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Analysis of key influencing factors and risk prediction of diabetic
retinopathy
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Abstract: Objective To explore the key influencing factors of diabetic retinopathy (DR), analyze the current situation of DR,
and construct a risk prediction model. Methods Based on the diabetic complication early warning data set published by the
national population and health science data sharing platform, the key influencing factors of DR were obtained by univariate
and multivariate Logistic regression analyses. The entropy weighting method, the Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS), and the rank—sum ratio (RSR) were used to quantify the risk of DR development in patients and
stratified into three levels: high, medium, and low. Logistic regression, random forest, and support vector machine models
were constructed, respectively, and model fusion was performed using voting, averaging, and weighted averaging to evaluate
the model predictive effect and obtain the best predictive model. Results Finally, 14 indexes including age and hyperlipi-
demia were extracted as key influencing factors. The stratification results showed that there were 50 diabetic patients without
DR in this data set with a risk of about 82.99%, which was a high-risk group for DR and needed more attention. The best
prediction effect was obtained from the voting machine fusion model (Acc: 80.18%, F1: 0.7868). Conclusion The key influ-
encing factors of DR are analyzed, providing the direction of treatment and prevention. The low, medium, and high —risk
groups of DR are classified for risk early warning. By comparing the effect between the models, the prediction model of mor-
bidity risk of DR is constructed, providing insights for clinical early warning and data analysis.
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Table 1 Basic information of variables
Eits FEIE i b (%) ek FRHE N (%) HE ks Min  Max (x+s)
A INES 0=l 46.50 | .LJJUAE 0= A 93.64 | MLILEF(umol/L) 29.6 1300.8 110.88 = 122.14
1= BRI &
5 = & 3 $( % 3 58.04 + 11.
- 53.50 b 1= B 6.36 | (%) 19 93 58.04+11.02
OIREAN
P 0= 36.21 N JJT‘T%& 0= KMAEHG  91.81 | Hif(em) 112 193 166.80 +7.85
NNYAB=37]
=% 63.79 1= 8% 8.19 | M (kg) 34 156 7339 +12.74
B% 0= DU 94.72 | ML H 0= AKMHH  93.16 | Wi/E (mm Hy) 91 250 139.18 +21.13
1= DRI 5.28 1= &R 6.84 ||&F3KE (mm Hg) 45 145 80.82+11.89
USRS 0= JAh 1.56 | I R G0 0= KM 81.63 |BMI(kg/m?) 1335 5558 2630 +3.70
1= 1% 98.44 1= R 18.37 | |45 W& LA (mmol/L.) 213 4219 837+3.82
e Il 0= KRG 2742 | TMeshion s 0= KA 79.42 | BHEIMZT & (mmol/L) 39 153 7.83 = 1.80
1= 5 72.58 =% 20.58 | H i =& (mmol/L) 027 1511 2.05=+1.64
i ! 0= KRG 75.97 | LG 0= AW 82.06 | M IH[E EE( mmol/L) 121 2085 4.65+142
1= B 24.03 1= 17.94 | \m 2 AR H AR EE (mmol/L) - 0.07  3.09 1.06 £0.32
SRRk 0= ARHEJE  43.53 | KURARREEs 0= KB 96.12 | (NEENRE A MEE (mmol/L) 0.16  17.31 287+ 1.16
1= % 56.47 1= % 3.88 ||\ AF 4R )5 (g/L) 1.08 8838  9.38+44.99
7 v 0= KW 90.30 | EFURMHFLIA 0= AKHJE  99.78 | IfLJRZE (mmol/L) 146 5094  731x5.16
1= B 9.70 1= R 0.22 | i3 JR 1 (mol/L) 11.5 1153.4 332.05+101.66
B 0= A 95.15 | HALMAM MGG 0= KBS 60.08 || MLLIHE (/1) 42 244 131.57+8.89
1= Ha5 485 1= 895 39.92 ?I%H@EWZI@E"@% 4 0.14 074  039x0.06
M, %)
Jilsigiis 0= KW 62.93 | N4 -URRE 0= KM 95.20 | i/ (1091) 2 574 215.59 + 68.69
1= #UR 37.07 1= #R 4.80 ||EAALZE (mmol/L) 1.2 2785 10.95+1091
i IRUEd 0= KBHE  97.84 | ZHIHLEAIE 0= KEHR  99.89 || EEAHLT E (pmol/L) 0.1 2264  3.50+801
1= B 2.16 1= &R 0.11 | EEF(g/L) 32.1 943  65.32+7.57
Hofb g 0= ARHUKF 8270 | WTbZ My 0= AKMH - 93.10 ||MIEAEA (L) 117 556  39.23+5.96
1= 8% 17.30 1= 6.90 | FLERMEEHF(U/L) 763 7415 172.84+58.76
JRIEAN g 0= REBHE  97.90 | MR ZR MR 0= KW 98.81 | AN EF(UL) 27 10766 24.69+31.99
1= &R 2.10 1= H% 1.19 || A HifE A B (U/L) 3.6 7568 20.66 +24.86
JilESiEEL =TS 0= AAEH  82.81 | IRHIE 0= K  96.71 | AR R B (UML) 43 14044 4273 £70.03
1= 5% 17.19 1= 3.29 | kw2 (U/L) 95 911  75.63+41.51
B 0= KRG 49.19 | FLARAhI 0= ARG 99.52 | EEINEEENE] () 95 353  13.09:1.22
1= HUw 50.81 1= HUp 0.48 | eI GG 8 (%) 0.63 164  98.97 +20.09
(=573 0= KRG 92.08 | HliFAhsR 0= AL 97.84 | FRArTGALEE M AR JFT R (s) 203 180  36.55+6.34
1= 5% 7.92 1= 55 2.16 | MEtrEY CA199(U/ml) 0.6 7032 29.67+227.18
P22 22 BRI 0= KHBHG 9337 ||y 0= KMHEHG 9935 | LT 2 (mol/L) 04 837 7.44 +4.71
1= B 6.63 1= 5 0.65 | EkEH (/1) 142 614  26.11+4.90
SRR 5] 0= KA/ 66.86 | HAt Ay 0= KHEH  89.06 | — — — —
1= B 33.14 1=K 1094 | — — — —
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Table 2 Single—factor logistic regression results

