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Aim: The aim of this study was to develop a predictive model for the progression of diabetic kidney disease (DKD) to end-stage renal 
disease (ESRD) and to evaluate the effectiveness of renal pathology and the kidney failure risk equation (KFRE) in this context.
Methods: The study comprised two parts. The first part involved 555 patients with clinically diagnosed DKD, while the second part 
focused on 85 patients with biopsy-proven DKD. Cox regression analysis and competing risk regression were employed to identify 
independent predictors. Time-dependent receiver operating characteristic (ROC) was used to evaluate prediction performance, and the 
area under the curve (AUC) was calculated to assess the model’s accuracy.
Results: The Cox regression model developed for the 555 patients clinically diagnosed with DKD identified 5 predictors (body mass index 
(BMI), estimated glomerular filtration rate (eGFR), 24-hour urinary total protein (UTP), systemic immune-inflammatory index (SII), and 
controlling nutritional status (CONUT), whereas the Competing risks model included 4 predictors (BMI, eGFR, UTP, CONUT). Among 85 
patients with biopsy-proven diabetic DKD, the combined prognostic model integrating KFRE, interstitial fibrosis and tubular atrophy 
(IFTA), SII and BMI demonstrated enhanced predictive ability at 5 years. The developed models offer improved accuracy over existing 
methods by incorporating renal pathology and novel inflammatory indices, making them more applicable in clinical settings.
Conclusion: The predictive model proved to be effective in assessing the progression of DKD to ESRD. Additionally, the combined 
model of KFRE, IFTA, SII, and BMI demonstrates high predictive performance. Future studies should validate these models in larger 
cohorts and explore their integration into routine clinical practice to enhance personalized risk assessment and management.
Keywords: diabetic kidney disease, end-stage renal disease, pathologies, risk assessment

Introduction
The latest edition of the International Diabetes Federation (IDF) Diabetes Atlas (10th edition) highlights that diabetes 
mellitus (DM) is a major contributor to kidney disease globally, with almost 40% of type 2 DM (T2DM) patients 
developing diabetic kidney disease (DKD). Global trends indicate a growing prevalence of DM and its associated chronic 
kidney disease (CKD), presenting a significant challenge to global health.1 The increasing incidence of CKD highlights 
the urgency for effective prediction and prevention strategies, especially in high-risk populations. DKD is described as 
CKD resulting from diabetes, characterized by albumin loss in urine, structural changes in the kidneys (glomerular 
damage), and reduced glomerular filtration rate (GFR).2 It also encompasses a newly recognized type of diabetes-related 
CKD where GFR decreases without significant albuminuria.3 DKD is the primary cause of end-stage renal disease 
(ESRD), marked by a subtle onset. Once it progresses to notable proteinuria, the transition to ESRD occurs at a much 
quicker pace compared to other kidney ailments.4 Patients with ESRD necessitate dialysis or kidney transplantation for 
extended survival, leading to considerable challenges for patients and society. Hence, the development of 
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a comprehensive prediction model for ESRD risk in high-risk DKD patients, allowing for early intervention to delay 
deterioration in renal function, is essential.

Prognostic studies on DKD advancing to ESRD have pinpointed independent risk factors such as blood pressure (BP), 
uric acid (UA), diabetic retinopathy, cystatin-C, serum albumin (ALB), hemoglobin (Hb), 24-hour urinary total protein 
(UTP), estimated glomerular filtration rate (eGFR),5,6 mesangial proliferation,7 basement membrane thickening,8 nodular 
sclerosis,9 and interstitial fibrosis and tubular atrophy (IFTA).10 Given that the pathogenesis of DKD predominantly 
involves oxidative stress and ischemic inflammation,11 chronic hyperglycemia induce oxidative stress,12 promoting the 
excessive production of reactive oxygen species (ROS) and reducing antioxidant capacity. This, in turn, leads to 
oxidative damage to DNA and proteins, stimulating the immune system to release inflammatory mediators and cytokines 
that affect the structure and function of glomerular capillaries and renal tubules. This initiates a cascade of chronic 
inflammation, further aggravating kidney and systemic damage.13 Early identification of non-traditional risk factors is 
therefore essential for evaluating the prognosis of DKD. Presently, there is a lack of reliable prognostic models 
incorporating clinical indicators, pathological indicators, immune responses, inflammation, and nutritional status in 
DKD progression research, and acquiring substantial sample data poses challenges. Therefore, we introduced the kidney 
failure risk equation (KFRE), designed to forecast progression to ESRD in CKD stages 3–5 among Canadian 
populations.14 KFRE stands as a widely validated risk assessment tool that is user-friendly and has received validation 
across various international cohorts,15 rendering it a dependable predictive model. Our goal is to preliminarily investigate 
the combined effectiveness of KFRE, immune inflammation and nutritional indicators, and pathological indicators in 
DKD prognosis. While KFRE has proven effective in predicting ESRD risk, its scope is limited to clinical indicators such 
as age, sex, and kidney function. Incorporating immune-inflammatory, nutritional, and pathological markers alongside 
KFRE represents an innovative approach, addressing the complex interplay of DKD’s pathogenesis and improving its 
prognostic accuracy.

Materials and Methods
Study Population
We conducted a retrospective analysis, recruiting 1115 patients clinically diagnosed with DKD at the Department of 
Nephrology, Third Affiliated Hospital of Soochow University, between January12010and March 31 2023, and followed- 
up until March 31, 2024.

Inclusion criteria: (1) age ≥ 18 years; (2) meeting the clinical diagnostic criteria for DKD in patients with T2DM 
according to the National Kidney Foundation-Kidney Disease Outcomes Quality Initiative (NKF-KDOQI).

Exclusion criteria: (1) presence of other types of kidney diseases or having a solitary kidney; (2) DKD in patients with 
type 1 diabetes mellitus (T1DM); (3) eGFR < 15 mL/min/1.73 m² (CKD-EPI) during hospitalization or before admission, 
and/or undergoing renal replacement therapy; (4) death during hospital stay; (5) acute kidney injury, severe infection, or 
malignant tumor; (6) significant baseline data incompleteness and/or being lost to follow-up.

