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Abstract: [ Objective] To develop and validate a predictive risk model for vision—threatening diabetic retinopathy in
patients with type 2 diabetes using readily accessible clinical data, which may provide a convenient and effective predic-
tion tool for early identification and referral of at—risk populations.[Methods] A nomogram model was developed using a

dataset obtained from patients with T2DM who participated in the Guangzhou Diabetic Eye Study from November 2017 to
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December 2020. Logistic regression was used to construct the model, and model performance was evaluated using receiver
operating characteristic curve, Hosmer—Lemeshow test, calibration curve and decision curve analysis. The model under-
went internal validation through the mean AUC of £—fold cross—validation method, and further external validation was con-
ducted in the Dongguan Eye Study.[Results] A total of 2 161 individuals were included in the model development dataset ,
of whom 135 (6.25%) people were diagnosed with VTDR. Age (P<0.001, O0R=0.927, 95%CI: 0.898~0.957) and body
mass index (P<<0.001,0R =0.845,95%C1:0.821~0.932) were found to be negatively correlated with VTDR , whereas dia-
betes duration (P<<0.001, 0R=1.064,95%CI: 1.035~1.094) , insulin use (P =0.045,0R =1.534,95%CI:1.010~2.332),
systolic blood pressure (P<<0.001, OR =1.019, 95%CI: 1.008~1.029) , glycated hemoglobin (P<0.001, OR =1.484,
95%Cl: 1.341~1.643) , and serum creatinine (P<<0.001, OR =1.017, 95%CI: 1.010~1.023) were positively correlated
with VIDR. All these variables were included in the model as predictors. The model showed strong discrimination in the de-
velopment dataset with an area under the receiver operating characteristic curve (AUC) of 0.797 and in the external valida-
tion dataset (AUC 0.762). The Hosmer—Lemeshow test (?>0.05)and the calibration curve displayed good agreement. De-
cision curve analysis showed that the nomogram produced net benefit in the two datasets. [ Conclusions] Independent fac-
tors influencing VTDR include age, duration of diabetes mellitus, insulin use, body mass index, systolic blood pressure,
glycosylated hemoglobin, and serum creatinine. The nomogram constructed using these variables demonstrates a high de-
gree of predictive validity. The model can serve as a valuable tool for early detection and referral of VTDR in primary care
clinics. Therefore, its application and promotion are highly recommended.
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Baseline data investigation in
Yuexiu community, Guangzhou,
2017-2020
(2794 T2DM patients )

\

Annual follow-up
investi

gation

Drop-out 254 patients
= — =P »=103 Younger than 50 years
n=151 Missing fundus photographs

v

Drop-out 379 patients

Development dataset
2161 T2DM patients included in
statistical analysis

n=104 Missing duration

n=17 Missing insulin use

- - n=11 Missing body mass index
n=286 Missing waist to height ratio

n=10 Missing blood pressure

n=9  Missing blood sample
Logistic regression ~ 7
: - Model development
Nomogram -
-— Receiver lop.cratmg
| characteristic curve
External validation ¥ |
Cross-sectional investigation | Hosmer-Lemeshow test
in Hengli Town,Dongguan, - === Model validation i Calibration curve
2011-2013 1
(751 T2DM patients ) |
- Decision curve analysis
Conclusions

Including duration, insulin use, body mass index, systolic blood pressure, glycosylated
hemoglobin and serum creatinine,the nomogram is useful for risk prediction of vision-
threatening diabetic retinopathy in T2DM individuals.
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Table 1 Clinical characteristics of the population in development and external validation datasets

[n(%),M(P25~P75)]

Variables Development dataset (n=2 161)  External validation dataset (n=751) 2y P

VTDR

No 2026 (93.75) 717 (95.47)

Yes 135 (6.25) 34 (4.53) 3.015 0.082
Gender

Male 926 (42.85) 299 (39.81)

Female 1235 (57.15) 452 (60.19) 2.109 0.146
Age lyears 66 (62 ~71) 62 (57~ 67) 12.299 <0.001
Duration /years 8 (4~14) 0(0~1) 34.234 <0.001
Insulin

No 1751 (81.03) 744 (99.07) 147.837 <0.001
Yes 410 (18.79) 7 (0.93)

BMI/ (kg/m®) 24.46 (22.45 ~ 26.60) 25.97 (23.68 ~ 28.30) -9.513 <0.001
WHIiR 0.55 (0.51 ~ 0.59) 0.56 (0.52 ~ 0.60) -3.997 <0.001
SBP/mmHg 134 (122 ~ 146) 141 (131 ~157) -11.091 <0.001
HbAlc/% 7.00 (6.40 ~ 7.80) 6.60 (6.20 ~ 7.40) 8.272 <0.001
TG /(mmol/L) 1.99 (1.34 ~2.87) 1.53 (1.08 ~2.29) 9.231 <0.001
TC /(mmol/L) 4.81 (4.09 ~5.60) 5.44 (4.65 ~6.13) -11.788 <0.001
LDL-C /(mmol/L) 2.94 (2.31 ~3.63) 3.16 (2.50 ~ 3.92) -4.750 <0.001
SCr /(pmol/L) 67 (56 ~ 82) 73 (61.40 ~ 85.90) -6.568 <0.001

