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[ Abstract] Background Obesity can influence the occurrence and progression of diabetic retinopathy (DR)
through various pathways, however there are limited studies on the mediation of DR by obesity through non-lipid metabolic

pathways. Objective To investigate the mediating role of non-lipid metabolites in the relationship between obesity and DR.
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Methods In August 2023, we utilized genome—wide association study ( GWAS ) data and conducted Mendelian randomization
(MR ) analysis to explore the mediating role of non-lipid metabolites in the association between obesity and DR. Results BMI
(OR=1.78, P=53E-12) and waist—to—hip ratio (WHR) (OR=191, P=13E-10) was associated with increased risk of

DR, respectively. Lower levels of isoleucine ( OR=0.62, P=0.039) , pyruvate ( OR=0.60, P=0.039) , albumin ( OR=0.65,

P=0.002) , glycoprotein (OR=0.92, P=0.002) , and decreased ratio of dienes to double bonds ( OR=0.93, P=0.048)

was associated with increased risk of DR, respectively. Positive causal associations were observed between BMI and isoleucine
(OR=1.21, P=1.0E-08) , glycoprotein ( OR=1.33, P=3.2E-14) , pyruvate ( OR=1.08, P=0.03) , and negative causal

associations with albumin ( OR=0.93, P=0.04) and the ratio of dienes to double bonds ( OR=0.82, P=2.8E-05) . Positive
causal associations were also found between WHR and isoleucine ( OR=1.34, P=3.4E-08) and glycoprotein ( OR=1.26,

P=1.2E-04) . Isoleucine ( B =-0.16, P=0.019) , glycoprotein ( B8 =-0.05, P=0.029) , pyruvate ( 8=-0.07,

P=0.027 ) , and the ratio of dienes to double bonds ( 8=0.02, P=0.036) mediated the causal association between BMI and

DR, while isoleucine ( B=-0.21, P=7.2E-04) and glycoprotein ( B=-0.03, P=0.031) mediated the causal association

between WHR and DR. Conclusion Obesity has a positive causal association with DR, with BMI's association with DR

mediated by isoleucine, glycoprotein, pyruvate, and the ratio of dienes to double bonds, and WHR's association with DR
mediated by isoleucine and glycoprotein. Non—lipid metabolic products play a mediating role between obesity and DR.
[ Key words ]  Diabetic retinopathy; Obesity; Metabolomics; Non-lipid metabolites; Body mass index, Waist—to—

hip ratio; Mendelian randomization analysis
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Figure 1 Diagram of the two—sample Mendelian randomization assumption
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Table 1 General information of GWAS for traits included in the study

PubMed ] SNP
[DIERERON ID/ Hid FEA R (B 7 Ak
3 (1)
EHRHER
BMI 806 834 312
30239722
WHR 697 734 209
AR
ERg A 27005778 12 134~24 923 155
)5
DR 5988/314 042 ( 5255 / XFHE) —
PDR FinnGen 2 222/314 042 ( 5256 / X&) —
NPDR 3 446/314 042 ( 5255 / XFIR ) —

T: GWAS= 2FLHYISCHE M, WHR= I ., DR= M hRHE M
PSS, PDR= S4TE MR DRI AL SR A% . NPDR= AEH4TE M I
PG AE s FinnGen= 25224 P84T, SNP= R 28, nTH
SNP {3 58U 3R 25 BRIEE DU F 4 5 90 AR SNP (37 80800, — 3R
Ri& .

1.3 HiREEE

M PubMed. IEU OpenGWAS project ( mreieu.ac.uk )
KR GWAS ™ (R SE N B E K LRSS
BMI, WHR. 21 Ff R B ¢ B9 B IR 2 25
PE (SNP) fii 5 (P<5x 107°) JHEA T HAR . i FIER
T N R 30 H 42 35 RE DA 2 7% LATEAS SNP 37
5 2 JA] B NS (linkage disequilibrium, LD) , i
BT SNP (R*<0.001, FEES >10 000 kb ) JH-EN TH
ARt IRUEAN A SNP 37 s A i 5 5 R S 45 )R
FoHE, {4 ] PhenoScanner £ JE Xt 5 SNP 3 5 4T
iy, IR F A PR PR B, PEAL
PRI T HAR R R4 TR . F R AR
W 2
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ZIAIAETE S Bk, DRtk FHBEHLALON, TVW #5281 MR
Egger [ =% A #1034 oK ke K 230 (£3) .
MR PRESSO 4 #7455 .78, DR ) GWAS HA] BEAF
1€ BMI. WHR fi £ % ¥ SNP 13 /5, PDR i GWAS
A BEAEAE BMI B9 250 SNP i 5, (HAEASIE B BHE IS
IITEERIEAR AR (£ 3~4) o FH—E0WrEsRER,
U R A SNP AL 19 IVW Z3 B85 R 5 90 A 488
SNP 7 s IVW S3 4l SR A —F, BV DU 30 A A 11