The endpoint event was defined as progression to ESRD (including eGFR < 15 mL/min/1.73 m² (CKD-EPI)) and/or 
initiation of renal replacement therapy. Patients were followed until the endpoint event occurred. For patients without the 
endpoint event, follow-up continued until March 31, 2024. Figure 1 illustrates the process of subject inclusion for 
clinically diagnosed DKD. Among the 555 patients, 85 underwent renal biopsy during hospitalization, confirming the 
pathological diagnosis of DKD. Furthermore, in the Non-ESRD group, 38 patients died during follow-up.

Data Collection
Demographic and clinical baseline data were extracted from electronic medical records, encompassing parameters such 
as age, gender, body mass index (BMI), smoking and drinking history, hypertension and diabetes duration, use of 
diabetes and hypertension medications, previous cardiovascular events, anticoagulant and/or antiplatelet agent usage, 
systolic blood pressure (SBP), average fasting blood glucose (ΔFBG), average postprandial blood glucose (ΔPBG), 
HbA1c, Hb, platelet count (PLT), neutrophil count (NEU), lymphocyte count (LYM), D-dimer, bicarbonate, ALB, blood 
urea nitrogen (BUN), serum creatinine (Scr), eGFR, UA, serum potassium (K), corrected serum calcium (Ca), serum 
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phosphorus (P), UTP, and urine albumin-to-creatinine ratio (UACR). These baseline data were utilized to calculate the 
controlling nutritional status (CONUT) score and systemic immune-inflammatory index (SII) following the respective 
formulas.

SII= PLT (10^9/L) × NEU (10^9/L)/ LYM (10^9/L)16

FBG values were used as proxies to estimate HbA1c levels. A linear regression model was used to define the 
relationship between FBG and HbA1c.17 According to established criteria from the literature,18 the estimated HbA1c 
levels were classified into two categories: Grade 1 for predicted HbA1c < 8.0%, Grade 2 for predicted HbA1c ≥ 8.0%.

For the 85 patients diagnosed with DKD through renal biopsy, we gathered information such as Tervaert classification,19 

grade of glomerular lesions, presence of Kimmelstiel-Wilson (K-W) nodules, exudative lesions (including fibrin caps and 
mesangial droplets), IFTA, glomerulosclerosis grade, and interstitial inflammatory cell infiltration grade.9 The specific grading 
criteria for pathological evaluation are as follows: The grading of glomerular lesions was based on the Tervaert classification. 
Glomerular lesion grades were classified as follows: Grade 1 corresponds to Tervaert stage I, Grade 2 to stage IIa, Grade 3 to 
stage IIb, Grade 4 to stage III, and Grade 5 to stage IV. Glomerulosclerosis was graded as: Grade 0 (no sclerosis), Grade 1 
(<25% sclerosis), Grade 2 (25–50% sclerosis), and Grade 3 (>50% sclerosis). Interstitial inflammatory cell infiltration was 
graded as: Grade 0 (none), Grade 1 (minimal, focal), and Grade 2 (extensive, diffuse). K-W nodules and exudative lesions 
(fibrin caps, mesangial droplets) were each classified as Grade 0 (absent) or Grade 1 (present). IFTA were graded as: Grade 0 
(no atrophy), Grade 1 (<25% atrophy), Grade 2 (25–50% atrophy), and Grade 3 (>50% atrophy). The pathological score was 
independently evaluated by two pathologists. Although inter-rater agreement was not formally assessed in this study (eg, using 
Cohen’s Kappa), any discrepancies in scoring were resolved through discussion between the pathologists to reach a consensus.

Furthermore, we calculated the KFRE scores for the patients using the original scoring algorithm. The KFRE, which 
incorporates age, gender, UACR, eGFR, bicarbonate levels, ALB, Ca, and P, estimates the 2-year and 5-year risk of progression 
to ESRD. The KFRE scores range from −83 to 29, with lower scores indicating a higher risk of ESRD progression.14

Recruiting patients with a first clinical diagnosis of DKD 
between January 2010 and March 2023

n=1115

Patients who started baseline data entry
n=635

Patients starting long-term follow-up
n=750

Excluded:
(1) Age < 18 years (n=0)
(2) T1DKD (n=5)
(3) Other kidney diseases or 
solitary kidney (n=38)
(4) Death during 
hospitalization, eGFR < 15 
mL/min/1.73m², or renal 
replacement therapy (n=414)
(5) Acute kidney injury or 
severe infections (n=9)

Significant missing 
baseline data 

n=29

Patients eligible for analysis
n=555

Missing follow-up 
data
n=65

Non-ESRD
n=379

ESRD
n=176

Figure 1 Flowchart of participants with clinically diagnosed DKD. 
Note: The flowchart shows the entire research process. 
Abbreviations: DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; T1DKD, type 1 diabetic kidney disease; T2DKD, type 2 
diabetic kidney disease.
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Statistical Analysis
Statistical analyses were conducted using SPSS software version 26.0, R software version 4.4.0, and GraphPad Prism 
software version 9.0.0. Continuous variables with a normal distribution were presented as mean ± standard deviation and 
compared between groups using the t-test. Non-normally distributed continuous variables were expressed as median 
(interquartile range) and compared using the Mann–Whitney U-test. Categorical variables were described as percentages 
(%) and analyzed using the χ2 test or Fisher’s exact test. To develop the competing risks regression model, the analysis 
utilized the “crprep” function from the “mstate” R package. A P value < 0.05 was considered statistically significant.

Results
Patients with Clinically Diagnosed DKD
Baseline Characteristics
The median follow-up duration for DKD participants was 38.0 (19.0, 67.0) months. Among our follow-up cohort, 176 cases 
(31.7%) experienced ESRD events. Baseline demographic characteristics, laboratory indicators and medication usage of 555 
included DKD patients are present in Table 1. ESRD group showed higher SBP, DBP, D-dimer, BUN, Scr, K, Ca, UTP, CONUT 
score, male proportion, UA and SII proportions, proteinuria, but lower ΔFBG, Hb and eGFR compared with non-ESRD group.

