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[ Abstract] Objective To analyze the independent risk factors for diabetic nephropathy ( DN ) in obese patients with type
2 diabetes mellitus ( T2DM ), and to construct and validate a nomogram-based assessment model for the risk of DN in obese T2DM
patients. Methods 370 obese T2DM patients treated at the Department of Endocrinology and Metabolic Diseases, the Third Affiliated

Hospital of Sun Yat-sen University between January 2021 and December 2023 were retrospectively enrolled. According to urinary
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albumin/creatinine ratio ( ACR ), all patients were categorized into the DN (7 =79 ) and non-DN ( n = 291 ) cohorts, and then randomly
allocated into the training ( 70%, n = 259 ) and validation ( 30%, n = 111 ) groups. Comprehensive clinical data including laboratory
parameters and comorbidities were collected. Variable selection was optimized using LASSO regression, and a nomogram assessment
model was constructed based on multivariate Logistic regression analysis. The discriminatory performance, calibration accuracy, and
clinical applicability of the model were assessed utilizing the receiver operating characteristic ( ROC ) curve, Hosmer-Lemeshow ( H-
L ) test, and decision curve analysis ( DCA ), respectively. Results Significant intergroup differences were observed in age, duration
of diabetes, hypertension, hyperlipidemia, osteoporosis, cerebral infarction, coronary artery disease, systolic blood pressure, waist
circumference, alanine aminotransferase ( ALT ), aspartate aminotransferase ( AST ), albumin ( ALB ), blood urea nitrogen (BUN ),
creatinine ( Cr ), and cystatin C ( CysC )(all P <0.05). LASSO regression identified seven candidate factors, and multivariate Logistic
regression confirmed that duration of diabetes (OR=1.174, 95% CI=1.098-1.265 ), hypertension (OR=10.332, 95% C1=3.941-
31.499 ), ALB ( OR=0.840, 95% CI=0.752-0.931 ), and Cr ( OR=1.016, 95% CI=1.005-1.029 ) as significant influencing factors for
DN (all P < 0.05) . Based on these findings, a nomogram assessment model was constructed. The nomogram demonstrated excellent
discrimination: the area under the ROC curve ( AUC ) =0.913 (95% CI=0.871-0.955 ) in the training cohort, and AUC=0.919 ( 95%
CI1=0.856-0.982 ) in the validation cohort. H-L goodness-of-fit tests indicated satisfactory calibration in both cohorts ( training set: 7=
4.048, P = 0.853; validation set: #°=6.162, P = 0.629 ) . Conclusion Duration of diabetes, hypertension, serum Cr, and ALB

levels constitute significant influencing factors for DN development in obese T2DM patients. The validated nomogram incorporating

these four parameters provides clinically applicable risk stratification for this population.
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Table 1 Comparison of clinical data between type 2 diabetic obese patients in DN group and Non-DN group
A bt 4E DN 41 (n=291) DN 4 (n=79) 7 PAE
PES /n (%) 2.118 0.146
5 181 (62.2) 42 (53.2)
I 110 (37.8) 37 (46.8)
s B 50.0 (37.0, 61.0) 63.0 (55.0, 70.5) -6.601 <0.001
A /n (%) 0.208 0.648
= 203 (69.8) 53 (67.1)
= 88 (30.2) 26 (32.9)
PR /n (%) 0.023 0.881
i 227 (78.0) 61 (77.2)
P 64 (22.0) 18 (22.8)
TR /AR 3.0 (1.0, 7.0) 11.0 (8.0, 19.5) -8.909 <0.001
EIE /n (%) 66.471 <0.001
i 197 (67.7) 13 (16.5)
pis 94 (32.3) 66 (83.5)
FGIAE /n (%) 6.155 0.013
w5 262 (90.0) 63 (79.7)
P 29 (10.0) 16 (20.3)
JKAESE /n (%) 15.410 <0.001
i 284 (97.6) 68 (86.1)
= 7(2.4) 11 (13.9)
SR /n (%) 4.826 0.028
5 262 (90.0) 64 (81.0)
s 29 (10.0) 15 (19.0)
W45 FE /mmHg 133.0 (122.0, 145.0) 140.0 (125.0, 156.5) -2.957 0.003
&73K K /mmHg 85.0 (76.0, 92.5) 81.0 (73.0, 89.0) 1.663 0.096
EF /cm 101.0 (96.0, 106.0) 102.0 (98.8, 109.5) -2.202 0.028
B fem 104.0 (100.0, 109.0) 105.0 (101.0, 110.0) -1.723 0.085
BMI/ ( kg/m*) 29.86 (28.73, 31.75) 30.00 (28.57, 31.50) -0.112 0.911
AST/ (U/L) 22.0 (17.0, 32.0) 19.0 (14.0, 24.0) 3.224 0.001
ALT/ (U/L) 27.0 (18.0, 47.5) 19.0 (14.0, 26.5) 4.408 <0.001
MmHEMEA (g/L) 42.80 (40.15, 45.10) 38.10 (35.10, 42.20) 6.370 <0.001
1L 3% WU /7 ( pmol/L) 71.0 (56.0, 81.0) 97.0 (71.5, 164.5) -6.254 <0.001
MR EZ / ( wmol/L ) 415.0 (332.5, 487.3) 454.0 (390.5, 515.5) -2.781 0.005
CysC/ (mg/L) 0.83 (0.71, 0.96) 1.27 (0.95, 1.75) -8.494 <0.001
FEAL AT A% 8.4 (7.0, 10.9) 9.0 (7.5, 10.1) -0.415 0.678

E: 1 mmHg=0.133 kPa,
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Figure 1 Screening assessment variables by LASSO regression model
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Table 2 Multivariate Logistic regression analysis of diabetic nephropathy in obese patients with T2DM

OR 1 95%CI

Ar o HE SE AL OR P {H
= i T TR
I FE 0.160 0.036 4.491 1.174 1.098 1.265 <0.001
T I E 2.335 0.524 4.455 10.332 3.941 31.499 <0.001
NS EAE! -0.174 0.054 -3.219 0.840 0.752 0.931 0.001
RGNS 0.015 0.006 2.476 1.016 1.005 1.029 0.013
Points r T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
a[i]:*_li} T T T T T T T 1
0 5 10 15 20 25 30 35
i 1
T I T !
0
[’—Iﬁ%[:l r T T T T T T T T T T T T T 1
54 50 46 42 38 34 30 26
”J[,wl: T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450 500
Total Points r T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200

WA A . —— :
0.01 0.1 03 0.5 0.7 0.9 0.99
Fs P Points 6 PR RER BEMOMREE, A0V LS AL 0 1 6T LG T A BIR BEAH4, AT R BEA ST
PR, A RS SHRIRAG PG L PR — (TR , BV 15 B PRAG PF 22 2 O
B2 AR 2 BMRIRAS BA HERAS A MR A RO 52

Figure 2 Nomogram for assessing the risk of diabetic nephropathy in obese type 2 diabetes patients
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Figure 3 ROC curve of the assessment model for diabetic nephropathy in obese patients with type 2 diabetes mellitus
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Figure 4 Calibration curve for risk assessment model of diabetic nephropathy in obese patients with type 2 diabetes mellitus
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Figure S Clinical decision curve for risk assessment model of diabetic nephropathy in obese type 2 diabetes patients
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