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Abstract

Objective: Observational studies suggest an association between pulmonary function and ankylosing
spondylitis (AS), but the causal direction remains unclear. We conducted a bidirectional two-sam-
ple Mendelian randomization (MR) study to assess potential causal relationships between pulmo-
nary function indices and AS. Methods: Genetic instruments for forced expiratory volume in 1 sec-
ond (FEV1, n = 421,986), forced vital capacity (FVC, n = 422,876), and peak expiratory flow (PEF, n
= 421,986) were derived from published genome-wide association studies (GWAS) and applied to
AS GWAS data (n = 164,682). Instruments were selected by association strength and linkage dise-
quilibrium pruning. The inverse variance-weighted (IVW) method was the primary analysis, com-
plemented by weighted median and MR-Egger regression. Heterogeneity and directional pleiotropy
were assessed, and leave-one-out and multivariate MR analyses tested robustness. Results: Genet-
ically predicted lower FVC was significantly associated with a higher risk of AS (IVW OR = 0.678, 95%
CI = 0.518~0.889). No significant causal association was observed between FEV1 or PEF and AS. Re-
verse MR analyses indicated that genetically predicted AS was statistically associated with a slight
reduction in FEV1 (IVW OR = 0.996, 95% CI = 0.993~0.998); however, the effect size was extremely
small, suggesting a limited magnitude of impact. No significant causal association was observed be-
tween AS and FVC or PEF. Conclusion: This study suggests a potentially index-specific bidirectional
relationship between pulmonary function and AS. Genetically predicted lower FVC was associated
with an increased risk of AS, whereas genetically predicted AS showed a statistical association with
a slight reduction in FEV1. Given the extremely small effect size, the clinical significance of this re-
verse association should be interpreted with caution. These findings require further validation in
experimental studies and larger cohorts.
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1. 518

5 ELH A 4 (ankylosing spondylitis, AS) & — i 3= 22 8 S Hh i % 0 18 e 9% 1t R PE 50, BR B O 1Y
B BN RE SOHAT IHEMEAR R & ( “PTREEAE” )2 A O BRRFE[1] o IR R EA B Btk FIHH W
RV BB S (R IR A IESE) [2], BRI T AL 0B Ak B R 5k 52 PRAE FE s
BE T R3], WATIR AR AR R, AS 29520 0.5%1 — M AR, WERUE S22 H[4]. R R
AT, H AT BIEE 5 B . PR R A e i B S i SRR E BT R [5], s AR R E 3 S
B, HLA-B27 /&t f& a2 [6]; BhAh, 1L-23/1L-17 48 RE S K WUB S AR S8 10 B0 Rl e e 25
WUSITRAE K o R ¥ B AR 7] [8]-

it Th 56 2 i il 7 Jl SRS e (BRI S S HE S AR RR) 1 BE FT - I PR FH F b 0455 FH 77 it & (FVC)
5 1B H IR RA(FEVL) FIF IR R (PEF) [9]. FVC s Mt 25 B A B BE NS, 2 BIR il 14 58 <
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RERRAS I B 2248 FEVL EZERMUSIE D42 PRS2 BRAR AL, 2 PPAh BH 2E Vi =R (1) s 2 40
PEF Jx WK IE MG FEE KPS, BT B SR KB B 10] .

BEAE 2 UM S FU R AS B AR T BE A2 40 [11], HAENTI R Gepcim st Th g ¢ A B AS
SRR IN[12] . SR, WRERVEETT 5 2R A% O £ R0 S 1a) R SR 52, X DA AR LS R SR G R o BTG AR AR
50 BN RAE W S hrdE, (HFERT . 5Bt HARTEARER PR

o8 /R BE HL4k (Mendelian randomization, MR)F H 5 & #% 41 5¢ 1 1845 48 5 G F N AL H IR 2 &1,
SNP)E N T RAEFE(IV), KT 5507 RITE kAo 24 (R BE AL e S5 2, BB o> 4 A2, AT E — 2
JE 1 2 G VR 25 D e A0 S 1) PRI SR [1.3] o A 58 R FHXURE AR XL ] MR #¢ i, 2T KA GWAS s S i 4,
oA LA T BE4EFR(FVC. FEVL. PEF)HI AS 1E 2 55145 Rt AT R SR HEWT, DAY AS HI— 20Tl S5 kg ik
T TR HE B AL AT 3 R

