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Background: Contrast-induced acute kidney injury (CI-AKI) refers to the acute renal dysfunction caused by the injection of contrast
agents. CI-AKI is currently a common complication after percutaneous coronary intervention (PCI).

Objective: To investigate the predictive value of the combined systemic inflammatory index (SII) and urate/high-density lipoprotein
cholesterol ratio (UHR) for CI-AKI after PCI in patients with AMI.

Methods: A total of 1222 patients with AMI who underwent PCI were randomly divided into a training group and a validation group
in an 8:2 ratio. According to the definition of CI-AKI diagnostic criteria, the training group was divided into CI-AKI group and non-CI
-AKI group. Collect patient’s blood and biochemical data, then calculate SII and UHR. The risk factors for CI-AKI were identified
using LASSO and multivariate logistic regression analyses. A predictive column was created by using R language.Evaluate the
predictive value of SII, UHR and their combination for CI-AKI after PCI using the area under the ROC curve (AUC).

Results: Diabetes, Cystatin C, Diuretics, UHR, and LnSII were independent risk factors for CI-AKI in AMI patients after PCI. The
ROC curve showed that the AUC of UHR and SII combined for predicting CI-AKI in AMI patients after PCI was 0.761 (95% CI
0.709-0.812), with a sensitivity of 65.20% and a specificity of 76.70%, which was better than the prediction by either factor alone.
Conclusion: High SII and high UHR are risk factors for AMI, and their combination can improve the accuracy of predicting CI-AKI
in AMI patients after PCL.The prognosis of CI-AKI in AMI patients is worse than in the general population.

Keywords: serum uric acid, high-density lipoprotein cholesterol, neutrophils, lymphocytes, systemic immune-inflammatory index,
contrast-induced acute kidney injury

Introduction

Percutaneous Coronary Intervention (PCI) is a common approach for managing Acute Myocardial Infarction (AMI)
presently.Contrast-induced acute kidney injury (CI-AKI) refers to iatrogenic acute renal dysfunction caused by the
administration of contrast agents.' Research has indicated that CI-AKI is associated with adverse clinical outcomes such
as increased cardiovascular events, chronic kidney disease, renal replacement therapy, and elevated long-term mortality
rates.” Currently, there is a lack of targeted treatment strategies for CI-AKI, and clinical management primarily revolves
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around supportive care.’ Therefore, early identification of high-risk patients is paramount in preventing and managing
CI-AKI and its severe complications.

Inflammation is a defensive response of the body centered on vascular reactions, triggered by stimuli and injury
factors. Research has confirmed that inflammation plays a pivotal role in the development of CI-AKL* The systemic
immune-inflammation index (SII), as an effective indicator of overall inflammation status, was initially used for
prognostic assessment in malignant tumor diseases.” Recent research has found that it can also be utilized for early
prediction of CI-AKIL® The serum uric acid/high-density lipoprotein cholesterol ratio (UHR) is a newly discovered
inflammatory marker closely associated with various inflammatory diseases such as thyroiditis, diabetic nephropathy, and
non-alcoholic fatty liver disease.” This study aims to investigate the combined predictive value of SII and UHR for CI-
AKI in patients with AMI undergoing PCI, providing novel insights for early identification of CI-AKI patients in clinical
practice.

Materials and Methods

Study Population

The study included clinical data from 1222 patients who underwent routine PCI at The Affiliated Hospital of Xuzhou
Medical University between January 2020 and May 2023 due to AMI (Figure 1). The patients were randomly divided
into a training group (n=977) and a validation group (n=245) in an 8:2 ratio. Inclusion criteria:Patients who meet the
diagnostic criteria for AMI as outlined by the American College of Cardiology/American Heart Association (ACC/AHA)
and undergo PCI after hospital admission.® Exclusion criteria: (1) Patients with severe infection, electrolyte imbalances,
severe heart failure, myocarditis, cardiomyopathy, or valvular heart disease. (2) Patients with malignant tumors,
hematological diseases, autoimmune diseases, or thyroid diseases. (3) Patients with allergies to iodine and other contrast
agents. (4) Patients who have recently taken nephrotoxic drugs. (5) Patients with estimated glomerular filtration rate
(eGFR) <15mL/(min-1.73m?) at admission. (6) Patients who have been in contact with nephrotoxic or radioactive drugs

within 48 hours before or after surgery. (7) Patients with incomplete clinical data collection.