RO AMAS T E SNP ALk

#& 2 BMI. WHR %I DR 50 MR 434745

Table 2 MR analysis results of impact of BMI and WHR on diabetic

retinopathy
i 25 )5 DR OR (95%CI ) SE PAH
SES
VW 1.78(1.51~2.09) 0.08 5.3E-12
weighted median ~ 2.00( 1.57~2.54) 0.12 1.6E-08
BMI MR Egger [F[J93%  2.23(1.50~3.31) 020 9.2E-05
weighted mode 2.23(1.35~3.68) 0.26 1.9E-03
bR MR RAPS 1.76( 1.54~2.02) 0.07 22E-16
VW 191(1.57~233) 0.10 1.3E-10
weighted median ~ 1.72(1.30~2.26 )  0.14 1.2E-04
WHR MR Egger [FIJ9%5  1.30(0.78~2.15) 026 0315
weighted mode 1.55(0.98~2.46) 024  0.065
MR RAPS 1.93(1.63~2.29) 0.09 2.2E-14
IVW 1.30( 1.14~1.47)  0.06 5.7E-05
weighted median ~ 1.13(0.89~1.43) 0.12  0.308
BMI MR Egger [FIJ975  1.40(1.03~1.90) 0.16  0.034
weighted mode 1.00(0.71~1.40)  0.17  0.978
DR MR RAPS 1.30( 1.16~1.46) 0.06 7.5E-06
VW 1.51(1.30~1.76)  0.08 8.1E-08
weighted median ~ 1.66( 1.29~2.13)  0.13  6.9E-05
WHR MR Egger [E[J9%5  1.53(1.04~2.26) 020  0.034
weighted mode 1.67(1.20~2.33) 0.17 2.7E-03
MR RAPS 1.49(1.29~1.72) 0.07 4.2E-08
IVW 1.81(1.52~2.17)  0.09 9.4E-11
weighted median ~ 2.38(1.69~3.36) 0.18 7.3E-07
BMI MR Egger [FJ9%5  2.12(1.34~3.38) 0.24 1.6E-03
weighted mode 2.46(1.49~4.08) 026 5.3E-04
MR RAPS 1.80( 1.51~2.15)  0.09 9.5E-11
NPDR
VW 1.78(1.40~227) 0.12 2.6E-06
weighted median ~ 1.44(0.99~2.10) 0.19  0.060
WHR MR Egger [F[J9%%  1.29(0.69~2.39) 032  0.426
weighted mode 1.30(0.68~2.49) 033  0.435
MR RAPS 1.76( 1.41~2.20)  0.11 5.2E-07

. MR= & fE/RENLL, TVW= 07 2200802, weighted median=
TP 0, weighted mode= AU, MR-RAPS= fafilt i 5 4%
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H3HE Cochran's Q Kigu g A, X HA 5 5k %k
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PDR (1) GWAS TR REAEAE BRI A1 FIBEER 1 S kb
VIR 22850 SNP A a5, (HZRBRESRHES MR 2 Hras
WAE (F£7) . B—EOWERER, BEHBE SNP
P AE, AR T HAR 5 rh HLAA X 45 9 52 i (1) SNP
7 15
24 BMI. WHR 3t3EfE RIS #1893 0

IVW 3 g i B os, BMI 5 %3 &R (OR=1.21,

Ei—,
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Table 3 Heterogeneity and pleiotropy test for MR analysis results of impact
of BMI and WHR on diabetic retinopathy

P 22 R AG 3

2 s Cochran's ) K55 MR Egger ik MR PRESSO #
HE 0ff Pl W Pf RSSobs'  Pff
DR 41008 <0001  -0.004 0220 41354  <0.001