Table 1 Baseline Characteristics in Patients with Clinical Diagnosis of DKD

Variable Total (n=555) Non-ESRD (n=379) ESRD (n=176) z/χ2/t P

Time (months) 38.0 (19.0, 67.0) 52.0 (28.0, 76.0) 21.5 (10.3, 37.0) −9.648 <0.001
Age [n (%)]

≤65 years 336 (60.5) 223 (58.8) 113 (64.2) 1.448 0.229

>65 years 219 (39.5) 156 (41.2) 63 (35.8)
BMI (kg/m^2) 24.6 (22.6, 27.0) 24.7 (22.6, 27.0) 24.5 (22.6, 26.9) −0.470 0.638

SBP (mmHg) 154.9 ± 21.8 152.1 ± 21.1 160.9 ± 22.2 6.817 <0.001

DBP (mmHg) 84.0 (77.0, 93.0) 84.0 (77.0, 91.0) 87.0 (79.0, 97.8) −2.726 0.006
ΔPBG (mmol/L) 7.6 (6.3, 9.2) 7.7 (6.4, 9.3) 7.4 (6.1, 8.9) −1.685 0.092

ΔFBG (mmol/L) 12.3 (9.9, 14.5) 12.3 (10.3, 14.7) 11.9 (9.1, 14.2) −2.315 0.021

Gender [n (%)]
Female 204 (36.8) 154 (40.6) 50 (28.4) 7.726 0.005

Male 351 (63.2) 225 (59.4) 126 (71.6)

Smoking History [n (%)] 150 (27.0) 96 (25.3) 54 (30.7) 1.746 0.186
Drinking History [n (%)] 59 (10.6) 42 (11.1) 17 (9.7) 0.256 0.613

Diabetes Duration (years) 10.0 (8.0, 18.0) 10.0 (7.0, 16.0) 10.0 (9.3, 19.8) −1.555 0.120

Hypertension Duration (years) 8.0 (1.0, 15.0) 10.0 (1.0, 16.0) 7.5 (1.0, 15.0) −0.148 0.882
History of Cardiovascular Events [n (%)] 110 (19.8) 72 (19.0) 38 (21.6) 0.509 0.476

Predicted HbA1c Level [n (%)]

< 8.0% 312 (56.2) 212 (55.9) 100 (56.8) 0.038 0.846
≥ 8.0% 243 (43.8) 167 (44.1) 76 (43.2)

Hb (g/L) 121.0 (105.0, 135.0) 126.0 (112.0, 140.0) 112.0 (94.3, 125.8) −7.493 <0.001

D-dimer (mg/L) 0.5 (0.2, 0.9) 0.4 (0.2, 0.8) 0.7 (0.4, 1.2) −6.000 <0.001
BUN (mmol/L) 7.3 (5.5, 10.8) 6.5 (4.9, 8.5) 10.3 (7.4, 14.8) −9.731 <0.001

Scr (μmol/L) 104.1 (78.0, 166.3) 90.0 (70.0, 120.0) 168.5 (115.5, 222.0) −11.329 <0.001

Egfr (mL/min/1.73m2) 60.0 (34.2, 84.5) 72.5 (48.4, 91.4) 34.3 (24.0, 57.3) −10.663 <0.001
UA [n (%)]

≤372.2μmol/L 278 (50.1) 209 (55.1) 69 (39.2) 12.216 <0.001

>372.2μmol/L 277 (49.9) 170 (44.9) 107 (60.8)
K (mmol/L) 4.1 (3.7, 4.5) 4.1 (3.7, 4.4) 4.1 (3.8, 4.7) −2.742 

–3.212

0.006 

0.001Ca (mmol/L) 2.4 (2.3, 2.5) 2.4 (2.3, 2.5) 2.4 (2.3, 2.5)

P (mmol/L) 1.2 (1.1, 1.4) 1.2 (1.1, 1.4) 1.3 (1.2, 1.5) −4.227 <0.001
UTP (g/day) 2.7 (1.0, 5.6) 1.6 (0.6, 3.6) 5.7 (3.3, 9.4) −11.997 <0.001

(Continued)
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Identification of Independent Risk Factors for DKD Progression to ESRD Using Cox Proportional Hazards 
Regression
We employed Cox proportional hazards regression to identify independent significant variables associated with DKD 
progression to ESRD. Univariate regression analysis showed 15 variables were related to DKD progression to ESRD 
including gender, age, BMI, SBP, smoking history, Hb, CONUT, D-dimer, eGFR, UA, K, P, UTP, and SII. Ultimately, 
BMI, eGFR, UTP, CONUT, and SII were identified as independent risk factors for DKD progression to ESRD (Table 2).

Table 1 (Continued). 

Variable Total (n=555) Non-ESRD (n=379) ESRD (n=176) z/χ2/t P

CONUT 2.0 (1.0, 5.0) 2.0 (0.0, 4.0) 4.0 (2.0, 6.0) −8.055 <0.001

SII [n (%)]
≤467.9 277 (49.9) 211 (55.7) 66 (37.5) 15.877 <0.001

>467.9 278 (50.1) 168 (44.3) 110 (62.5)

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Ca, calcium; CI, confidence interval; DBP, diastolic blood pressure; ΔFBG, average fasting 
blood glucose; ΔPBG, average postprandial blood glucose; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; Hb, hemoglobin 
concentration; HbA1c, glycated hemoglobin; K, potassium; P, phosphorus; SBP, systolic blood pressure; Scr, serum creatinine; SII, systemic immune- 
inflammation index; UA, uric acid; UTP, 24-hour urine total protein.

Table 2 Cox Regression Analysis of ESRD-Related Risk Factor in Patients with Clinical 
Diagnosis of DKD

Factor Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P HR (95% CI) P

Age 0.849 (0.624, 1.156) 0.300 0.924 (0.652, 1.308) 0.655
Gender 1.768 (1.273, 2.455) 0.001 1.100 (0.745, 1.624) 0.631

BMI 0.984 (0.943, 1.027) 0.455 1.077 (1.032, 1.123) 0.001

Smoking History 1.329 (0.964, 1.834) 0.083 1.160 (0.785, 1.716) 0.456
Drinking History 0.953 (0.577, 1.573) 0.849

ΔFBG 0.953 (0.891, 1.020) 0.165
ΔPBG 0.937 (0.894, 0.981) 0.006

SBP 1.019 (1.012, 1.026) <0.001 1.004 (0.996, 1.011) 0.336

DBP 1.022 (1.010, 1.033) <0.001
History of Cardiovascular Events 1.263 (0.881, 1.809) 0.203