Definition

The diagnostic criteria for CI-AKI: exclusion of other potential causes of renal damage, any acute kidney injury
occurring 48-72 hours after administration of contrast agents, defined as an increase in serum creatinine (Scr) level >
0.3 mg/dL (26.5 pmol/L) above baseline or reaching 1.5 times the baseline level.” All patients were calculated for eGFR
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula.” Since most patients did not have
their urine output measured, this study did not use urine output criteria to determine the occurrence of CI-AKI. The SII is
calculated by multiplying the platelet count by the neutrophil count and then dividing it by the lymphocyte count. The
UHR was calculated as the preoperative serum uric acid value divided by high-density lipoprotein cholesterol value.

Data Collection and Therapeutic Schedule

All patients had their general information collected and underwent tests for blood routine, biochemistry, coagulation
function, etc. After obtaining the patient’s medical history and analyzing the test results. Next, patients were immediately
administered with aspirin 300mg, clopidogrel 300mg, or ticagrelor 180mg, followed by intravenous injection of heparin
(100U/kg). All PCI procedures were performed by experienced experts at our hospital based on angiography results with
stent implantation or balloon dilation.The procedure is conducted via radial or brachial artery puncture with appropriate
catheter placement and administration of low-osmolality non-ionic iodinated contrast agent (iodixanol) for coronary
angiography. Interventional therapy was then conducted according to lesion severity.Individualized fluid therapy was
administered to patients based on their cardiac and renal function before and after PCI. Typically, 0.9% physiological
saline was initiated 3 hours prior to the procedure and administered continuously via intravenous infusion at a rate of
1-2mL-kg '-h™" until 24 hours post-procedure, in accordance with individual patient needs."®
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Patients with AMI who underwent PCI at the Affiliated Hospital of Xuzhou Medical University
from January 2020 to May 2023 were analyzed (n=1311)
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Figure | The flow chart describes the selection and statistical analysis of patients undergoing PCI for acute myocardial infarction.

Statistical Analysis

Statistical analysis was conducted using SPSS 26.0 and the R software package (version 4.3.2). Normality tests were
performed on metric data, with normally distributed continuous variables presented as meanz+standard deviation (X s),
and independent sample #-tests used to analyze inter-group differences. For non-normally distributed metric data, median
(interquartile range) [M(Q1,03)] was utilized, and Mann—Whitney U-test employed for observing inter-group differ-
ences. Count data and categorical variables were represented by specific examples (percentages) [n(%)], with group
comparisons conducted using the chi-square test. LASSO regression was carried out using the “glmnet” package, while
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multivariate Logistic regression utilized the “glm” package. The Nomogram was constructed using the “rms” package,
ROC curves were plotted using “pROC” package, HL tests were performed employing the “ResourceSelection” package,
calibration curves drawn utilizing val.prob function and calibrate in the “rms” package, and DCA curves created through
use of the “dca.R” package. A significance level of P<0.05 denoted statistical significance.

Results

Basic Information Comparison

There were statistically significant differences in age, gender distribution, presence of diabetes, left ventricular ejection
fraction, and use of diuretics between the two groups (P < 0.05). No statistically significant differences were observed in
other indicators (P > 0.05), as detailed in.Table 1

Comeparison of Preoperative Laboratory Data

The preoperative levels of serum urea, uric acid, serum creatinine, cystatin C, HDL-C, FPG, Hs-CRP, FIB, neutrophil
count, lymphocyte count and monocyte count as well as hemoglobin and platelet distribution width showed statistically
significant differences between the two groups (P<0.05), while no statistically significant differences were observed in
other indicators (P>0.05). Please refer to Table 2 for details.

