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Purpose: To establish and validate the nomogram model for predicting diabetic nephropathy (DN) in type 2 diabetes mellitus
(T2DM) patients with proteinuria.
Methods: A total of 102 patients with T2DM and proteinuria who underwent renal biopsy were included in this study. According to
pathological classification of the kidney, the patients were divided into two groups, namely, a DN group (52 cases) and a non-diabetic
renal disease (NDRD) group (50 cases). The clinical data were collected, and the factors associated with diabetic nephropathy (DN)
were analyzed with multivariate logistic regression. A nomogram model for predicting DN risk was constructed by using R4.1
software. Receiver operator characteristic (ROC) curves were generated, and the K-fold cross-validation method was used for
validation. A consistency test was performed by generating the correction curve.
Results: Systolic blood pressure (SBP), diabetic retinopathy (DR), hemoglobin (Hb), fasting plasma glucose (FPG) and triglyceride/
cystatin C (TG/Cys-C) ratio were independent factors for DN in T2DM patients with proteinuria (P<0.05). The nomogram model had
good prediction efficiency. If the total score of the nomogram exceeds 200, the probability of DN is as high as 95%. The area under the
ROC curve was 0.9412 (95% confidence interval (CI) = 0.8981–0.9842). The 10-fold cross-validation showed that the prediction
accuracy of the model was 0.8427. The Hosmer-Lemeshow (H-L) test showed that there was no significant difference between the
predicted value and the actual observed value (X2 = 6.725, P = 0.567). The calibration curve showed that the fitting degree of the DN
nomogram prediction model was good.
Conclusion: The nomogram model constructed in the present study improves the diagnostic efficiency of DN in T2DM patients with
proteinuria, and it has a high clinical value.
Keywords: diabetic nephropathy, non-diabetic renal disease, nomogram model, type 2 diabetes mellitus

Introduction
Diabetic nephropathy (DN) is a chronic kidney disease (CKD) caused by diabetes mellitus (DM). The pathogenesis of DN is
complex, and its clinical characteristics are increased with persistent albumin (ALB) excretion and/or progressive decline of
glomerular filtration rate (GFR), eventually developing into end-stage renal disease (ESRD). DN is the main cause of ESRD,
and approximately 30–50% of ESRD in the world is caused by DN.1 DN has become the primary cause of ESRD in middle-
aged and elderly people in China.2 The occurrence, development, treatment and prognosis of DN are different from those of
non-diabetic renal disease (NDRD). Therefore, a clear understanding of whether the kidney damage in DM is caused by DN,
NDRD or DN combined with NDRD should be obtained before diagnosing DN.3 Renal biopsy is the gold standard for
differentiating DN and NDRD,4 but considering the high degree of invasive renal biopsy, renal biopsy is generally performed
only when NDRD is suspected.5 Therefore, the present study focused on how to identify DN and NDRD more accurately in
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T2DM patients with kidney injury. Based on the pathological diagnosis of renal biopsy in patients with T2DM, the present
study explored the related factors of DN and established a nomogram model to predict the risk of DN to guide the clinical
screening of DN high-risk groups and formulate more targeted intervention strategies.

Methods
Patients and Study Design
According to inclusion and exclusion criteria, 102 T2DM patients with proteinuria who were hospitalized in the
Department of Nephrology of four hospitals in Xuzhou from January 2013 to October 2021 were selected as research
subjects. The inclusion criteria were as follows: 1) T2DM was diagnosed according to the 2013 American Diabetes
Association (ADA) criteria;6 2) proteinuria was diagnosed when the urinary albumin to creatinine ratio (UACR) >
30 mg/g; 3) ultrasound-guided fine needle renal biopsy (male or female) was completed; and 4) age > 18 years old with
clear pathological results. The exclusion criteria were as follows: 1) type 1 diabetes, gestational diabetes mellitus and
other special types of diabetes mellitus; 2) acute complications, such as diabetic ketoacidosis and hyperosmolar coma; 3)
patients who had taken beta triglyceride lowering drugs within 3 months before renal biopsy; 4) complications with
serious infection of other systems, failure of important organs, diseases of systemic immune system and malignant
tumors; 5) proteinuria appeared before diagnosis of T2DM; 6) pathological results of renal biopsy showed DN combined
with NDRD; and 7) patients with incomplete important data or missing target variable indicators.

