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Abstract
Background: To investigate the relationship between the incidence of Contrast-
Induced Acute Kidney Injury (CI-AKI) and the level of Small And Dense Low Density 
Lipoprotein (sd-LDL) and N-Terminal Pro-Brain Natriuretic Peptide (NT-proBNP) 
in patients with acute ST-Segment Elevation Myocardial Infarction (STEMI) 
undergoing primary Percutaneous Coronary Intervention (PCI), and to further 
compare the predictive value of sd-LDL, NT-proBNP and their combination for CI-
AKI. 

Methods: 415 consecutive STEMI patients who underwent emergency PCI from 
November 2019 to December 2020 were recruited. Venous blood samples were 
obtained from all patients before PCI, All patients were divided into groups 
according to the median of sd-LDL and NT-proBNP to compare the incidence of 
CI-AKI. Logistic regression analysis was used to study the risk factors of CI-AKI in 
patients with STEMI after emergency PCI. ROC curve was drawn to evaluate the 
predictive value of sd-LDL, NT-proBNP and their combined level for CI-AKI.

Results: Patients with high sd-LDL and high NT-proBNP levels had a higher 
incidence of CI-AKI. The area under the ROC curve was 0.791 (95%CI: 0.736 ~ 0.846 
(p<0.001), the sensitivity was 84.5%, the specificity was 64.5%, and the sensitivity 
and specificity were higher than those of sd-LDL or NT-proBNP alone. Multivariate 
Logistic regression analysis showed that the level of sd-LDL * (OR=1.165, 95% CI: 
1.105 ~ 1.228,p<0.001), NT-proBNP (OR=2.309, 95%, CI 1.753 ~ 3.043, p<0.001), 
NLR (OR=1.165, 95%, CI 1.101 ~ 1.232, p<0.001), eGFR (OR=0.985, 95%, 0.977 ~ 
0.993, p<0.001) were the independent influencing factor of CI-AKI (p<0.05). 

Conclusion: High sd-LDL and high NT-proBNP are risk factors for the incidence of 
CI-AKI, and the combination of them can improve the accuracy of predicting the 
CI-AKI in STEMI patients undergoing primary PCI.
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Introduction
In recent years, with the rapid progress and continuous 
development of coronary intervention diagnosis and treatment 
technology, the widespread use of contrast media has led to 
an increasing incidence of CI-AKI [1-3]. CI-AKI will significantly 
prolong the hospitalization time, increase the economic burden 
and increase the incidence of cardiovascular adverse events. 

It has been found that compared with ordinary LDL, sd-LDL 
has the characteristics of small particles, high density, low 
charge, long half-life, easy oxidative modification, easy to be 
recognized by macrophages, phagocytosis and so on. Sd-LDL 
is more atherosclerotic and is an independent risk factor for 
cardiovascular disease [4,5]. NT-proBNP is the cleavage product 
of Brain Natriuretic Peptide (BNP) and is a sensitive indicator of 
ventricular wall tension. Clinically, the plasma levels of BNP and 
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NT-proBNP are often used as objective markers of early damage 
to cardiac function [6,7]. This characteristic makes NT-proBNP 
have a better value in early diagnosis of renal function damage. 
However, the combination of the sd-LDL and NT-proBNP has 
not been previously explored, to the best of our knowledge. 
Therefore, the current prospective study investigated the value 
of sd-LDL combined with NT-proBNP for predicting the risk of CI-
AKI in STEMI patients undergoing primary PCI.

Methods
Study population
Between November 2019 to December 2020, a total of 415 
patients with STEMI undergoing primary PCI in Affiliated Hospital 
of Xuzhou Medical University were enrolled consecutively in the 
study. All patients were prospectively registered. Low osmotic 
Nonionic iohexol (Yangzijiang Pharmaceutical Group) was used 
in all patients during percutaneous coronary intervention, and 
the osmotic concentration was 800 mOsm/Kg. The definition 
of preliminary diagnosis of STEMI: a class of acute myocardial 
infarction with typical ischemic chest pain, lasting for more than 
20 minutes, increased serum myocardial necrosis markers and 
dynamic evolution, and ECG with typical ST-segment elevation. 
Exclusion criteria: (1) complicated with malignant tumor, liver 
insufficiency, thyroid dysfunction, immune disease and infectious 
disease; (2) examination of CT, MRI or other contrast agents 2 
weeks before selection; (3) use of nephrotoxic drugs such as 
aminoglycoside antibiotics and non-steroidal anti-inflammatory 
drugs within 48 hours before operation or 72 hours after 
operation. (4) severe chronic heart failure (New York Heart 
Association (NYHA) grade ≥ Level 3), severe valvular heart disease 
and hemodynamic instability; (5) previous history of chronic 
glomerulonephritis, nephrotic syndrome, diabetic nephropathy 
and chronic renal insufficiency; (6) history of trauma or operation 
30 days before operation; (7) incomplete clinical data before and 
after PCI. 