LASSO Clinical Feature Selection

We included 45 indicators as independent variables and whether CI-AKI occurred as the dependent variable. The optimal
penalty coefficient A was identified using 10-fold cross-validation, with a value of Lambda.lse at 0.04209988. Five
variables were selected: diabetes mellitus, cystatin C level, diuretic, UHR, and LnSII (as shown in Figure 2A and B).

Analysis of Risk Factors for CI-AKI

The above-mentioned 5 variables selected by LASSO regression were included in the multivariate logistic regression.
The results indicated that all 5 indicators were independent risk factors for the occurrence of CI-AKI in AMI patients
after PCI (P<0.05). Please refer to Table 3 for details.

Table | The Comparison of Basic Information Between the Two Groups of

Patients
CI-AKI (n=89) Non-CI-AKI (n=888) P
Age (years) 69.36+10.95 62.23+12.80 <0.001
Female (n%) 37(41.6) 185(20.8) <0.001
Hypertension (n%) 49(55.1) 420(47.3) 0.162
Diabetes (n%) 44(49.4) 200(22.5) <0.001
Smoking (n%) 30(33.7) 376(42.3) 0.115
Heart rate (times/min) 80.00(72.00, 90.00) 78.00(69.00, 89.00) 0.349
LVEF (%) 48.62+8.57 51.21+4.88 <0.001
SBP(mmHg) 125.44+22.85 129.14+20.83 0.114
DBP(mmHg) 76.64+14.94 79.62+13.87 0.055
Aspirins (n%) 89(100.0) 884(99.5) 0.526
Clopidogrel/Ticagrelor (n%) 88(98.9) 884(99.5) 0.396
Beta-blockers (n%) 72(80.9) 753(84.8) 0.333
ACEI/ARB (n%) 51(57.3) 500(56.3) 0.856
CCB (n%) 22(24.7) 203(22.9) 0.691
Diuretics (n%) 69(77.5) 381(42.9) <0.001
Statins (n%) 89(100.0) 879(99.0) 0.340
Heparins (n%) 70(78.7) 689(77.6) 0.819
ARNI 28(31.5) 250(28.2) 0.510

Note: LVEF, left ventricular ejection fraction; SBPsystolic blood pressure; DBPdiastolic blood pressure;
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium
channel blocker; ARNI, angiotensin receptor neprilysin inhibitor.
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Table 2 Laboratory Data of Patients in Both Groups Before PCI

CI-AKI (n=89) | Non-CI-AKI (n=888) P
Blood urea(mmol/L) 6.98%3.11 5.94+2.05 <0.001
Serum uric acid(umol/L) 371.51£106.53 297.61+£90.33 <0.001
Serum creatinine(umol/L) 85.91+83.12 66.41£24.39 <0.001
Cys C(mg/L) 1.10£0.60 0.91+0.20 <0.001
TC(mmol/L) 429+1.24 4.27+1.11 0.870
TG(mmol/L) 1.24(0.88.65) 1.27(0.93,1.85) 0.164
LDL-C(mmol/L) 2.72+1.08 2.68+0.90 0.725
HDL-C(mmol/L) 0.95+0.29 1.03+0.23 0.001
DBIL(umol/L) 6.29%3.65 5.72+4.34 0.232
TBIL(umol/L) 14.97+8.16 14.67+9.00 0.763
PAB(mg/L) 0.21(0.16,0.24) 0.21(0.18,0.25) 0.237
Albumin(g/L) 39.08+5.12 40.06+4.77 0.067
FPG(mmol/L) 7.79%3.77 6.61+2.69 <0.001
Sd-LDL(mmol/L) 0.75+0.41 0.75+0.40 0.941
Hs-CRP(mg/L) 16.44+41.70 9.65+22.77 0.015
FIB(g/L) 427+5.94 3.03x1.86 <0.001
Leukocyte(1079/L) 10.37+3.36 9.76+3.07 0.073
Neutrophil(1079/L) 8.55+3.08 7.38+3.02 0.001
Lymphocyte(1079/L) 1.10(0.70,1.50) 1.50(1.10,2.10) <0.001
Monocyte(1079/L) 0.42(0.28,0.60) 0.50(0.36,0.66) 0.020
Erythrocyte(10712/L) 4.39+0.57 4.64x1.62 0.139
Hemoglobin(g/L) 133.98+17.33 139.70+17.37 0.003
Platelet(1079/L) 205.15£53.32 210.98+58.55 0.367
Erythrocyte distribution width(%) 13.21+3.44 12.89+1.67 0.122
Platelet distribution width(%) 13.93+£2.69 13.10£2.69 0.007
UHR 439.93+219.04 304.91x121.21 <0.001
LnSII 7.30+0.74 6.79+£0.77 <0.001