Diabetes Duration 1.015 (0.995, 1.035) 0.143

Hypertension Duration 0.996 (0.981, 1.011) 0.587
HbA1c 0.968 (0.718, 1.304) 0.830 0.793 (0.573, 1.098) 0.163

Hb 0.968 (0.962, 0.975) <0.001 0.994 (0.985, 1.004) 0.219

D-dimer 1.050 (1.011, 1.090) 0.011 1.004 (0.923, 1.091) 0.928
BUN 1.174 (1.146, 1.203) <0.001

eGFR 0.960 (0.953, 0.966) <0.001 0.966 (0.957, 0.974) <0.001

Scr 1.013 (1.011, 1.015) <0.001
UA 1.911 (1.411, 2.589) <0.001 0.936 (0.667, 1.311) 0.699

K 1.476 (1.141, 1.911) 0.003 0.976 (0.749, 1.271) 0.855

Ca 1.604 (0.688, 3.742) 0.274
P 1.712 (1.368, 2.143) <0.001 1.173 (0.812, 1.694) 0.396

UTP 1.167 (1.141, 1.195) <0.001 1.135 (1.096, 1.176) <0.001

CONUT 1.316 (1.247, 1.388) <0.001 1.117 (1.036, 1.203) 0.004
SII 2.072 (1.526, 2.813) <0.001 1.477 (1.064, 2.051) 0.020

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Ca, calcium; CI, confidence interval; DBP, diastolic 
blood pressure; ΔFBG, average fasting blood glucose; ΔPBG, average postprandial blood glucose; eGFR, estimated 
glomerular filtration rate; ESRD, end-stage renal disease; Hb, hemoglobin concentration; HbA1c, glycated hemoglobin; 
K, potassium; P, phosphorus; SBP, systolic blood pressure; Scr, serum creatinine; SII, systemic immune-inflammation index; 
UA, uric acid; UTP, 24-hour urine total protein.
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Evaluating Predictive Performance Based on Cox Proportional Hazards Regression
Time-dependent ROC curves were utilized to assess the predictive performance (Figure 2). The area under the curve 
(AUC) of ROC curves was 0.901 (95% CI 0.851 to 0.938) at 1 year, 0.894 (95% CI 0.859 to 0.928) at 3 years, and 0.887 
(95% CI 0.852 to 0.921) at 5 years.

Cumulative Incidence of ESRD and Death in DKD Patients
Considering ESRD as the endpoint event and all-cause mortality as the competing event (38 cases of all-cause mortality 
occurred in the non-ESRD group), cumulative incidence functions (CIFs) were plotted (Figure 3). The cumulative incidence 
of ESRD was 9.8% at 1 year, 18.0% at 2 years, 26.0% at 3 years, 31.0% at 4 years, and 32.0% at 5 years. The cumulative 
incidence of death was 1.3% at 1 year, 2.8% at 2 years, 4.2% at 3 years, 6.0% at 4 years, and 7.0% at 5 years (Table 3).

Identification of Independent Risk Factors for DKD Progression to ESRD Using Competing Risk Regression
For competing risk regression analysis, all-cause mortality was considered as a competing event. After excluding highly 
collinear factors and selecting 14 variables related to ESRD for multivariable regression analysis, BMI, eGFR, UTP and 
CONUT were identified as independent risk factors for DKD progression to ESRD (Table 4).

Figure 2 Time-Dependent ROC Curves for the Cox Proportional Hazards Model with BMI, eGFR, UTP, CONUT and SII. 
Notes: The X-axis represents the false positive rate, while the Y-axis represents the true positive rate. Curves of different colors correspond to different time points. The red 
curve represents the ROC curve of the model at 1 year, the blue curve represents the ROC curve at 3 years, and the green curve represents the ROC curve at 5 years. The AUC 
of time-dependent ROC curves was 0.901 (95% CI 0.851 to 0.938) at 1 year, 0.894 (95% CI 0.859 to 0.928) at 3 years, and 0.887 (95% CI 0.852 to 0.921) at 5 years. 
Abbreviations: AUC, area under the curve; BMI, body mass index; eGFR, estimated glomerular filtration rate; SII, systemic immune-inflammation index; time-dependent 
ROC, time-dependent receiver operating characteristic; UTP, 24-hour urine total protein.

https://doi.org/10.2147/DMSO.S500992                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 388

Hu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Evaluating Predictive Performance Based on Competitive Risk Regression
Time-dependent ROC curves were utilized to assess the predictive performance. The area under the curve (AUC) for the 
competing risks regression model was 0.897 (95% CI 0.847 to 0.939) at 1 year, 0.890 (95% CI 0.853 to 0.922) at 3 years, 
and 0.882 (95% CI 0.843 to 0.917) at 5 years (Figure 4).

Figure 3 Cumulative Incidence Function Curves of ESRD and Death Events Over Time. 
Notes: The figure illustrates the cumulative incidence rates of events for DKD patients during follow-up. The X-axis represents time (months), while the Y-axis represents 
cumulative incidence rate. The solid line indicates the cumulative incidence rate of death, and the dashed line represents the cumulative incidence rate of progression to 
ESRD. 
Abbreviations: DKD, diabetic kidney disease; ESRD, end-stage renal disease.

Table 3 Cumulative Incidence of ESRD and Death Events Over Time in Patients with Clinical Diagnosis of DKD

Characteristic 1-Year Cuminc 2-Year Cuminc 3-Year Cuminc 4-Year Cuminc 5-Year Cuminc

ESRD 9.8% (7.5%, 13.0%) 18.0% (15.0%, 21.0%) 26.0% (22.0%, 30.0%) 31.0% (26.0%, 35.0%) 32.0% (28.0%, 37.0%)

Death 1.3% (0.6%, 2.5%) 2.8% (1.7%, 4.5%) 4.2% (2.7%, 6.2%) 6.0% (4.1%, 8.5%) 7.0% (4.8%, 9.6%)

Abbreviations: Cuminc, cumulative incidence; DKD, diabetic kidney disease; ESRD, end-stage renal disease.

