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Abstract

Objective: To investigate the causal relationship between allergic rhinitis (AR) and venous throm-
boembolism (VTE) using a two-sample bidirectional Mendelian randomization (MR) approach. Meth-
ods: Summary statistics were obtained from large-scale genome-wide association studies (GWAS).
Independent single nucleotide polymorphisms (SNPs) significantly associated with AR or VTE were
selected as instrumental variables. The inverse variance weighted fixed-effects (IVW-FE) model
served as the primary method, with maximum likelihood, weighted median, and MR-Egger regres-
sion employed for robustness checks. Sensitivity analyses were conducted using Cochran’s Q test,
MR-Egger intercept, MR-PRESSO, and leave-one-out analysis. Effect estimates were reported as odds
ratios (OR) with 95% confidence intervals (CI). Results: Forward MR analysis revealed no evidence
of a causal effect of AR on VTE (P > 0.05). In contrast, reverse MR analysis indicated that genetically
predicted VTE was associated with a 1% increased risk of AR per standard deviation increment (OR
=1.010,95% CI: 1.004~1.017, P = 0.002). Conclusion: These findings suggest that VTE may increase
the risk of AR, although further studies are warranted to validate this causal association.
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1. 518

IRV A 2 DL R P SO REVE R, S AL I AP B 2% (allergic rhinitis, AR) R . R
Bk, Ho, AR S PSR U5 2R R AE A% TR L [EIE F 51 R A REIRGE B, AL S I
IgE ™SI RIES TR, g% B AR AL LA R 2 R SR F I 2 5 [1] [2]. IGARRIALIE B IE . S,
SRR AEFT I « it LA S S I 78 R 7K B [3] o AZBRZT 10%~20%[0 ABERZ 50 m, HR R RILE
EEFHESS, T E R R AR TR T E A AR, I RE RIS 545 4] [5].

F Ik I A4 42 %€ (venous thromboembolism, VTE) 2 ML 7E IR B ik P S 5 % 45 1 5 250 140 Mk [ 97 o 1
i, BB RRRRBET R [6]. VTE MR AE R h 2 RELFRER, AL ERERS M a5
F, IR E A, W R M= BOIRAS « B DhRE RS B SO0 [Bi[7]. AR FI VTE F S0 #IE4F E A,
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H R B EA Y 5 RAEARDG . ST IR F A R 73278 AR 5 VTE A#7EREK[8] [9], {HH
TR R FEAR SO A R R OCHRSE PR, % 2 AR A AE R SR R AT A B

/K BEALAL (Mendelian randomization, MR) & —FHTE AT I S0 0 o B0 N RS i R R HE T vk,
YRS BEALT BRSO, BB 4% 50 IR AL Ge SR MERTE 72 1) R PR [10] o DAL, ASHIE FE A5 B MR kR —
RS E R R OCHE, e 7 R L B B 16 S LR =k 5 o

2. MBSRE
2.1. BRI

AP TR FH R ) A A A8 R BEA LA MR 34T, REEVHL AR 5 VTE Z A (R SCHL . Wt it I
K 1. FEIER AT, DL AR AZREEIR 2, |50 R AR [)4: L [ 41 < BB 78 (genome-wide association study,
GWAS) 4k JL 5 77 5 2 A 1) A% A R £ 45 (single nucleotide polymorphisms, SNP){E Jy T FLAF & (instru-
mental variables, 1Vs); BiJ5 M VTE ] GWAS {508 A 3R B . SNP RNAE,  HKH 28 MR 5%
BEAT PR SONAG T FE S m At e, DA VTE NEEER R, WHms S EmadrsiE, 2R MET Vs ok
JET VTE 1) GWAS #3145 R KRIET AR 1) GWAS. A5G MR 7387 i =00 03 (1)
Frik SNP 5 B K 3 B AHOC;  (2) SNP ST fa] AN SR R TR A2 BRI 3 AN AH G (3) SNP Al i B F [ 3=
s R, TANEE A&t . Frd GWAS B kIE TERM AR, HAWBRILHEAES, IR
SER AR fE

(2) MR

T AAZE (SNPs) x—> £ (AR/VTE) %)% (VTE/AR)

_________________________________________________________________

Figure 1. Study design of the Mendelian randomization analysis
B 1. HERBENIL ST E

2.2. BIRLRIR

AT SRS FH 0 3 B 8 9% (AR T A 50 SRR T WG A= W 5 J2. 24 A9 5 BT (EBI) 5045 % (GWAS 1D: ukb-
a-254), iZEHEEILTROM MG NHBE, L5 83,529 BiIkEA, Hwmifl 5527 ], *}i& 212,387 . ik
A ZEE (VTE) 38 4% $4E 5K [ FinnGen Consortium (GWAS ID: finn-b-19_VTE), [RIFEIE TR Mgt A
B, S 218,792 filkEA, Horbopl 9176 1, X 209,616 .

