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Abstract

Objective: To investigate the predictive value of blood creatinine (Cr), blood
urea (Ur), blood uric acid (Ua), serum homocysteine (Hcy), glycated hemo-
globin (HbAIc), and the urinary microalbumin (MAIlb)-to-urinary creatinine
(uCr) ratio in the diagnosis of diabetic nephropathy (DN). Methods: A retro-
spective study design was employed. A total of 105 patients diagnosed with
diabetic nephropathy (DN) at the Third People’s Hospital of Nanning from
January 2023 to December 2025 were enrolled as study group A, and 118 pa-
tients with simple diabetes mellitus (DM) were enrolled as study group B. Gen-
eral data and levels of various detection indicators were compared between the
two groups. Multivariate logistic regression was used to analyze the influenc-
ing factors for the occurrence of diabetic nephropathy in diabetic patients. Re-
ceiver operating characteristic (ROC) curves were plotted to analyze the pre-
dictive value of single and combined detection of Ur, Ua, Hcy, HbAlc, and
MAIb/uCr for diabetic nephropathy. Results: The levels of Cr, Ur, Ua, Hcy,
HbAlc, and MAIb/uCr in the diabetic nephropathy group were significantly
higher than those in the simple diabetes group, with statistically significant
differences (P < 0.05). Multivariate logistic regression analysis showed that el-
evated levels of Cr (OR = 1.028, 95% CI: 1.006 - 1.050) and MAIb/uCr (OR =
1.006, 95% CI: 1.003 - 1.009) were independent risk factors for the develop-
ment of DN in DM patients (P < 0.05). ROC curve analysis showed that the
area under the curve (AUC) for the combined detection of Ur, Ua, Hcy, HbAlc,
and MAIb/uCr in predicting the development of DN in DM patients was
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0.863, with a sensitivity of 77.10% and a specificity of 87.30%, which were su-
perior to single detection of each indicator. Conclusion: Elevated levels of Cr
and MAIb/uCr are independent risk factors for the development of diabetic
nephropathy in diabetic patients. Combined detection of Ur, Ua, Hcy, HbAlc,
and MAIb/uCr can significantly improve the diagnostic efficiency for diabetic
nephropathy, providing an important laboratory basis for early clinical screen-
ing and intervention of diabetic nephropathy.

Keywords

Urinary Microalbumin-to-Creatinine Ratio, Diabetic Nephropathy, Blood
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1. Introduction

Diabetic Nephropathy (DN) is one of the most common and severe microvascular
complications of diabetes mellitus and is the leading cause of end-stage renal dis-
ease (ESRD) worldwide [1]-[3]. Clinical data indicate that the incidence of DN
among diabetic patients ranges from 20% to 40%, and approximately 40% of pa-
tients with ESRD require hemodialysis or kidney transplantation, imposing a sub-
stantial medical burden on families and society. Therefore, early diagnosis and
intervention of DN are crucial for improving patient prognosis [3].

Currently, commonly used clinical renal function indicators such as creatinine,
urea, and uric acid lack sufficient accuracy in the early diagnosis of DN, making
it difficult to detect abnormalities before organic damage occurs in the renal tis-
sue. The 24-hour urinary protein excretion rate is a classic method for assessing
renal function abnormalities, but this test suffers from issues such as time-con-
suming sample collection, subjective procedures, and susceptibility of results to
storage conditions, hindering its routine clinical application [4]. Serum homocys-
teine (Hcy) is a sensitive indicator for assessing kidney injury, capable of early
reflection of the degree of renal microvascular damage. Glycated hemoglobin
(HbAIc) stably reflects the patient’s blood glucose control level over the preceding
2 - 3 months and is closely related to the occurrence and development of DN [5].
The urinary microalbumin-to-creatinine ratio (MAlb/uCr) is an important marker
for early kidney damage, capable of detecting abnormalities before significant
structural damage occurs in the nephron, and holds high diagnostic value for
chronic kidney disease. However, its sensitivity and specificity when used alone
still have limitations [6].