Table 4 Competing Risks Regression of ESRD-Related Risk Factor

Factor Univariable Competing Risks Regression Multivariable Competing Risks Regression

HR (95% CI) P HR (95% CI) P

Age 0.798 (0.587, 1.084) 0.150 0.717 (0.481, 1.069) 0.100

Gender 1.766 (1.276, 2.444) 0.001 1.250 (0.826, 1.893) 0.290
BMI 0.985 (0.943, 1.030) 0.510 1.064 (1.017, 1.114) 0.008

Smoking History 1.346 (0.981, 1.847) 0.066 1.250 (0.830, 1.883) 0.290

Drinking History 0.961 (0.592, 1.561) 0.870
ΔFBG 0.953 (0.888, 1.023) 0.180

ΔPBG 0.935 (0.892, 0.981) 0.006

SBP 1.018 (1.011, 1.025) <0.001 1.005 (0.997, 1.012) 0.260
DBP 1.022 (1.010, 1.034) <0.001

History of Cardiovascular Events 1.206 (0.848, 1.716) 0.300

Diabetes Duration 1.012 (0.994, 1.030) 0.180
Hypertension Duration 0.995 (0.979, 1.011) 0.550

(Continued)
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Patients with Biopsy-Proven DKD
Baseline Characteristics
In the cohort of 555 patients clinically diagnosed with DKD, 85 patients underwent renal biopsy for confirmation. These 
patients were followed for a median duration of 32.0 (18.0, 49.0) months, and 30 patients (35.3%) progressed to ESRD. 
Baseline characteristics of the 85 patients are detailed in Table 5, respectively. Higher levels of D-dimer, Scr, UTP, 

Table 4 (Continued). 

Factor Univariable Competing Risks Regression Multivariable Competing Risks Regression

HR (95% CI) P HR (95% CI) P

HbA1c 0.962 (0.715, 1.296) 0.800 0.772 (0.539, 1.104) 0.160

Hb 0.970 (0.963, 0.977) <0.001 0.993 (0.984, 1.003) 0.180
D-dimer 1.047 (0.999, 1.098) 0.055

BUN 1.166 (1.134, 1.198) <0.001

eGFR 0.963 (0.956, 0.969) <0.001 0.967 (0.959, 0.976) <0.001
Scr 1.013 (1.010, 1.015) <0.001

UA 1.877 (1.389, 2.536) <0.001 0.886 (0.620, 1.266) 0.510

K 1.458 (1.103, 1.927) 0.008 0.972 (0.717, 1.317) 0.850
Ca 1.354 (0.688, 2.667) 0.380

P 1.716 (1.316, 2.237) <0.001 1.185 (0.904, 1.555) 0.220

UTP 1.163 (1.119, 1.208) <0.001 1.114 (1.067, 1.163) <0.001
SII 1.985 (1.466, 2.688) <0.001 1.303 (0.928, 1.828) 0.130

CONUT 1.292 (1.223, 1.365) <0.001 1.087 (1.005, 1.176) 0.038

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Ca, calcium; CI, confidence interval; CONUT, controlling nutritional status score; DBP, 
diastolic blood pressure; ΔFBG, average fasting blood glucose; ΔPBG, average postprandial blood glucose; eGFR, estimated glomerular filtration rate; ESRD, 
end-stage renal disease; Hb, hemoglobin concentration; HbA1c, glycated hemoglobin; K, potassium; P, phosphorus; SBP, systolic blood pressure; Scr, serum 
creatinine; SII, systemic immune-inflammation index; UA, uric acid; UTP, 24-hour urine total protein.

Figure 4 Time-Dependent ROC Curves for the Competing Risks Model with BMI, eGFR, UTP and CONUT. 
Notes: The X-axis represents the false positive rate, while the Y-axis represents the true positive rate. Curves of different colors correspond to different time points. The 
red curve represents the ROC curve of the model at 1 year, the blue curve represents the ROC curve at 3 years, and the green curve represents the ROC curve at 5 years. 
The AUC of time-dependent ROC was 0.897 (95% CI 0.847 to 0.939) at 1 year, 0.890 (95% CI 0.853 to 0.922) at 3 years, and 0.882 (95% CI 0.843 to 0.917) at 5 years. 
Abbreviations: AUC, area under the curve; BMI, body mass index; eGFR, estimated glomerular filtration rate; time-dependent ROC, time-dependent receiver operating 
characteristic; UTP, 24-hour urine total protein.
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Table 5 Baseline Characteristics in Patients with Pathologic Diagnosis of DKD

Variable Total (n=85) Non-ESRD (n=55) ESRD (n=30) z/χ2/t P

Time (months) 32.0 (18.0, 49.0) 32.0 (17.0, 53.0) 18.25 (33.0, 45.25) −0.317 0.751

Gender [n (%)]

Female 23 (27.1) 13 (23.6) 10 (33.3) 0.925 0.336

Male 62 (72.9) 42 (76.4) 20 (66.7)

Age (years) 52.2 ± 10.3 52.3 ± 9.7 52.1 ± 11.6 0.111 0.912

BMI (kg/m^2) 20.7 ± 2.7 20.6 ± 2.4 20.9 ± 3.2 −0.474 0.637

ΔFBG (mmol/L) 7.6 (6.0, 8.9) 7.7 (6.0, 9.5) 7.4 (6.1, 8.3) −1.168 0.243

ΔPBG (mmol/L) 11.9 ± 3.2 12.0 ± 3.5 11.8 ± 2.8 0.271 0.787

SBP (mmHg) 157.0 ± 22.0 154. 6 ± 20.0 161.4 ± 25.0 −1.369 0.175

DBP (mmHg) 90.8 ± 12.4 90.7 ± 12.0 91.0 ± 13.3 −0.110 0.913

Smoking History [n (%)] 26 (30.6) 17 (30.9) 9 (30.0) 0.008 0.931

Drinking History [n (%)]

Drinking History [n (%)] 12 (14.1) 7 (12.7) 5 (16.7) 0.746

Diabetes Duration (years) 10.0 (5.0, 10.5) 8.0 (4.0, 10.0) 10.0 (6.5, 14.3) −1.556 0.120

Hypertension Duration (years) 2.0 (0.1, 9.50) 2.0 (0.0, 1.0) 1.5 (0.1, 8.5) −0.227 0.820

History of Cardiovascular Events [n (%)]

