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Abstract

¢ AIM: To investigate the causal effects of ceramides on
retinal vein occlusion (RVO) and elucidate their potential
mediating mechanisms using Mendelian randomization
(MR) analysis.
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¢ METHODS:. Genome-wide association study ( GWAS)
data for four ceramide species were utilized as exposures,
and RVO GWAS data from the FinnGen database as the
outcome. Additionally, GWAS data for 1 400 intermediate
metabolites were analyzed to identify potential mediators
in the ceramide-RVO pathway.

e RESULTS: Two ceramide species exhibited significant
causal associations with RVO: ceramide (d40.1) [ IVW OR
(95% CI): 0.750 (0.604-0.930), P<0.05] and ceramide
(d42:2) [IVW OR (95% Cl). 0.771 (0.632-0.941), P<
0.05], suggesting protective effects. Mediation analysis
revealed that ceramide ( d40. 1) influenced RVO risk
through metabolites including 3 - methylxanthine,
branched/straight - chain/cyclopropyl 10. 1 fatty acids,
glutamine, and hydroxypalmitoyl sphingomyelin.
Similarly, ceramide ( d42. 2 ) acted via N -
methylhydroxyproline, the same fatty acid group, N1 -
methyladenosine, and the leucine - to - N - palmitoyl -
sarcosinate ratio.

¢ CONCLUSION: Ceramides (d40:1) and (d42:2) confer
protection against RVO, partially mediated by specific
metabolic pathways.

e KEYWORDS: ceramide; Mendelian randomization;
retinal vein occlusion; metabolites; mediation analysis
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1k ( Mendelian randomization, MR ) J&—FlFl| F 1% 4& 25 F1E
T HAS R MW RN R 5P ssm 2 H R XRS5
Tk, MR PYREAS AR T 36 AR 19 3 4% 8 A, IR 3
DRI 52 5 B AL i AT 4 35 PR TR A 32 B4 855 [
BRI, A T 52 & AU 1 336 1) B8, DT Ay AT 2R H 7 44
BT KRB BEDLIL B

1 ZRFAE

1.1 8B ARBFIER SRR AR i A8 /R BEALAL 7 i, - 95
LTINS RVO BIAE T, 159 245 51 MR . #Em R4
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(B 1) . ARG IR, FE & s — AR
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1.2 73k

1.2.1 GWAS ##EsRiE AW R A &HEdE R A F
INILBEE M2 BEIE GWAS £3E51 ] Linda Ottensmann |
Rubina Tabassum Z£%t 7 174 Z BN ABES 5 & L Y
179 F i T ) 4 3k P 41 & Bk 43 A, 308 b & 78 GWAS
catalog( %5 GCST90277238-GCST90277416) "' . T 5
UE 2 BEREXT RVO (1 FR A0, FRATTEEHC T 1400 FpALIT
PR R R B H A TR B8 5 LT Chen 250 X6 G
NBEF 1091 Fhfin AR 54 11 300 FifC 4 Y 4 3 R4 56
BEAY BT, B8 AL HE GWAS catalog (45 GCST90199621 -
90201020) , AHIFFE RVO 1) GWAS i sk I8 T 75 22 $ 4l
J# (FinnGen) ) RO fiAS, L40 A 775 51995 6 )2 308 633 1F
WX IR FinnGen F 5% & — W MR 1) R (RN 4H =11 R, &
SIRTT 50 25525 22 AW EAR AR JEoRE BE R AR S g
BOHEAHOCI , LA T ff i WL RN B Bk . 20 H 2% 2%
PRSI AL 1A 9 P 5 B B A7 ol B AR KRR 22 1) 1 & 4R
iH

122 TETEMEE T HLENEFRIRESEST S &S
IRBEMLAGAIFFE 1) = R AR AR HEf B ST
PR, HARGE R T . (1) 5Tk R HN K AA W
R (P<1x107) By 3% AR 5 B IR 22 A5 1% (single
nucleotide polymorphism,SNP ) {3 &5,  F1E 2 FEH 41 8 3

