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[Abstract] Objective To investigate the metabolic characteristics of patients with early-onset type 2 diabetes
mellitus (T2DM) and to develop a risk prediction model for microvascular complications. Methods A retrospective
study was conducted on 980 T2DM patients admitted for treatment between April 2020 and April 2024. Based on age at
diagnosis, the patients were divided into two groups, an early-onset T2DM group (age at diagnosis < 40 years, n = 265)
and a late-onset T2DM group (age at diagnosis = 40 years, n = 715). Differences in metabolic indicators between the two
groups were compared. Patients in the early-onset group were further divided into a complication subgroup (n = 142) and
a non-complication subgroup (n = 123) based on the presence or absence of microvascular complications. Data on
baseline characteristics, metabolic parameters, and laboratory indicators were collected and compared between the two
groups. Multivariate logistic regression analysis was used to identify independent risk factors for microvascular
complications, and a nomogram prediction model was constructed. The model's discriminative performance was assessed
using receiver operating characteristic (ROC) curves, and its calibration was evaluated using calibration curves and the
Hosmer-Lemeshow test. Decision curve analysis (DCA) was also performed to assess the model's clinical utility.

Results Compared with the late-onset group, patients in the early-onset group exhibited more pronounced metabolic
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abnormalities, including higher body mass index (BMI), proportion of family history of diabetes mellitus, glycated
hemoglobin (HbAlc) levels, total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C),
triglyceride-glucose index (TyG), and lactate dehydrogenase (LDH) levels (all P < 0.05), along with a shorter disease
duration and lower levels of high-density lipoprotein cholesterol (HDL-C) (P < 0.05). According to a multivariate analysis,
systolic blood pressure (SBP), total bilirubin (TBIL), HDL-C, LDL-C, TyG, and LDH were identified as independent risk
factors for microvascular complications in patients with early-onset T2DM. A predictive model based on these factors was
established as the follows, Log(P) = —19.915 + 0.017 x SBP — 0.136 x TBIL — 1.241 x HDL-C + 0.684 x LDL-C + 0.769 X
TyG + 0.050 x LDH. The area under the ROC curve (AUC) was 0.864 (95% CI, 0.820-0.907), and the Hosmer-Lemeshow
test indicated good model fit (y* = 10.286, P = 0.246). The slope of the DCA curve was also close to 1. Conclusion ~ The
nomogram prediction model based on SBP, TBIL, HDL-C, LDL-C, TyG, and LDH demonstrates good predictive

performance for microvascular complications and can provide a reference for clinical risk stratification and individualized
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intervention.
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TEVER 474 . W46 & (systolic blood pressure, SBP)
#73K JE (diastolic blood pressure, DBP) , [F] % 2 iR
(homocysteine, Hcy) . & IHZL % (total bilirubin, TBIL) .
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Table 1 Comparison of clinical characteristics between patients with early-onset and late-onset T2DM

2

Indicator Early-onset group (n = 265) Late-onset group (n = 715) iy P

Agelyr., Xts 3435+ 4.84 50.32 £ 8.16 29.960 <0.001
Sex/case (%) 2.789 0.095

Male 177 (66.79) 436 (60.98)
Female 88 (33.21) 279 (39.02)

BMI/(kg/m?), X+ s 25.11+3.23 24.65 + 3.08 2.049 0.041
Course of disease/year, X+ § 7.12 341 8.72 £3.86 5.943 0.000
Family history/case (%) 137 (51.70) 275 (38.46) 13.902 0.000
Systolic blood pressure/mmHg, X+ s 134.64 +21.12 137.22 +21.36 1.685 0.092
Diastolic blood pressure/mmHg, X+ s 81.99 + 12.98 80.43 +13.05 1.665 0.096
Hcy/(umol/L), X+ s 9.28 £ 1.60 9.16 £ 1.51 1.087 0.277
TBIL/(umol/L), X+ s 16.16 + 3.71 16.34 + 3.62 0.782 0.435
HbAlc/%, X+s 9.38 £2.44 8.69 +2.35 4.040 0.000
FPG/(mmol/L), X+ s 9.30 £ 3.31 8.92 £2.76 1.810 0.071
2 h PG/(mmol/L), X+ s 14.56 + 4.59 14.35 + 4.60 0.635 0.526
TC/(mmol/L), X+ s 4.69 £1.54 4.26+1.23 4.627 0.000
TG/(mmol/L), X+ s 1.70 £ 0.82 1.33 £ 0.67 7.210 0.000
HDL-C/(mmol/L), X+ s 0.98 £0.26 1.13£0.34 6.510 0.000
LDL-C/(mmol/L), X+ s 2.68 £ 0.85 2.51+0.82 2.854 0.004
TyG (X +s) 9.15+0.38 8.68 £ 0.26 21.989 0.000
Scr/(umol/L), X+ s 65.78 +12.99 65.07 + 13.44 0.741 0.459
LDH/(U/L), X+ s 255.36 + 38.96 216.84 + 35.66 14.642 0.000