2. ZEREHE
2.1. BiIBKkiE

AHFFRGERE 3 N RER AU NitfE % §&: FVC. FEV1 Fl PEF. FVC (ebi-a-GCST90029027) GWAS
JCBEE RVE T EBI-EMBL, FEAE: 422,876 [14]; FEV1 (ukb-b-19657)A1 PEF (ukb-b-12019) GWAS [
i kJET UK Biobank, FEAEIN 421,986, AR IEILE MRC-IEU OpenGWAS #4522 35 B »

AS 45 R EdR R A FinnGen T H GWAS V& 4ttt #i#f (finn-b-M13_ANKYLOSPON), 45511 1462
B, %tHE 164,682 4], w]iEiT MRC-IEU OpenGWAS %z 3R HL .

22. TATEHiE

MR 7T CTHR BT 3 Wi ORi: (1) SHEZEMS 2) SEAREELLR: (3) d
I B EE S R[15]. i A SRR, B SR I S R R A A R DR A KA ORI SNP (P < 5 x
10°8), FRHEHATEBIA P 8IEL(r? < 0.001, % H 10,000 kb), &AL SNP £ IV [16].

WHRE AS K fih e 2 B i SE R AT AR FE R R B [17]. AT RT3 A b ST B 8 I AR /K 22 20k X
[, AHTFEH] ] PhenoScanner V2 3 G 2 ik SNP 5 AE R 44 K & I Sk (M P < 5 x 10°8), JF%
&= LD AR SNP (12> 0.8); N5 FiRTR AR A7 AE A BE PR 2H 2 3 ORI 7 DAGI B

N R HERR R AR B, AR RS RIS AS fE AR AKT B E MK SNP; 765U i
(harmonization)id F2H, £ # #5 5 45 R BN SR B RIS — B 5B, 15150 SNP - HAS A7 S PR AR 8 v 3 [
HET7 AN BRI T LA . Bl PR R SRS IV SRR AR SNP 3R F 8T .
2.3. AfE/REENLL 4

AHIF 7T LIS 5 22 AL (inverse variance weighted, IVW){EATEEE MR 704 /. IVW 7643 T 2AR
T R MR A2 U B B IR RTHR AET f EL 28503 4 v PR R SR RIS Ad 11 [ 18] o

[ s S FE A 437 $5i: (weighted median, WM)AT MR-Egger [ H#EATGURPE 0T, LAY 24384 T
AR B S BRI 45 R R A P [19]. WM 72 570 50% A 5 K [ A5 &% T B AR B s vl 34 TE it 1-[20];
MR-Egger [ JA7EIT B0 2 INSIDE iy,  BRAEAAAETT o) 1t 22 280k 8 vy 45 th DR SR ARt o ] 1 A fil
IRBENLAL 7 T RE
24. RERMESBURMEST

SKF Cochran’s Q 4t it &4t IVW F1 MR-Egger 734 F i) 57 i, P> 0.05 $ 7R o L5 2 S 1 [21]
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Source of Data

pulmonary function ankylosing spondylitis

+ FVC (ebi-a-GCST90029027) « AS (finn-b-M13_ANKYLOSPON)
« FEV1 (ukb-b-19657)

« PEF (ukb-b-12019)

}

Selection and Determination oflnstrumental Variables (IVs)
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» Remove ambiguous palindromic SNPs
» Measures of instruments Strength