75 EiEt) OR {H.(95%CI) 5 P

1 AL (wmol/L) 1.004(1.003 3 ~ 1.005 8) 0.000 6 <0.001
2 AR (%) 0.977(0.969 2 ~ 0.985 8) 0.004 3 <0.001
3 P51 0.977(0.808 2 ~ 1.181 4) 0.096 9 0.811
4 573 1.461(0.961 0 ~ 2.221 6) 02138 0.076
5 TSRS 0.809(0.384 5 ~ 1.704 7) 0.3799 0.578
6 H&(em) 0.999(0.988 3 ~ 1.011 5) 0.0059 0.974
7 PR (k) 1.006(0.999 7 ~ 1.014 2) 0.003 7 0.061
8 Wi e (mm Hg) 1.015(1.010 5~ 1.019 8) 0.002 3 <0.001
9 &7k H (mm Hg) 1.022(1.014 5 ~ 1.030 8) 0.004 1 <0.001
10 BMI(kg/m*) 1.032(1.006 7 ~ 1.058 3) 0.0127 0.012
11 Fen L 1.749(1.424 1 ~ 2.149 6) 0.1050 <0.001
12 fe R Il 0.484(0.390 3 ~ 0.602 4) 0.1107 <0.001
13 kR LAk 1.011(0.841 5 ~1.2158) 0.093 9 0.903
14 s 1.944(1.401 9 ~ 2.695 9) 0.166 8 0.000
15 Highhkpers 1.61(1.035 8 ~ 2.505 3) 0.2253 0.034
16 i 1.214(1.005 2 ~ 1.468 3) 0.096 7 0.044
17 JTREAL, 0.572(0.302 1 ~ 1.084 9) 0.326 1 0.087
18 FAbEPE I 0.903(0.709 9 ~ 1.149 0) 0.1229 0.406
19 JHRRR A 3 M 0.913(0.484 0 ~ 1.722 4) 03238 0.778
20 JIERERL R 1.189(0.932 4 ~ 1.516 7) 0.124 1 0.162
21 (=557 4.857(3.988 9 ~ 5.914 3) 0.100 5 <0.001
22 553 7.009(4.241 9 ~ 11.581 3) 0.256 2 <0.001
23 PHEE RGN 0.735(0.509 6 ~ 1.061 2) 0.187 1 0.1
24 TR 0.528(0.434 4 ~ 0.642 4) 0.099 8 <0.001
25 D HIVEESE 0.643(0.441 5 ~ 0.937 0) 0.1920 0.021
26 D INREAN A Kot J1 %208 0.962(0.690 5 ~ 1.342 1) 0.169 6 0.822
27 DR 0.845(0.589 8 ~ 1.212 8) 0.1839 0.362
28 I R G50 0.979(0.773 9 ~ 1.239 4) 0.120 1 0.862
29 B kAR 3.457(2.676 7 ~ 4.464 9) 0.1305 <0.001
30 ML 3.545(2.696 3 ~ 4.662 7) 0.1397 <0.001
31 PR A B 0.609(0.377 7 ~ 0.981 8) 0.243 7 0.041
32 IR 0.868(0.122 1 ~ 6.181 2) 1.001 1 0.888
33 Ho AP 53 A 1.855(1.535 0 ~ 2.243 1) 0.096 8 <0.001
34 PN DA 0.664(0.432 8 ~ 1.020 9) 02189 0.062
35 EZ 3L E7 2oy R 0.869(0.054 3 ~ 13.914 0) 14150 0.92
36 LR Mg 0.254(0.168 0 ~ 0.385 5) 02119 <0.001
37 WK Z e 0.598(0.254 4 ~ 1.405 9) 0.436 1 0.238
38 R 0.444(0.260 0 ~ 0.760 0) 02736 0.003
