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Purpose

To explore the influencing factors of acute kidney injury in elderly patients with diabetic nephropathy and to construct a nomogram model.





Methods

The research subjects were 680 patients with type 2 diabetic nephropathy admitted to our hospital. The patients were included from May 2018 to August 2023. Patients with acute kidney injury were used as the merge group (n=50), and patients without unmerge group (n=630) was included. The prevalence and predisposing factors of acute kidney injury in diabetic nephropathy were analyzed, multivariate logistic regression were used to analyze the influencing factors of acute kidney injury in patients, and a nomogram risk prediction model was established based on risk factors for verification.





Results

Analysis of the factors of acute kidney injury in diabetic nephropathy found that severe infection was the main trigger, accounting for 40.00%, followed by nephrotoxic antibiotics and severe heart failure. The age, urine microalbumin-to-creatinine ratio (ACR), blood urea nitrogen (BUN), uric acid(UA), and cystatin C (CysC) levels of patients in the combined acute kidney injury group were significantly higher than those in the unmerge group (P<0.05), and the left ventricular ejection fraction (LVEF) and epidermal growth factor receptor (eGFR) levels were significantly lower than those in the unmerge group (P<0.05). Age, ACR, and CysC levels are independent risk factors for acute kidney injury in diabetic nephropathy, and LVEF and eGFR are independent protective factors (P<0.05). The C-index of the nomogram risk prediction model in predicting acute kidney injury in diabetic nephropathy is 0.768 (95% CI: 0.663-0.806), and the calibration curve tends to the ideal curve; the prediction threshold is >0.18, and the nomogram risk prediction model provides a clinical net benefits, and clinical net benefits were higher than independent predictors.





Conclusion

The establishment of a nomogram model for acute kidney injury in elderly patients with diabetic nephropathy based on age, ACR, CysC, LVEF, and eGFR has a good predictive effect, which can help doctors more accurately assess the patient’s condition and provide a basis for formulating personalized treatment plans.
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1 Introduction

Diabetes is one of the chronic diseases that seriously threatens human health around the world. The kidney is one of the most commonly affected organs in diabetes. Diabetic nephropathy is a common microvascular complication of diabetes. The onset is insidious. In the early stages of kidney damage, there may be no symptoms. As the disease progresses, foamy urine, high blood pressure, and edema (swelling of feet, ankles, hands, or eyes) may gradually occur (1, 2). If it develops into end-stage renal disease, which is kidney failure, water, electrolyte, acid-base balance disorders and anemia will occur. The pathogenesis of diabetic nephropathy is complex and involves multiple factors such as hyperglycemia, hypertension, lipid metabolism disorders, and inflammatory reactions. With the increasing number of diabetic patients, diabetic nephropathy plays a vital role in promoting the occurrence of end-stage renal disease (3, 4). In our country, the prevalence of diabetic nephropathy is high, which brings a heavy burden to society and families (5). Acute kidney injury refers to a sudden decline in kidney function within a short period of time (usually 72 hours), leading to clinical manifestations such as azotemia, water and electrolyte disorders, and acid-base balance disorders. Patients with diabetic nephropathy are prone to acute kidney injury and have a poor prognosis (6). Acute kidney injury aggravates the condition of diabetic nephropathy, and patients need treatment such as dialysis or kidney transplantation, increasing the patient’s risk of death. Therefore, studying the influencing factors of acute kidney injury in elderly patients with diabetic nephropathy will help us better understand the characteristics of such patients and provide scientific basis for clinical prevention and treatment (7, 8). At the same time, by establishing a prediction model, patients can be warned of the risk of acute kidney injury in advance, providing a reference for clinicians to formulate individualized treatment plans. The nomogram model is a prediction model based on logistic regression analysis, which can predict the risk of acute kidney injury in diabetic nephropathy by integrating the relative importance of multiple influencing factors. Some studies have found (9, 10) that the nomogram model has certain accuracy in predicting acute kidney injury in diabetic nephropathy and can be used to guide clinicians in formulating preventive strategies and treatment plans. This study aims to explore the factors that influence the occurrence of acute kidney injury in elderly patients with diabetic nephropathy, which will help improve the prevention and treatment effect and reduce the mortality rate of patients.




