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Interaction of TCM syndrome elements and pathogenesis of type 2
diabetic retinopathy complicated with nephropathy
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Hunan University of Chinese Medicine, Changsha, Hunan 410208, China

[Abstract] Objective To explore the distribution and interaction patterns of TCM syndrome elements for type 2 diabetic
retinopathy (DR) complicated with diabetic kidney disease (DKD), analyze the associated risk factors, and explore the evolutionary
pathogenesis based on DKD staging, thereby providing evidence for integrated Chinese and Western medicine prevention and
treatment. Methods A retrospective analysis was conducted on 1 453 patients with DR admitted to the First Hospital of Hunan
University of Chinese Medicine from January 2018 to June 2023, comprising 930 patients with DKD and 523 without DKD. Among
them, 793 DKD cases had available staging data. Statistical analysis, multivariate logistic regression, and SHAP analysis were used
to evaluate the distribution and interaction of syndrome elements. Results In DR patients, the disease locations were predominantly
the kidney, spleen, and lung, while the disease characteristics were mainly yin deficiency, qi deficiency, and heat. DKD patients
were generally older, with higher proportions of males and hypertension, and the disease locations were mainly the liver and kidney,

with disease characteristics dominated by dampness, toxin, blood deficiency, essence deficiency, and water retention. With the
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progression of DKD stages, the kidney consistently ranked first in terms of disease location, with its proportion gradually increasing.
The lung and stomach were more prevalent in stages I-Ill but significantly decreased in the advanced stages. The spleen had a
higher proportion in stages I —II; while the liver's role became more pronounced in stages IV-V. Dampness, toxin, and water
retention increased in the later stage, whereas fluid deficiency, heat, and dryness were more common in the earlier stage. Logistic
regression revealed that male gender, advanced age, hypertension, kidney, dampness, toxin, and water retention were independent
risk factors. SHapley Additive exPlanations (SHAP) analysis indicated that the interactions between "kidney x dampness" and
"kidney x toxin" were the strongest, surpassing the importance of traditional Western medical risk factors. Conclusion The TCM
pathogenesis of DR complicated with DKD presents a dynamic evolution from "yin deficiency and dryness—heat" to "yin and yang
deficiency complicated with water—dampness, turbidity and toxin." The kidney serves as the core disease location, with "dampness"
and "toxin" being key pathological products. "Kidney deficiency with dampness accumulation transforming into toxin" represents the
core pathogenesis. Pattern identification-based intervention according to staging characteristics of syndrome elements can provide
clinical guidance for the prevention and treatment of this comorbidity.

(Keywords] diabetic retinopathy; diabetic nephropathy; TCM syndrome elements; logistic regression; SHAP analysis
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Table 1 Comparison of general data between DR patients with and without DKD

ZH 51 n e T PERI S 1, ] HbA1¢/[M(Q,,Q5), %] 5 LR/ (%)] w2 G ILAE/[ 151 (% )]

DKD 930 66(57,73) 517/413 75(6.5,9.1) 729(78.4) 241(25.9)
NDKD 523 63(56,71) 204/319 7.9(6.8,9.8) 298(57.0) 122(23.3)
Zh i -3.095 35.420 -4.622 74.033 1.195

P 0.002 <0.001 <0.001 <0.001 0.274
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*2 DR BEBEPERALS T (n=1 453)
Table 2 Distribution of overall TCM disease locations in

DR patients (n=1 453)
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#3 DR EBEREPERENT (n=1 453)
Table 3 Distribution of overall TCM disease

characteristics in DR patients (n=1 453)
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Table 4 Comparison of TCM disease locations between

Type 2 DR patients with and without DKD [n(%)]
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= 709(76.24) 249(47.61) 122129 <0.001
H 105(11.29) 81(15.49) 5.283 0.022
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Table 5 Comparison of TCM disease characteristics

between DR Patients with and without DKD [n(%)]

St DKD(n=930)  NDKD(n=523) XCAH P1y
B 186(20.00) 149(28.49) 13.600  <0.001
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FH 2 276(29.68) 22(4.21) 133211  <0.001
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MK 264(28.39) 33(6.31) 100330  <0.001
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i 338(36.34) 34(6.50) 15652  <0.001
K% 217(23.33) 8(1.53) 121,599 <0.001
# 267(28.71) 194(37.09) 10.863 0.001
7 264(28.39) 3(0.57) 172.649  <0.001
1 152(16.34) 131(25.05) 16.169  <0.001
IS 84(9.03) 67(12.81) 5.132 0.023
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Table 6 Comparison of TCM disease locations in DR patients with different DKD stages [n(%)]