39 FLHR IR 0.432(0.108 0 ~ 1.734 9) 0.708 3 0.237
40 I e 0.178(0.078 6 ~ 0.405 7) 0.4187 <0.001
41 FiT N Jieh e 0.287(0.077 6 ~ 1.065 5) 0.668 3 0.062
42 Hopt i 0.386(0.284 2 ~ 0.526 4) 0.1573 <0.001
43 25 HE MU (mmol/1,) 1.050(1.024 1 ~ 1.076 7) 0.0128 0.0001
44 WAk M 218 1 (mmol/L) 1.286(1.216 5 ~ 1.359 5) 0.028 4 <0.001
45 Hh =75 (mmol/L) 1.026(0.970 0 ~ 1.085 4) 0.028 7 0.369
46 S BT (mmol/L) 1.152(1.075 5 ~ 1.233 9) 0.0351 0.0001
47 1 2% B N 2R 1 TR (mmol/1L) 1.305(0.980 5 ~ 1.738 2) 0.146 1 0.068
48 V25 B i 2K 1A RH [ i (mmol /1) 1.213(1.113 1~ 1.322 5) 0.044 0 <0.001
49 YRR (/L) 1.001(0.999 1 ~ 1.003 5) 0.001 1 0.242
50 1L PR 2 (mmol/L.) 1.133(1.102 2 ~ 1.165 2) 0.014 2 <0.001
51 ML PR (wmol/LL) 1.002(1.001 2 ~ 1.003 1) 0.000 5 <0.001
52 MLLAEF (g/L) 0.981(0.976 8 ~ 0.985 2) 0.002 2 <0.001
53 ST 20 AR (LT 4 L AR 22 L, % ) 0.000 4(0.000 1 ~ 0.001 9) 0.800 9 <0.001
54 I/ MR (10%71) 1.000(0.999 2 ~ 1.001 8) 0.000 7 0.467
55 JUBET 2 (mmol/L) 0.95(0.934 8 ~ 0.966 7) 0.008 5 <0.001
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75 Bzl OR11(95%CI) 5 P
56 EEMMAT 2 (wmol/L) 0.804(0.761 8 ~ 0.848 6) 0.027 5 <0.001
57 S (L) 0.933(0.920 9 ~ 0.946 6) 0.007 0 <0.001
58 MLIE A (/L) 0.912(0.896 6 ~ 0.929 2) 0.009 1 <0.001
59 FLIR B B (U/L) 1.003(1.001 3 ~ 1.004 7) 0.000 9 0.0005
60 BN R (U/L) 0.982(0.976 6 ~ 0.987 5) 0.002 8 <0.001
61 A B B (U/L) 0.977(0.969 5 ~ 0.985 7) 0.004 2 <0.001
62 BB B (U/L) 0.995(0.994 0 ~ 0.997 9) 0.001 0 <0.001
63 MR I (U/LL) 0.996(0.994 4 ~ 0.999 4) 0.001 3 0.016
64 I ] (s ) 0.832(0.760 2 ~ 0.912 0) 0.046 5 0.0001
65 TE I B TS B B (% ) 1.002(0.997 9 ~ 1.007 0) 0.0023 0.285
66 43T A A S R] () 0.986(0.970 9 ~ 1.001 8) 0.008 0 0.082
67 g bR CA199(U/ml) 0.999(0.998 3 ~ 1.000 3) 0.000 5 0.188
68 (42 AR £ 2 (mol/L) 0.952(0.931 1 ~0.973 3) 0.0113 <0.001
69 B H (gL) 0.972(0.954 7 ~ 0.991 2) 0.009 6 0.004