This study was approved by the Ethics Committee of the Affiliated Hospital of Xuzhou Medical University (Ethics
No. XYFY2021-KL073-01), following the Declaration of Helsinki. Written informed consent was waived due to the
retrospective nature and low risk of the study.

According to the inclusion and exclusion criteria, a total of 102 patients were included. According to the pathological
results of renal biopsy, the patients were divided into a DN group (52 cases) and an NDRD group (50 cases).

Clinical and Laboratory Data
Hemoglobin (Hb) was detected by a XE-5000 automatic blood analyzer (Japan), and fasting plasma glucose (FPG), ALB,
cholesterol, triglyceride (TG), blood uric acid, blood creatinine, high density lipoprotein-c (HDL-c), low density
lipoprotein-c (LDL-c), alanine aminotransferase, aspartate aminotransferase, total bilirubin, direct bilirubin and cystatin
C (Cys-C) were detected by a cobas 8000 automatic biochemical analyzer (Roche, Germany). The ratio of TG and
cystatin C was calculated. The glycosylated hemoglobin (HbA1C) was detected by high-performance liquid exchange
chromatography with a HCL-723G8 analyzer (Japan), and fibrinogen was determined by the coagulation method with an
automated hemagglutination test (Germany). The estimated GFR (eGFR) was estimated using the formula of kidney
disease diet improvement (MDRD).7

Statistical Analyses
IBM SPSS statistical software (Version 22) and R software (Version 1.4.1106) were used to analyze the data. The rate or
composition ratio were compared by the χ2 test. The clinical variables were analyzed by univariate logistic regression.
The variables included in the multivariate logistic regression model were determined based on the results and profes-
sional knowledge. The stepwise regression method was used for analysis, and the statistically significant indexes were
selected for the construction of a nomogram.

Based on the independent factors of DN, R software was used to establish the nomogram prediction model, using the
area under the curve (AUC) of the receiver operator characteristic curve (ROC) to evaluate the performance of the
nomogram prediction model. The K-fold cross-validation test was used to evaluate the accuracy of the model. The
accuracy of the model was tested by the Hosmer-Lemeshow (H-L) test. The calibration curve, including 2000 bootstrap
samples, was used for the internal verification of the nomogram prediction model.
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Results
Patient Characteristics
Compared to the NDRD group, the DN group had significantly higher systolic blood pressure (SBP), higher diastolic
blood pressure (DBP), longer duration of diabetes, higher FPG, higher Cys-C, higher serum creatinine (Scr), increased
hypertension, increased diabetic retinopathy (DR), lower age, lower Hb, lower total cholesterol (TC) levels, lower TG
levels, lower LDL-C levels, lower TG/Cys-C ratio and lower eGFR (P < 0.05). The results of the comparison of clinical
characteristics between the two groups are shown in Table 1.

Table 1 Comparison of Clinical Characteristics Between the Two Groups

Clinical Parameters DN Group
(n=52)

NDRD Group
(n=50)

Z/t/χ2 P value

Age [years, M (Q1,Q3)] 51 (42, 57) 54 (46, 63) −2.371 0.018

Gender (%) 0.129 0.719
Male 33 (63.46) 30 (60)

Female 19 (36.54) 20 (40)

Hypertension (%) 13.487 <0.001
Yes 46 (88.46) 28 (56)

No 6 (11.54) 22 (44)

Tobacco smoking (%) 1.957 0.162
Yes 13 (25) 7 (14)

No 39 (75) 43 (86)

Alcohol drinking (%) 0.934 0.334
Yes 5 (9.62) 8 (16)

No 47 (90.38) 42 (84)

DR (%) 31.993 <0.001
Yes 32 (61.54) 4 (8)

No 20 (38.46) 46 (92)

BMI [kg/m2, M (Q1, Q3)] 24.97 (22.49, 26.60) 24.91 (22.41, 27.68) −0.978 0.328
SBP (mmHg, x ± s) 158.46 ± 20.23 138.12 ± 17.42 5.433 <0.001

