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Abstract

Objective: This study aims to evaluate the causal relationship between body mass index (BMI) and
retinitis pigmentosa (RP), while exploring the mediating role of inflammatory factors in this relation-
ship. The goal is to uncover potential biological mechanisms and offer new insights for the prevention
and treatment of RP. Methods: A two-sample Mendelian randomization (MR) analysis was performed
using genetic variants as instrumental variables to assess the causal relationship between BMI and
RP. A two-step MR method was applied to examine the mediating role of inflammatory factors. Data
were derived from summary statistics of multiple genome-wide association studies (GWAS), involving
large-scale European populations. The analysis included BMI, RP, and 91 inflammatory factors, with
sensitivity analysis to verify the robustness of the findings. Results: A significant positive causal rela-
tionship between BMI and RP was identified (IVW OR = 1.419, 95% CI = 1.211~1.664, P < 0.001), and
no reverse causal association was detected in the reverse analysis. Further analysis revealed that in-
flammatory factors IL-2 and VEGF-a mediate the BMI-RP relationship, with mediation effect values of
£ =0.025 (proportion 7.24%) and 8 = 0.014 (proportion 3.86%), respectively. Sensitivity analysis con-
firmed that the results were robust, with no pleiotropy or heterogeneity interference. Conclusion: BMI
influences the onset and progression of RP through chronic inflammation and metabolic dysregula-
tion, with IL-2 and VEGF-a playing crucial mediating roles in this process. This study offers new in-
sights for the prevention and treatment of RP, highlighting the potential for intervention strategies
targeting inflammatory pathways.
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2. 5 H*E
2.1. MRt

AW FERHREA MR J5ERT BMI 5 RP Z (B[RRI R, Rl 2 A Uk oo e a5 R 1
k. ESLIERN b, BE— PR MR AT JOER 748 BMI 5 RP BRI R B/, Jf it
B RON G Ee e DAt DI IERT S A R SENE, AHT TR S 2 AN B P B EAT T PRI
WETERAE LA 1.

2.2. WHEFKIR

AT TR BRI RIE T AT AR FE, 45 IEU Open GWAS Fil GWAS Catalog. X AN 2274
T RE GWAS WL G 8dE, W55 2 Fhgciim S 2 28 Mtk FRIEIETT OB BRI, B 7838 0] 5 2% SR U

BMI HH 504 KI5 T Neale Lab. 1% 77 41 BA Hl Benjamin Neale 4547, ) T M b B2 22 B ABR A FE T
bt EEIOT RKIBEALEEE B B Gt i K . TERIMBL, AWFFRA T Neale Lab $2{it
3T IEU Open GWAS FIHE, 29N 336,107 ZERIMILSE MK, GWAS %5 4 ukb-a-248.

TESHIERT B, A FE K T Sakaue S5[6]JF B HI KK GWAS L5220 fr8ds, LA 359,983 44Kk
MG, GWAS Zi*5 4 ebi-a-GCSTI0018947 ., 5 i KT 444 KR T Jinghua Zhao 5[ 7] 9T, %M
FORF 11 ANBAFIEAT 172528504, JRGIN 91 FhARE R 1 F1 14,824 44 BRI IS4 . A 9% S 9E PR 1 1)l 5
T3 XA VRS B LR 6 SR

RP ¥4 K5 T Joelle Mbatchou F5[ 7]/ 7, %4 [FIFE 1] A IEU Open GWAS 3RHL, JLZAN 403,833
LI IMGEME, GWAS %55 A ebi-a-GCST90013904 (.55 1).

23. TETE

MR Z3H B R A 1) T R AR S35 5 2 3 Wiz OoBise: (1) AHOCHAR R, B T HRAR &5 2 72 K 2 B 2 A
Ky (2) FEBRBR B, B T HAR & N Reild B 55 K 0 25 )5 2 AL s, AN RE 545 R B G (3) M
SEPERE, BT RAR RN SR 2R R A G

AT, L5 BMI 2 M5 SNP /EAIER MR 438710 T RAR &, fiEBE R E N P<5x107%;
FER ] MR 73, BLS RP R AH KK SNP /8 T HARE, ik BEREN P <5 %1076 HLLRAER
TAE N RN, SNP [HFfEBE R EN P<1x107°%. AFIES SNP Z MM EAT, SKHEUR T
412 <0.001 FE K/ 10,000 kb AT G, 2E—H, it bagy THAARMmR, S5 F giit&E <10
#] SNP. F GiitmitH AN F = (B _exposure/SE_exposure)?, H:H' S exposure Al SE_exposure 43 5| &7~
T e R R ANAE S AR R« BLAL, il T HAR B 545 R B, Sk RP W AHCH SNP, ¥
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Figure 1. Research flowchart
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Table 1. The detailed information related to the GWAS data
1. AN GWAS BHIBHIEAER

