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Abstract

Objective: To explore the causal relationship between hypothyroidism risk and circulating cytokines
and identify potential biomarkers for screening. Methods: This study employed a bidirectional Men-
delian randomization (MR) analysis based on data from genome-wide association (GWAS) studies
of hypothyroidism from people of European ancestry. The genetic variants associated with 41 cir-
culating cytokines were selected as instrumental variables for this experiment. For robustness and
consistency of findings, we conducted additional sensitivity analyses (Gene pleiotropy, heterogene-
ity, and leave-one-out testing) and reverse Mendelian randomization assessments. Results: The anal-
ysis revealed a strong causal relationship between hypothyroidism risk and Interleukin-8 levels (IL-
8) and Interleukin-9 levels (IL-9). We except Monocyte chemoattractant protein-1 levels (MCP-1)
and Macrophage inflammatory protein 1b levels (MIP-1b), which showed a strong correlation but
don’t pass the sensitivity test. MR analyses indicated that IL-8 and IL-9 are potential hypothyroidism
predictive biomarkers. Conclusion: This Mendelian randomized study offers valuable insights into
the causal relationships between specific circulating cytokines and hypothyroidism risk. These
findings have potential in developing new predictive biomarkers for hypothyroidism and may pro-
vide valuable information for subsequent studies to explore the complex association between the
immune system and thyroid function.
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HAT, ZEFEDCONTE P A B s AR TS iR, OB 4R m 00 = fs NBEHERE I . B8 3 H &
PR IR EZR A 1], ARV NRIREE P RE RGN R F RIS R SRR . B, B
Ui SE Z PR A OR[7]-[10]. X LEE IR M P51 ] GRsd it s m FOR BRI & . I AE 1 T S
TS i 40 i Ty B Bl L 5 ) FROIR R ZE 2k e R P R AR AR FE[11]-[ 141 BRIk, AW e Bl I 08
PR B R A SC I RE e b S TR B AR 2 . R T M I FTIESE 1 ¥ 2 H8 R -0 FFOIR R
RERATAERR R 1), ARG PR R0 B 98k 1] [ DR SR O R AT AS B o

o {8/ B A4 (mendelian randomization, MR) 7 BT 1 A — Pl S5 R M4 Y 5 Rast AL 24 T H., mT s
I 8L AR A o TR AR B R VP A RR e DR 0 sl R AR R, AT B2 (4 5 P S AR RS [ 15] 0 AHIF 9T 8 5
EFT 41 NMEIRGHE R F A A R A T BN &, Flil AgiEN%-8 (Interleukin-8 levels, IL-8),
H 4 -9 (Interleukin-9 levels, IL-9), HLEAME 1L H-1 (Monocyte chemoattractant protein-1 levels,
MCP-1)A1 55 41 g 48 i 25 [1-1b (Macrophage inflammatory protein 1b levels, MIP-1b). Fifi 5 3ATI4d A H 9k
GWAS $ds, vPAl 1 7520 BRL 755 FRORUAR AR RS BRS04 S7 1 AH OGO BRI SR RN, o ASHIF 9 5 AE il I
MR 3 B PR DR 7~ 5 R R DR SR DG 2R, DA AT H FE Ol P 7 R 2 S 3R A B PR R A

2. ik
2.1. K

AHFER LA MR 43047, R BN GWAS 3, SR PR N 1 5 R O80R A2 KU 2 T8 )
PIRK AR ATIESE 1 41 FOEAA IR T v R R, R SRS P AR R 77K T AR SR g A% 22
SRR TR R A, AT THBUEYE I HT AR A MR PP, DUHERRBIE TE b () 5 25 2R

2.2. HURAIIREN

TATRIHFF ) GWAS it FE B 1 R N HE R sl U (R e B8, 285080 PR AL 46 662,933 44N
(22,687 {51 A1 440,246 20T HE) . 41 FREIAH B DR - 98 1 40 B DR 5 AH OSB3 25 T Ari V. Ahola-Olli £ A
I FERE TR tH, FREEXT AR . PR AN e SR R R AT T B [16]. GWAS HHES A i 7L
B3RS T A A2 L Ak

2.3. EESHT

PATiEEE MR 23 b 1 2 B 5 E J7 ZE Nk (inverse variance weighted, TVW) 7775 SR PPl T 5 AR &%
P 3l IS FA) ] ALK AT A i X1 350 i it JRUBS: RS2 [ 171 AT ] R A TwoSampleMR SKSEIL IVW,
AR 34 L (odds ratio, OR) f& 3 95% B 15 [X [H](confidence interval, CI/ENAUR & & .