Based on this, this study retrospectively analyzes the clinical testing data of pa-
tients with diabetic nephropathy and those with simple diabetes mellitus to inves-
tigate the predictive value of MAIb/uCr combined with blood indicators such as
Cr, Ur, Ua, Hcy, and HbAlc in the diagnosis of DN. The aim is to identify a more
efficient and convenient combination of indicators for early DN screening in clin-

ical practice and provide a reference basis for early intervention in DN.
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2. Materials and Methods

2.1. General Information

This study is a retrospective analysis. The research subjects were diabetes-related
patients treated at the Third People’s Hospital of Nanning from January 2023 to
December 2025. They were divided into two groups based on the presence or ab-
sence of diabetic nephropathy: Study group A (DN group) consisted of 105 pa-
tients with diabetic nephropathy; Study group B (DM group) consisted of 118 pa-
tients with simple diabetes mellitus, showing no renal function abnormalities or
kidney damage. A total of 286 diabetic patients were initially screened, of which
38 were excluded due to incomplete data, 15 due to other kidney diseases, and 10
due to malignant tumors or severe cardiovascular/cerebrovascular diseases, re-
sulting in 223 eligible cases.

Inclusion Criteria: 1) DM diagnosis met the diagnostic criteria in the 2020 edi-
tion of the “Guidelines for the Prevention and Treatment of Type 2 Diabetes in
China (Part 1)” [7]; 2) DN diagnosis met the relevant criteria in the “Clinical
Guidelines for the Prevention and Treatment of Diabetic Kidney Disease in
China” [8], ie, persistent microalbuminuria or more severe proteinuria occurring
on the basis of DM, or a decrease in glomerular filtration rate (<60 ml/min/1.73
m?), after excluding other kidney diseases; 3) Normal liver function, no recent
use of drugs affecting renal function; 4) Complete clinical data, with simultane-
ous completion of Cr, Ur, Ua, Hcy, HbAlc, and MAIb/uCr tests. For the simple
DM group, in addition to meeting the DM diagnostic criteria, patients were re-
quired to have a urinary albumin excretion rate (UAER) < 30 mg/24h or a uri-
nary albumin-to-creatinine ratio (UACR) < 30 mg/g, and an estimated glo-
merular filtration rate (eGFR) = 60 ml/(min-1.73m?), to exclude early kidney
injury.

Exclusion Criteria: 1) Patients with concurrent malignant tumors; 2) Patients
with clear kidney disease caused by other reasons; 3) Patients with severe organic
diseases of the heart, lung, brain, etc.; 4) Patients with infectious diseases or auto-
immune diseases; 5) Patients with incomplete clinical data.

This study protocol was reviewed and approved by the Medical Ethics Com-
mittee of the Third People’s Hospital of Nanning. The collection of clinical data

for all research subjects complied with relevant medical ethics requirements.

2.2. Research Methods

Gender, age, and results of various laboratory tests for all enrolled patients were
retrospectively collected through the hospital information system. Fasting periph-
eral venous blood and fresh morning urine samples were collected from all pa-
tients in the early morning. Testing for blood creatinine (Cr), blood urea (Ur),
blood uric acid (Ua), serum homocysteine (Hcy), glycated hemoglobin (HbAlc),
urinary microalbumin (MAIb), and urinary creatinine (uCr) was performed using

a Beckman Coulter 5800 or Hitachi 7180 automatic biochemical analyzer. All test-
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ing operations strictly followed the instructions of the instruments and reagent

kits to ensure the accuracy of the test results.

2.3. Observation Indicators

1) Comparison of general data gender, age and levels of Cr, Ur, Ua, Hcy, HbAlc,
and MAIb/uCr between patients in study group A and study group B; 2) Use of
multivariate logistic regression analysis to identify independent risk factors for the
development of diabetic nephropathy in diabetic patients; 3) Use of receiver op-
erating characteristic (ROC) curves to analyze the diagnostic efficacy of single and
combined detection of Ur, Ua, Hcy, HbAlc, and MAIb/uCr for diabetic nephrop-
athy, calculating the area under the curve (AUC), sensitivity, specificity, and op-
timal cut-off values for each indicator. The combined prediction model was con-
structed using multivariate logistic regression analysis, with the occurrence of DN
as the dependent variable and Ur, Ua, Hcy, HbA1c, and MAlb/uCr as independent
variables to calculate the combined predicted probability, which was then used to

plot the ROC curve for combined detection.