« F-statistic
l
Positive MR analysis Reverse MR analysis
Exposure: pulmonary function Exposure: ankylosing spondylitis
Outcome: ankylosing spondylitis Outcome: pulmonary function

v

Mendelian Randomization

« Inverse variance weighted
* MR-Egger
» Weighted median

v

Sensitivity analysis

« Heterogeneity analysis
« Pleiotropy analysis
+ Leave-one-out test

v

Multivariate analysis

Multivariate IVW analysis
for Ankylosing Spondylitis
and Pulmonary Function
adjusted for smoking

Figure 1. The flow chart depicting the analysis of Mendelian randomization
1. &REREENIL S HTRIZE

YT MR BFFC AT BEAEAE SR M, ASHIFSE IVW 32 23453 B B ATL A% 87 A5 78 DA SR 75 B8 R <7 A 1t
K H MR-Egger #2656 AG 5 170 MK T 2 %chk, #% PRI P < 0.05 HonAEAE J7 [ PE 2 &k [20]. 3 —
5K H MR-PRESSO J7 7kt 47 78 8 I 4= JRy /KT 2 2 A 56k (global test P > 0.05 #2784 WL IR 2 /KT 2 24
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) [22]. K H B —iZ(leave-one-out) Ak 45 5 /2 75 52 B4 SNP 3K 5[22].
WL F SR T AR, HHE AN F=4YSE? B F>10 #R58 T B WA KR, B
A MR 7 #H7E R (version 4.5.1)71f# H TwoSampleMR 5 MR-PRESSO %4 £1.5¢ il -

2.5. ZEEZE/REEHIL ST

2 [ R AT RERI I 2 md AS StiThRE, AR — S IR 24 & MR (MVMR) AT, KR RTE A
TR RPNALTL . DL FVC FIR A7 85 . AS N4E R, DL DL AS I N2 8% . FEVL N4ER, KA
IVW LA T2 AE DR R AN, S DA 43 A 06 E &5 SR AR ik .

3. /R
3.1. FRIhEERT AS BIEI SRR (IEE MR)

7E FVC (ebi-a-GCST90029027)%F AS (finn-b-M13_ANKYLOSPON)f) MR 7, &% 329 4
SNP: FEV1 X} AS {R¥ 250 /> SNP; PEF X} AS f&8 131 4> SNP. & THA S F 4iit #39>10, R
AR DB S 55 T H e

IVW 25 R EIR, BAETK FVC K5 AS KT8 5 3% A1 5%(OR = 0.678, 95% CI: 0.518~0.889, P
=0.005). WM 5 MR-Egger fiti 1177 [/} — 2, H i WM 25 RIA 245 1127 2.3 (OR = 0.608, 95% CI: 0.408~0.905,
P =0.014); MR-Egger J5 [i] —%{{H £k & % (OR = 0.456, 95% Cl: 0.178~1.163, P = 0.101).

KRB FEVL 5§ PEF X AS U A7 7F &5 2 K 250N (FEVL:IVW OR = 0.893, 95% CI: 0.616~1.296, P =
0.553; PEF:IVW OR = 1.060, 95% Cl: 0.641~1.754, P = 0.819) (4] 2. # 1).

(a)

exposure outcome method nsnp OR(95%Cl) P_value

FVC AS vw 329 0.678(0.518 to 0.889) —o—t : 0.0050000
MR Egger 329 0.456(0.178 to 1.163) r—o—:—« 0.1010000
Weighted median 329 0.608(0.408 to 0.905) ——t 0.0140000

FEV1 AS vw 250 0.893(0.616 to 1.296) r—tp—t 0.5530000
MR Egger 250 1.081(0.347 to 3.367) ———e—————>0.8930000
Weighted median 250 0.927(0.539 to 1.593) —_— 0.7830000

PEF AS vw 131 1.060(0.641 to 1.754) ————  0.8191020
MR Egger 131 0.553(0.100 to 3.054) + - >0.4983978
Weighted median 131 1.150(0.545 to 2.428) ——o——>0.7132785