2.4, BRMMR EEEREENLSH

AW 5N H MR-Egger A1), Weighted model A1 Weighted median iX = Ff /775 R Al i+ B RN [ 18]
2 B (R B O AT MR-Egger, JF HARYE AR S 0 FAH ISR W& 5 A E /K- 2 2 [19] .
Weighted media J7¥ETE 50%) TR AR BRI O T AT DAAERR AL v D R OC R . EAEIEY 7 B
WHEGL R, FRATAE A Weight model /%1 A &2 MR Egger, KN IHES Weight model 381 H 58 &5 1 [A]
RASA I GE F1[20]

AW A% FH MR-PRESSO 77 R VA1) 7 5 A 0 7 5 FLAth A8 AR HE H AT B AN RIS 1) T R AR & 21
[22].

AT Q K36 AN Leave-one-out 4 56 K P45 T B AR & 2 8] B 7 B[ 18].

AW G B S 3K TR R 5, IR B R T gl AT T ] MR 23 AT okAs 22 15 = IF)
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ROGF, I LR R I 95% CLAE BB S nitE, SR Wald A5 30K 6 € RUR I %5 1 (p < 0.05)

[23].
3. &R
3.1. EEMRAE

ST T GWAS A RasAL 07 i b, ude

oy LR HCE L GErh DA E T 1 R AR F R

(p <5 x 10 T ¥ KK L £ 51 (single nucleotide polymorphism, SNP)## . [F]i, FA1iE T
HEBAN P IR AL SNP, fER AT EFFRA R RM SNP J5, 99N 381 4> SNP Ny TAAE

(1),

Circulating E
cytokines (n=41) Xposures

Assumption 1 (V)

Exclusion of SNPs
(p<5x10-6) that are not
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Exclusion of
SNPs that are
interfered by
confounding
factors.

( SNPs related to circulating \

cytokines (n=381) j

- SNP of
MR analysis \ = Hypothyroidism Outcomes
(exclude 37 circulating (n=9,851,867)
cytokines) j \ 4
Circulating cytokines
related to
hypothyroidism
(n=4)
/ Heterogeneity and
pleiotropy
analyses(exclude 2
v circulating cytokines)
Circulating cytokines
related to
hypothyroidism
(n=2)

(1): FFSHREEHEERIRN; (2): R SEE R EIREBIRAN; (3): FED 5 R P KRR .