Definition
Definition of CI-AKI: excluding other possible causes of renal 
damage, the serum creatinine level increased by 0.5 mg/dL (44.2 
umol/L) or relative value by 25% over the baseline within 48 to 
72 hours after the application of contrast agents. The Estimated 
Glomerular Filtration Rate (eGFR) was calculated by simplified 
MDRD formula: eGFR (ml.min-1.173-2)=18Scr (mg/dl)-1.154 × 
age-0.203 × (0.79 female) [8,9].

Research methods
Venous blood samples were taken to improve laboratory 
examination before PCI, including blood routine, blood lipids 
(sd-LDL), biochemistry and precursor of amino terminal brain 
natriuretic peptide. serum creatinine, cystatin C, urea and uric 
acid were detected again 48-72 hours after PCI. All patients were 
treated with hydration by intravenous drip of 0.9%NaCl injection 
at the rate of 1 ml/ (kg •h) within 12 hours after emergency 
intervention. After PCI, antiplatelet drugs, β-blockers, angiotensin 
converting enzyme inhibitors or angiotensin Ⅱ receptor 
antagonists, nitrates, calcium channel blockers, low molecular 

weight heparin anticoagulants and other coronary heart disease 
treatment drugs were used according to the clinical condition of 
the patients, so as to avoid the use of nephrotoxic drugs as far 
as possible. All patients were divided into low sd-LDL group (sd-
LDL<0.83 mmol/l) and high sd-LDL group (sd-LDL ≥ 0.83 mmol/l) 
according to the median of sd-LDL (0.83mmol). According to 
the median of NT-proBNP (1686.81 pg/ml), all patients were 
divided into low NT-proBNP group (NT-proBNP<1686.81 pg/ml) 
and high NT-proBNP group (NT-proBNP ≥ 1686.81 pg/ml). The 
patients were further divided into three groups: low risk group 
(low sd-LDL+ and low NT-proBNP), medium risk group (low sd-
LDL+high NT-proBNP or high sd-LDL+low NT-proBNP) and high 
risk group (high sd-LDL+and high NT-proBNP). The incidence of 
CI-AKI among different risk grades was compared. According to 
the changes of creatinine value before and after PCI, all patients 
were divided into CI-AKI group and non-CI-AKI group, and further 
compared whether there were statistical differences in clinical 
data and laboratory data between the two groups. Logistic 
regression analysis was used to study the influencing factors of 
CI-AKI in patients with STEMI after emergency PCI. ROC curve was 
drawn to evaluate the predictive value of sd-LDL, NT-proBNP and 
their combined level on CI-AKI after PCI. According to the above 
criteria, patients were divided into CI-AKI group and non-CI-AKI 
group, further studies on CI-AKI risk factors were conducted.

Statistical analysis
SPSS26.0 statistical software was used to analyze the data. For 
the measurement data of normal distribution, the continuous 
variables are shown as mean ± standard deviation (x ̅ ± s), and 
the independent sample t-test is used to compare the parameter 
values between the two groups. The NT-proBNP distribution does 
not conform to the normal distribution, but the natural logarithm 
(lnNT-proBNP) accords with the normal distribution. For the 
measurement data of non-normal distribution, the median and 
quartile M (Q1, Q3) will be displayed, and the Mann-Whitney U 
test will be used to compare the non-parameter values between 
the two groups. The classification variables were expressed as 
numbers and percentages (%), and were compared by χ 2 test 
or Fisher exact test. Logistic regression analysis was used to 
evaluate the risk factors of CI-AKI. ROC curve analysis was used to 
determine the predictive value of each index for the occurrence 
of CI-AKI. The p values for interaction were calculated in each 
subgroup. A 2-sided p value<0.05 was considered as statistically 
significant.