22 ZBHF logistic MARRKEY ABEE DR [HNSH KKKIME «=0.05, 135 DR SCHEFL I [H R
FHICHEARE A Z 2 logistic [A1T 1, Forp 21 A~ 28 ApRat 144, L3k 3.
AR B DA AR B U CARRE R AT (WA 7047, LS —A>

*®3 ZHZE logistic 2 Il 9 25 5

Table 3 Multi—factor logistic stepwise regression results

=YD Estimate z value OR {H.(95%CI) Std.Error PiH
(Intercept) 2.880 0 1.9550 17.811(0.025 6-5.799 5) 1.4730 0.050
ML ( mol/L) -0.001 8 -1.701 0 0.998(-0.003 8 ~ 0.000 3) 0.001 0 0.088
AFRY (%) -0.0216 -3.1310 0.978(-0.035 2 ~ -0.008 1) 0.006 9 0.001
R 0.298 0 1.1150 1.347(-0.221 9 ~ 0.828 0) 0.267 4 0.265
1T (kg) -0.003 9 -0.3850 0.996(-0.023 8 ~ 0.015 7) 0.010 1 0.700
Wi (mm Hg) 0.001 8 0.4590 1.001(-0.005 7 ~ 0.009 3) 0.003 8 0.646
#F K (mm He) 0.0118 1.775 0 1.011(=0.001 2 ~ 0.024 8) 0.006 6 0.075
BMI(kg/m?) 0.0340 1.064 0 1.034(-0.027 8 ~ 0.097 4) 0.0320 0.287
[ UINES 0.206 2 13670 1.229(-0.089 2 ~ 0.502 2) 0.150 8 0.171
=5 JIg 1L -0.5743 -3.898 0 0.563(~0.864 5 ~ —0.286 5) 0.1473 <0.001
fisiz v 0373 1 1.702 0 1.452(-0.052 6 ~ 0.807 9) 02193 0.088
B 0.175 8 0.620 0 1.192(-0.374 9 ~ 0.739 1) 0.2836 0.535