2 Materials and methods



2.1 General information

The research subjects were 680 patients with type 2 diabetic nephropathy admitted to our hospital. The patients were included from May 2018 to August 2023. Patients with acute kidney injury were included in the merged group (n =50), unmerged group (n=630). Inclusion criteria: ① Diagnostic criteria for diabetic nephropathy are based on the chronic kidney disease assessment and clinical practice guidelines issued by KDIGO (Kidney Disease Improving Global Outcomes) in 2012. Urine microalbuminuria should be tested three times within three months, with at least two urine microalbuminurias ≥ 30 mg/24 h (11); ② Fasting blood glucose ≥7.0mmol/L (126mg/dl), and/or 2-hour blood glucose ≥11.1mmol/L (200mg/dl) in 75g OGTT), and/or HbA1c ≥ 6.5%; ③ Cognition Those with normal functions and high compliance; exclusion criteria: ① Those combined with cardiovascular disease, essential hypertension, liver damage, malignant tumors, and lupus erythematosus; ② Those combined with nephrotic syndrome, nephritis, and renal insufficiency; ③ Those combined with hyperthyroidism and thyroid dysfunction Hypoxia and other secretory diseases; ④Those who use nephrotoxic drugs; ⑤Those with communication disorders or mental illness. This study was approved by the hospital ethics committee. Signed informed consent were also obtained from all participants. According to the inclusion and exclusion criteria, 693 patients with diabetic nephropathy were screened. After excluding 13 patients who were lost to follow-up, 680 patients with diabetic nephropathy were finally obtained.The screening process is shown in Figure 1.




Figure 1 | Literature screening flow chart.






2.2 Diagnostic criteria for acute kidney injury

Refer to the AKI diagnostic criteria proposed by KDIGO: serum creatinine increases by more than 1.5 times the baseline, and occurs within 7 days of the clear or inferred increase in serum creatinine level. The reference range of serum creatinine is 53-106μmol/L for adult males and 44-97μmol/L for adult females.




2.3 Data collection

General information: Age, gender, systolic and diastolic blood pressure were collected for all patients.

Laboratory indicators: eGFR, glycated hemoglobin (HbAlc), serum albumin, ACR, LVEF, BUN, serum creatinine (Scr), UA, and CysC levels.

Nomogram analysis: Establish a nomogram model: Taking all patients as the research subjects, based on the results of logistic regression analysis, factors that have a significant impact on acute kidney injury in elderly patients with diabetic nephropathy are screened out and included in the nomogram model. The best model was determined through receiver operating characteristic curve (ROC) analysis.

Validate the nomogram model: Apply the established nomogram model to predict the risk of acute kidney injury. The predictive effectiveness of the model was evaluated by comparing the number of patients who actually developed acute kidney injury with the number of patients who were predicted to develop acute kidney injury. Draw a calibration chart for verification and evaluate the accuracy of the risk model.




2.4 Methods of collecting and collating data

By reviewing the patients’ medical records, the collected data were collated and statistically analysed using Excel sheets. For missing values or outliers, we used the mean to fill in or exclude to ensure the accuracy and reliability of the data. By analysing the collated data, we aimed to explore the factors affecting the occurrence of acute kidney injury in elderly patients with diabetic nephropathy, and to provide a reference basis for clinical prevention and treatment.




2.5 Statistical methods

The enumeration data in this group of studies are expressed as [cases (%)], and the x2 test is used. The measurement data are all in the form of ( ± s) form, an independent sample t test was used between the two groups. The influencing factors of acute kidney injury in elderly patients with diabetic nephropathy were analyzed using multi-factor logistic regression, and a nomogram risk prediction model was established based on the risk factors. Bootstrap self-sampling method was used for internal testing. The predictive ability of the model was tested through the receiver operating characteristic curve (ROC curve), C-index and calibration curve are used for verification. SPSS 23.0 software was used for statistical data analysis, and P < 0.05 was considered as a statistically significant difference.





3 Results



3.1 Analysis of the prevalence of acute kidney injury in diabetic nephropathy

A total of 50 patients with acute kidney injury occurred among 680 patients with diabetic nephropathy, with an incidence rate of 7.35%; there were differences in the prevalence of acute kidney injury among patients with diabetic nephropathy of different ages and eGFR levels (x2 = 7.722, 18.987, P <0.05). See Table 1.


Table 1 | Prevalence analysis of acute kidney injury in diabetic nephropathy.