0 1 2
( b ) protective factor risk factor

exposure outcome method nsnp OR(95%Cl) P_value

AS FVC Ivw 10 0.998(0.993 to 1.002) '—o—:—i 3.231099e-01
MR Egger 10 0.997(0.989 to 1.004) 4—0—:—« 4.189030e-01
Weighted median 10 0.995(0.990 to 1.000) «—e—— 3.424426e-02

AS FEV1 vw 10 0.996(0.993 to 0.998) ——t | 1.138427¢-04
MR Egger 10 0.994(0.991 t0 0.997) +—o—t ' 5.751945e-03
Weighted median 10 0.994(0.991 t0 0.996) +—o—t : 2.345551e-07

AS PEF VW 11 0.999(0.997 to 1.001) »—0{-« 4.938554e-01
MR Egger 11 1.001(0.998 to 1.004) —lo—1 7.075692e-01
Weighted median 11 1.000(0.998 to 1.002) —— 9.689079e-01

0.|99 ; 1.61

protective factor risk factor

Figure 2. Mendelian randomization analysis results: (a) Causal effects between pulmonary function on ankylosing spondyilitis;
(b) Causal effects between ankylosing spondylitis on pulmonary function
& 2. ZERMENLSITER: () FTIEEXT AS BIERMEL; (b) AS Xt AHINAE A E R
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Table 1. Mendelian randomization analysis results: association between pulmonary function on ankylosing spondylitis
2 1. FiIhEEXTIRE B RH MR SHT4R

£ 31 %5 Pk nsnp OR 95% CI FBR 95% ClI EfR P14
FvC AS VW 329 0.678 0.518 0.889 0.005
FVC AS MR Egger 329 0.456 0.178 1.163 0.101
FVC AS Weighted median 329 0.608 0.408 0.905 0.014
FEV1 AS VW 250 0.893 0.616 1.296 0.553
FEV1 AS MR Egger 250 1.081 0.347 3.367 0.893
FEV1 AS Weighted median 250 0.927 0.539 1.593 0.783
PEF AS VW 131 1.06 0.641 1.754 0.819
PEF AS MR Egger 131 0.553 0.1 3.054 0.498
PEF AS Weighted median 131 1.15 0.545 2.428 0.713

3.2. AS XTEhIThAERY E RSB ()R 5] MR)

fE AS Xf FVC. FEV1 #l PEF [/ a] MR 234, 230l Bd 10, 10 #1111 4> SNP, firf LAZE F
it E1>10.

MR 25 RSB T K AS 5 FEVL BRARAAAE AR SCBC(IVW OR = 0.996, 95% Cl: 0.993~0.998, P =
0.0001; WM OR = 0.994, 95% CI: 0.991~0.996; MR~Egger OR = 0.994, 95% Cl: 0.991~0.997), {H k% ¥ AS
5 FVC 8 PEF f71£ 3 R 5¢ R (FVC:IVW OR = 0.998, 95% Cl: 0.993~1.002, P = 0.323; PEF: IVW OR
=0.999, 95% ClI: 0.997~1.001, P = 0.494) (4] 2. #* 2).

Table 2. Mendelian randomization analysis results: association between pulmonary function on ankylosing spondylitis
2. BEMBEFRIMINGERN MR SH45R

2 2R Tk nsnp OR 95% CI TR 95%CI LR P1{4
AS FVC VW 10 0.998 0.993 1.002 0.323
AS FVC MR Egger 10 0.997 0.989 1.004 0.419
AS FvC Weighted median 10 0.995 0.99 1.0 0.034
AS FEV1 VW 10 0.996 0.993 0.998 0.0001
AS FEV1 MR Egger 10 0.994 0.991 0.997 0.006
AS FEV1 Weighted median 10 0.994 0.991 0.996 2e-07
AS PEF IVW 11 0.999 0.997 1.001 0.494
AS PEF MR Egger 11 1.001 0.998 1.004 0.708
AS PEF Weighted median 11 1.0 0.998 1.002 0.969

3.3. REMSEBURIES

K] Cochran’s Q K461k 57 5 M, T 70 M 78 IVW Rl MR-Egger HEZE 155K L 55 35 55 i 1% (P > 0.05) .
T T T A A S o