Note: Cys C, Cystatin C;TC,total cholesterol;TG, Triglyceride;LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; DBIL, Direct Bilirubin;TBIL,total bilirubin;PAB,Prealbumin;
FPG, fasting plasma glucose;Sd-LDL, small and dense low-density lipoprotein; Hs-CRP, highly sensitive
C-reactive protein; FIB, plasma fibrinogen; UHR, serum uric acid/high-density lipoprotein cholesterol; SlI,
systemic immune-inflammatory index.

Nomogram Construction and Prediction Analysis

Based on the results of the multivariate logistic regression, a prediction model was used to evaluate the factors in.
Figure 3 The ROC curve for predicting CI-AKI occurrence in the training group had an area under the curve (AUC) of
0.842 (95% CI: 0.800-0.884), with a specificity of 78.00% and a sensitivity of 76.40%, demonstrating good discrimi-
natory ability as depicted in.Figure 4A The Hosmer-Lemeshow test showed y* = 7.6112, P = 0.4723 in the training group,
indicating good model fit; internal validation using Bootstrap sampling over 1000 iterations revealed that the calibration
curve displayed strong consistency between predicted and actual risk, as shown in.Figure 5A

Calibration Verification of the Nomogram

In the validation group, a total of 245 cases were included, with 27 (11.02%) developing CI-AKI. The area under the
ROC curve (AUC) for predicting CI-AKI in the validation group was 0.831 (95% CI: 0.753-0.909), as depicted in.
Figure 4B The Hosmer-Lemeshow test showed 3> = 4.678, P = 0.791, indicating good model fit. Internal calibration
through 1000 bootstrap resamplings demonstrated that the predicted values closely represented actual values, as
illustrated in.Figure 5B
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Figure 2 This is LASSO regression. (A)This graph shows the coefficient curve of the independent variable. (B)This graph shows the selection of the optimal independent
variable by LASSO regression and 10-fold cross-validation.

Decision Curve Analysis and Clinical Impact Curve

As depicted in Figure 6A and B the horizontal line on the DCA curve represents no intervention, with a net benefit of zero,
and the sloping line represents intervention for all patients. The predictive model demonstrates a favorable net benefit. As
depicted in the graph, the wide range of high-risk threshold probability is applicable to both the modeling and validation sets,
indicating the practical utility of this model in clinical settings.The clinical impact curve in Figure 7 illustrates that among
1000 patients, the blue solid line represents the total number of patients considered high-risk at each risk threshold, while the
red dashed line indicates how many of these are true positive cases.This figure also illustrates the clinical efficacy of the
predictive model. When the threshold probability exceeds 64%, the model’s identification of high-risk CI-AKI individuals
closely aligns with the actual incidence of CI-AKI, thereby confirming the high clinical efficacy of this predictive model.

ROC Curve Analysis of Clinical Value of UHR, Sll and Their Combination in Predicting

CI-AKI After PCI

The UHR predicts an AUC of 0.701 (95% CI: 0.643-0.760, P<0.001) for CI-AKI after PCI, while the SII predicts an
AUC of 0.692 (95% CI: 0.633-0.751, P<0.001). When combined, the two models yield a predictive AUC of 0.761 (95%
CI: 0.709-0.812, P<0.001) for CI-AKI occurrence, with a sensitivity of 65.20% and specificity of 76.00%.