T (P<5x107%) T3R5 SNP A FR , 3X Bl 55 05 1) I (8 i B
WP T U 2058 ™ (2) W B A
(LD) 8k %, B4 0.001 , 351525 4 10 000 B IEXT
(3) KBRIFISCSNP, (4) 5 F Geit it i b1~ SNP 1948
FFEREE DL F>10 A AFRUE,

1.2.3 ZIE/RBEVST AW R S SR BEHLIL T
L E R S BTk, B3 5 22 INALE: (inverse —variance
weighting, IVW) \MR-Egger [a] 53" s o {7 4k
faj R A AU R s . IVW BRI T Fr f SNP #F
AT HAR R, B, %0 0T DRI R i Al
HEERY D ARRBESE LA IVW S 45 5 () MR -
Egger AU A7 E0 2 | a7 2 m X vk A ASUsE =0k 48k
VW BIANTE . 55 41, A 53 1) DL v 347 A a2k 0 £ 2% 52
N2 R R BN IGTE . BT A G M7 R4.3.2 Geit ik
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TR A5 HT , S AN 43 it g [ 422 358 17 (3 it A ) A EL
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A X T] ( CT) JH Ak 2 55 IR 28 0 45 Jy 14y TR SR 380 17 R/
R Gt il Stk , BAK SN beta (B S WK 25 7 1] B 58 JiE
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et # ot A R F(4.3.2) Y TwoSampleMR |
geplot2 foreach ZEITHEHATH T 4047, DL P<0.05 Ry 22 5 A
AGitEE X,
248
2.1 MAEES RVO X & AW ILH 2] 4 Fhwh 28 e
B GWAS Bl , 439 & #h 28 ERE (d40. 1) PRIk (d40 .
2) PREMERE(d42.1) FRAMBERE (d42:2) . PRI H
28 Bk B (d40:1) (IVW OR (95% CI) +0.750 ( 0.604 —
0.930) ,P<0.05) FIfH 2 WEfE (d42:2) (IVW OR(95%CI) .
0.771(0.632-0.941) ,P<0.05) 5 RVO fF PR KR (£ 1),
DU i A e 7 R BE L AL ( BWMR ) 25 2R 5 7R 1 28 Ik Jie
(d40:1)[ OR(95%CI) :0.748(0.593-0.944) , P<0.05 ] FlI
PP (d42:2) [ OR(95%CI) :0.769(0.626-0.946) , P<

0.05]¥15 RVO TR KR, 7ERE G /Y 1] o 18 7R Rl AL
TEAF5EH RVO 5 # 2B (d40: 1) (P>0.05) i 28 I iz
(d42:2) (P>0.05) ¥ TCH RSB (£ 2) , BURMES 1Y
KEISF TS 23 (R 3) .

2.2 AR (d40.1) - Rt =¥ -RVO X F MLt
JHe (d40:1) 5 RVO 1y &R BEALIL 0 B 2 3] 5 A7k,
Hirp VW 7B B35 (P<0.05) , 1 T IVW 25 A
RERMET T, FA BRI 56 R oy (B 24)
AHIEGE A PR A o AR BEMLACBIF ST, 20 5 0 A7 T 1 28 1k
Je(d40.1) 5 1 400 PSR CFR, 1 400 FHACHEY 5
RVO BRR, VL IVW A EESHLEL UL P<0.05 HHA
B ERRIE, R B 280 AR . A
T 4 A A BN R P, 43 3 H R RS