GWAS %5 WrAMER FEA R N PubMed X ifik4n 5
ukb-a-248 BMI 336,107 RN B
ebi-a-GCST90013904 RP 403,833 RN
ebi-a-GCST90018947 BMI 359,983 Wi N 37563310 [7]
GCST90274766 CCL20 14,824 Wi N 37563310 [7]
GCST90274848 VEGF a 14,824 Wi N 37563310 [7]

VE: A IRIER T R TR SR IL S A SCHR[ 7]
BEBIEBEN P <1 x 107, [FIIF, HERR 7 &7 DIB R Ak rp a] via B ) [B1 3C SNP,
24. HERBENL ST

AWFFAE MR R T Z2FgeitJiE. Horb, 1005 22 G2V W) R DL i 2 /R BEATLAE,
(BWMR) [N FEL53H /715, MR-Egger i B BUEFIIIAARECEAE 9 4h 78 73 W7 0732

25 MR A M R AR R BGE A TR N . 55—, DL BMI NRFE . RIER 7 ARt
MR 70 #1, 1331 BMI—>&AEFR F RS AL TF g1 S HobrifE iR SEL; 28 =00, DURGER T NEEE. RP A
ZEJRIEAT MR 08T, 33 SER 7 >RP FIRRASTT g2 K IHARdEDR SE2. X T 402845 /% RP, HHK
MR 3 B 45— 5 A 1og(OR) R E . A REN F% f_indirect =1 x f2 115, KALM f_total Bl BMI—RP
) MR {18 ; A Eefl% B indirect/B_total x 100%it 5 . 24 BMI— 4E K 1 8% % 5 K 7 —RP 1A
BT A — 5, BUT— P IR WS Hp M DR R OGHR I, ANk — 2B T H S A L g o (A1 350 R (1 b fE 152K Delta
LTS, B SE indirect = (522 x SE1% + B12 x SE22)"2), 95%E (% X [1]4% B_indirect + 1.96 x SE_indirect i1
s

2.5. B S

DNAGES MR 3 AT 8 AT SEVE, AR FRHAT T 2R EURIE T SR Cochran’s Q A3 56 F-il T H AR &
Z AP, KA MR-Egger #EAG I8 IR 5I/KF 2 &M, R MR-PRESSO il 76 25 5 SNP Jik—
VK 220 . SRR, SR FHIE— 2B 7 M P4l B A SNP S 4 SR 52 m . b4k, 4 MR-Egger
GERARORAEAE L2 RME, T MR-PRESSO AK B #E SNP I, #f—5 K RadialMR R % S HE[9]. 7E5)
PRFEAENS, EFEAT MR 2041, DA BIGUE 4G R ARt .

2.6. BRI

M IVW 5 BWMR Wi 45 5007 m—58, B 2DH Mmoo kiR g R 5 H—8r, I8z
SRR, AR MR T 3 DikeO B, MYVONHRREEA L, ANGH R 2 R iR
JaE . BT A G BT A7E R 4.3.3 BAFAEE T 58 FF7E RStudio i AR CAR Fp (idh 47 b 28 . BAATHI 5
BRI, EASPATEIRL . AR R & £ MR 2 Hd ] TwoSampleMR (0.5.6)F1 icugwasr F25
56 M, BWMR 7 Hifi il BWMR &7 E5E R, KF 2 805 B HE AL 43 38 Ff MRPRESSO (1.0)1
RadialMR P25 58 8, P78 25 ZE AT AL 4745 F metafor 72540 58 i o
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3. /R
3.1. RIMrEL

3.1.1. TRETEHKE
ERIM B, ik 274 N5 BMI 5B A1 SNP /8 T HAS & . A MR 28, g7 9 4
5 RP S E MK SNP /E AT HA &, h A TEs R 295 R T I AH D SNP B8N 12~48 1.