VTDR: vision—threatening diabetic retinopathy ; BMI: body mass index; WHtR: waist to height ratio; SBP: systolic blood pressure; HbAlc:

hemoglobin Alc; TG: triglycerides; TC: total cholesterol; LDL-C: low—density lipoprotein cholesterol; SCr: serum creatinine.
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Table 2 Univariate logistic regression analysis in the development dataset

Variables P OR O 9% Cl

lower limit upper limit
Gender
Male
Female 0.002 0.579 0.408 0.823
Agelyears 0.021 0.969 0.944 0.995
Duration/years <0.001 1.076 1.053 1.100
Insulin
No
Yes <0.001 3.348 2.333 4.804
BMI /(kg/m®) <0.001 0.902 0.852 0.954
WHIR 0.005 0.010 0.0003 0.247
SBP /mmHg <0.001 1.018 1.008 1.028
HbAlc /% <0.001 1.596 1.456 1.749
TG /(mmol/L) 0.243 0.929 0.820 1.052
TC /(mmol/L) 0.240 1.096 0.941 1.276
LDL~C/ (mmol/L) 0.058 1.178 0.994 1.395
SCr /(pmol/L) <0.001 1.016 1.010 1.021

BMI: body mass index; WHtR: waist to height ratio; SBP: systolic blood pressure; HbAlc: hemoglobin Alc; TG: triglycerides; TC: total

cholesterol; LDL-C: low—density lipoprotein cholesterol ; SCr: serum creatinine.

R3 EHEEZFEZE Logistic BT 447

Table 3 Multivariate logistic regression analysis in the development dataset

- OR 95%CI

Variables P OR
lower limit upper limit

constant term 0.119
Age <0.001 0.927 0.898 0.957
Duration <0.001 1.064 1.035 1.094
Insulin
No
Yes 0.045 1.534 1.010 2.332
BMI/ (kg/m®) <0.001 0.845 0.821 0.932
SBP/mmHg <0.001 1.019 1.008 1.029
HbAlc/% <0.001 1.484 1.341 1.643
SCr/ (pmol/L) <0.001 1.017 1.010 1.023

BMI: body mass index; WHtR : waist to height ratio; SBP: systolic blood pressure; HbAlc: hemoglobin Alc; SCr: serum creatinine.

RIS 2800 T X AP B REAE IS . 4RI . BMI S5 VTDR TEHE AatE— 25 s B
P 5 ZR AT TG B 0 2 AN AR RAEAS R A O 1] AR 52 AR 5 AN IR B AR R R
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Table 4 Variable hierarchy assignment explanation

Assignment
Variables Variable type )
explanation
1:250 & <65
Agelyears Categorical variable
2:265
Duration/years ~ Continuous variables
0:No
Insulin Categorical variable
1:Yes
1:<24
BMI /(kg/m*) Categorical variable  2:>24 & <28
3:228
1:<140
SBP /mmHg Categorical variable 2:>140 & <180
3:2180
1:<6.5
HbAlc/% Categorical variable ~ 2:>6.5 & <9
3:29
1:<100
Ser /(pumol/L) Categorical variable
2:2100

BMI: body mass index; SBP: systolic blood pressure;

HbAlc: hemoglobin Ale; SCr: serum creatinine.

VTDR Nomogram

Age| —mou
265 (50, 65)
Duration
000 400 800 1200 1600 2000 2400 2800 3200 3600  40.00
Insulin
no ves
BMI
228 [24, 28) <2
sBP
<140 [140, 180) 2180
HbAtc
<65 65, 9 29
Ser
<100 2100
T
0 1 2 3 4 7 8 9 10 1"
Score
Prob ] g5 1 2 34 5 % ) 5 95
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
0 5 10 15 20 25 30 35 40
Total score

2 VTDR 52 B R Fuim s 2
Fig.2 Nomogram to predict the risk of VTDR
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1.004

0.75

0.504

Sensitivity

0.25

0.00
0.00 0.25 0.50 0.75 1.00
1-specificity

Full ROC area: 0.797

Test ROC area: 0.780 Reference

The area under the full ROC was 0.797 and was 0.780 under the
test ROC. ROC: receiver operating characteristics curve, AUC: area un-
der curve.
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Fig.3 The ROC of 10—fold cross—validation in

the development dataset
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In the development dataset, the AUC was 0.797(95%CI: 0.759~
0.835); In the validation dataset, the AUC was 0.762(95%CI: 0.675~
0.850), respectively. ROC: receiver operating characteristics curve;
AUC: area under curve.

B4 EEE(A)MIMBIIES (F)ZilHE TIEFIEME
Fig.4 The ROC of the nomogram for VTDR (left, devel-

opment dataset, right, external validation dataset)
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Fig. 5 Calibration curves of the development dataset

(left) and external validation dataset (right)
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