2.4. Statistical Methods

SPSS 29.0 statistical software was used for data processing and analysis. Measure-
ment data were first tested for normality. Data following a normal distribution
were expressed as mean + standard deviation (X =5 ), and comparisons between
two groups were performed using the t-test. Measurement data with a skewed dis-
tribution were expressed as median (M) and interquartile range (P25; P75), and
comparisons between two groups were performed using the Mann-Whitney U
rank-sum test. Count data were expressed as number of cases and percentage
(n, %), and comparisons between groups were performed using the y* test. Multi-
variate logistic regression analysis was used to identify independent risk factors
for the occurrence of diabetic nephropathy, with the occurrence of DN as the de-
pendent variable (yes = 1, no = 0) and indicators with statistically significant dif-
ferences as independent variables. with adjustment for age and sex, ROC curves
were plotted to analyze the diagnostic efficacy of each indicator, calculating AUC,
95% confidence interval (CI), sensitivity, specificity, and optimal cut-off value. A

P-value < 0.05 was considered statistically significant.

3. Results

3.1. Comparison of General Data and Test Indicator Levels
between the Two Groups

There was no statistically significant difference in age between the two groups (P >
0.05), the difference in gender composition between the two groups was statisti-
cally significant (P < 0.05). The levels of Cr, Ur, Ua, Hcy, HbAlc, and MAIb/uCr
in study group A were significantly higher than those in study group B, with highly
statistically significant differences in all indicators between the groups (P < 0.001).
See Table 1.
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Table 1. Comparison of general data between the two groups.

Indicator Group A (n = 105) Group B (n =118) Statistic P value
oty PO S o
Age 58.4 +£10.2 56.9 £9.8 1.124 0.262
Cr [M (P25, P75), pmol/L] 81.00 (56.50, 128.00) 67.00 (56.00, 81.00) z=-783 <0.001
Ur [M (P25, P75), mmol/L] 7.30 (5.26, 10.18) 5.39 (4.53, 6.18) z=-0.531 <0.001
Ua [M (P25, P75), umol/L] 375.00 (313.00, 450.50) 317.50 (275.75, 374.00) z =-0.961 <0.001
Hcy [M (P25, P75), umol/L] 12.98 (9.81, 16.76) 10.17 (8.65, 12.03)  z=-0.646  <0.001
HbAlc [M (P25, P75), %] 8.76 (7.08, 11.70) 7.25 (6.31, 10.35) z=-282 0.001
MAIb/uCr [M (P25, P75), mg/g]  185.00 (59.00, 949.50) 19.50 (11.00,49.50) z=-9.114  <0.001

3.2. Multivariate Logistic Regression Analysis of Diabetic
Nephropathy Occurrence

Using the occurrence of DN in diabetic patients as the dependent variable, and
Cr, Ur, Ua, Hcy, HbAlc, and MAIb/uCr as independent variables, with adjust-
ment for age and sex, multivariate logistic regression analysis was performed. The
results showed that elevated levels of Cr and MAIb/uCr were independent risk
factors for the occurrence of DN in diabetic patients (P < 0.05), while Ur, Ua, Hcy,
and HbA1c were not independent risk factors for DN occurrence (P > 0.05). See
Table 2.

Table 2. Multivariate logistic regression analysis.

Factor PBvalue Sx value Wald 2 value OR value (95% CI) P value
Gender 0.452 0.321 1.983 1.571 0.159
Age 0.023 0.015 2.351 1.023 0.125
Cr 0.027 0.011 6.156 1.028 (1.006 - 1.050) 0.013
Ur 0.095 0.059 2.615 1.100 (0.980 - 1.234) 0.106
Ua 0.002 0.002 1.149 1.002 (0.998 - 1.006) 0.284
Hcy 0.020 0.050 0.163 1.020 (0.926 - 1.125) 0.687
HbAlc 0.126 0.065 3.698 1.134 (0.998 - 1.289) 0.054
MAIb/uCr 0.006 0.002 14.010 1.006 (1.003 - 1.009) <0.001