BMI: body mass index; Hcy: homocysteine; TBIL: total bilirubin; HbAlc: glycosylated hemoglobin; FPG: fasting plasma glucose; 2 h PG: two hours

postprandial blood glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;

TyG: triglyceride glucose index; Scr: serum creatinine; LDH: lactate dehydrogenase. 1 mmHg = 0.133 kPa.
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Table2 Comparison of baseline and clinical data in patients with early-onset T2DM

2

Indicator Occurrence group (n = 142) Non-occurrence group (n = 123) ty P
Agelyr, Xt s 34.02 + 4.06 3449 +4.19 1.573 0.116
Sex/case (%) 3.354 0.067

Male 108 (76.06) 81 (65.85)

Female 34 (23.94) 42 (34.15)
BMI/(kg/mz), xXts 24.99 £3.03 25.31+£3.12 0.846 0.399
Course of disease/year, X+ s 7.03 £3.21 7.15+3.07 0.310 0.757
Educational attainment/case (%) 5.832 0.054

College and above 43 (30.28) 26 (21.14)

High school/Middle school 34 (23.94) 45 (36.59)

Junior high school and below 65 (45.77) 52 (42.28)
Place of residence/case (%) 9.134 0.003

Rural 83 (58.45) 49 (39.84)

Urban 59 (41.55) 74 (60.16)
Marital status/case (%) 1.689 0.430

Married 82 (57.75) 79 (64.23)

Single 27 (19.01) 23 (18.70)

Widowed 33(23.24) 21 (17.07)
Family history/case (%) 81 (57.04) 48 (39.02) 8.565 0.003
Systolic blood pressure/mmHg, X+ s 133.57 +20.68 126.31 + 21.47 2.800 0.006
Diastolic blood pressure/mmHg, X+ s 82.89 +11.69 83.94+12.88 0.696 0.487
Hcy/(umol/L), X+ s 9.26 £ 1.47 9.43 £ 1.55 0.915 0.361
TBIL/(umol/L), X+ s 15.02 £ 3.16 16.88 £ 3.56 4.506 0.000
HbA1c/%, X+ 9.45 +2.63 9.27 £2.34 0.585 0.559
2h PG/(mmol/L), ¥+ s 15.08  4.43 14.17 £ 4.12 1.723 0.086
TC/(mmol/L), X+ s 4.78 £1.10 4.59 £ 1.06 1.426 0.155
HDL-C/(mmol/L), X+ s 0.92 +0.38 1.13 £ 0.41 4.325 0.000
LDL-C/(mmol/L), X+ s 2.83 £0.91 2.37 £0.80 4.339 0.000
TyG (X +5) 9.18 £0.52 8.97 £ 0.45 3.488 0.001
Scr/(umol/L), X+ s 63.97 £ 10.90 66.45 = 11.08 1.833 0.068
LDH/(U/L), X+ s 265.37 £ 21.36 241.75 £ 23.61 8.549 0.000

The abbreviations are explained in the note to Table 1.
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Table 3 Logistic regression analysis of risk factors for microvascular complications in patients with early-onset T2DM

Factor B SE Wald 14 Odds ratio (95% CI)
Place of residence —0.350 0.551 0.404 0.525 0.705 (0.239-2.075)
Family history 0.663 0.558 1.411 0.235 1.941 (0.650-5.793)
Systolic blood pressure 0.017 0.008 4.752 0.029 1.017 (1.002-1.032)
TBIL —0.136 0.048 7.841 0.005 0.873 (0.794-0.960)
HDL-C —1.241 0.414 8.982 0.003 0.289 (0.128-0.651)
LDL-C 0.684 0.198 11.949 0.001 1.982 (1.345-2.922)
TyG 0.769 0.331 5.391 0.020 2.157 (1.127-4.127)
LDH 0.050 0.008 36.672 0.000 1.052 (1.035-1.069)
Constant —19.915 4.131 23.243 0.000

The abbreviations are explained in the note to Table 1. B: partial regression coefficifent; SE: standard error.
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Fig 1 Constructing a risk prediction curve for microvascular complications in early-onset type 2 diabetes mellitus based on logistic regression analysis

The abbreviations are explained in the note to Table 1.
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Fig 2 ROC curve for the risk prediction model of microvascular
complications in patients with early-onset T2DM

AUC: area under curve.
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Fig 3 Calibration curve of the risk prediction model for microvascular

complications in patients with early-onset T2DM
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