3.2 Analysis of influencing factors of acute kidney injury in diabetic nephropathy

Analysis of the influencing factors of acute kidney injury in diabetic nephropathy found that severe infection was the main trigger, accounting for 40.00%, followed by nephrotoxic antibiotics and severe heart failure. The details are shown in Table 2.


Table 2 | Analysis of influencing factors of acute kidney injury in diabetic nephropathy.






3.3 Analysis of clinical data of the two groups

CysC levels of patients in the combined acute kidney injury group were significantly higher than those in the unmerge group (P <0.05), and the LVEF and eGFR levels were significantly lower than those in the unmerge group (P <0.05), see Table 3.


Table 3 | Analysis of clinical data of the two groups.






3.4 Multi-factor logistic regression analysis

Taking the statistically significant indicators in Table 3 as independent variables and whether acute kidney injury occurs in diabetic nephropathy as the dependent variable, the results show that age, ACR, and CysC levels are independent risk factors for acute kidney injury in diabetic nephropathy, and LVEF and eGFR are independent protective factor (P <0.05). See Supplementary Table S1.




3.5 Construct a nomogram risk prediction model

After the multicollinearity test, the VIF range of the three variables RRI, MFI, and PVD was 1.316-2.501, indicating that there was no multicollinearity problem between them. Age, ACR, CysC, LVEF, and eGFR were used as factors to construct the nomogram risk prediction model. The nomogram risk prediction situation is shown in Figure 2.




Figure 2 | Nomogram risk prediction model for acute kidney injury in diabetic nephropathy.






3.6 Calibration curve and decision curve

the nomogram risk prediction model for predicting acute kidney injury in diabetic nephropathy is 0.768 (95% CI: 0.663-0.806), and the calibration curve tends to the ideal curve, see Figure 3; the prediction threshold is >0.18, and the nomogram risk prediction The model provides clinical net benefits, and the clinical net benefits are all higher than independent predictors, see Figure 4.




Figure 3 | Calibration curve of the nomogram risk prediction model.






Figure 4 | Nomogram risk prediction model decision curve.







4 Discussion

Diabetic nephropathy is a complication of diabetes, which mainly manifests as decreased renal filtration function, leading to symptoms such as proteinuria and edema. As diabetes progresses, renal lesions gradually worsen and renal function gradually decreases, which may eventually lead to renal failure (12–14). Acute kidney injury is one of the important factors of exacerbation of diabetic nephropathy, seriously affecting patients’ quality of life and prognosis. Therefore, studying the influencing factors of acute kidney injury in elderly patients with diabetic nephropathy is of great significance for the prevention and treatment of diabetic nephropathy. Understanding the influencing factors of acute kidney injury in elderly patients with diabetic nephropathy will help us develop more effective prevention and treatment strategies and reduce the risk of mortality and reduced quality of life in patients.