B I 0.275 4 1.9580 1.317(0 ~ 0.551 7) 0.140 7 0.050
JiTtEAL 0.1933 0.4180 1.213(-0.718 7 ~ 1.103 8) 0.462 8 0.676
(58] 1.0250 7.2550 2.787(0.749 2 ~ 1.303 3) 0.1413 <0.001
B3 0.916 6 2.9370 2.5(0.3237 ~ 1.5522) 03121 0.003
TN -0.384 8 -2.580 0 0.68(-0.677 6 ~ -0.092 7) 0.149 1 0.009
LHUESE 0.005 3 0.0200 1.005(-0.512 9 ~ 0.517 8) 0.2626 0.984
T Hesh kg 0.948 3 6.0310 2.581(0.643 2~ 1.260 1) 0.1572 <0.001
ML 0.209 1 1.009 0 1.232(-0.196 8 ~ 0.615 9) 0.207 1 0.312
KR AT -0.3145 -1.0110 0.73(=0.932 2 ~ 0.290 5) 03112 0312
HoAth P 53255595 0.4429 3.4410 1.557(0.191 1 ~ 0.695 9) 0.128 7 <0.001
N 43 TR IR -0.8257 -3.0340 0.437(~1.363 4 ~ -0.294 7) 0.2722 0.002
THAL F g -0.3215 -1.2450 0.725(-0.838 4 ~ 0.176 6) 0.258 3 0.213
AR} -0.8430 -2.404 0 0.43(~1.548 2 ~ —0.169 4) 03507 0.016
T30 ey -0.9821 -1.8190 0.374(-2.121 6 ~ 0.013 4) 0.5399 0.068
Fisi P -0.447 3 -0.5300 0.639(-2.256 9 ~ 1.125 9) 0.844 1 0.596
HAbMhE -0.5101 -2.4290 0.6(-0.924 6 ~ —0.100 4) 0.2100 0.015
23 18 1B (mmol/L) -0.024 5 -1.3170 0.975(-0.060 8 ~ 0.012 3) 0.018 6 0.188
BEALIL 2T 2 1 (mmol/L) 0.418 8 9.414 0 1.52(0.332 7 ~ 0.507 2) 0.044 5 <0.001
SR EE (mmol/LL) -0.124 5 -1.2830 0.882(-0.315 4 ~ 0.067 0) 0.097 0 0.199
1 25 B 2 P M T 195 (mmol/1) 02176 1.0290 1.243(-0.194 6 ~ 0.635 5) 02115 0.303
{152 B2 i 2 AR 9 (mmol/L) 0.005 9 0.0520 1.005(-0.218 2 ~ 0.229 7) 0.1137 0.958
1M R 2 (mmol/L) 0.070 8 2.568 0 1.073(0.018 1 ~ 0.126 1) 0.027 6 0.010
ML PRI (umol/L) 0.000 0 -0.058 0 1(=0.001 4 ~ 0.001 4) 0.000 7 0.953

METHEF (g/L) 0.0215 1.4930 1.021(-0.006 7 ~ 0.049 8) 0.014 4 0.135
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=L 7D Estimate z value OR {E(95%CI) Std.Error PAH
2140 M AR (ZL AR AR ) (% ) -13.3300 -2.600 0 0(-23.430 3 ~ -3.323 6) 5.1270 0.009
SBZLZ (mmol/L) 0.349 3 0.790 0 1.418(-0.327 5 ~ 1.801 2) 0.4419 0.429
HAEABLT 2 (pmol/L) -0.3922 -0.884 0 0.675(~1.845 1 ~0.289 1) 0.443 6 0.376
BEM (L) -0.0129 -0.098 0 0.987(-0.320 5~ 0.212 7) 0.1314 0.921
L& A (/L) -0.020 4 -0.1540 0.979(=0.247 4 ~ 0.288 2) 0.1320 0.877
FLER R AR (U/L) 0.001 0 0.807 0 1.001(0.001 5 ~ 0.003 6) 0.001 3 0.419
BT BF(U/L) -0.004 7 -0.864 0 0.995(-0.015 2 ~ 0.006 1) 0.005 4 0.387
AR (UML) -0.0102 -1.2390 0.989(=0.027 3 ~ 0.004 9) 0.008 3 0.215
B AN AL (U/L) 0.000 1 0.065 0 1(=0.002 9 ~ 0.002 9) 0.001 5 0.948
e R B (U/L) -0.002 0 -0.8140 0.998(-0.006 8 ~ 0.002 5) 0.002 4 0.415
T I IO T () -0.1839 -2.7790 0.832(-0.318 2 ~ —0.059 2) 0.066 2 0.005
F I35 A B 1L S ST ] (s ) -0.009 5 -0.798 0 0.99(-0.033 8 ~0.012 2) 0.0120 0.424
[B]42 T 2 (pumol/L) -0.3262 -0.738 0 0.721(-1.778 8 ~ 0.350 8) 0.442 1 0.460
BRI (/L) -0.006 2 -0.0470 0.993(=0.233 3 ~ 0.302 4) 0.132 1 0.962