Comparison of Incidence Rates of CI-AKI Between Patients with Different Levels of
UHR and SlI

Based on the ROC curves of UHR and SII, the optimal cut-off values were determined to be 293.8 for UHR and 1622.5
for SII. Subsequently, all patients were categorized into three groups: low-risk group (401 cases, low UHR + low SII),

Table 3 Multivariate Logistic Regression Analysis of
CI-AKI Incidence

i} OR 95% ClI P

Diabetes | 1.205 | 3.338 | 3.338(2.019,5.524) | <0.001
Cys C 0.891 | 2.438 | 2.438(1.094,5.632) | 0.031

Diuretics | 1.397 | 4.042 | 4.042(2.360,7.199) | <0.001
UHR 0.005 | 1.005 | 1.004(1.002,1.006) | <0.001
LnSII 0.858 | 2.358 | 2.358(1.677,3.361) | <0.001

Note: Cys C, Cystatin C;UHR, uric acid/high-density lipoprotein cho-
lesterol ratio; SlI, systemic immune-inflammatory index.
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Figure 4 These two graphs are ROC curves. (A)This graph shows ROC curves for predicting CI-AKI in AMI patients in training group. (B)This graph shows ROC curves

for predicting CI-AKI in AMI patients in validation group.

moderate-risk group (443 cases, low UHR + high SII or high UHR + low SII), and high-risk group (133 cases, high UHR
+ high SII). The results revealed that the incidence of CI-AKI in the low-risk group, moderate-risk group, and high-risk
group was 8 cases (2.00%), 45 cases (10.16%), and 36 cases (27.07%) respectively. Furthermore, there was a significant
increase in the incidence of CI-AKI with escalating risk levels (x°=76.906, P<0.001)(Table 4).
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Figure 6 These two graphs are DCA curves. (A)This graph shows the DCA curve of CI-AKI in AMI patients after PCl in training group. (B)This graph shows the DCA
curve of CI-AKI in AMI patients after PCI in validation group.

Discussion
The iodine contrast agent used during PCI is excreted by the kidneys in 99% of cases.'' Therefore, as the number of PCI
procedures for AMI patients increases, the incidence of CI-AKI, a negative event after PCI, also increases.CI-AKI has
become the third most common cause of hospital-acquired renal failure, with an incidence rate ranging from 8.8% to
20%."% In this study, the incidence rate of CI-AKI was approximately 9.1%, consistent with previous research findings.
CI-AKI not only escalates patient medical costs but also inflicts physical and psychological trauma on patients.
The pathogenesis of CI-AKI is currently not well understood, and effective treatments for CI-AKI are still lacking.'*'*
Therefore, early prediction and prevention are particularly important. Scr is a widely recognized diagnostic marker for CI-
AKI in clinical practice, but its sensitivity is not high as it typically begins to rise 24 hours after the use of contrast
agents.'>'® In recent years, some researchers have studied the use of markers such as neutrophil gelatinase-associated
lipocalin and hepcidin regulatory protein for diagnosing CI-AKI, but their limited availability has hindered widespread
usage.'""'® Thus, there is a need to identify early, specific, and sensitive predictors of renal injury that would hold significant
clinical value in preventing CI-AKI.
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Figure 7 This is a CIC curve of CI-AKI in AMI patients after PCI.