DBP [mmHg, M (Q1, Q3)] 90 (85, 100) 80 (76, 93) −2.886 0.004

Diabetes duration [month, M (Q1, Q3)] 72 (36, 120) 12 (6, 48) −4.241 <0.001
HbA1c [%, M (Q1, Q3)] 8.0 (6.2, 10.4) 7.10 (6.70, 7.90) −1.523 0.128

Hb (g/L, x±s) 115.17 ± 21.24 135.44 ± 18.47 −5.135 <0.001

FPG [mmol/L, M (Q1, Q3)] 7.40 (5.73, 10.86) 6.89 (5.60, 7.74) −2.343 0.019
ALB [g/L, x ± s] 32.79 ± 8.00 30.77 ± 9.55 1.155 0.251

TC (mmol/L, x±s) 6.23 ± 1.87 7.76 ± 2.75 −3.272 0.002

TG [mmol/L, M (Q1, Q3)] 1.84 (1.24, 2.30) 2.84 (1.78, 4.23) −3.361 0.001
HDL-C [mmol/L, M (Q1, Q3)] 1.30 (1.05, 1.61) 1.34 (1.06, 1.62) −1.148 0.251

LDL-C [mmol/L, M (Q1, Q3)] 3.75 (2.75, 4.79) 4.17 (3.12, 6.35) −1.583 0.113

Cys-C [mg/L, M (Q1, Q3)] 1.26 (0.98, 1.81) 0.89 (0.71, 1.20) −4.754 <0.001
TG/Cys-C ratio [M (Q1, Q3)] 1.32 (0.69, 1.84) 2.78 (1.82, 4.47) −5.402 <0.001

Scr [umol/L, M (Q1, Q3)] 99 (69, 139) 69 (56, 86) −3.816 <0.001

UA (umol/L, x ± s) 330.95 ± 82.18 354.99 ± 82.21 −1.477 0.143
eGFR (mL/min/1.73m2, x±s) 67.39 ± 35.54 97.66 ± 36.70 −4.232 <0.001

UPE, [g/24 h, M (Q1, Q3)] 4.37 (3.49, 7.60) 3.76 (1.78, 6.50) −1.505 0.132

FIB [g/L, x ± s] 4.43 ± 1.34 4.16 ± 1.15 1.074 0.286

Abbreviations: DR, diabetic retinopathy; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; Hb, hemoglobin; FPG,
fasting plasma glucose; ALB, albumin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Cys-
C, cystatin C; TG/Cys-C ratio, triglyceride/cystatin C ratio; Scr, serum creatinine; UA, uric acid; eGFR, estimated glomerular filtration rate; UPE, urinary protein excretion
obtained over 24 h; FIB, fibrinogen.
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Analysis of DN-Related Factors
The clinical variables of T2DM patients with proteinuria were included in univariate logistic regression. The related
factors of DN included age, hypertension, SBP, DBP, duration of diabetes, DR, HbA1C, Hb, FPG, TC, TG, LDL-C, Cys-
C, TG/Cys-C ratio, Scr and eGFR (Table 2).

DN Independent Factors Analysis
The related factors screened out in the single factor regression analysis were further used for stepwise regression
analysis. The multivariate logistic regression analysis showed that the correlation among SBP, DR, Hb, FPG and TG/
Cys-C ratio were independent factors for DN in T2DM patients with proteinuria, and they were related to the occurrence
of DN (P < 0.05) (Table 3).

Establishment and Verification of a Nomogram Model for Predicting DN
According to the results of the multivariate logistic regression analysis, five independent factors of DN (SBP, DR, Hb,
FPG and TG/Cys-C ratio) of T2DM patients with proteinuria were input into R4.1 software to establish a nomogram
model for predicting the risk of DN (Figure 1). According to the scale above the nomogram corresponding to each risk
factor, the single score of each factor was obtained, and the total score was obtained by adding the individual scores. The
individual scores were compared to the total score in descending order to obtain the probability of predicting DN. The

Table 2 Results of DN Univariate Logistic Regression Analysis

Clinical Parameters B S.E. Wald P OR (95% CI)

Age, years −0.043 0.019 5.083 0.024 0.958 (0.922, 0.994)

Hypertension 1.796 0.519 11.962 0.001 6.024 (2.177, 16.666)