DKD 43 (n=793)
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jits 182 2(7.7) 16(14.3) 21(12.1) 34(20.2) 109(34.8) 45.483 <0.001
i 259 8(30.8) 52(46.4) 77(44.3) 59(35.1) 63(20.1) 43.142 <0.001
Jili 183 15(57.7) 44(39.3) 66(37.9) 35(20.8) 23(7.3) 99.851 <0.001
5 609 18(69.2) 66(58.9) 120(69.0) 122(72.6) 283(90.4) 61.114 <0.001
g 86 4(15.4) 21(18.8) 40(23.0) 15(8.9) 6(1.9) 60.773 <0.001
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Table 7 Comparison of TCM disease characteristics among DR patients with different DKD stages [n(%)]

DKD 43+ (n=793)

P 1tk n X1 PiE
1 1 (n=26) I #(n=112) 4 (n=174) Vi (n=168) Vi#¥ll(n=313)
e 154 12(46.2) 36(32.1) 59(33.9) 26(15.5) 21(6.7) 80.785 <0.001
L e 215 1(3.8) 9(8.0) 26(14.9) 34(20.2) 145(46.3) 103.276 <0.001
VH 253 1(3.8) 8(7.1) 10(5.7) 35(20.8) 199(63.6) 249.843 <0.001
¥ 594 19(73.1) 84(75.0) 135(77.6) 112(66.7) 244(78.0) 8.327 0.08
ity 242 0(0.0) 8(7.1) 13(7.5) 36(21.4) 185(59.1) 211.048 <0.001
S 483 13(50.0) 63(56.3) 96(55.2) 90(53.6) 221(70.6) 20.888 <0.001
15 309 5(19.2) 12(10.7) 17(9.8) 57(33.9) 218(69.6) 229.902 <0.001
Kz 198 0(0.0) 14(12.5) 13(7.5) 48(28.6) 123(39.3) 81.847 <0.001
# 226 13(50.0) 43(38.4) 67(38.5) 51(30.4) 52(16.6) 41.813 <0.001
% 245 0(0.0) 3(2.7) 5(2.9) 35(20.8) 202(64.5) 291.269 <0.001
b 124 9(34.6) 31(27.7) 43(24.7) 24(14.3) 17(54) 55.22 <0.001
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Table 8 Results of multivariate logistic regression analysis for DR complicated with DKD

5t B PR Rk Pl OR fii 2%
TR R
ERI(H) 0.638 0.133 22.997 0.000 1.893 1.458 2.456
A 0.022 0.006 12.323 0.000 1.022 1.010 1.035
HbAlc 0.028 0.031 0.791 0.374 1.028 0.967 1.093
= ML 0.681 0.140 23.584 0.000 1.976 1.501 2.601
i 0.348 0.186 3.506 0.061 1.417 0.984 2.040
IR 0.838 0.160 27.593 0.000 2311 1.691 3.160
S il -0.197 0.160 1.514 0.218 0.821 0.600 1.124
SIOATE 0.068 0.233 0.085 0.771 1.070 0.678 1.690
S P 0.135 0.159 0.718 0.397 1.144 0.838 1.564
-1 1.036 0.265 15.261 0.000 2.817 1.675 4736
S P PH i 0.235 0.303 0.602 0.438 1.265 0.698 2.292
st -0.233 0.230 1.026 0.311 0.792 0.505 1.243
FitE— 2.764 0.637 18.809 0.000 15.861 4.548 55310
g P 1l e -0.039 0.276 0.020 0.889 0.962 0.560 1.653
WitkE-HE 5 0.085 0.244 0.122 0.726 1.089 0.675 1.758
otk 45 1.963 0.391 25.186 0.000 7.121 3.308 15.328
-t 0.103 0.217 0.226 0.634 1.108 0.725 1.695
i 0.355 0.271 1.717 0.190 1.427 0.838 2.428
g P 1ML 0.047 0.205 0.052 0.819 1.048 0.702 1.566
W -2.985 0.532 31.484 0.000 0.051
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Fig.1 Importance ranking of original and interaction

features (top 20 items shown)
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Fig.3 SHAP dependence plot for interaction terms
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