3.1.2. MR S#r&ER

1) BMI 5 RP Z HFIBERXR

AL RN, BT R BMI 5 RP 2 [BAA7E I M R SO IVW 445 588 OR = 1.419, 95%
Cl: 1.211~1.664, P=1.95x10°; BWMR 73 #7145 58 OR=1.429, 95%CI: 1.214~1.682, P=1.78 x 107,
HARANFR AT EFTREE 07 M —2. KM MR 38R KB RP 5 BMI Z (B AE R ] R S OG ., TVW 4y
s o8 OR=1.007, 95%CI: 0.987~1.028, P=0.485. W[4 2 #AMEER T BMI L Z R JOER T 5 RP
Z IA] R PR R ORI

BURAE A BT 25 R — 2B 3CRF T BMI 5 RP 2 [A] R SOCER AR (1 . MR-Egger #FEA I AT RAFTE
ZRMETH(P =0.611); Cochran’s Q % A K ILAE FAFLE 7 FI%E(P = 0.302); MR-PRESSO 73 #fr Ak Hi B
#¥ SNP (Global test: P = 0.329). It4h, B—RIFRAHTRY, 5L R IR — N EHABOR ) SNP
FraKa) .

2) FERTE RP ZBHEEXR

PL 91 FhARER TAHC SNP /E A T HAR &, PL RP N4 R#HE4T MR 0 )5 &8, CXCL1. IL-2 fll
VEGF-a 7KV RP K& A S £ IE M R OCHE. Hrf, CXCL1 1) IVW #4554 OR = 1.166, 95%
CI: 1.014~1.343, P =0.032; BWMR 43 Hr&5 %8 OR = 1.186, 95% CI: 1.030~1.366, P =0.018. IL-2
() IVW 23 #4559 OR = 1.253, 95% CI: 1.043~1.506, P =0.016; BWMR 73#74% %4 OR = 1.260,
95% CI: 1.037~1.530, P=0.020. VEGF-a [’] IVW 73#45 88 OR=1.112, 95%CI: 1.017~1.215, P=
0.019.

AL, CCL20 F1 IL-20 7K-F5 RP 267w KRG, Hrr, CCL20 () IVW 43 #r 45 8 5 OR = 0.840,
95%CI: 0.722~0.978, P=0.025; BWMR 73 #7455 OR=0.827, 95%CI: 0.709~0.965, P=0.016. IL-
20 B9 IVW 2304145 55 OR = 0.788, 95% CI: 0.659~0.941, P =0.009; BWMR 73Hr45 5 4 OR = 0.779,
95% CI: 0.657~0.922, P=0.004.

U BT 7R, #EXF VEGF-a, MR-Egger BRI IGHERAA/EK -2 %1%, {H MR-PRESSO 4 A&
for tH B R SNP. i —35 R Al RadialMR 770t 1 AN 5 {E rs1256278 (WL 3). AIFRZ R HEE, MR
ST EE A R VEGF-a 5 RP 2 A7 AE 2 35 AR R BC(IVW:OR = 1.097, 95% CI: 1.004~1.198, P = 0.040).
FLAR JONRE R 7 ¥ R WL BA S K1 2 R0ME B T 1

3) REEEFLE BMI 5 RP B REXBRH P MER

AWFFLLLE BMI AHKH SNP fE 8 TR R, LI RP (EAER ROCHER) 20 I FAFE R 4 R A 2k 4T
MR 431, £ E/R, BMI 5 IL-2 2IERKREEIVW:OR = 1.119, 95% CI: 1.022~1.224, P=0.015), 5
VEGF-a HA7LE IE [ R KB (IVW:OR = 1.157, 95% CI: 1.071~1.251, P <0.001). iff BMI 5 CCL20.CXCL1
ZIAA R SRS, IR — D HA SRR . AWFFEH, BMI 5 RP RSB RSN A SR =
0.350. IL-2 I A BN A B = 0.025, FA-EEBIA 7.24%; VEGF-a (A28 K4 = 0.014, A HG N
3.86% (MLE] 4).
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Figure 2. The forest plot shows the causal association between BMI, various inflammatory factors, and RP

& 2. ZFRMERTT BMI RSMRERE TS RP Z [EHIE R KHK

Radial Estimates

10
® Variant
\% # IVW and MR-Egger Outlier
Y MW
' — MR-Egger
©
N .“§. [} S
0 3”
T T T _0.5 T T
0 5 10 15 20 25

Figure 3. The RadialMR method identified rs1256278 as an outlier
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B=0.025, R=7.24%
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Figure 4. Mediation analysis shows that IL-20 and VEGF-a mediate the causal relationship between BMI and RP
B 4. NSRS, [L-20 F1 VEGF-a £ BMI 5 RP Z [BIMIE R KB PR IFEFTER

BURME AT B R, BMI 5 IL-2 BRI SEEEfK] Global test 45 5 B2/~ P < 0.05, {HARKINEEE SNP, =
RIS, BT MR 40 M4 B35 B AR A e .