SBP, mmHg 0.056 0.013 18.857 <0.001 1.058 (1.031, 1.085)
DBP, mmHg 0.052 0.018 7.882 0.005 1.053 (1.016, 1.092)

Diabetes duration, month 0.016 0.004 13.686 <0.001 1.106 (1.008, 1.025)

DR 2.912 0.594 24.028 <0.001 18.400 (5.742, 58.958)
HbA1c, % 0.260 0.108 5.779 0.016 1.297 (1.049, 1.603)

Hb, g/L −0.049 0.012 17.935 <0.001 0.952 (0.930, 0.974)

FPG, mmol/L 0.245 0.083 8.721 0.003 1.278 (1.086, 1.504)
TC, mmol/L −0.285 0.095 9.057 0.003 0.752 (0.625, 0.906)

TG, mmol/L −0.695 0.196 12.508 <0.001 0.499 (0.340, 0.734)

LDL-C, mmol/L −0.243 0.120 4.096 0.043 0.784 (0.620, 0.992)
Cys-C, mg/L 2.194 0.615 12.733 <0.001 8.971 (2.688, 29.934)

TG/Cys-C ratio −0.896 0.216 17.249 <0.001 0.408 (0.267, 0.623)

Scr, µmol/L 0.010 0.004 6.085 0.014 1.010 (1.002, 1.018)
eGFR, mL/min/1.73m2 −0.023 0.006 13.512 <0.001 0.977 (0.965, 0.989)

Abbreviations: DR, diabetic retinopathy; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; Hb, hemoglobin; FPG, fasting plasma glucose;
TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; Cys-C, cystatin C; TG/Cys-C ratio, triglyceride/cystatin C ratio; Scr, serum creatinine;
eGFR, estimated glomerular filtration rate.

Table 3 Results of Multivariate Logistic Regression Analysis of DN

Clinical Parameters B S.E. Wald P OR (95% CI)

SBP, mmHg 0.043 0.022 3.953 0.047 1.044 (1.001, 1.089)
DR 2.735 0.908 9.072 0.003 15.416 (2.600, 91.411)

Hb, g/L −0.056 0.021 6.967 0.008 0.946 (0.908, 0.986)

FPG, mmol/L 0.495 0.178 7.721 0.005 1.641 (1.157, 2.328)
TG/Cys-C ratio −0.569 0.248 5.247 0.022 0.566 (0.348, 0.921)

Abbreviations: SBP, systolic blood pressure; DR, diabetic retinopathy; Hb, hemoglobin; FPG, fasting plasma glucose; TG/Cys-C ratio, triglyceride/cystatin C ratio.
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total score ranged from 128 to 220, and the corresponding risk rate ranged from 0.05 to 0.99. Higher total scores
indicated greater risks of DN in T2DM patients with proteinuria.

K-Fold Cross-Validation
The data in the model were randomly divided into a training set and a test set according to a 7:3 ratio. The 10-fold cross-
validation showed that the prediction accuracy of the model was 0.8427 (kappa = 0.6859), which indicated that the
construction of the model had high accuracy.

Discrimination Verification of the Nomogram
Based on the nomogram prediction model, the ROC curve was generated (Figure 2), and the AUC was calculated,
resulting in an AUC value of 0.9412 (95% confidence interval (CI) = 0.8981–0.9842). According to the maximum value
of the Youden index, the sensitivity, specificity, positive predictive value and negative predictive value of the model were
80.8%, 96.0%, 95.5% and 82.8%, respectively, which indicated that the nomogram model had good discrimination.

Calibration Verification of the Nomogram
The calibration curve of the nomogram prediction model is shown in Figure 3. The diagonal dotted line represents the
perfect prediction of the ideal model, and the thin dotted line represents the performance of the nomogram. A fitting
closer to the diagonal dotted line represents a better prediction. The H-L test showed no significant difference between
the predicted value and the actual observed value (X2 = 6.725, P = 0.567). The calibration chart showed that the fitting
degree of the DN nomogram prediction model was good.