BMI  PDR 34394 0018  -0002 0340 34708 0017
NPDR 32597 0083 0003 0468 32823  0.088
DR 26493 <0001 0007 0104 26855  <0.001

WHR PDR 21756  0.128 0003 0947 21972 0132
NPDR 23117 0.039 0006 0264 23889  0.050

e " FK RSSobs K MR PRESSO 4 Jai K 4k

#F 4 % MR PRESSO & IE B A5 BMI, WHR %I DR 5219 MR

VA [t N
Table 4 Corrected MR analysis results of impact of BMI and WHR on
diabetic retinopathy by MR PRESSO
FRBEHRNE 45 MR T OR (95%CI ) P
DR BRI 1.78 (1.51~2.09) 3.3E-11
- HEIEA 1.81 (1.55~2.12) 1.4E-12
BRI TE 1.30 (1.14~1.47) 7.3E-05
PDR
A NA NA
SRR TE 1.91 (1.57~2.33) 9.8E-10
WHR DR
FEIEAE 1.92 (1.59~2.32) 1.6E-10

TE: NA FoRJoib il
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Figure 2 Forest plot for MR analysis results of impact of BMI and WHR on
diabetic retinopathy
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Figure 3 Forest plot for MR analysis results of impact of nonlipid metabolites on diabetic retinopathy
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x5 ARNEFIHIA DR I MR ZMHr4s 5 ® 6 ARNRTRIHIYS DR M MR 34 R S VE R Z A0 MR
Table 5 MR analysis results of impact of nonlipid metabolites on diabetic UnestS
retinopathy Table 6 Heterogeneity and pleiotropy test for MR analysis results of impact
REHE ) AW OR (95%CI) SE P of nonlipid metabolites on diabetic retinopathy
I e - Cochran’s O #%%  MR Egger #ffitk MR PRESSO 1%
REEHR DR Waldratio 062 (040-098) 023 0.039 Qfi P #E P RSSobs P
Bl TR
VW 0.65 (049-0.86) 014 0,002 DR - = - - - -
weighted median 063 (050-0.87) 0.6 0,005 Jem PR — = - - = =
DR MR Egger EHEE 059 (021~1.66) 053 0499 NPDR - — = - - - -
weighted mode 063 (043-092) 020 0011 DR 260 0458 0092 0255 488 0508
MR RAPS 065 (049-087) 0I5 0004 AR PDR 062 0891  -0021 0718 087 0921
VW 066 (053-083) 012 <0001 NPDR 362 0306 0123 0250 568 0416
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Table 7 Corrected MR analysis results of impact of nonlipid metabolites on
diabetic retinopathy by MR PRESSO
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Figure 4 [Forest plot for MR analysis results of impact of BMI and WHR on nonlipid metabolites
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Table 8 MR analysis results of impact of BMI and WHR on nonlipid SRR
metabolites Table 9  Heterogeneity and pleiotropy test for MR analysis results of
RERE e I OR (95%CI ) SE P impact of BMI and WHR on nonlipid metabolites
VW 121 (1.14~130) 003  1.0E-08 R s Cochran's Q f&%; MR Egger [1])93:
weighted Median 127 (1.14~142) 006  1.5E-05 ZES B oL  PME R P1H
SREEMR MR Egger M 135 (1.14~1.58 0.08  39E-04 SR 31275 0.460 -0.002  0.170
weighted mode 1.33 (L12~1.58 0.09  14E-03 HEH 286.38  0.840 0.0004  0.790
MR-RAPS 122 (1.16~1.28 0.03  34E-11 BMI BHE 307.72  0.540 ~0.002  0.340
A7 Do) Ul (el L 32934 0230  -0.0016 0.280
weighted Median 093 (0.80~1.06) 007 0278 SURIES IR 33475 0070 0.0001  0.950
&M MR Egger % 091 (0.76~1.09) 009 0300 S SIG5E  <naml | 0D 0650
weighted mode 089 (0.73~1.08) 010 0243 HEH 383 0910 00007 0760
MR-RAPS 0.93 (0.88-0.96)  0.03  0.016