3.3. Predictive Value of Single and Combined Detection of
Indicators for Diabetic Nephropathy

ROC curve analysis results showed that among single indicator detections, MAIb/
uCr had the highest AUC (0.854), followed by Ur (0.715), Hcy (0.680), Ua (0.654),
and HbA1c (0.627). The combined detection of Ur, Ua, Hcy, HbAlc, and MAIb/uCr
yielded an AUC of 0.863 (95% CI: 0.814 - 0.913), with a sensitivity of 77.10% and
a specificity of 87.30%, demonstrating superior diagnostic efficacy compared to

single detection of each indicator. The combined ROC curve in this study was
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plotted based on the combined predicted probability calculated from a multivari-
ate logistic regression model, which did not include Cr. The main reason is that
Cr is more commonly used in clinical practice to assess established renal impair-
ment, whereas the combination of Ur, Ua, Hcy, HbAlc, and MAIb/uCr focuses
more on integrating metabolic and early injury markers. The good performance
of this combination without Cr suggests its clinical utility. See Figure 1 and Table
3.

ROC Curve
1.0 Combined Prediction
- REference Line
Urea (Ur)
e Uric Acid (Ua)
0.8 e Urinary Albumin-to-Creatinine Ratio (MAIb/uCr)
= Glycated Hemoglobin (HbAlc)
b Homocysteine (Hcy)
>
= 06
(2]
c
]
0.2
0.0

0.0 0.2 0.4 0.6 0.8 1.0
Specificitv

Figure 1. ROC curve.

Table 3. ROC curve parameters for single and combined detection of indicators in predict-
ing diabetic nephropathy.

Indicator AUC 95% CI Sensitivity (%) Specificity (%) Cut-off value

Ur 0.715 0.953 - 0.998 59.00 80.50 6.455 mmol/L
Ua 0.654 0.580 - 0.727 61.00 66.90 355.500 umol/L
Hcy 0.680 0.610 - 0.751 58.10 76.30 12.095 umol/L
HbAlc 0.627 0.554 - 0.700 63.80 60.20 7.950%
MAIb/uCr 0.854 0.805 - 0.902 74.30 83.10 64.500 mg/g
Combined 0.863 0.814-0.913 77.10 87.30 —

4. Discussion

The occurrence and development of diabetic nephropathy is a complex process
involving multiple factors. A prolonged hyperglycemic state can damage the glo-
merular filtration membrane and impair renal microvascular circulation, ulti-
mately leading to irreversible structural and functional damage to the nephron
[9]. Due to the lack of typical clinical symptoms in the early stage of DN, most
patients are already in the middle or late stages upon diagnosis, missing the opti-

mal window for intervention. Therefore, searching for sensitive and specific early
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diagnostic markers is a key focus of clinical research.

The results of this study show that the levels of Cr, Ur, Ua, Hcy, HbAlc, and
MAIb/uCr in the DN group were significantly higher than those in the simple DM
group, suggesting that these indicators are closely related to the occurrence and
development of DN. Among them, the difference in MAlb/uCr between the two
groups was the most significant. This is because the glomerular filtration mem-
brane in healthy individuals possesses an intact barrier function, resulting in very
low urinary excretion of microalbumin. However, long-term hyperglycemia in di-
abetic patients can damage the charge and size selectivity barriers of the glomer-
ular filtration membrane, leading to abnormal urinary albumin excretion. Fur-
thermore, urinary creatinine corrects the urinary microalbumin test results, elim-
inating the effects of urine concentration or dilution, making the test results more
stable and sensitive in reflecting the degree of renal function impairment [10].
Multivariate logistic regression analysis further confirmed that MAlb/uCr is an
independent risk factor for DN occurrence, consistent with the findings of Wu
Dongna et al. [11], suggesting that MAIb/uCr can serve as a core indicator for
assessing renal function impairment in diabetic patients.