Discussion
The diagnosis of DN lacks noninvasive and specific biomarkers. Renal biopsy is the basis for the diagnosis of DN.
Previous studies have shown that NDRD has a better prognosis than DN.8 Identifying NDRD through renal biopsy is
helpful to guide treatment and improve the prognosis.9 However, there is controversy about renal biopsy indications for
proteinuria in T2DM, and there is no uniform standard at home and abroad.10,11 In the present study, the clinical data of
T2DM patients with proteinuria were analyzed by univariate and multivariate logistic regression, which found that SBP,
DR, Hb, FPG and TG/Cys-C ratio were independent factors for DN. Based on the above results, we constructed a DN
risk evaluation model, which will help doctors intuitively analyze the risk weight of different levels of various factors on
T2DM combined with DN. The nomogram model developed in the present study can realize individualized prediction.
According to the score of the nomogram model, it can calculate the risk of DN in each T2DM patient with proteinuria to
provide a differential diagnosis between DN and NDRD as well as formulate a personalized diagnosis and treatment plan
as soon as possible.

Figure 1 Nomogram model for predicting DN.
Abbreviations: SBP, systolic blood pressure; DR, diabetic retinopathy; Hb, hemoglobin; FPG, fasting plasma glucose; TG/Cys-C ratio, triglyceride/cystatin C ratio.
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Figure 3 Calibration curve of nomogram model for predicting DN. New sample data set was obtained by using R4.1 software through Bootstraps method of independent
sampling 2000 times, and calibration curve of DN occurrence risk line prediction was drawn. X-axis represents the probability of DN predicted by the nomogram model,
and Y-axis represents the probability of DN actually diagnosed.

Figure 2 ROC curve of DN risk prediction efficiency. The abscissa represents the false positive rate, which is also (1-specificity), the ordinate represents the true positive
rate, which is also the sensitivity, and the area under the red curve represents the area under the ROC curve.
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The nomogram model in the present study contained the following five predictors: SBP, DR, Hb, TG/Cys-C ratio and
FPG. Based on the nomogram prediction model, we generated the ROC curve and obtained an AUC value of 0.9412
(95% CI = 0.8981–0.9842). According to the maximum value of the Youden index, the sensitivity, specificity, positive
prediction value and negative prediction value of the calculation model was 80.8%, 96.0%, 95.5% and 82.8%,
respectively, which indicated that the nomogram model had good discrimination. The H-L test showed no significant
difference between the predicted value and the actual observed value (X2 = 6.725, P = 0.567). The calibration curve
showed that the nomogram prediction model fit well. As an example for the nomogram prediction model, suppose
a T2DM patient has proteinuria, SBP of 160 mmHg, combined with DR, Hb of 90 g/L, FPG of 7.0 mmol/L and TG/Cys-
C ratio of 3.0. As shown in Figure 1, the corresponding score of each parameter on the “points” axis is obtained, and
“total points” is the sum of the scores of all parameters [32 (SBP) + 30 (combined DR) + 48 (Hb) + 28 (FPG) + 68 (TG/
Cys-C ratio) =206]. The score corresponds to the “risk” axis, and the probability of DN in this patient is approxi-
mately 95%.

In this retrospective study based on renal biopsy, we investigated the clinical data and pathological features of patients
with biopsy-confirmed DN and NDRD. In the present study, membranous nephropathy was the most common patholo-
gical type in patients with NDRD, which was similar to results previously reported in other Asian studies.12,13 In general,
the distribution of glomerulopathy is related to age. A previous study stratifying NDRD patients according to age has
reported that IgA nephropathy is dominant in patients under 60 years old, while membranous nephropathy is more
common in patients over 60 years old.14 In the present study, the average age of NDRD patients was older than that of
DN patients during renal biopsy. Thus, we considered that patients with NDRD may account for membrane nephropathy.