Fx1 MWEBRKS RVO M MR 47
- " U IVW
Ery e T HA 25 OR(95%CI) P
P TENE (d40:1) RVO 28 0.750(0.604-0.930) 0.008
PHZEIENE (d40.2) RVO 21 0.861(0.700-1.060) 0.159
P (d42:1) RVO 27 0.947(0.730-1.229) 0.682
A BERE (d42:2) RVO 29 0.771(0.632-0.941) 0.010
*2 MWEEES RVO ERE MR 547 K% BWMR 4347
7y 4 T HA R Tk OR(95%CI) P
MZREERE (d40:1) RVO 28 IVW 0.750(0.604-0.930) 0.008
P2 BERE (d40:1) RVO 28 BWMR 0.748(0.593-0.944) 0.014
RVO P2 BERE (d40: 1) 60 IVW 1.019(0.998-1.040) 0.073
PRI (d42.2) RVO 29 IVW 0.771(0.632-0.941) 0.010
I BERE (d42.:2) RVO 29 BWMR 0.769(0.626-0.946) 0.013
RVO PR WERE (d42:2) 60 IVW 1.011(0.990-1.033) 0.301
*3 HFEESH
B L5 Bk z;m
Q P MR-FEgger ## SE p
PRZEMERE (d40:1) RVO 20.960  0.269 0.023 0.033  0.502
PRI (d42:2) RVO 30.573  0.289 -0.008 0.037 0.838
PHZEMERE (d40:1) 3— L H sy 26.837  0.418 -0.013 0.009 0.167
PRZEMERE (d40:1) SR HAE AN SR 10:1 IBMER - 20.833  0.751 -0.005 0.009 0.599
PZEBEME (d40:1) A AR 68.656  0.051 -0.015 0.015 0.329
PR (d40:1) BRIEAA BRI M5 d181160(OH) ] 50.878  0.053 -0.004 0.012 0.737
3-H LIS RVO 10.966  0.975 -0.034 0.033 0.314
TR AR TR N AL 101 IR RVO 19.395  0.196 -0.023 0.028 0.433
AR BN RVO 22.373  0.557 0.012 0.036 0.747
PR HLAT R T SRS B IS [ d181160( OH) ] RVO 31.489  0.343 0.014 0.030 0.655
PTG (d42:2) N-F B2 i iR 28.154  0.456 -0.015 0.011 0.212
P BERE (d42:2) LHES EEESIA I AE 101 JRIIER 44.240  0.077 0.004 0.013 0.773
B (d42:2) N1-H B 31.438  0.298 0.002 0.011 0.820
PTG (d42:2) SEERY N-AEA I R 29.884  0.369 0.000 0.010 0.974
(d18:1-16:0) By L
N-F B2 i R RVO 16.376  0.229 0.024 0.071 0.736
RN HAE TR N AL 101 SRR RVO 19.395  0.196 -0.023 0.028 0.433
N1-H AR RVO 27.515  0.596 -0.025 0.037 0.500
SRR E N-AFRmE LR RVO 15728 0.733 0.019 0.044 0.673

(d18.1-16.0) [y L&
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(3-methylxanthine ) | 3 fif 5% 5 55 5 FF T 5L 10 1 g D5 AR
(Branched—chain, straicht—chain, or cyclopropyl 10;1 fatty
acid) . & 2 Bk 1% ( Glutamine ) | 32 J& £ A Mk 56 85 5 g
[ d181160( OH) ] [ Hydroxypalmitoyl sphingomyelin( d181160
(OH) ], DITRZEMENE (d40:1) A28, LA 4 Fhik A9 1L
Yok & Jmy, A IVW B J7 9 58 B 8808 {8 S P (B AT L
2B, DL 4 Fhok i /9 A9 O 2 85, RVO 45 )5, fdi ]
IVW (5 SRR AN S P AR OLIE 2C, %5 9R 1Y
ORI R WL Y S R S 2 A (3R 3) .

2.3 HE/EE(d42:2) -RiB=M-RVO X R AW
I T MEENE (d42:2) — U -RVO BICHR,
ZEMWENE (d42:2) 5 RVO WY f f8/R BEALAL 73 Bk Y 5 Fh
Jrkd VW BAT 8 2P (P<0.05) (&1 3) . Bl 430l 4y
Br T2 mEHE (d42:2) 5 1 400 FRIHIAGE R L1 400 Fh
RIS RVO BICR, L IVW B R ESH LR L P<
0.05 K HAT Wi PEpR e, it th 4 b A A 200 9 A5
W AW e, e N - R A R (N -
methylhydroxyproline ) | 2 4% 5% 5% ol FA A 3 10 1 B8 B R
(Branched—-chain, straight—chain, or cyclopropyl 10:1 fatty