Blood creatinine is a classic indicator reflecting glomerular filtration function.
This study found that an elevated Cr level is another independent risk factor for
DN occurrence, with an OR value of 1.028, indicating that for every 1 unit increase
in Cr level, the risk of developing DN in diabetic patients increases by 2.8%. The
study by Lin Huijin et al [12] also pointed out that Cr has good value for the early
diagnosis of DN, which is consistent with the results of this study. However, the
study by Hou Qian et al [13] suggested that Cr alone has poor sensitivity for DN
and cannot truly reflect the severity of DN, which also indicates the limitations of
single-indicator testing and the need for combination with other indicators.

HbA1c stably reflects the long-term blood glucose control level in diabetic pa-
tients. In this study, the HbAlc level in the DN group was significantly higher
than that in the DM group. ROC curve analysis showed its optimal cut-off value
was 7.950%, which is generally consistent with the study by Mu Weidong et al.
[14] suggesting that controlling HbAlc below 7.0% can delay the progression of
DN, indicating that poor long-term glycemic control is an important contributor
to DN occurrence. Serum Hcy level is closely related to renal microvascular dam-
age. The study by Guan Haifei e a/ [15] found that high expression of serum Hcy
damages endothelial cells and glomerular function, exacerbating renal microcir-
culatory disturbances. The significantly elevated Hcy level in the DN group in this
study also validates this conclusion. Furthermore, the significantly elevated levels
of Ur and Ua in the DN group suggest that the renal excretory function has already
become abnormal, accompanying the progression of renal function impairment.

The ROC curve analysis results of this study show that the diagnostic efficacy
of single indicator detection is limited. Among them, MAIb/uCr had the highest
diagnostic efficacy, but its AUC was only 0.854. However, when Ur, Ua, Hcy, and
HbA1c were combined with MAIb/uCr for detection, the AUC increased to 0.863,
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and the sensitivity and specificity reached 77.10% and 87.30%, respectively, sig-
nificantly improving the diagnostic efficacy. This result suggests that a single in-
dicator is difficult to fully capture the occurrence and development process of DN.
In contrast, combined detection integrates information from multiple aspects
such as renal function, blood glucose control, and inflammatory damage, reflect-
ing the state of renal impairment in diabetic patients from different angles, thereby
improving the accuracy of early DN diagnosis. In recent years, several studies have
also confirmed the value of multi-indicator combined models in early DN screen-
ing. For example, Wang Zuolong et al. [16] found that combined detection of
blood and urine indicators could increase the AUC for early DN diagnosis to
above 0.87, which is similar to the findings of this study.

This study provides a new combination of indicators for early clinical screening
of DN. The combined detection of Ur, Ua, Hcy, HbAlc, and MAIb/uCr is con-
venient to operate and yields stable results. It does not require additional sample
collection and is suitable for routine clinical practice, particularly holding signifi-

cant application value for early DN screening in primary healthcare institutions.

5. Conclusion

Elevated levels of blood creatinine and the urinary microalbumin-to-creatinine
ratio are independent risk factors for the development of diabetic nephropathy in
diabetic patients. Combined detection of blood urea, blood uric acid, serum ho-
mocysteine, glycated hemoglobin, and the urinary microalbumin-to-creatinine
ratio can significantly improve the diagnostic efficacy for diabetic nephropathy.
This combination possesses high clinical predictive value, can provide important
laboratory evidence for the early screening and intervention of diabetic nephrop-

athy, and is worthy of clinical promotion and application.

6. Limitations of the Study

This study is a single-center retrospective study with a limited sample size, which
may affect the generalizability of the findings. Future multi-center, large-sample
prospective studies are needed to further validate the conclusions. Additionally,
since MAIb/uCr and renal function indicators are themselves important refer-
ences for the diagnosis of DN, their simultaneous use as predictors may introduce
a degree of incorporation bias. This study could not completely avoid the impact
of this bias on the assessment of diagnostic efficacy in its methodology, and fur-
ther validation in prospective studies is needed. This study did not include novel
kidney injury markers such as cystatin C or neutrophil gelatinase-associated
lipocalin (NGAL) to further optimize the indicator combination. Subsequent stud-
ies could incorporate more novel markers to explore more efficient early diagnos-
tic models for DN.
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