MR-Egger PRI A 2 05 3 77 ) 1 7K 22 20 PE(P > 0.05): MR-PRESSO 42 Ja 6 I A TR 5] (i 35 5
. BT SNP ¥ F Gtil &39>10. W50 iR 2 ZA5 FIFdEth o — SNP IK3h, RIIAMFIT MR 45 %
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BARFRE(ER 3).
34. ZTE MR 47

WA AS S5ItThEEZ AL RGN R . MVMR 1 iior, ERIEWRME, FVC Xt AS IR E%
MAT 2 (IVW OR = 0.668, 95% Cl: 0.508~0.879, P = 0.004).

DL AS FIWR AR A 252 . FEVL 451 MVMR 45 R BR, fERIEWAEIG, AS X FEVL (1) R SR 2N A7)
SRAEAE(IVW OR = 0.995, 95% Cl: 0.991~0.998, P = 0.005) (/4] 3).

Table 3. Heterogeneity and pleiotropy test
3. REMESWMKIEER

2% &R 5 Q& QR P  Egger B BEPHE
FvC AS MR Egger 361.115 0.094 0.007 0.385
FvC AS VW 361.949 0.095
FEV1 AS MR Egger 260.709 0.277 —0.003 0.727
FEV1 AS VW 260.837 0.29
PEF AS MR Egger 112.657 0.847 0.01 0.436
PEF AS VW 113.267 0.852
AS FVC MR Egger 14.941 0.06 0.001 0.733
AS FVC VW 15.174 0.086
AS FEV1 MR Egger 10.616 0.224 0.002 0.223
AS FEV1 VW 12.937 0.165
AS PEF MR Egger 10.917 0.281 —0.002 0.277
AS PEF VW 12.541 0.25
(a) exposure outcome OR(95%CI) P_value
FVC AS 0.668(0.508 to 0.879) —— | 0.004
smoking  AS 0.663(0.247 t0 1.784)  +——0—1 0.416
0 1 2

protective factor risk factor

(b) exposure outcome OR(95%CI) P_value
AS FEV1 0.995(0.991 to 0.998) d[ 5.183047e-03
somking  FEV1 0.831(0.776 to 0.890) t+—o— : 1.088960e-07
I [ 1
0.75 1 1.25

protective factor risk factor
Figure 3. Multivariate Mendelian randomization analysis results: (a) Association between FVC and smoking on AS; (b) As-
sociation between AS and smoking on FEV1
3. ZLELERIEHNILSLER: (a) FVC SIRIEXT AS BIFNT; (b) AS SIRIEXT FEV1 A2
4. g
AHFFUEE TR GWAS JL S EHE, KA BEEA A MR i KRGV T liThat S AS 2 [l A 5
Kk FERIA: ALK FVC TS AS K Fm R EMAK: AS 5 FEVL BRARAAE A B R K
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WK; 1M FEV1. PEF X AS LA AS % FVC. PEF ¥R WE 35 IR AN . Bk 45 A2 RIliThae 5 AS ZIA]
FIREAETE “HRPRFERIE” MU R R B R

KT FVC NREHE I AS KU ENLH], 8 H AT sk = SRR, BUA R 53R DU T AT R
e o, AREAH IR B AT 400 i 20 R A Bl % 1% T A€ HIF-10[23], M8 1% RORyt A1 IL-17A %%
SALHE Th17 AR JOE N [24]; 2, HIF-1a A LA BRI TLR2/TLR6 %i%, {Ei#k CCL20-CCR6 4
21 Thi7 4iféfh 5 [25]: H=, WAV IEME, FVC TR Re S EBURNAE & EHERT ™ A0E
S ZEAni, REEE ST AT AR S R B VI ), S R A T AN R o Wbtk IR R A S
[26] [27]. IXEEHLEIRE AW EEYE, (BT — 05 5 H U T IRAE .