History of Cardiovascular Events [n (%)] 2 (2.4) 1 (1.8) 1 (3.3) 1.000

HbA1c (%) 7.8 (6.9, 8.7) 8 (7.2, 9.2) 7.3 (6.4, 8.4) −1.822 0.068

Hb (g/L) 122.2 ± 21.5 127.4 ± 20.6 112.9 ± 20.2 3.121 0.002

D-dimer (mg/L) 0.4 (0.2, 0.9) 0.3 (0.2, 0.7) 0.6 (0.3, 1.4) −2.908 0.004

BUN (mmol/L) 7.3 (6.0, 9.3) 6.9 (5.9, 8.7) 8.3 (6.8, 10.0) −1.894 0.058

Scr (μmol/L) 105.0 (83.0, 128.6) 97.0 (81.0, 120.0) 125.5 (96.8, 176.8) −3.348 0.001

eGFR (mL/min/1.73m2) 67. 5 (50.1, 84.4) 74.4 (59.1, 98.5) 54.7 (32.9, 69.9) −3.747 <0.001

UA (μmol/L) 378.4 (329.0, 447.1) 360.8 (327.4, 417.4) 406.5 (350.0, 475.4) −1.770 0.077

K (mmol/L) 4.0 ± 0.5 3.9 ± 0.5 4.0 ± 0.5 −0.587 0.559

Ca (mmol/L) 2.2 ± 0.2 2.3 ± 0.2 2.2 ± 0.2 0.560 0.577

P (mmol/L) 1.3 (1.2, 1.4) 1.3 (1.2, 1.4) 1.3 (1.1, 1.5) −0.373 0.709

UTP (g/day) 4.7 (2.4, 7.4) 3.3 (1.6, 5.7) 6.1 (5.2, 9.7) −3.711 <0.001

UACR (mg/mmol) 38.3 (25.8, 83.1) 38.3 (24.3, 48.6) 61.6 (33.7, 139.7) −2.542 0.011

CONUT 4.0 (1.0, 6.0) 2.0 (1.0, 5.0) 4.5 (2.8, 7.0) −2.711 0.007

KFRE −11.0 (−21.0, −6.0) −10.0 (−16.0, −6.0) −19.5 (−36.5, −10.3) −3.677 <0.001

SII 492.7 (351.8, 693.7) 485.8 (356.4, 687.8) 510 (319.2, 734.6) −0.285 0.776

Glomerular Lesion Grade [n (%)]

≤3 33 (38.8) 28 (50.9) 5 (16.7) 9.583 0.002

>3 52 (61.2) 27 (49.1) 25 (83.3)

K-W Nodules [n (%)] 48 (56.5) 26 (47.3) 22 (73.3) 5.363 0.021

IFTA [n (%)]

1 38 (44.7) 33 (60.0) 5 (16.7) 14.854 0.001

2 31 (36.5) 14 (25.5) 17 (56.7)

3 16 (18.8) 8 (14.5) 8 (27.6)

Inflammatory Cell Infiltration [n (%)]

1 53 (62.4) 37 (67.3) 16 (53.3) 1.607 0.205

2 32 (37.6) 18 (32.7) 14 (46.7)

Glomerulosclerosis [n (%)]

0 13 (15.3) 9 (16.4) 4 (13.3) 0.237

1 36 (42.4) 27 (49.1) 9 (30.0)

2 22 (25.9) 12 (21.8) 10 (33.3)

3 14 (16.5) 7 (12.7) 7 (23.3)

Exudative Lesion [n (%)] 11 (12.9) 7 (12.7) 4 (13.3) 1.000

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Ca, calcium; DBP, diastolic blood pressure; DKD, diabetic kidney disease; ΔFBG, 
average fasting blood glucose; Hb, hemoglobin concentration; HbA1c, glycated hemoglobin; IFTA, interstitial fibrosis and tubular atrophy; K, 
potassium; KFRE, kidney failure risk equation; K-W Nodules, Kimmelstiel-Wilson nodules; P, phosphorus; PLT, platelet count; SBP, systolic blood 
pressure; Scr, serum creatinine; SII, systemic immune-inflammation index; UA, uric acid; UACR, urine albumin-to-creatinine ratio; UTP, 24-hour 
urine total protein; ΔPBG, average postprandial blood glucose.
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UACR, and CONUT were found in the ESRD group. Meanwhile, more severe glomerular lesions, IFTA, and a higher 
prevalence of K-W nodules were presented in the ESRD group, along with lower Hb, eGFR and KFRE scores.

IFTA as a Significant Independent Risk Factor for DKD Progression to ESRD
Univariate and multivariate Cox regression analyses were conducted on the pathological data to identify independent risk 
factors. The results are summarized in Table 6, and highlighted IFTA as a significant independent risk factor for 
progression to ESRD in DKD patients.

Predictive Value of Combined KFRE Scores and IFTA in DKD Progression
K-M curves (Figure 5A) were plotted for different IFTA grade groups, showing a significantly higher rate of DKD 
progression in the high IFTA grade group compared to the low-grade group (P = 0.004). Additionally, based on KFRE 

Table 6 Cox Regression Analysis of ESRD-Related Pathologic Risk Factors in Patients with 
Pathologic Diagnosis of DKD

Variable Univariate Cox Regression Multivariate Cox Regression

HR (95% CI) P HR (95% CI) P

Glomerular Lesion Grade 4.134 (1.578 10.829) 0.004 2.397 (0.587 9.794) 0.223
K-W Nodules 2.806 (1.243, 6.331) 0.013 1.228 (0.382 3.949) 0.731

Exudative Lesions 0.618 (0.209, 1.831) 0.385

Glomerulosclerosis 0.752
Glomerulosclerosis 1 VS 0 0.910 (0.279, 2.966) 0.876

Glomerulosclerosis 2 VS 0 1.181 (0.365, 3.826) 0.781

Glomerulosclerosis 3 VS 0 1.570 (0.454, 5.431) 0.476
IFTA 0.002 0.013

IFTA2 VS IFTA1 5.672 (2.063, 15.596) 0.001 4.661 (1.666 13.036) 0.003

IFTA3 VS IFTA1 5.638 (1.833, 17.343) 0.003 3.696 (1.152 11.865) 0.028
Inflammatory Cell Infiltration 1.787 (0.868, 3.679) 0.115

Abbreviations: CI, confidence interval; DKD, diabetic kidney disease; ESRD, end-stage renal disease; IFTA, interstitial 
fibrosis and tubular atrophy; K-W Nodules, Kimmelstiel-Wilson nodules.