The TG/Cys-C ratio in T2DM patients with proteinuria takes into account abnormal lipid metabolism and renal
insufficiency. These two indicators are related to the occurrence and development of DN. A previous meta-analysis has
shown that TG levels in patients with NDRD are higher than those in patients with DN,15 but the specific mechanism
needs to be further studied. Previous studies have shown that dyslipidemia plays an important role in the progression of
type 2 diabetic nephropathy.16 Although the exact mechanism is unclear, TG levels are considered to be related to
microvessels.17 The present study showed that the blood lipid level of NDRD patients was higher than that of DN
patients. Although proteinuria will affect the blood TG level to a certain extent, there was no significant difference in the
quantification of urinary protein between the two groups in the present study, thus not allowing the effect of proteinuria to
be considered. Cys-C mainly exists in human nucleated cells and is a cystine protease inhibitor. Due to its small
molecular weight, Cys-C passes through glomerular filtration, and only a few factors affect its filtration ability. Therefore,
Cys-C reflects glomerular filtration and can be used as an ideal index to understand GFR.18 Previous studies have shown
that Cys-C is a good biomarker of early nephropathy.19

In the univariate regression analysis, the TG level in the DN group was lower than that in the NDRD group, and the
Cys-C level in the DN group was higher than that in the NDRD group. Here, we used the ratio of these two indexes for
analysis. When the TG/Cys-C ratio was included in the regression, the results showed that the TG/Cys-C ratio was
significantly better than the two indexes alone in distinguishing DN and NDRD. The multivariate regression analysis
showed that the TG/Cys-C ratio was an independent protective factor for DN in T2DM patients with proteinuria. Each
additional unit of the TG/Cys-C ratio decreased the risk of concurrent DN by 0.434 times. The area under the ROC curve
of the diagnostic predictive value of the TG/Cys-C ratio for DN was 0.810 with a sensitivity and specificity of 80.8% and
70%, respectively. According to the maximum Youden index, the threshold of the diagnostic predictive value of the TG/
Cys-C ratio for DN was 2.06. Thus, when the TG/Cys-C ratio is less than 2.06, T2DM patients with proteinuria are more
likely to be diagnosed with DN. Conversely, when the TG/Cys-C ratio is greater than 2.06, T2DM patients with
proteinuria are more likely to be diagnosed with NDRD. Currently, it is more meaningful to conduct renal biopsy for
T2DM patients with proteinuria. Therefore, we suggest that the TG/Cys-C ratio may have clinical significance in the
differential diagnosis of DN and NDRD, and it may have clinical guiding value in screening patients with NDRD.
Therefore, the nomogram model shows that the TG/Cys-C ratio has a high predictive value for DN in T2DM patients
with proteinuria.

DR is also one of the most common microvascular complications in T2DM patients. Multivariate regression analysis
showed that the risk of DN in patients with DR was 14.416 times higher than that in patients without DR. Thus, the

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 https://doi.org/10.2147/DMSO.S357357

DovePress
1107

Dovepress Zhou et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


possibility of developing DN in patients with DR is more likely, which is consistent with the conclusion that most studies
suggest that DR is closely related to DN.20 When T2DM patients have proteinuria and no DR, NDRD is considered more
likely, and further renal biopsy is important. ADA guidelines suggest that patients without DR lesions should be
diagnosed with DM combined with NDRD.21 As previous studies have shown, the absence of DR may be a useful
indicator of renal biopsy in T2DM patients with proteinuria.22 A recent meta-analysis has shown that DR has high
sensitivity and specificity in predicting DN.23 However, the absence of DR largely indicates the possibility of NDRD, but
this does not completely exclude DN.24

The occurrence of DN is generally associated with hypertension. The present study found that the number of cases
with DN combined with a history of hypertension was significantly higher than that in the NDRD group. The mean SBP
in the DN group was higher than that in the NDRD group (158.46 ± 20.23 vs 138.12 ± 17.42, P < 0.001), which was
consistent with other research conclusions.25 In the present study, multivariate regression analysis showed that SBP was
an independent risk factor for DN in T2DM patients with proteinuria. Each additional unit of SBP increased the risk of
DN by 0.044 times. The pathogenesis of hypertension in T2DM patients with proteinuria is usually complex, which may
be due to the activation of renin and angiotensin aldosterone system as well as the effect of the diabetic environment on
the release of reactive oxygen species and inflammatory mediators.26 Even the genetic relationship between hypertension
and DN may play a role.27 Several prospective trials have shown that strict control of blood pressure in patients with DN
reduces the incidence of macrovascular and microvascular complications.28 In addition, blood pressure measurement has
great volatility, which may have led to some deviation in the present study, thus requiring verification by a large-scale
multicenter study.