2.3 Jkrr W AIE B DR %P KU B
EE S RONIE S ER (FERINZ), 2 M mdshs
(B Z ) AR S SCHRIFARIR 22 1 2 Logistic [7]
L5 S estimate HOfEFIITHE bR 07 1A, T3 — (kA
B B AR R I B 1R SR B I
LA P40 W R HEVR R LA g o A
B DR A& 0 B [a] F5 45 , HbA 13 HA P 434
PR B T RS OR S I PR 6 A AR
Sy HCE 45 h5

2.4 KAILKSM  WIBGEIEFIAE ST OB
SRR X, MRS IR A — e A S 3 A — g
2, VIR 2= S BRI 6 i R 2
Aé%ggﬁﬁwﬁaﬁﬁﬁ%%ﬂEM$ﬁ%m=

L TR ST R o= S

n

Zi:lzij
pi In(py)G=1.2,"-.m) 515 BRBUMHE d=1-e;, ¥ HAF B2
JHE A — A4S B BT FRxt DR & ik U (1) BT HRAY

T Wb (=12, m), S5 R S48 5 I 3%
j=1 d/
4,

TOPSIS B4 RSR J7 ik 47 A& WU 432 - A

1R 4 23R A5 4% 56 1 ) 0E R AR A 1 A9 BE B =
VS o (onp o B G0 BB B d
VSl o (-0F o 3R 5 F B AR A HEE Cm
djfr#o FI% C {H2:Mt RSR {1, #cH8 Ci (ETHFHE

TR BRI SRR DL SCE 43 FE B P(P=R/n, fi
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Table 4 Indicator weights
izt J5 1wl WE AEHT
(553 i 0.3610 1
T IBEh ko AE iE 0.2251 2
oAt P4 53 WA it 0.130 7 3
(58] ik 0.096 4 4
SR it 0.057 3 5
=5 g il fit 0.039 1 6
I JR 2R (mmol/L.) iE 0.0375 7
oAt b eA il 0.016 5 8
FEAL 2T 2 1 (mmol/L) iE 0.014 4 9
AR (%) i 0.007 5 10
PRI IR it 0.007 0 11
TR fit 0.004 8 12
120 A PR (LT At LR 2 ) (%) it 0.002 3 13
I L [] (s ) ffi 0.000 3 14
EvsYl 1
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Table 5 Grading results
VNl IEUN e B AEC BEER(%) PG
) 294 244 82.99 0.5389
GR 1267 706 55.72 0.246 7
ik 295 43 14.58 0.0812

R R 4.2.2 %% Ci {HAE R HAE & Probit {HAE K
H AR LA LR [T )7 Ci=0.149 2, Probit—-0.478 8,
5 #5301 F=14 958(on 1 and 1 854 DF),R=0.889 7, 11
BRCR RAF, P<0.001, A =#4E 1 Ci {2z 57 B
Gt SO, Y CiFER 0.081 2 YR 0246 7
FRS A 0.538 9, 25 AR, T i IR =AY 2 s XU
FETERRRES . WA RIE R, KB DR 1Y 863 £
T2DM H,F 252 A\ DR &R FLN 14.58% , FAKKL
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Figure 1 Random forest training process diagram
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Table 6 Comparison of single—model prediction results

FEEAY Ace(%) P(%) R(%) FPR(%) Fl AUC TenFold—=ACC
Logistic 78.56 80.34 71.31 15.15 0.755 6 0.8317 0.759 2
FEHLARK 78.37 80.53 70.54 14.81 0.8147 07521 0.7527
AFm AL 79.46 79.46 71.71 13.80 0.8148 0.764 5 0.762 3
RT7 BTN H

Table 7 Comparison of prediction effects of combining models
FHEY Acc(%) P(%) R(%) FPR(%) Fl
e 80.18 78.68 78.68 18.52 0.786 8
S 79.82 81.47 73.26 14.48 0.771 4
JAF-34 79.46 81.58 71.09 14.14 0.765 4
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