk of low back pain

B 2. 157~ KBRS AE X R A MRS [ REL R B 18 /RFEHL AL AR AR E

3.2. WU ST

Bt Q K Ih 4 IR B R A 7 A R B R MEIESE (P > 0.05) (W42 3). NVPATIETEZ Ak, FRATHAT
1 MR-Egger #ERRIG . HUIRIRFTAE 55 I SRR A 45 SRR B A R 32K 2 R4 (P > 0.05), 427K 1Vs
DU I 2 5 R 2R R R 45 )R AR B (LA 3). Ak, B —VA M HTIESE 1 AR R BEAE 55 1R PR R 5K 2R AR E k(L
K 3).

Table 3. Sensitivity analysis of the associations between thyrotoxicosis and LBP

3. FRRSESER XK ENEURIE D

Heterogeneity test Pleiotropy test
Exposures Outcomes VW MR-Egger MR-Egger intercept MR-PRESSO
Q pval Q pval intercept P Global test P
Thyrotoxicosis LBP 11.966 0.287 11.496 0.243 0.009 0.559 0.305

4. VWHig

AT FERIF KRR GWAS B B SR B 4 50, SR PR SRR AR R BEAL A 7 42 (LA 7 2 L
SETAMT A7) 4R S PR SRR 5 TR (0 R B0 R o SRR, I 0 Mo ORI AR 15 Re DR
BEIOTEIT . AKEAE R BENLAL A HT R, RO AR RE 2 4 B R0 A, 0% PRI B 80 7T B A e
Y AT

I A48 IR I B0 5 R S Bk O E S AR X/ . Shrestha ZE[16] (0B SC R, 75T 45 4R AL SV
FAFRE ST A AT R, 1 B G Pk FEOR IR 6 5 AT A 1) B 003 2 A AR I I D0 % R AR,
FEOR I 1 5 S B VOG5 1R 47 MM P 80095 2 1) T R A2 76 B0 & o LAh, Eksi S6[17]BFFEIES:, B
1T BRI R 4T P A A 2893 10 FB 3 L 3007 80 PR R 3 (FTA) K P B3 7w . BUATT 3, i FT4 KT
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Figure 3. MR results of thyrotoxicosis and low back pain: (a) Scatter plot of genetic correlations of thyrotoxicosis and low
back pain using different MR methods. The slopes of line represent the causal effect of each method, respectively; (b) MR
leave-one-out sensitivity analysis for thyrotoxicosis on Low back pain

E 3. FRIRRSESEBNZERBIUSITER: (@) TR MR FETHRRRSESEBEEHEXIENHSE. B
ZREIHNRREFENERYLE; (b) FRBRBEMNERBZWN MR BE—E8URE 5
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At Lpmol/L, HMERIZRAT AR (IVDD) AR A 2l B4 0 10%, JUHAE L5~S1 MERIA B, FT4 &7+
i 1 pmol/L XF 8 IVDD KA 28N 15%. {E— T Wit s, W7 N %t 756 44 65 % ¢ LA FEhE %
PEVPAl T I35 02 R IR R (TSH) K55 BEAE B TSR ASE AR OGP . S5 R H, TEARREREZ aE e, (K
IEEAEYE RIS TSH /KF ] Be A2 AL & B s A fE B e e R R & . BRI S, 3E TSH A TR IEH
EIE I (0.5~1.1 mIV/L)IMALR J5 o, JLIEMEE B A fE R AR Za i TSH AL T 1E % {E 6 [ (2.8~5.0
mIU/L) 214 1) 2.2 £5[18].

IS R BENLAG AT, AR T R IR R IR AR 2 1 0 TR A0 AU . FRATTIA R I Al G B AT RE
PURHLEIE O &5, FORBRIEEE RN B E 8 54 bt B E R . MR R K Pt m e, &
A R SRR T RIS B3 i, AT DR B i e I AR o BRARS TV B S BT in, {HL B W A0 e 3 A
HIE Y R 2, X PR IR A R EOE B, RGN BB R RS AT AR [19]. %Ik, Biswas %5 [20]
I VEAL 31 451 FOPR IR R R A L B S AT A R, SRR AR L, HORIR R R
T M AR (1 B R N PRI B B TR — 0 R B, AR ER v od o A KR e B AR AR K R -1
FSAT 4 40 AR K TR AR FROIR 55 IR 3 A O IR 56 22 Bl S id g R gk i AR K [21] . BRIl AR R B hE 51 k2
(2R K B W] RESE T B AR E TS T D . K i B 4 ) 1) SO A A A A A
V) 285 B 5 SZ ARRA P AR R, X AT RE A FEODR R B AR T DR 38 v ) B ML . IR, HURIREERE T
REIH I R A0 22 R Gt — D R o A U B, HOR IR EERE nT S 8O B & 0 B % A [22] o ACIR PR
555 w22 3 SO0 M R 28 5 3 DX, W 9 L UE S A8 SR 8 T A R b, Ik A LR JEDR P R H 2R
Z R EAR[23]. YA SRR TG BN Y DRI, RR A X PR O BB AL AT RE TR Ry, T R A g B N [24]
UbAh, Senturk ZE[2518F7C R I, 5 HURARThAE IE 5 Mt BALA L, FOIR AR #00E &8 3 s A 40/ -8
(IL-8) 1 RI PR FE K F-a (TNF-0) K ¥ 2 3 T 5 . [FIFEHE, Siddigi 55[26] & BU1EPE FUR R R 0 & 5 HUIR
R FEAE R M3 IL-1. IL-6 /% IL-8 /K FTF Ml o%. TNF-a. 1L-6 Al IL-8 1E A A AR R 7, AT
) A LS DX 5 A E A O B RE TS TR AR . X R SRE e B 2 T B & B AR B AR G, TS 5
)T B3 R S e 28 I e P R R P [27]

AR MR 238 7 VE R BT FOR R B0 5 R < R) B DR SR O R, Dz Uit T 8 1 1 B 2 AR
WEAE A 7T 2 38 5 A S 20 T D VA FROBR R B R Xof JUL DAY B ik R PR sg e, 7 AR 9 J 0 B ) o A R B LA
JiiE, PSSR R R AL TR RS . FRATR A A RE ) Vs, 45 G R g I DR SR RLSAN U7 v A
JEAES T, BAOR T R T REE . AL, AW TEGIN B DARR I R 3 0 N A AR i KRR B2 bk /> 17
CURDSR ARG ) ey, AT ISR T W e sl A . SR80, ABFFAAE— e R B, BdRmMER
I CRRAE AT RE RS 7T 458 0t HoA AR & V. DRI, 7R S 0 R IS FH T 56 32 1l A sz ik
2R, HUEEE S AR TP, IR, REARAYIGERER 7 HOIR AR 85 52 0 f
B TIRAE AR LR, (B BAREY) @ s AR e A M B . FR, AR FL T IR A as R &, H
AR 51 e NI AR DR S O M AT BRI o IR IR 9T 0 75 B3k — D PR R FR IR B R X AN 5199 8] 5 e Mo 1)
FLARSCIRAIHLE] o

DAL, T e BE AT 78 LAGR AR TT FOIR IR 2590E 5 R OC IR B AR ML, P IRE A4 e Aaf Fe 45 R B
HEE .

5. &

AP T4 7% FRDR 8 T L 525 18 e £ 4 2 SR o 388 3o DAL IR It 250 5 Je PO e, AR
PR PERERAS 9\ FROIR R R B B VA BRI B BEFR A . 3K — R DL I R T 8 A 8 S A 4
FEhRI TR, 7 R %K B L B B 4 A
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