23. TETE%EF

¥ P <5 x 108 /E Nk SNPs 1 AARIE T2 AR & 5 B 55 ) 5m At oo tE, BRI ESIAS - T (LD) 5]
ERKF 2 %0k, %A PLINK clumping /772:(r? = 0.001, kb = 10,000) %14 LD SNPs. 7£ %% 545 J5 28 5
—J7m, MHEREISC SNPs, Ji@id MR-PRESSO J7iE 51K m G S BUK 2 2 7 SNPs. Bf)5, 18
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I Phenoscanner \VV, %45 P2 25 1) 42 SNP [RGB, F-3h5I bk 5 IR & R 2 AH B B B m 45 5 19 SNPs,
PMFIERF A& MR 20 HT ISR . 38 =R, i 2 MR BT HIEE — B8, THEE SNP R R AL 5 72 R?
M TR R FAA:

R? = 28% x EAF x (1~ EAF) /[ 28  EAF x (1~ EAF ) + 2SE x N x EAF (1~ EAF )] )

F:(N—k—l)/kaZ/(l—Rz) )

Hodh EAF R asfr R, N NFEARR, kA IVs & . F<10 [f554H< SNPs #5515, mAREBE
AR 2 #AH5 B 2 MR 2 BB A 20 SNPs,  F T /5 4L MR 4347 -

2.4. MR 3%

LA 5 Z2 AR ] 5 RN AR (IVW-FE) N EEE R 73T 7 i IVW BB SNP 400 2 T RAR &,
RE % L s s A eI DR SR80, 2 H AT 5 59 A RAFAE R (P < 0.05), SR A5 ZE 0N
BB N R (IVW-RE)EAT I IE . BARAE T H AT B 1 AR b CUR AT RESI R S5 IR A% R EAH O 1 SNP,
BIGIE e At G AR TR AR O RE M o DRIE, AR FUIE R A i K AULSR 2 (Maximum likelihood) . MR-Egger [511
AL AL i (Weighted median)fEou#hse 7 M Jride,  PASRIIE IVW 25 R RR (1

25. RS

NIGUESE R AR, PR T — REUEME 2T . Cochran’s Q #56 FH T 1Al #L A~ SNP 25087 ik 1 1) 5
JitE, 34 P>0.05 /R Bt . MR-Egger BEF ks de H T4 M A2 /K- 2 2, 4R IT 95% B A5 [X [H]
ANEEEN, FRFAEKTLZRME[11]. s, MR-PRESSO J5iEH T4 F% SNP (P < 0.05), #A7(E
SEAE, WSIRREER HT[12]; [FEF, @idiE—515k SNP 18 —i%(leave-one-out), Al #./7~ SNP X 4%
R o

B Gt i R 8 (RAS 4.3.1) 1 “TwoSampleMR” 158 . i 7045 A8 o — 7p A7
&, RN P AR L (OR) A 95% B A5 X ] (C)#EAT &4k . P >0.05 MW NAAELE R CEL . BT fr i)
TR G, P <0.05 At RE.

3. &R
3.1. AR 5 VTE WE R xB

Table 1. Bidirectional mendelian randomization analysis of AR and VTE
#F# 1. AR 5 VTE 9% 5 MR 434

75 %R SNP Ty i OR (95% ClI) P
AR VTE 16 IVW (random effects) 0.916 (0.538~1.562) 0.748
IVW (fixed effects) 0.916 (0.538~1.562) 0.748
Maxium-likelihood 0.918 (0.536~1.571) 0.754
MR-Egger 1.006 (0.148~6.795) 0.995
Weighted median 0.996 (0.499~1.991) 0.992
VTE AR 12 IVW (random effects) 1.010 (1.004~1.017) 0.002
IVW (fixed effects) 1.010 (1.004~1.017) 0.002
Maxium-likelihood 1.010 (1.004~1.017) 0.002
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MR-Egger 1.009 (0.999~1.019) 0.123
Weighted median 1.008 (1.001~1.017) 0.049

FELL AR MR R, VTE NESRMIER MR 208, JE99N 16 S50 B 5 ¢ 2 2 A0 ¢ HLAF & %A
() SNP 1 8 T BAR & (R? = 0.0100, “F# F f = 52.35), &R AIEAET TR B . IVW {4 R E
TN, U B S e i I T 5 TR SR AN (OR = 0.916, 95% Cl: 0.538~1.562, P = 0.748). fix KSR
MR-Egger [0V R I E07 10 45 1 5 IVW 7 —5 (33 P > 0.05), 45 1, K 2(a).