UHR is an index that integrates uric acid and lipid levels, calculated from the combination of uric acid and HDL-C.
Uric acid can be regarded as an oxidant in the body, inhibiting the release of nitric oxide (NO) by endothelial cells,
leading to vasoconstriction and ischemia.'®?® Uric acid also activates the RAS system, inducing the production of
angiotensin II in the body, stimulating vascular smooth muscle cell proliferation and causing inflammatory reactions.*'**
Additionally, uric acid crystals can deposit in vessel walls, triggering inflammatory responses and directly causing
damage to renal vascular endothelial cells.”® Therefore, hyperuricemia may play a significant role in renal vascular
inflammation and injury. HDL-C is a polymer composed of hundreds of proteins and lipids that transport cholesterol
from extrarenal tissues and cells to the liver for degradation, exerting antioxidative and anti-atherosclerotic effects.* It
also reduces platelet aggregation and inhibits activation of the coagulation cascade, thereby maintaining low blood
clotting status while reducing thrombus formation to protect renal vasculature.>>*® Furthermore, Jia C et al’s research
indicated that HDL-C prevents early monocyte adhesion to endothelial cell surfaces by reducing expression levels of
adhesion molecule 1 (VCAM-1), thus alleviating systemic inflammatory reactions.?’ Park et al’s study demonstrated that
low HDL-C is a high-risk factor for CI-AKI following PCI in patients with coronary heart disease.”®

Table 4 Comparison of Incidence Rates of CI-AKI Between Different Levels of UHR

and Sl
Group Number of Cases | CI-AKI | Non-CI-AKI e P
Low-risk group 401 8 393 76.906 | <0.001
Moderate-risk group 443 45 395
High-risk group 133 36 97
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SII is a novel biomarker derived from the calculation of neutrophil count, platelet count, and lymphocyte count.*® It
integrates the body’s inflammatory and immune responses and holds greater clinical utility than individual markers.
During AMI occurrence, there is an enhanced inflammatory response in the patient’s body, leading to significant
secretion of tissue proteases such as collagenase G and elastase by neutrophils, along with the release of oxygen free
radicals.*® These inflammatory mediators enter endothelial cells in the kidneys, ultimately causing or exacerbating renal
injury. Additionally, factors such as stress response lead to elevated levels of hormones like cortisol in the body while
lymphocytes sequentially decrease.>’ Furthermore, the release of anti-inflammatory factors also induces apoptosis in
lymphocytes.*> Lymphocytes serve as representative cells in immune processes and play a role in maintaining stability
within renal vascular endothelium while slowing down inflammation progression. A reduction in lymphocyte numbers
results in decreased immune function within the body which further aggravates renal endothelial dysfunction.*?
Moreover, the inflammatory response prompts excessive activation of platelets leading to their adhesion on inner walls
of renal blood vessels causing microcirculation disturbances. During this process, platelets release substantial amounts of
inflammatory factors thereby worsening damage to renal vascular endothelium.** Consequently, elevated SII may impact
CI-AKI occurrence through both inflammation and active coagulation pathways.

The results of this study indicate that UHR and SII can be used as reference indexes to predict CI-AKI in AMI
patients after PCI. The ROC curve demonstrates that the combined prediction of these two indicators yields the largest
AUC, with good sensitivity and specificity, providing greater value than using a single indicator for prediction and
enhancing predictive accuracy.

Limitations

Firstly, it is important to note that this study is a single-center cross-sectional study with a small sample size, and some
patients were excluded due to incomplete data, potentially introducing selection bias. Further validation through
a multicenter, large-sample evidence-based study is warranted.Secondly, Patients were not followed up for future adverse
events. Finally, due to the lack of accurate and complete urine volume, this study only used Scr to assess the occurrence
of CI-AKI in patients, and some patients who only met the diagnostic criteria for CI-AKI urine volume were excluded.

Conclusion

This study demonstrates that the presence of diabetes, use of diuretics, cystatin C, UHR and SII are independent risk
factors for the development of CI-AKI in AMI patients following PCI. When clinicians perform a comprehensive
assessment of AMI patients before PCI, UHR and SII can serve as reference indicators to predict the occurrence of CI-
AKI after PCI in AMI patients. The ROC curve demonstrates that the combined prediction of these two indicators yields
the largest AUC, with good sensitivity and specificity, providing greater value than using a single indicator for prediction
and enhancing predictive accuracy.

Ethic Approval

The study was approved by the Ethics Committee of The Affiliated Hospital of Xuzhou Medical University (ethics
approval number: XYFY2022-KL122-01) and informed consent was obtained from all participants. Our study was
conducted in accordance with the Declaration of Helsinki.
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