In this study showed that age, ACR, and CysC levels are independent risk factors for acute kidney injury in diabetic nephropathy, and LVEF and eGFR are independent protective factors. The aging population of society is growing rapidly, and the elderly are also at high risk of chronic kidney disease. Due to reduced renal reserve function, various chronic diseases and comorbidities in the elderly, the elderly, especially elderly patients with chronic kidney disease, are highly susceptible to acute kidney injury, and the incidence of acute kidney injury is significantly higher than that of the general population (15–17). The risk of acute renal failure progressing to uremia or death in the elderly is also much higher than that in young adults with kidney disease. As the elderly age, the structure and function of the kidneys change, and aging changes such as glomerulosclerosis, nephron reduction, renal blood vessel wall thickening, renal blood flow and glomerular filtration rate reduction, and renal concentrating function decline gradually occur. As a result, the kidneys of the elderly are prone to acute kidney injury under emergency or injury conditions (18–20). As a clinical test indicator that has been around for many years, ACR is listed as a screening indicator for early kidney disease and a diagnostic and staging standard for chronic kidney disease. It can accurately reflect the status of renal function and improve the clinical value of test results (21). It is helpful to reduce the incidence of complications of diabetic nephropathy and reduce the risk of related diseases. Achieve early diagnosis and early treatment of diabetic nephropathy. Under normal circumstances, the concentration of CysC in serum and plasma is low. When renal function is impaired, the concentration of CysC in the blood changes with the glomerular filtration rate. In renal failure, the glomerular filtration rate decreases, and the concentration of CysC in the blood can increase more than 10 times; if the glomerular filtration rate is normal but the renal tubular function is abnormal, it will hinder the absorption of CysC in the renal tubules. And it is rapidly decomposed, increasing the concentration in urine by more than 100 times (22, 23). In order to prevent diabetes from developing into renal failure, reliable GFR must be used to evaluate the renal function status of diabetic patients. Clinically, SCr is used to evaluate GFR, which lacks sufficient sensitivity for mild renal damage, while CysC can detect mild renal damage. The damage response is sensitive, and regular detection of CysC in diabetic patients can dynamically observe the development of the disease (24, 25). Patients with diabetic nephropathy are also prone to develop cardiovascular disease. Once the ejection fraction of the heart is reduced, it will lead to relative insufficient renal perfusion. Severe infection or severe respiratory failure will further aggravate renal ischemia, leading to a rapid decline in eGFR (26, 27). In addition, drug clearance is reduced after eGFR. Once drugs that may damage the kidneys are used, such as nephrotoxic antibiotics, contrast agents, proton pump inhibitors, etc., the kidney damage will be further aggravated (28–30). Chen et al. (31) found that LVEF is a protective factor for AKI during ECMO support. For every 1% increase in LVEF, the incidence of AKI decreases by 20%. A lower LVEF value before ECMO usually indicates more severe heart failure and shock before starting ECMO support therapy. Decreased cardiac output and hypotension usually mean poor microcirculatory perfusion status. Systemic inflammation is an important mechanism driving AKI and can affect the disease progression and prognosis of patients. Systemic inflammation in elderly patients can aggravate mechanical disorders, microthrombosis, affect cell apoptosis and mitochondrial damage, and induce renal injury. In the context of diabetic nephropathy, the NF-κB signaling pathway is activated, increasing the release of downstream pro-inflammatory factors such as TNF-α, IL-6, IL-1, and IL-18, recruiting monocytes, macrophages, and lymphocytes into the renal tissue, triggering an inflammatory cascade reaction and aggravating renal damage in diabetic nephropathy.

This study established a nomogram model to predict the risk of acute kidney injury in diabetic nephropathy. The C-index of the nomogram risk prediction model in predicting acute kidney injury in diabetic nephropathy is 0.768 (95%CI: 0.663-0.806). The calibration curve tending to the ideal curve; the prediction threshold is >0.18, the nomogram risk prediction model provides clinical net benefits, and the clinical net benefits are higher than independent predictors. This model has the advantage of being easy to understand and operate, and can make individualized predictions based on the patient’s specific situation. Zou et al. (32) found that CysC and eGFR can be used as risk factors for end-stage renal disease in patients with diabetic nephropathy, and a machine learning algorithm based on sAlb, CysC, Hb, eGFR and UTP can effectively predict the incidence of end-stage renal disease.

However, the nomogram model also has certain limitations. First, the establishment of the model relies on existing research data and originates from a single medical institution. There may be differences in regions or specific populations, which makes it impossible to cover all influencing factors, resulting in limited accuracy of prediction results and affecting the external practicality of the nomogram model. Secondly, the nomogram model needs to be updated regularly to reflect the changing research progress and clinical practice. The model prediction is only for reference, and specific clinical decisions still need to be combined with the actual situation of the patient and the professional judgment of the doctor. Finally, the sample size of this study was small, which may have the risk of false negative results. Use with caution before external validation. In future studies, we will increase the sample size to improve the detection ability of different risk factors for AKI and further perform external validation of the nomogram in different populations to further confirm the practicality of this model in a wider range of clinical practice.

In summary, the influencing factors of acute kidney injury in elderly patients with diabetic nephropathy mainly include the patient’s age, ACR, CysC, LVEF, and eGFR. These factors play an important role in the occurrence and development of diabetic nephropathy and provide clinicians with information. Targeted intervention directions. By establishing a nomogram model, the risk of acute kidney injury in diabetic nephropathy was predicted. The model results show that the nomogram model has good prediction effect and has certain clinical application value for early identification of the risk of acute kidney injury in patients with diabetic nephropathy. At the same time, the nomogram model can help doctors more accurately assess the patient’s condition and provide a basis for formulating personalized treatment plans.
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