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Abstract

e AIM. To investigate the genetic association and
potential causal relationship between diabetic
nephropathy (DN) and diabetic retinopathy (DR), and to
elucidate their shared molecular mechanisms through
differential gene expression analysis and Mendelian
randomization (MR).

e METHODS: Transcriptomic data of DN and DR were
obtained from the Gene Expression Omnibus ( GEO)
database and analyzed for differentially expressed genes
( DEGs ). Genes meeting the significance threshold
(log2FC>1, P<0.05) were identified, followed by Gene
Ontology ( GO) and Kyoto Encyclopedia of Genes and
Genomes ( KEGG ) pathway enrichment analysis to
explore shared biological pathways. Using genome-wide
association study (GWAS) summary statistics for DN and
DR, two-sample MR analysis was performed, with DN as
the exposure and DR as the outcome. The causal effect
was primarily estimated with the inverse - variance
weighted (IVW) method, and sensitivity analyses were
conducted to assess robustness.

e RESULTS: MR analysis revealed that DN significantly
increased the risk of DR. IVW estimates indicated that the
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odds ratio ( OR) for non - proliferative DR ( NPDR) was
3.23 (95% ClI. 2.12-4.95, P<0.001), and the OR for
proliferative DR (PDR) was 1.10 (95% CI. 1.06-1.15, P<
0.001 ). DEG analysis identified several key genes,
including FN1, COL1A2, and THBS2. FN1 and COL1A2 are
involved in extracellular matrix remodeling and fibrosis,
contributing to vascular permeability alterations and
microvascular damage in diabetic complications. THBS2 is
closely associated with angiogenesis and vascular
homeostasis, suggesting its potential role in DR. KEGG
enrichment analysis showed that these DEGs were mainly
enriched in advanced glycation end products ( AGEs) -
RAGE signaling, extracellular matrix degradation, and
oxidative stress pathways, all of which are highly relevant
to the pathogenesis of DN and DR.

e CONCLUSION: This study demonstrates the genetic
association between DN and DR using MR and DEGs
analyses. The shared mechanisms, particularly involving
extracellular matrix remodeling, inflammatory response,
and angiogenesis, may serve as novel therapeutic targets
and provide a theoretical basis for the early diagnosis and
targeted treatment of diabetic complications.

e KEYWORDS: diabetic nephropathy; diabetic
retinopathy; Mendelian randomization; single nucleotide
polymorphism; differential gene expression
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be/webtools/Venn/ ) ) Venn K $i%: DN fl DR 2 [a] B H
%Z DEG,

1233 DEGs WIBEN X EEESIHT K LARESH
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SNP Cochran’s Q S 3Ed
2E 4R T -
Yot OR(95%CI) P Q Q.df Q_pval Egger i Se P
Inverse variance weighted 1.069 (1.035, 1.104) <0.001 33.66767 22 0.053079 -0.002025464 0.010936 0.854839
DR 23 MR Egger 1.075 (1.004 , 1.151) 0.052 33.61277 21 0.039849
Weighted median 1.062 (1.023, 1.102) 0.002
Inverse variance weighted 3.238(2.117 ,4.953) <0.001 116.8178 21 2.73E-15 -0.19657 0.106739 0.080417
DN NPDR 22 MR Egger 6.369 (2.792 , 14.533) <0.001 99.88088 20 1.32E-12
Weighted median 2.205 (1.455 , 3.340) <0.001
Inverse variance weighted 1.102 (1056 , 1.149) <0.001 36.07345 22 0.02982 0.008218 0.014356 0.573082
PDR 23 MR Egger 1.076 (0.984 , 1.178) 0.124 3551914 21 0.024744
Weighted median 1.082 (1.027, 1.140) 0.003
Inverse variance weighted 0.893 (0.460, 1.733) 0.739 8.054526 6 0.234136 -0.00625 0.038991 0.878997
DR 23 MR Egger 1.202 (0.030, 48.764) 0.926 8.013397 5 0.155499
Weighted median 0.932 (0.427 , 2.038) 0.861
Inverse variance weighted 0.105 (0.005 , 2.108) 0.141 2.428299 6 0.876404 0.161774 0.160955 0.360987
GFR NPDR 7 MR Egger 0.000(0.000 , 209.656) 0.259 1.418096 5 0.922324
Weighted median 0.158 (0.004 , 6.618) 0.333
Inverse variance weighted 0.768 (0.357 , 1.652) 0.499 6.595511 6 0.359877 0.004409 0.045174 0.926037
PDR 7 MR Egger 0.623 (0.009 , 45.492) 0.837 6.582967 5 0.253548
Weighted median 0.865 (0317, 2.360) 0.777
Inverse variance weighted 1.000 (0.911, 1.098) 0.995 1221762 6 0.057286 0.020469 0.046693 0.679406
DR 7 MR Egger 0.883 (0.502, 1.555) 0.685 11.76542 5 0.038147
Weighted median 1.005 (0.912, 1.107) 0.923
UACR
Inverse variance weighted 1.087 (0.754 , 1.566) 0.656 6.83071 6 0.336787 -0.09325 0.181304 0.628933
NPDR 7 MR Egger 1.916 (0.213, 17.228) 0.587 6.487465 5 0.261631
Weighted median 1.189 (0.735, 1.922) 0.481
2 DNR#XEZHRS5DRZEXZE,
REERAE Tk W% H R % SRR OR(95%CI) P
DN on DR Inverse variance weighted 23 [ 1.069 (1.035,1.104) <0.001
MR Egger 23 N 1.075 (1.004 ,1.151)  0.052
Weighted median 23 » 1062 (1.023,1.102)  0.002
Simple mode 23 [ ] 1.055 (0.987 ,1.127) 0.128
Weighted mode 23 [ 1052 (0.990,1.117)  0.114
DN on NPDR  Inverse variance weighted 22 i o 3238 (2.117 ,4953) <0.001
MR Egger 22 [ —e— 6.369(2.792 ,14.533) <0.001
Weighted median 22 i e 2.205 (1.455,3.340) <0.001
Simple mode 22 ——i 1.114 (0.609 ,2.039)  0.730
Weighted mode 22 —— 1.091 (0493 ,2414)  0.832
DN on PDR Inverse variance weighted 23 :Q 1.102 (1.056 ,1.149) <0.001
MR Egger 23 ] 1.076 (0.984 ,1.178)  0.124
Weighted median 23 " 1.082 (1.027 , 1.140) 0.003
Simple mode 23 » 1063 (0965 ,1.172)  0.228
Weighted mode 23 [ 1069 (0977 ,1.170)  0.159
UACR on DR Inverse variance weighted 7 * 1.000 (0911 ,1.098)  0.995
MR Egger 7 }—0:'—4 0.883 (0.502 ,1.555)  0.685
Weighted median i lﬂ 1.005 (0912 ,1.107) 0923
Simple mode 7 L 0974 (0.818 ,1.160)  0.778
Weighted mode 7 | ] 0.991 (0.847 , 1.160) 0914
GFR on DR Inverse variance weighted 7 I—Oi—i 0.893 (0.460 ,1.733)  0.739
MR Egger 7 ¢ + 1.202 (0.030 ,48.764)  0.926
Weighted median 7 —e— 0932 (0427 ,2.038) 0.861
Simple mode T I—O%—l 0.822 (0.227 ,2.972) 0.775
Weighted mode 7} —e—— 0.943 (0.306 ,2.906)  0.922
I