A method nsnp pval
MR Egger 28 0.104 i
Weighted median 28 0.117

acid) \N1-H FZE IR ( N1 —methyladenosine ) ERMBYE N-
FrAE mE L& R (d18:1-16:0) AY kb 2R ( Leucine to N -
palmitoyl —sphingosine (d18:1 to 16:0) ratio) (&l 3), LIt
Mk (d42.2) 2R, DL 4 ik R o g5 R 18
VW B9 T5 AT BB AR & P AT DL 3B, LA 4 Fhik
FE MY N R 68 RVO A4 )R I IVW (9 5 5
RO AH S PAETT ULIEI 3C, 25 AL BR ) 43 A 34 2 DL B Wk 7y

SRS 2Rk (R 3) .
2.4 ol LBy Ar, Al S R g i

(d40:1) 5 RVO B BV {E A beta (95% CI) = —0.288
(-0.504--0.072) . FH UL FRATTIA A 1ft 2 Bk e (d40 1) X
RVO 2 —F IR Z, it , AT 20 b 22 B R
(40 1) 38 3 R 2 FEAE AR I FE R B IR [ d181160( OH) [
AN beta(95%CI) = —0.025( —0.084-0.034) ] FI4 & ik iz
[ THA %% beta (95% C1) = —0.032 (—0.099-0.035) ] F& 1%
RVO [ A3 AU, SR, FRA T & B 2 B e ( 402 1) i 3k
VA S e Bl T B R TN 101 B DR [ A RLNE beta
(95%CI)= 0.019( -0.032-0.070) ] .3~ ¥ J5L & I [ o) %
I beta(95%CI)= 0.018( -0.053-0.088) ] I & RVO )k J%

or (95% Cl)
0.634 (0.374 - 1.076)
0.771 (0.557 - 1.068)

beta (95% Cl)
-0.456 (-0.985 - 0.074)
-0.260 (-0.586 - 0.066)

Inverse variance weighted 28 0.009 ez 0.750 (0.604 - 0.930) -0.288 (-0.504 - -0.072)
Simple mode 28 0.489 0.823 (0.477 - 1.420) -0.195 (-0.741 - 0.351)
Weighted mode 28 0.154 —e—t 0.775 (0.552 - 1.089) -0.254 (-0.594 - 0.085)

|

B 0 1 2
id nsnp pval beta (95% CI)
3—-methylxanthine 28 0.047 >—-—‘ —-0.064 (-0.128 — -0.001)
fatty acid ® 28 0.014 —— -0.073 (-0.132 - -0.015)
Glutamine 28 0.026 —_— -0.113 (-0.212 - -0.014)
Hydroxypalmitoyl sphingomyelin (d181160(0OH))28 0.024 : -0.094 (-0.175 - -0.012)

T T | §
-0.2 -0.1 o]

C id nsnp pval or (95% CI) beta (95% CI)
3-methylxanthine 24 0.036 e 0.760 (0.588 — 0.983) -0.275 (-0.532 - -0.018)
fatty acid ? 17 0.012 — 0.774 (0.635 - 0.944) —0.256 (-0.454 — —0.057)
Glutamine 26 0.019 —— 1.326 (1.048 - 1.678) 0.282 (0.047 - 0.517)
Hydroxypalmitoyl sphingomyelin (d181160(0OH))31 0.017 ‘»—-—< 1.306 (1.049 - 1.625) 0.267 (0.048 - 0.486)

[ T T
0 0.5 1 1.5 2

2 HEEERR(d40:1) -~ #-RVO BIXFE A MM (d40:1) 15 RVO ZIAISCHRH) MR AGTHE ; B 2 BENE (d40: 1) 5k
R 2 ] B MR Al 3HE; C. @ RIS RVO Z [ 6B MR i 11{H. a:fatty acid: Branched—chain, straight—chain, or
cyclopropyl 101 fatty acid,