WHR BHEH 34036  <0.001 0.002 0420

VW 1.33 (1.23~1.43 0.04  32E-14

) , TRAR 265.59 <0.001  0.0009 0.710
weighted Median 143 (1.27~1.61 0.06  5.8E-09
BMI iR MR Egger [l3% 144 (120~1.72) 009  9.5E-05 PRI SIHRE R 24740 0030 0004 0.200
weighted mode 0.99 (0.76~1.28 0.09 0.912
MR-RAPS 132 (124~140) 004 39E-12 WK B E DR BN ARG, 1Ak, 18dER
vw 108 (101~116)  0.04 0,031 JE AL N B T RE R DR kA . RS, X —TJ5 1
weighted Median — 1.11 (0.97~1.25 007 0117 ] G2 PR 8 A E N T B AN AT W E M, 4R S5k
R MR Egger [lIHE:  1.17 (0.99~1.39 008  0.064 EE B L . L R EACET S s T — T
we nle o RSB RAEEERR, RS
VW 082 (0.75-090) 005  2.8E-05 BRI AUFERER, AEARLS DR,

weighted Median 081 (0.69-093) 007  43E~03 PDR. NPDR At ¢, SREEMFSE 4 R —3

Zéﬁ%ﬁf; PR Bgger B 082 (065-102) 001 0081 HAINES 2 BV RS %38, DR R BYES IR N PN iR
weighted mode 078 (062-098)  0.1L 0028 HKOFREAR, 5 XTA %5 12 JEAT i — T E DT R B,
MR-RAPS 082
RPN LM R A T BT R
weighted Median 146 (127-167)  0.07  14E-07 - LIRS T 1, b7 Bl He
SE R MREgeerFIH%E 142 (107-188) 015 0022 DR fUtREY) . ABFFLER N, WERRRFEIES DR &
weightedmode 166 (130-212)  0.13  73E~05 SRS TR A O, (HAR AN EIR S DR ZRIfF7E R 2R
MR-RAPS 136 (124~147) 005  7.7E-10 B, MR EIST . BAIE
VW 1.04 (0.95~1.15

005 039 P AL R B o ML B 255 PR ) 2 P
O W, TR I TR
oo os  VRPUSZHEEIERS B ICACIYIR I S AR R
o s CEMBRTFHEEIEAIG. MA % VBRI, [ EIET
006 12E-04 FR AR S B FE R 1Y S BRI BCAT2 4 I 5 e 57 it B /)N
009 28E-03 BRI (0 G R S B /N B AR ST B IS TR A SR A
0.6 0502 PE, FERIEITZHZ R BCAT2 Wb T S0 bk S 3L R e I 1Y

0.15 0.123

weighted Median 1.00
H&EH MR Egger HIHi%:  1.08
weighted mode 0.90

0.86~1.16
0.83~1.40
0.61~1.31
0.96~1.15
1.12~1.42
1.10~1.57
0.81~1.53
0.61~1.06

MR-RAPS 1.04
VW 1.26
weighted Median 1.32
WHR A MR Egger FIH%: 111
weighted mode 0.80

TR A A R, &AL PR 45K 888K 1 16 ( Prdm16)

MR-RAPS 126 (L14-140) 005  3.8E-06 e e
- L0 (08.113) 005 0517 CRALAKE TR, DR 3 4% 5 T Prdm16 Flid 51k
weighted Median 109 (0.95-125) 007 0.203 YIRS HAG Z K v (PPARy ) BUAHEARI, {2

PR MR Egger I3 098 (076-128) 0.7 0906 WG EitE A . — TSGR, IEfERE
weightedmode 109 (086-137) 0.2 0473 BESLRG (ZEAR . SRS . AR ) BT 1Y,
MR-RAPS 103 (095-111) 004 0460 R4 E . BMI. WHR 15 525 4 5 1 i)
VW 091 (081-103) 006 0130

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

WM“;““3E“ DR fE R . IR0 A 25 A R K T AR A

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

)

; SOCHE, SRR B TR S LR
)
)
)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
VW 1.34 (1.21~1.48
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

e weighted Median 096 (0.80~1.16) 0.1 0.710 o .
% e SONR Bgger BUFE 111 (080-153) 017 0541 %, FUERTES-MARTIN 4 " 8 50iA 0, HE & F ?
weightedmode 094 (071~124) 014 0656 A F2 B L PP S Al B AT i v 4 B R VB A2 A
MR-RAPS 092 (0.84~1.01) 005  0.095 Y. AW R BN, BMI. WHR ¥ 5888 4 £ 1F

FEHIM  hitps://www.cnki.net



F ] %1

GP meaznEz

20254E7H £28% £218 https//www.chinagp.net  E-mail:zgqkyx@chinagp.net.cn  +2633+
£ 10 AEPRFUCHMZEIERE S DR b A-VEFH Y TSMR 434745 5
Table 10 Two step MR analysis results of mediating effect of nonlipid metabolites between obesity and diabetic retinopathy
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