Figure 1. Overview of the study design
1. AR

3.2. EESH

ATV IR 7 H ek % 4 5 MIP-1b (OR, 1.002; 95% CI, 1.000 £ 1.003; p = 0.027). MCP-1
(OR, 0.996; 95% CI, 0.993 & 0.999; p=0.008). IL-8 (OR,0.997;95% CI, 0.994 to 0.999; p=0.015)A1 IL-
9 (OR, 1.004; 95% CI, 1.001 to 1.008; p = 0.024)iX PUFH IR A 7 2[R I AR R R (E 2).
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Circulating cytokines OR (95% CI) P-value
CTACK levels 1.002 (1.000 to 1.004) e 0.059
beta—nerve growth factor levels 1.003 (0.998 to 1.008) ' 0.237
Vascular endothelial growth factor levels 1.000 (0.998 to 1.002) — 0.741
Macrophage Migration Inhibitory Factor levels 0.998 (0.995 to 1.002) —-—:— 0.359
TRAIL levels 0.999 (0.998 to 1.001) —— 0.522
Tumor necrosis factor beta levels 0.999 (0.998 to 1.001) —-—— 0.453
Tumor necrosis factor alpha levels 0.999 (0.996 to 1.002) —_— 0.421
Stromal-cell-derived factor 1 alpha levels 1.007 (0.996 to 1.019) 0.201
Stem cell growth factor beta levels 0.999 (0.997 to 1.000) —-— 0.154
Stem cell factor levels 0.998 (0.993 to 1.002) T 0.340
Interleukin—16 levels 1.000 (0.998 to 1.001) — 0.578
RANTES levels 1.000 (0.998 to 1.003) e 0.784
Platelet-derived growth factor BB levels 1.000 (0.998 to 1.002) —7— 0.911
Macrophage inflammatory protein 1b levels* 1.002 (1.000 to 1.003) —-— 0.027
Macrophage inflammatory protein 1a levels  0.998 (0.992 to 1.004) 0.473
Monokine induced by gamma interferon levels 1.008 (0.987 to 1.029) 0.485
Macrophage colony stimulating factor levels  1.001 (0.999 to 1.003) — 0.244
Monocyte chemoattractant protein—-3 levels  1.003 (0.997 to 1.008) 0.327
Monocyte chemoattractant protein—1 levels*  0.996 (0.993 to 0.999) _— 0.008
Interleukin—12p70 levels 0.999 (0.997 to 1.001) —— 0.388
Interferon gamma-induced protein 10 levels  1.000 (0.998 to 1.003) —_— 0.858
Interleukin—18 levels 1.001 (0.999 to 1.003) —-—-— 0.326
Interleukin-17 levels 1.002 (0.998 to 1.006) 4-7 0.313
Interleukin—-13 levels 0.999 (0.998 to 1.001) —— 0.346
Interleukin-10 levels 0.999 (0.997 to 1.001) — 0.491
Interleukin-8 levels* 0.997 (0.994 to 0.999) —_—— 0.015
Interleukin-6 levels 0.999 (0.995 to 1.003) —_— 0.465
Interleukin—1-receptor antagonist levels 1.000 (0.996 to 1.003) 4-7 0.827
Interleukin—1-beta levels 1.002 (0.997 to 1.008) 0.460
Hepatocyte growth factor levels 1.001 (0.997 to 1.005) 4-— 0.617
Interleukin-9 levels* 1.004 (1.001 to 1.008) p T 0.024
Interleukin-7 levels 1.000 (0.998 to 1.002) _— 0.930
Interleukin—5 levels 0.999 (0.994 to 1.003) 0.485
Interleukin-4 levels 0.998 (0.994 to 1.003) : 0.475
Interleukin—2 receptor antagonist levels 0.999 (0.996 to 1.003) e 0.747
Interleukin-2 levels 1.000 (0.998 to 1.003) —-— 0.740
Interferon gamma levels 0.998 (0.995 to 1.001) —-— 0.256
Growth-regulated protein alpha levels 0.999 (0.998 to 1.000) — 0.180
Granulocyte—colony stimulating factor levels  1.002 (0.999 to 1.006) —'—-7 0.193
Fibroblast growth factor basic levels 0.999 (0.992 to 1.005) , 0.673
Eotaxin levels 0.998 (0.995 to 1.001) : 0.246

0_59 1.|01

FU R A IR AL 5 e 5 MIP-1by MCP-1 il IL-9 RIEME, 5 IL-8 MK, 465 HURIRTh AR IR E (BFK H
1), A4S -8 (Interleukin-8 levels, IL-8), H4Hfid/2-9 (Interleukin-9 levels, IL-9), HAZ 441k H-1 (Monocyte
chemoattractant protein-1 levels, MCP-1), E W40 fid % i 45 9 -1b (Macrophage inflammatory protein 1b levels, MIP-1b).