A Method nsnp pval or (95% Cl) beta (95% Cl)
MR Egger 29 0.437 ————— 0.811(0.482 - 1.365) -0.209 (-0.730 - 0.311)
Weighted median 29 0.057 — 0.748 (0.555 - 1.008) -0.290 (-0.589 - 0.008)
Inverse variance weighted 29 0.010 —— 0.771 (0.632 - 0.941) -0.260 (-0.459 - -0.061)
Simple mode 29 0.297 ——e——— 0.747 (0.436 - 1.279) -0.292 (-0.830 - 0.246)
Weighted mode 29 0.113 — 0.747 (0.526 - 1.060) -0.292 (-0.642 - 0.058)

o 05 1 15

B ia nsnp pval beta (95% CI)
N-methylhydroxyproline 30 0.035 e 0.070 (0.005 — 0.134)
fatty acid @ 30 0.047 . -0.071 (-0.141 — —0.001)
N1-methyladenosine 30 0.038 : —-0.062 (-0.120 — —0.004)
Leucine to sphingosineb 30 0.018 '—-—'v -0.069 (-0.126 — -0.012)

—6.1 0 0?1

Cid nsnp pval or (95% Cl) beta (95% Cl)
N-methylhydroxyproline 15 0.011 —— 0.556 (0.354 - 0.876) -0.586 (-1.040 - -0.133)
fatty acid 17 0.012 .— 0.774 (0.635 - 0.944) -0.256 (-0.454 - -0.057)
N1-methyladenosine 32 0.021 ce 0.740 (0.573 - 0.955) -0.301 (-0.557 - -0.046)
Leucine to sphingosineb 22 <0.001 1763 (1.278 - 2.433)  0.567 (0.245 - 0.889)

T T T T
0 05 1 15 2 25
3 MR (d42:2) -RIFF=H-RVO KX R A LML (d42.2) 5 RVO ZICHRAY MR Al THE ; B AP Z2BERE (d42.2) 5
R Z (8] B MR Al HE; C i @R 5 RVO Z [ 6Bk MR Al i1{E, a:fatty acid; Branched —chain, straight—chain, or
cyclopropyl 101 fatty acid;b:Leucine to N-palmitoyl-sphingosine (d181 to 160) ratio,
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Hydroxypalmitoyl sphingomyelin (d181160(OH)) (/M 38iibeta(95%Cl)=-0.025 (-0.084-0.034) )

~

e

\\

. s
Ceramide (d40:1) ——— S T
\\\i—\\\\\\ 2)

4

~ Glutamine(sh N ¥iibeta(95%Cl)=-0.032 (-0.099-0.035) )

- 99
.

e

~ ~

. 8
= 8
‘\\\

T P

/

= ik
//

3-methylxanthine(sh /M iIbeta(95%Cl1)=0.018 (-0.053-0.088) )

4 HAWEAR (d40:1) I8 RVO B R E P36,

Leucine to N-palmitoyl-sphingosine (d181 to 160) ratio(F 1t #iibeta(95%Cl)=-0.039 (-0.221-0.144) )

>
A o
/// e
N-methylhydroxyproline(sh/}38iibeta(95%Cl)=-0.041 (-0.307-0.225) ) \\\
\\\ N
\\\\\\
=
/’////// o — RVO
Ceramide (d42:2) :';6(??%01)'-0260(-0.4& /
\k\
e /

—
Fatty acid(P/M8ibeta(95%Cl)=0.018 (-0.033-0.069) ) /

/
/

vl

N1-methyladenosine(sfMgiiibeta(95%Cl)=0.019 (-0.058-0.096) )

5 MERAR(d42:2) i RVO BN R E P AR,

AR (B 4) , MABERE (d42.2) AR E RVO AYfE Y
R BB beta(95%CI) = -0.260( —0.459--0.061) ], H:
L R S R S N AR LR (d18:1-16.0) T HL
R HPAROV beta(95% CI) = —0.039 ( —0.221-0.144) ] F1
N—FH L 5528 I 20 2 [ A BN beta (95% CI) = - 0. 041
(=0.307-0.225) T AR RVO F & 9 XU, T 188 3 81 4 S e
S EEEER AL 10:1 BEITER [ AR beta (95%CI) =
0.018(-0.033-0.069) ] F1 N1 — H 3 it 4 [ H A 200 beta
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