3.2. BrERE

IERT B et —DESE, BMI 5 RP Z [AF7E 1E [ A R G (IVW OR = 1.346, 95% CI: 1.146~1.581,
P <0.001). [FK}, IL-2 1 VEGF-a £ BMI 55 RP K S OCE A s A VE RS 2130 UFE . TEAHZS R 7R
FERME AN AR SR
4. g

RP J&—Fhis e AL I, R R OGBS an i, FErr SEOEATHM I T . IRk E, RP £
DIE B KRN, B ST 0 A Ry, e 2T i R O E R LRV E E E[10]. 1AM ™ H
SO R I AR TG TR R RS AR VG RE T, AR TR EME S AP . R H ARG WA
LR FBR OIS — R, HAMT BN A IR, BAAEEZ R[] B, & idE—2 R
(ST bR B AR ST #E AT

AR MR 7B iFAl BMI AT RP RN, i — P8R0 s R FAE P b B . 1205
A TR AR IR ENE, oSS RP TR AT SRBS SR AL TR ikIE . S5 ER, BMI 5
RP Z [AAEAEIE [ R S G IE,  HA%45 BAE IVW AT BWMR 2347 12445 352 £ (IVW: OR = 1.419, 95% CIL:
1.211~1.664, P =1.95 x 1075; BWMR:OR = 1.429, 95% CI: 1.214~1.682, P=1.78 x 107), S [fi] MR /3#r A& K
Pl RP 5 BMI 2 [AJ47E4E [ 7] (R S S BE(TVW:OR = 1.007, 95% CI: 0.987~1.028, P = 0.485), #&/~% 7 BMI A]
REE I 8L AR DCHLE G 0 RP (1) & A s o 8 L BAR AR W) B Bk A A rdt— 2B B B, (B G 8,
REJE T e sE A R 2 LA SRE R RP (R AE R JE

R 32 B 5w MR B A O, AT I I (i i3 AU R 98 s B ISR X BB 47 M 5B [ 12] 5 T 3 73 o
RS RP AR B ZHLHI[1]. X — KRBT REM X 2 A te, ARG RAEANABeS . e dii
FRELME R B AL R DL I B R R S . AT R, 2R RAER 75 RP FER R KH, Hh
CXCLI1. IL-2 1 VEGF-a 5 RP 2 IE[RIFHOCHE, i CCL20 #1 IL-20 5 RP £ £ [a] R R G Bk

CXCL1 2&—MZ5 3R RN IR R A R e AT 2 A A3 R AR e Rl 7, e
Rtk RN, ESES R REEEEH. AW REY, CXCL1 2RI JORE K E B R, I
FLAEE LRI A0 DR RS 75 v, BT 5 5 o PR 4 92 3 3 17 S 80000 DX I 5 368 328 A 184 0 R0 98 SR S R [13]

IL-2 F1 IL-20 85 5508 R EEMEE 7. 102 FES T 40i8EA o E %, 1 IL-20 1F
NIL-10 KR Z —, FESSERAEHLT R RRER N KA ETE RP 18N 2 FP W R AT 5%
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BB RS, A A RP B3 IR VR ARSI R TL-2 55 285 K7 KF [ 14] [15]. IL-2 ATt
PR 2R bR Al A B AN S & 1, RIS bR - AR A4, X i 5 4 A0 B A0 I S 4534 2% V) AH
5, HAEH TR JAK/STAT3 Al NF-KB {5 S8/ 5[ 16].

CCL20 s&—MZ 5 2 Fh S RE AN o2 IS A IR 1. S0t 7 B, CCL20-CCRé6 Hhim] /v 30015 )5
PR ER AR ]2 28 RE B, HAE CCR6 SRFA/NR A, LR ASFE LS, #2278 CCL20 n]Rgidid 5 CCR6
A A FH AR A 0 s B 38 [ 170 72 HLA-B27 AHSCVERI B A B b, 57K CCL20 KT, $idw
FURTREAE SRR (1 B R AR B, @ e AN FHLH S 5 R 18] [19].

FREG R PR, RAEFETIE RP AR P A E AR, GX 5 SO W AR HEAR 19 AR A ) Bk
AR =5, RP o F2 v P BE A 20 ORE [N, LA /N T 40 ML 3% 40 A S TNF-a S50 A RS, 31X
S 5% RE AR 4K AT I B2 B AR AE T, 1T RS2 2R A IR AR 1F 2 RP (19 B U0 BRFAE[20] [21]. HATIAH,
TNF-o {55856 TLR 1558 # J NLRP3 RJE/MEES S5 RP MG SR RN, 3 [FTE SuRF SR8 1 ¢
SEUEREE,  MTTTHESI LM R AR [20] [22].