AW FEARKIN FEVL B PEF X AS XU BA &3 RN . FIREJERITE T, FEVI 2 g /N s
FE R RRSZ IR, PEF B8 2 R BOKSTE @ ARSI & AT FVC BT AR 2R 0 R B IS 14 5 FR 1l 2
AT, FIRTR bR T 9 B AR B AR RT RESRE 8 I LN ) SRR E SR BRI AS KA

A MR 255188 AS 5 FEVL PRRAAAER R CE . BREAERF TR R, AS Al fE R A FEMEAN 2 8 &
E LR I & HRCT B WH/N UGB SE B H, TS B AZ R IEFRS FEVL [28] [29]. H
IR AL, AW AS T A RON E A/ NIVW OR =0.996), AR L TERUE, $eon 2 RB NSt
RIS ORI, TR B BRI AR R SR

AWK RIL AS X FVC 5k PEF 153 R AN . M40 il AS M BR(EAE . BME ST Bl s
B 55 2 ] S5 SOPR AP A< P A5 5T BRI FVC [30] [31]: 4RTTT GWAS KEA ] BEAN NI 5 FERC R . i BT
TN PR R I R, AR T B AL R RN o IR Ah, BRI T REFE — e F2 % L 4ERF FVC [32].
PEF BIMEZSSRIRTTRES AS AH IG5 A8 DARR il P 8 A /NGB AR A L X6 R i W9 W s e A A
PRA K

I R SO T, AW STHERNT T AS i XU AR (W1 HLA-B27 PHHE ) il % e s TheE e, ol
JFVE FVC HIEIRER B AR, AS BERES B Sems dh al ik — L gy ARl oh RE AR5 5 B B 1A

ARFFARATET: (1) RABABEEAR MR 51t FIFHKEEA GWAS Hdiie m B RAEWae 71 (2) T
HAR S5 B = (F > 10), s 2 P BUSCE 73 Bt BEAR S 1) R SR ANV 2% f B 520 s (3) A AR 32 2k [ BRI
N, TE— R Lb T B R I o

A RIAFAE R (1) RERATReHE: T E AR R, AR SRR R e RN &R I (2)
W NFELARRIN S 32, S50 oM R A ANFBEFREIE[33]s (3) REATHER 7 ERER E 0T, Tk
PEAEA TR RN 2 575 (4) R MR-Egger #E 5 2 FhUS: 73 b R 3278 B 805 K 2 280, (1
KR FEARE— DK LDSC flih Lo, U ABETE BRI ThRE S AS 2 IAIAFAE L st S
AL AV E A . AR AT ER — S H R S5 summary statistics Z511 7T &
LDSC [ Jik [KI 2H 2546 J7 AR Y S5 A3 At , DAIE— 0 ) B L =28t 250 0 MR S5 52 . (B) PB4 e
VAR M AR AE AT TR BRI AE, A 7% Se it 7eid— 0 1 i .

5. &hig

AW FCIAL AU SCRF: AL T FVC BRAR AT REREIN AS BZE X AS 55 FEVL R [A] BAFAE
Giit s ok, (HHRN BN, IR REA IR 45 RETRITDIRE S AS Z 847 £ R 74 A X ] PR SRR
B T HE— 2D ST T R O AT FE B

& 5Tk
BER B RORIC; i MRS B RORSG WE: BRI ERMYT BRI Bl
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Bl ARG WIRERE . XRIC WCiEe: FRH s TG BRH s WEHE S BRHE: SR
[ E =P N (B [N E S AP e e S i

HIETT A

AW T8 R GWAS Y E 4e i 0 il it MRC-IEU OpenGWAS %545 22 35 B (145 - finn-b-M13_AN-

KYLOSPON. ebi-a-GCST0029027. ukb-b-19657. ukb-b-12019).
feIE e

AHETCIE T AT GWAS JLE Gt BT e i, A LA NFTHRBIE B, MOCHAC L HEAN RIS 7=

FlZE s

{75 R A7 S5 AR SRS R 25 5

Sk
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