Figure 5 K-M Curves for DKD Patients Stratified by IFTA and KFRE Groups. 
Notes: The X-axis represents time (months) and the Y-axis represents survival rate. (A) The green curve indicates the progression rate of kidney disease for patients with 
IFTA grade 1, the blue curve for patients with IFTA grade 2, and the red curve for patients with IFTA grade 3. Differences between the curves were compared using the Log 
rank test, with a p-value of 0.004. (B) The blue curve indicates the progression rate of kidney disease for patients in the high KFRE score group, while the red curve 
represents the low KFRE score group. Differences between the curves were compared using the Log rank test, with a p-value of <0.001. 
Abbreviations: DKD, diabetic kidney disease; IFTA, interstitial fibrosis and tubular atrophy; KFRE, kidney failure risk equation; K-M curves, Kaplan-Meier curves.
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scores divided into high and low groups using the optimal cutoff value (optimal cutoff value =−16), K-M curves 
(Figure 5B) demonstrated a markedly higher rate of DKD progression in the low KFRE score group compared to the high 
score group (P < 0.001).

To assess the predictive performance of KFRE combined with other indicators for DKD progression to ESRD, time- 
dependent ROC curves were plotted for four models: KFRE (Model 1), KFRE combined with IFTA (Model 2), KFRE 
combined with IFTA and SII (Model 3), and KFRE combined with IFTA, SII, and BMI (Model 4). Figure 6 shows the 
predictive performance of four models at two years. Figure 7 displays the predictive performance at five years. Full 
details of the AUC values from the time-dependent ROC curves can be found in Table 7. The results showed that Model 
4 demonstrated strong predictive accuracy at both 2-year and 5-year intervals, with a significant enhancement in 
performance observed at the 5-year mark.

Discussion
Our study initially analyzed 555 patients with a clinical diagnosis of DKD. Among them, 176 developed ESRD, and 38 
died from various causes. We utilized Cox regression and competing risk regression to identify independent predictors, 
then assessed predictive performance using time-dependent ROC curves. Notably, the model derived from Cox 

Figure 6 Time-Dependent ROC Curve of the KFRE Combined with Other Indicators at Two Years. 
Notes: The X-axis represents the false positive rate, while the Y-axis represents the true positive rate. Curves of different colors correspond to different time points. The 
red line represents the curve for Model 1 (KFRE), with an AUC value of 0.851 (95% CI 0.672 to 0.929). The blue line corresponds to Model 2 (KFRE, IFTA), with an AUC 
value of 0.822 (95% CI 0.668 to 0.943). The yellow line illustrates Model 3 (KFRE, IFTA, SII), with an AUC value of 0.854 (95% CI 0.668 to 0.974). The green line depicts 
Model 4 (KFRE, IFTA, SII, BMI), with an AUC value of 0.809 (95% CI 0.612 to 0.961). 
Abbreviations: BMI, body mass index; AUC, area under the curve; IFTA, interstitial fibrosis and tubular atrophy; SII, systemic immune-inflammation index; time-dependent 
ROC, time-dependent receiver operating characteristic.
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regression, incorporating non-traditional risk factors like SII and CONUT, exhibited even better performance. 
Furthermore, in a prognostic analysis involving 85 patients pathologically diagnosed with DKD, ROC curves illustrated 
that the combination of IFTA, KFRE, SII and BMI had high predictive capability for DKD progression to ESRD.

In our study, we identified five variables (BMI, eGFR, UTP, SII, CONUT) as independent risk factors for DKD 
progression to ESRD in the Cox regression model. Previous research has shown that a higher BMI is linked to an 

Figure 7 Time-Dependent ROC Curve of the KFRE Combined with Other Indicators at Five Years. 
Notes: The X-axis represents the false positive rate, while the Y-axis represents the true positive rate. Curves of different colors correspond to different time points. The 
red line represents the curve for Model 1 (KFRE), with an AUC value of 0.611 (95% CI 0.350 to 0.864). The blue line corresponds to Model 2 (KFRE, IFTA), with an AUC 
value of 0.710 (95% CI 0.418 to 0.971). The yellow line illustrates Model 3 (KFRE, IFTA, SII), with an AUC value of 0.731 (95% CI 0.483 to 0.947). The green line depicts 
Model 4 (KFRE, IFTA, SII, BMI), with an AUC value of 0.751 (95% CI 0.495 to 0.965). 
Abbreviations: A BMI, body mass index; AUC, area under the curve; IFTA, interstitial fibrosis and tubular atrophy; SII, systemic immune-inflammation index; time- 
dependent ROC, time-dependent receiver operating characteristic.

Table 7 AUC for Predicting ESRD Progression in Patients with Pathologically 
Diagnosed DKD Using KFRE Combined with Other Indicators

Models Indicators 2-Year [AUC (95% CI)] 5-Year [AUC (95% CI)]

Model 1 KFRE 0.851 (0.672, 0.929) 0.611 (0.350, 0.864)

Model 2 KFRE+IFTA 0.822 (0.668, 0.943) 0.710 (0.418, 0.971)
Model 3 KFRE+IFTA+SII 0.854 (0.668, 0.974) 0.731 (0.483, 0.947)

Model 4 KFRE+IFTA+SII+BMI 0.809 (0.612, 0.961) 0.751 (0.495, 0.965)

Abbreviations: BMI, body mass index; AUC, area under the curve; CI, confidence interval; DKD, diabetic 
kidney disease; ESRD, end-stage renal disease; IFTA, interstitial fibrosis and tubular atrophy; KFRE, kidney 
failure risk equation; SII, systemic immune-inflammation index.
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increased risk of DKD, while decreased eGFR and renal fat deposition can impact renal hemodynamics and regulation.20 

Proteinuria can lead to kidney damage, inflammation, and fibrosis by triggering processes like autophagy dysfunction21 

and endoplasmic reticulum stress.22 Elevated protein excretion exacerbates kidney progression.23 Studies have high
lighted the prognostic significance of CONUT scores in dialysis24 and CKD patients, with higher scores indicating poorer 
nutritional status and correlating with adverse outcomes such as worsening kidney function and increased mortality 
rates.25 Recent evidence also supports CONUT as a risk factor for DKD progression,26 aligning with our study findings.