Figure 2. Summary of MR analysis results

& 2. MR S HrERILCE

3.3. BURMAK ERERE 24

7 1 57”8 T MR-Egger. Weight median 1 Weight model 7772 U > B4 5. Horp MIP-1 b F1
MCP-1 7E Weight median J77%H1 MR-Egger 35278 p > 0.05, X EHRE XA F T AFLEKE 2 300

2 19 Q K%« MR-PRESSO Fl MR-Egger intercept /7% A M Leave-one-out 45 2 /RIX 4 MG
2 W DR - 3 AN AFAE I AE 1 S PR A KT 2 2801k

S IE] MR 23 M B9 45 B R (5 2), MCP-1. IL8 Al IL-9 AS32 J A (K 5 56 R 840 . {H MIP-1b 7E [ [A]
MR 73 p <0.05, 1%F AT REAEAEIRRAE B I Il R AR OG &R
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Table 1. Associations between circulating cytokines and the risk of hypothyroidism in MR analysis

F 1. MR ST sp B AR E T 5 FRRUXU MG 2 (B B K Bk

Method Beta SE Pvalue OR 95%Cl
MR Egger 0.002 0.001 0.118 1.002 1.000~1.004
Weighted median 0.002 0.001 0.061 1.002 1.000~1.003
MIP-1beta Inverse variance weighted 0.002 0.001 0.027 1.002 1.000~1.003
Simple mode 0.001 0.002 0.441 1.001 0.998~1.004
Weighted mode 0.002 0.001 0.083 1.002 1.000~1.003
MR Egger —0.004 0.004 0.287 0.996 0.988~1.003
Weighted median —0.003 0.002 0.137 0.997 0.994~1.001
MCP-1 Inverse variance weighted —0.004 0.002 0.008 0.996 0.993~0.999
Simple mode —0.002 0.003 0.526 0.998 0.992~1.004
Weighted mode —0.002 0.002 0.256 0.998 0.994~1.001
MR Egger —0.004 0.002 0.220 0.996 0.991~1.000
Weighted median —0.004 0.002 0.021 0.996 0.993~0.999
IL-8 Inverse variance weighted —0.003 0.001 0.015 0.997 0.994~0.999
Simple mode —0.004 0.002 0.197 0.996 0.991~1.001
Weighted mode —0.004 0.002 0.154 0.996 0.992~1.000
MR Egger 0.006 0.005 0.376 1.006 0.995~1.017
Weighted median 0.004 0.002 0.044 1.004 1.000~1.009
IL-9 Inverse variance weighted 0.004 0.002 0.024 1.004 1.001~1.008
Simple mode 0.004 0.003 0.237 1.004 0.998~1.010
Weighted mode 0.004 0.003 0.230 1.004 0.998~1.010

5. MR 2.

Table 2. Results of heterogeneity analyses from the Q test and MR-Egger intercept
5% 2. Q #2348 F0 MR-Egger #{ IR R R4 S HTER

Heterogenity MR-Egger intercept MRPRESSO analysis reverse MR analysis
Q Q pval intercept pval RSSobs Pvalue OR p-value
MIP-1b 15.883 0.390 0.000 0.754 17.815 0.597 4.439 <0.001
MCP-1 15.698 0.153 0.000 0.932 12.368 0.376 1.362 0.446
IL-8 0.803 0.849 0.000 0.732 1.364 0.879 1.524 0.469
IL-9 6.552 0.162 0.000 0.821 14.288 0.158 2.371 0.169
A5 BRI A K 2,

4. Wig

FATH) MR A CFF IL-8 F IL-9 5 HUZ BRI G R . BT B B G 78 F R b o i 2 22
VEF UL K YA A 25 5 AR IR AR 1 B S A D00 2 I I 2R, IX e R mT A BT 30 50l A sl XU
(R . TL-8 I IL-9 W] BEAF Jy ek 7 A i 5 1) V8 TE bR 6470

AT ARS8 R IL-8 [T =] Be A2 H kR IP R R o el it 7L 45 SRR 1L-8 £ il
EL RSN 7 b [24], TL-8 TEA R &t M2 ERgdn il ik J-FHAS CD8+ T 4R E, A=A e 1)
il o X PRI G O E 45 TV AR LA e e e 11 G g2 RSB ATL 1) B L SR 3 [25] 0 5 R B [ 5 G FH R 1
BRI, BATVRE I MR A TL-8 (4T il RERIAE v] LA S FOIR BRAL S0 e #ak], AT 9804 B A 5 RO AH
KA[26]. R M & IL-8 B TE LRI VR F v AR AT B RIS (50 E, HIRATRIB AR T 2K
S FYETE I R R DG R R IE S o 1K — Iy FR R P 300 JRURS: PP A B (it 1 — o 9 1 mT R P A b 470« SR
TL-8 S H At DR FROR A R4 s AN B AN 2 . BhAh, 558 TL-8 SR fe Bk, 1L-8 /K P
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AR A A 2 753 75 T2 77 2 R0 T3 75 FRODR e B FE A 2 T TR A7 R 2 AR T 11