I T I I
0.1 04 1 27 74

3 DN EAEXxEEX DR B EERBEV S 7 KU F200,

2.2 DN #1 NPDR W ZERHENU B R ESH FEDN S
NPDR 1453 M7 IRl B A B 35 0 0] BRLAR G &R (/] 2-4)
IVW J5 4878 DN X NPDR 47 7F 1E BB AR 3400 (OR = 3.23,
95%CI:2.12-4.95,P<0.001) , MR Egger ( OR =6.37,95%
C1:2.79-14.53,P<0.001) & WM( OR=2.20,95%CI :1.46~
3.34,P<0.001) 45—, Cochran’s Q K% (P<0.05) #2

INAFAE SV, RCR FHBEHLAL R, TVW 43477, A WK £
RUPE (Egger #FE = -0.1966, P=0.08) . #5 K Bos =%
IEFE(ES) , B —ik Rk s @ (K& 6) . 1Ak, GFR
(OR=10.105,95% CI.0.005-2.11, P = 0.141) fl UACR
(OR=1.087,95%CI.:0.75-1.57,P=0.66) 5 NPDR & il it
ERRXR,
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75 45 )R [ 3% 77 ik L H R 2 A T OR(95%ClI) P
DN on DR Inverse variance weighted 23 y 1.069 (1.035,1.104) <0001
MR Egger 23 'H 1.075(1.004 ,1.151) 0052
Weighted median 23 L] 1.062 (1023 ,1.102)  0.002
Simple mode 23 ol 1.055 (0987 ,1.127)  0.128
Weighted mode 23 IH 1.052 (0.990 , 1.117) 0.114
DN on NPDR Inverse variance weighted =~ 22 E —— 3238 (2.117 ,4953) <0.001
MR Egger 22 ———e— 6.369 (2.792 , 14.533) <0.001
Weighted median 22 T —— 2.205 (1.455,3.340) <0.001
Simple mode 22 I—é-O—C 1.114 (0.609 , 2.039) 0.730
Weighted mode 22 I—:O—i 1.091 (0493 ,2414) 0.832
DN on PDR Inverse variance weighted 23 il 1.102 (1.056 ,1.149) <0.001
MR Egger 23 tol 1.076 (0984 ,1.178)  0.124
Weighted median 23 Iﬂ 1.082 (1.027 ,1.140)  0.003
Simple mode 23 I:O'I 1.063 (0965 ,1.172)  0.228
Weighted mode 23 (] 1.069 (0977 ,1.170)  0.159
DR on DN Inverse variance weighted 32 E e 1479 (1.206 ,1813) <0.001
MR Egger 32 !—O—l 1.428 (1.020,1.998)  0.046
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