SII serves as a marker assessing the body’s inflammatory status and immune response. According to the calculation 
formula of SII, SII is closely related to PLT, NEU and LYM. Studies have shown that cytokines and chemokines released by 
activated PLT exacerbate glomerular damage and proteinuria in DKD.27 Additionally, PLT-derived microparticles enhance 
oxidative stress, further accelerating the progression of DKD.28 Antiplatelet therapy may have a beneficial effect in 
preventing the progression of DKD.29,30 Furthermore, studies have shown that the PLT-to-LYM ratio (PLR) and the NEU- 
to-LYM ratio (NLR) are not only associated with the occurrence of DKD31 but also serve as independent risk factors for the 
progression of DKD.32,33 Thus, it is evident that the SII, which integrates PLT, LYM, and NEU, holds significant 
importance in the prognostic evaluation of DKD. Research in kidney diseases reveals a positive relationship between SII 
and increased urinary albumin excretion,34 while SII levels are linked to CKD prevalence and mortality rates.35 Recent 
investigations have associated higher SII levels with DKD occurrence,36 though its role in DKD progression remained 
unclear until our study. We uncovered SII as an independent risk factor for DKD progression to ESRD, suggesting its 
potential as a biomarker for early risk identification in DKD progression. Utilizing SII may facilitate early intervention and 
personalized treatment strategies, ultimately enhancing prognosis and quality of life in DKD patients. Future studies should 
validate SII’s reliability in clinical settings and explore its practical applications in managing DKD.

In our center’s long-term patient follow-up, findings revealed that individuals with DKD not only face the risk of 
ESRD but also other competing events that can lead to mortality. To assess how different events impact survival and 
disease progression in DKD patients and to address potential limitations of the Cox model, which assumes single events, 
we employed a competing risk model. The strength of this approach lies in its ability to account for multiple competing 
events comprehensively. Recent research on building clinical prediction models has indicated that competing risk models 
offer more precise estimates of event probabilities, thereby enhancing the accuracy and usefulness of prognostic 
forecasts.37 In our investigation, we observed that five variables (BMI, eGFR, UTP, SII, CONUT) in the Cox regression 
model overlap with the four variables (BMI, eGFR, UTP, CONUT) used in the competing risk model. Our center’s study 
suggests that the relatively sparse occurrence of competing events (such as all-cause mortality) allowed the Cox model to 
perform better due to its simpler assumptions. As a result, we deem the Cox model appropriate for our study, as it 
exhibited good performance with an AUC at 1 year, 3 years, and 5 years.

Prior studies have indicated the strong predictive role of KFRE in assessing the risk of progression to ESRD at 2 and 
5 years in patients with mid-to-late-stage DKD.38 In our study, we observed that the low KFRE score group exhibited 
a significantly higher rate of DKD progression compared to the high KFRE score group. Therefore, we incorporated the 
KFRE into our analysis to compare the predictive value of KFRE combined with other indicators for DKD prognostic 
prediction. Our study demonstrated that the combined KFRE and IFTA prognostic model exhibited high predictive 
accuracy at 2 years and 5 years, as evidenced by the high AUC values. These results highlight the notable predictive 
value of IFTA and KFRE in predicting DKD progression to ESRD. Consistent with previous finding,10 our study 
identified IFTA as an independent risk factor for DKD progression. Notably, there is currently a lack of research 
incorporating pathological indicators into prognostic models. We further incorporated the independent risk factors 
previously identified through Cox proportional hazards regression and competing risk regression into our model. 
Given the overlapping factors with other indicators in the CONUT score, we decided to exclude its use. The results 
indicated that the model (Model 4), incorporating SII and BMI, exhibited high predictive accuracy at both 2 years and 5 
years, with a notable improvement in performance at the 5-year mark. This finding underscores that the combination of 
SII and BMI not only enhances the model’s predictive capability but also provides a more reliable risk assessment over 
a longer follow-up period. These results emphasize the value of integrating multiple indicators to improve prognostic 
predictions, supporting further research and clinical application. Future studies should expand sample sizes to validate 
our model’s accuracy in diverse populations. Incorporating additional clinical and pathological data may further optimize 
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the model for personalized risk assessments and management. Long-term prospective studies will also help confirm the 
clinical significance of SII, BMI, KFRE, and IFTA in DKD progression, providing evidence for future interventions.

This study has several limitations, including the lack of external validation and reliance on data from a single center, 
which may limit the model’s generalizability. Additionally, excluding patients with missing data or those lost to follow- 
up may introduce selection bias. However, not all missing data were deleted. For variables with missing data rates below 
10%, appropriate imputation methods were applied. Future research should include multicenter studies, larger cohorts, 
and multi-ethnic validation to assess the model’s applicability and generalizability in diverse populations. Incorporating 
novel predictors and technologies such as genomics, metabolomics, and artificial intelligence techniques like machine 
learning could improve the model’s accuracy and personalization. Prospective studies are also needed to evaluate early 
intervention strategies that may delay or prevent DKD progression to ESRD, ultimately improving patient outcomes.

Conclusion
In summary, BMI, eGFR, UTP, SII, and CONUT have emerged as key predictors of DKD progression to ESRD. Our 
study highlights the critical roles of SII and CONUT in the advancement of DKD. The combined model integrating 
KFRE, IFTA, SII, and BMI demonstrates high predictive accuracy in pathologically diagnosed DKD cases. Moving 
forward, future research should prioritize large-scale, multicenter, and multiethnic cohort studies to validate these 
findings and enhance the generalizability of these predictors across diverse populations. Specific gaps that need to be 
addressed include examining regional variations in DKD progression, exploring the inclusion of additional biomarkers 
(eg, genetic markers or novel inflammatory markers), and evaluating the role of individualized risk factors in different 
demographic groups. Moreover, the practical application of KFRE and renal pathology in DKD management should be 
further explored in real-world clinical settings to optimize patient care.
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