dbAh, BATHIBFFLEE R, Mg IL-9 BT vl B2 RCR A ek R 2 . Je Rl w7 i R R B
IS IL-9 Z A ERORER . ARTT, 1L-9 7E B & e v BRI 48 bl LUK CD4+ T 480 EHE Th 24
JfL, S COAIE B AT DORIE BRI, e 5 7 240 1 HOIR BRIV A P B [27] (28] R, AL G BRAELE
B G 1 FFOIR R 48 (ATT) HH RIS AE 15, TL-9 AT BEOK R AR I RLM. T 4005 B AHA R B, {23 FOIR iR
JEVER A Bl (0 SR S AR, AN e FE B o B TL-9 B AR SCALA P R AN AT AR HE X 41 A
G e PE R BR A (03842, 38 mT LAR 1k 33t F oA ek«

HAT, FATHRT T2 RIS SCRE T IL-8 A1 IL-9 5 HRITEFE R R o (H AR B A 75 B
—UERRE, Bk, FRAT I B AR B B —HE VR R GWAS FdlE, I B R AT A 2
XA e 2 PR 0 SO A e BN BEIIE F 1 . eAh, 5 FE BB I A A R R0 G i OBL 2 A R AR B R,
AT 23 A 252 IL-8 A1 IL-9 5 HR 2 IRV TE M [ B BB R . (HR B T8 2 2 IR L, FRATTTCVEVE
AR 7 LAt R B3 X 2 A A O R Y AT RE . SRS, EBRE N TR AR RS AR T REA
SRR R, FUONEATT BRI R B R - DA TR BRI - SRSEAE TR o RSR I 7T RO TE B 24
PR NTRE P A F MR Y T B 5, DASR 5 MR 234 1) Th RORH HE fff 1

[FJ B, 7 HE R R 006 11 A A AN g B AN G Ath P 20 WA 05 () i A= N i o 2 IF S HEOIR IR 3R 7E IR
I e R OR PR B OCE B RE A, DRI FEER 2 s 190 S B T 00 5 S T R BT T Atk P9 43T
FR[29]. 10 ELisE 2 e HOR A B B R K 22—, MR RUAS TR 45 5 5 B 5 A T R Fr 91 22 1) fA 5 B BR o
R, RIS s FIAH B AL B AT B — DA ZALM R 2R . H i1 T80 A e s fak S B0IR, aX 35
SR R BB ke .

Mz, AT MR 23T IL-8. 1L-9 5 FECZ (R BRI SR OC RARME T A B I DLAR, o A8 i) R s
TN A= S AR AL TUESE, T T BEA S SR IR R )% R G 5 AR IR DI RE 2 18] 52 2% 1) SC IR (1A 0
IIEENSH

5. &g

AT 5T FPAEA A MR SCRFRR E I 4H B R 5 FFOOXUSE 2 TR A AR DR SR SCTBE . TL-8 AT RE N RS
PRI, IL-9 AR N CEE . MCP-1 5 MIP-1b FFHE A —3, HIUEHRZEMEEM . Fik A
AR ek e N R S R B ML TR AL T T LR R, (H I IR A AT T BT RE 1 S AL 2E AT

it BB
FlzEhzE

T 1 25 159 75 WS 3
Bg e STk

o1 5 RLAEE L FBRAR A BT L, A ORA S BB AT Bl B R AR Ay R DL R OSC R R E AR,
LA B FITUE SN SCRE R AR A BRI R R PRI A S AR T AR

=
2 B 28 B3 4 100 H (ky0790).
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