Anemia is a complication of CKD, especially in patients with DN. In the present study, the Hb level of the DN group
was significantly lower than that of the DNRD group, and several clinical studies have confirmed the predictive value of
anemia in the diagnosis of DN.26,29 Anemia is also a risk factor for ESRD, cardiovascular disease time and overall
mortality in patients with DM.30 The Hb level of DN patients confirmed by renal biopsy was significantly lower than that
of NDRD patients (115.17 ± 21.24 vs 135.44 ± 18.47, P < 0.001). Multivariate regression analysis showed that anemia
was an independent risk factor for DN in T2DM patients with proteinuria. Animal experiments and in vitro studies have
shown that renal hypoxia upregulates hypoxia inducible factor-1, erythropoietin gene and transcriptional regulators of
heme oxygenase, nitric oxide synthase, extracellular matrix and apoptosis genes.31 Anemia is upregulated by renal
hypoxia and induces the gene expression of collagen in renal fibroblasts, thereby increasing interstitial fibrosis. Anemia
may also increase renal sympathetic nerve activity, resulting in increased glomerular pressure and increased urinary
protein, further aggravating the deterioration of renal function.32 Therefore, Hb is also affected by renal function in
patients with nephropathy. In the present study, the renal function damage of DN was more serious than that of NDRD.
The present study found that among T2DM patients with proteinuria, DN patients had higher Scr level [99 (69, 139) vs
69 (56, 86)] and lower GFR [67.39 ± 35.54 vs 97.66 ± 36.70] compared to NDRD patients. These findings indicated that
most patients with DN generally have renal biopsy in the late stage of the disease, which is consistent with previous
studies.33 Compared to the NDRD group, the renal function of patients in the DN group was poor, and they had more
serious anemia.

Hyperglycemia is also a major risk factor for DN in patients with DM.34 Studies have confirmed that changes in FPG
and HbA1c are risk factors for progression to ESRD in patients with DM.35 HbA1c is the part of Hb that combines with
glucose in the blood. HbA1c reflects the blood glucose control of patients in the previous 8–12 weeks. In the present
study, there was no significant difference in the level of HbA1c between the DN and NDRD groups, which showed that
the blood glucose control level of the two groups was similar. The FPG in the DN group was higher than that in NDRD
group [7.40 (5.73, 10.86) vs 6.89 (5.60, 7.74), P < 0.05]. Multivariate regression analysis showed that FPG was an
independent risk factor for DN in T2DM patients. Chronic hyperglycemia in diabetics will accelerate nonenzymatic
glycation, which leads to tissue hypoxia and vasoactive substance release, resulting in hemodynamic changes. Chronic
hyperglycemia is an important risk factor for DN.36 Therefore, more stringent glycemic control can significantly reduce
the risk of diabetic microvascular complications.37

In summary, the present study established a nomogram model to predict DN risk based on five factors, including SBP,
DR, Hb, FPG and TG/Cys-C ratio, resulting in a model with accurate identification and high clinical application value.
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The nomogram model has guiding significance for the identification of high-risk groups of DN and the formulation of
intervention strategies. At the same time, our nomogram model is expected to provide a visual prediction tool for
clinicians.

Regarding the main advantages of our research, we used DN and NDRD patients confirmed by renal biopsy, and we
generated a nomogram prediction model of DN according to their routine biochemical indexes. Because the research
content was similar to clinical practice, the nomogram prediction model may better guide clinicians.

The present study had several limitations. First, selection bias is inevitable in any retrospective study of biopsy-based
clinicopathology. Therefore, the conclusions do not apply to the general population of diabetic patients. Secondly, this
retrospective study could not avoid information bias. The medical history data of the patients were obtained from the
internal electronic medical record system of the hospital, which may have poor accuracy of medical history records. In
addition, the sample size of the renal biopsy patients in this study was small, indicating that the nomogram model for
predicting the risk of DN needs to be further verified by a study with a larger sample size. Finally, the present study
suggested that the nomogram can predict the occurrence probability of DN patients but cannot predict the course of
disease and prognosis of DN. Further in-depth and detailed research and analysis are needed to provide better clinical
guidance for the identification, diagnosis, treatment and prognosis of DN patients.
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