BB 2 M7 7%, Cochran’s Q A6 #2786 5 3 7 i PE(IVW: Q = 12.74, P = 0.547; MR-Egger: Q = 12.75,
P =0.622); MR-Egger #5330 T 0 (BifE =-0.002, P=0.922), $#&7 A W &K F £ %M ; MR-PRESSO
SRR IR AR R ISR SNP (Ziit& = 13.917, P = 0.654), 4% W4 2. & —51F%: SNP [ leave-one-out
ST RAasE (1 3(a)), RMIE ML RAA

Table 2. Sensitivity analyses for the bidirectional association between AR and VTE
% 2. AR 5 VTE =)k BAR SR M 53 4

S IR R
iR Ivw MR-Egger MR-Egger MR-PRESSO
Giil &= P Giit = P Intercept P Giil &= P
AR 12.74 0.547 12.75 0.622 —0.0020 0.922 13.917 0.654
VTE 6.519 0.770 6.672 0.825 0.0005 0.704 8.302 0.815

3.2.VTE 5 AR BIE R ¥EEE

TELL VTE fE N2, AR NI MR Zedfred, JE99N 12 A Sk ke il 5 HAT & 2% A7 SNP
E N T EAFRE(R? = 0.0059, “F¥% F{E =107.76), BAMAMEREITE 3. VW IR 1, K 2(b), Hiik
A i S RATAE WS R R OCHE, BRI 1 AMFR v 22 10 8 R AR 358 A5 T 7K P, T ek 5 8 1) XU
% 1.0% (OR = 1.010, 95% ClI: 1.004~1.017, P = 0.002). i KR EE 504 R A E05 45 1 5 IVW
—#(OR = 1.010, 95% CI: 1.004~1.017, P = 0.002; OR = 1.008, 95% CI: 1.001~1.017, P = 0.049).

Table 3. Genetic variants used as instrumental variables in MR analysis of VTE on AR
= 3. VTE X AR AR ERENU S TP RELRETENERTR

SNP Chr EA OA Beta SE F P
rs117716477 12 A o 0.486 0.066 54.275 1.76E-13
rs13377102 10 A T —0.184 0.026 51.036 9.22E-13
rs1894692 1 A G -1.177 0.063 354.34 4.27E-T79
rs2066865 4 A G 0.217 0.017 155.674 6.92E-36
rs2885055 19 A G 0.138 0.021 44.082 3.30E-11
rs3756011 4 A o 0.204 0.016 163.199 2.89E-37
rs495203 9 T o 0.25 0.016 244.92 4.05E-55
rs5896 11 T Cc 0.113 0.02 31.238 2.44E-08
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rs6060308 20 A G 0.114 0.017 44,678 2.17E-11
rs62350309 4 G A —0.164 0.026 38.884 4.71E-10

r1s628094 9 A G 0.104 0.017 36.918 1.13E-09
rs78807356 11 T G 0.903 0.105 73.894 8.05E-18

H: SNP RN EZ BN S Chr ZRG k'S EA RRNEEA HF (effect allele); OA Fom i —5F
[ (other allele); Beta %75 SNP %t & T (VTE)HIZURAE ; SE FonbriR; FFon FAE, ATIMELELERE, PE
7~ SNP 5 5 55 1) R BB 35 17K .

U 2> #r 4 3R B, Cochran’s Q K56 K & B 2 2 5 B ME(IVW: Q = 6.519, P = 0.770; MR-Egger: Q =
6.672, P =0.825); MR-Egger #IFIi#Uc T 0 (iFE = 0.0005, P =0.704), #E/RTLHHEKTFZ80ME: MR-
PRESSO 4 GBI 7R A KL 4 SNP (it = 8.302, P = 0.815), 458 L% 2. leave-one-out 4 H74s 5
R (] 3(b)), #E—B3CRF T 15 b 45 R AR A

IVW(random effects) / MR-Egger

IVW (fixed effects) Weighted median

Maxium-likelihood
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Figure 2. Scatter plot of the MR analysis
Bl 2. RIERBEIIL TR RE

4. Vig
AT 5 ) B R A i i s e st AL B, @i XA MR 08T, #85F AR 5 VTE 2 [EI R S 5%
%o SR EIR, fEIEMRHTH(CL AR NEER, VTE N&6)R), @ IVW. MR-Egger. I $55 £ Fh
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Figure 3. Leave-one-out sensitivity analysis (forest plot)

Bl 3. BB 0 i (FRIRE)