H—B Ao EoR, IL-2 f1 VEGF-a £ BMI 5 RP 2 8] R SRS R4 R A e . Hdr, I0-
2 AN N B=0.025, BN 7.24%; VEGF-a [N N f=0.014, AN 3.86%. &
AR, SE@EANFALL, BRI IL-2 R (23]

BeAh, TL-2 AT SR 2R R A0HE & 4t M 75 0 B TGF-p2 3RiE, X s # X T 4ERF
MR JIES 235 A RN Th RE A4 HL AT B % S %0 R 32 Bl id JAK/STAT3 Al NF-KB 15 S5, Al (k4
TR, FE0T RS 5 P S AL I I A8 R A, AT I 2 A X R AT M SR [ 160 TL-2 SR s 35
b R A R AR EAE AR OR, TL-2 W] REIE I (2 AL AT A0 A 90E )R N2 5 RP BB AR . 4,
RP &3 HME Mtk i 12 ZAARIE T &, IR AR NAFTERF SR M SRS . R, IL-2R &
RIS R LA R R B T A I e R R AR 0%, X AME I T RES S UM B I S, FEiE— Dt
ML ER AR 24] 0 AT FUSE itk — 00 1 TL-2 7EAERES RP DR CBE R S EE R o FIEJREAR 2 (18 1 28
JEMET S RP R R 0 AR LA — e M . IERE AT S 3 M1 B E NSRS W T 40
Wb, ATRGER IL-2 3P, JEEOE JAK/STAT3. NF-KB 2815 Sl k. X LeA8 4k ml il i 4s 5 1tk A2 5 30
A JBE 5% i S [RIHR 5 L I S 54, TR JE RP (1) R AR RS

VEGF ENG W H LM AERE AN 5K h [RIRE R 4 B 2R [25] [26]. AERRIRES T, EERA{EH VEGF &
i, AT 3G I AR PR AH D% o L XU (27 BE AN, VEGF A1 52 22 Rl [0 5055 (1) 35 B9 T #E A, AL FE 4RI A
FNETEPEARVE . B TR AR RRE P8 AL R B AR 45 28] [29]. 7E RP 1, VEGF /K- FF 5 RN 2 480 B
AUHAE M 7E VEGF {9 RCS KRB b, WL IS A 28 REAH IR 3 0, #2878 VEGF 12 Y
PRI AR A5 33 P [30]. AR (0 35 1 e i b VEGF 36355 MITF-TFE SRS 71, XUeH
TAEA AL N VEGE ik B op R 3E B EAE FI[31]. X — R L0 T 2 15 0 90 e 245 % S 2R
BEXREE, HEFE SN 7 Al EEIR S R VEGE Fik, M HEIE 52 2 Rl b BE50% 1 3L R4S IE 2
—[32] IX IS FERT T SR AR I B A I e R B B . (R, AR RN, RERES
S VEGF Ft 5 1] Reidid 28 RE AR 0 T SO G 31, #F—D N RP @& . VEGF — Jy ol il 5
ma A i 22T e SO RP Z AR, 55— 77 TR SCRT e it fi S 400 Do 8 288 S R 1f 3 A i AE 3 RP 75 22
R

JEEARB TN BMIL 5 RP 2 (AR RO REEHE TR, (EEES TRIRME. 5, A7k
Z I E ZHEIMIGUE, KULHE TS R A BE MR 45 5 B 355 [H) T BA A I AR A L B R RN o AT
FEEE T 24 GWAS BHRIR, 475 %5 FE S EREA H S B Sk 0 f 5 KU, TR TE R IBY B, BMI %4
5 RP B 55k 8 T R B BRI AN BERE 2, 00 RE AR v] ek B A R BRI I 0 & s 7ESRIERT L, BMI
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A BRI /N OREAS 5 B rh A B K R e F0, RSN SS T B AR SRS A SR IO AN M, BRI B e 4
R RUERE . S0, ARFRIET RO ARE GWAS B, AR [FIAELVE TR 308 4 A R PR 515 S AR 0E 22 52,
WA FE G510 1 SRR T e i m e A TR
5. &g

g5 TR, AHFARFRUREAR MR 775952 T BMI 55 RP 2 [AZ7E PR 60E,  JEHR 40 B 7RI
— R R R IR . RGN RP OTRERIATT IR T 50 B, R 1 O T R
VETE I TF-TURIG . AR T 45 & IR SL IR R RITTE, X ABT S 4R HEAT B I00E, JEPR 2
(& . RAS AR AEE — B R, (HHCATRIL RP RIFHLE] IR KR 2 8 4 20 T i i 2
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