ITAER, 2T S HE SRR N VR (Wi RV B %) AT RE S VTE RAAHSG[13]-[17], Tfi%H%F AR
5 VTE M FAEX A [8] [9]. A MEPERF LR, AR B3 KA VTE WA AT gE A =i[8], JLILZTE
R NN Z200) e AR B 9 25 (9] BbAh, ARAUAN, AR L5 EENG B OCHK[18], I B 3 A
WA R Y SR AT R N VTE RAKBE[17], [A1E:R7R AR AT REIE I 8L 4 S ML 5 ia o7 7 2Nl
VTE K 4. R, IXEEHRGE L NMGENET T, ML VTE 5 AR (IS RGO R . AHE Fiid it
MR 7715 Is A% 1 B B Hf T VTE—AR IR 7 W), A AT R st 7 S Bk 7.

VTE 5 AR Z I MAEY NG MR C A i B, B2 TOUE BT, AT H — /NS B A i : VTE
A BB R SR SR I S R A B, RE I AR K. — 7T, AR T RRAT 51 R 4 B AR R
fiE, WIIL-6. 1L-8 A TNF-o 55 980 K F7KFFF i, AT RE 3 9 LA A R 0 B IR RG B 2 308, Rt S e 2
Ff ) S RG I S AR [19]-[21] . B HEZ, IEAIL/ OB UY) P IEFEZ AN CDAOL %5501, AN A el iy
IRZS, IETT BT Sk b (B R S 40 AN T 408 [22]-[24]. CD40OL 5 CD40 K45 &5 T 40k
RSB AL B AE 5, AT REA Se Rt Th2 204k[25] [26]. 55— 7T, LA OGS SHME R S8 ik &
GAFAEAC X [27] [28]. filtn, HEMLE T XNa BEREJE 2 N RVESE MIR4E, BRI UICR i, 3 i 2E &
SZWK[29] [30] LR BAIRAAN S 560 105 S8 35 1, I i T R U P A 200 ot s, R S A e 5 i ek 9RE A
Ji, XN RIS BRI Th2 e sIE K 4n By L3R 4L T 58 BLEE I 40 PR [31] [32]. L4, IgE /2 AR
M EE AR EY, HoKF ] S i B 2RE FRVE R [33] [34]. ARFFREREH, PAI-1 /K5 & IgE
BIEM3, R VTE M RHIAEMEI T BEE T LI 1gE, AR AP K 40 i A RURR 1 [8] [35]. X LEH L
HFEMR T VTE AR S AR, N VTE 5 AR Z[W [ E R B R P24t T 4B 3Lt

ZE L RTIR, AN FUR F R AR AR AR BE M LA T VAR T AR 5 VTE Z IR C R %715 RE
B0 R A B e G T A8 R0 G S Al R R DG R T4 0 90 2 T BRI B K RE A GWAS Hdis P, 7
FBHERBERR ARG, B TAEARES, &RREERE.

SR, AR FATIRAFAE—E JRBRE: Bk, fERIA MR 28, AR 12 /4> SNP T A& SR fF
7 EBAR(R?=0.0059), H T HBEHEAM, naETB0UKT 228005 (U MR-Egger #25) A &E,
M UL SE A HERRIEE T o oIk, RS BUBIE T A R BB 5 (1K 2 8tk B 7E T R R HE A RIS
WR, BIATREA L, FRHIBAT RN L &R 5=, MR 2H{SHK VTE X AR 1%L
NEH/NOR = 1.010), XERUIE BB, VTE/EAH—KEXT AR R ) B B4 060 520 il e R -
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SRT, X8 B SR ONAE A S AR R I AT e B R R AE VTE s sUom A, RIE X
IS ) Bl /N B 0 AR AT RE AL AR BB . B, BT BE BRI T W e, SR RE 75 4 2 Al
N DI T AP EAREESRZ V] 6 IR IRE 2, TR E 0. B, AR 5 VTE
Z IRV SR O R A ELE ML AT 75 M 22 (R KRR AR GWAS BIF ST &5 5 2 AR IR R ANF 5 LA S 520
DAALE SE A ) B

B M

IX TGRS A5 P 7 2 [ AR R AR E (UK Biobank) . FinnGen AR 43 725 402 S 35 - RO A= 015 B2
WA T (EMBL-EB) AL A FF 7] F () GWAS %3, 1E& 2T fiEmma s 5.

{eIE R

AT 55 T 20 FF 1T SRER 1 4 5 R 21 DG I 72 (GWAS) Y A S I g 8 R B AL A3 BT, AN Bt A~ A
ARG B B BT . PRI, ASHE AT At H e AR S 2 . WU A I s 1 R AR IR
IR ST B R HHE, IR T RIS R B .

£ E&WA
HRERR A K F55 EBIH 0 H (W0177).
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