Results
Comparison of general data of patients
A total of 415 patients were included in this study, including 
324 male patients (78.1%) and 91 female patients (21.9%). The 
average age was 62.70 ± 12.92. There were 174 patients with 
hypertension (41.9%), 127 patients with glycosuria (30.6%), 178 
patients with smoking (42.9%). A total of 71 patients developed 
CI-AKI after PCI, and the incidence of CI-AKI was 17.10%.
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Comparison of the incidence of CI- AKI with 
different risk levels
The incidence of CI-AKI in low sd-LDL group was 6.7%, and that 
in high sd-LDL group was 27.5%. There was significant difference 
between the two groups (χ2=31.668, p<0.001). The incidence of 
CI-AKI in low NT-proBNP group was 7.2%, and that in high NT-
proBNP group was 27.1%, and there was significant difference 
between the two groups (χ2=28.802, p<0.001). The incidence 
of CI-AKI was 5% (5/100) in the low risk group, 8.8% (19/216) in 
the middle risk group and 47.5% (47/99) in the high risk group, 
and there was significant difference between the two groups 
(χ2=85.234, p<0.001). 

Comparison of basic clinical data between CI- 
AKI group and non-CI- AKI group
There was a significant difference in the basic clinical data 
between the two groups in terms of diabetes (p<0.05), but there 
was no significant difference in other general data (p>0.05), as 
shown in Table 1.

Variable non-CI-AKI 
group (n=344)

CI-AKI group 
(n=71) P value

Age (year,̅x±s) 62.72 ± 12.90 62.61 ± 13.12 0.946
Gender (male/female) 271/73 53/18 0.444
Hypertension [n(%)] 144(14.9) 30(42.3) 0.951
Diabetes [n(%)] 94(27.3) 33(46.3) <0.001
Smoking [n(%)] 145(42.2) 33(46.5) 0.502
Systolic 
pressure(mmHg,̅x±s) 126.78 ± 20.90 127.82 ± 22.56 0.708

Diastolic 
pressure(mmHg,̅x±s) 78.31 ± 14.22 79.61 ± 14.87 0.49

Contrast dosage>100 ml, 
[n (%)] 95(27.6) 16(22.5) 0.379

Contrast medium(ml) 126.8 ± 37.0 120.3 ± 29.1 0.338
Beta-blockers [n(%)] 280(81.4) 60(84.5) 0.535
ACEI/ARB [n(%)] 226(65.7) 51(71.8) 0.318
CCB [n(%)] 40(11.6) 6(8.5) 0.438
Diuretics [n(%)] 158(45.9) 35(49.3) 0.605
Statins [n(%)] 319(92.7) 65(91.5) 0.73
Low molecular weight 
heparin, [n(%)] 187(54.4) 30(42.3) 0.583

Nitrates [n(%)] 250(72.7) 49(69.0) 0.531
Table 1: Comparison of basic clinical data between CI-AKI group and non-
CI-AKI group.

Comparison of laboratory data between CI- AKI 
group and non-CI-AKI group
Comparing the preoperative laboratory indexes of the two 
groups, there were significant differences in sd-LDL, lnNT-proBNP, 
creatinine, eGFR and NLR between the two groups. As shown in 
Table 2.

Variable non-CI-AKI 
group(n=344)

CI-AKI 
group(n=71) p value

Urea, (mmol/l) 5.74 ± 1.98 5.6 ± 2.08 0.586
Creatinine, 
(µmol/l) 67.35 ± 15.62 75.96 ± 18.97 <0.001

Cystatin C, (mg/ 
l) 1.06 ± 0.35 1.05 ± 0.4 0.815

Serum uric acid, 
(µmol/l) 318.97 ± 92.38 307.13 ± 87.43 0.322

eGFR, (ml/
min/1.73 m2) 119.72 ± 33.42 104.14 ± 33.78 <0.001

Triglyceride, 
(mmol/l) 1.2(0.88,1.7) 1.26(0.9,1.92) 0.401

Total cholesterol, 
(mmol/l) 4.28 ± 0.99 4.26 ± 0.99 0.931

HDL-C, (mmol/l) 0.97(0.82,1.13) 1.01(0.82,1.16) 0.613
LDL-C, (mmol/l) 2.61 ± 0.81 2.6 ± 0.8 0.936
Lp(a), (nmol/l) 210(143.25,339.75) 252(158,359) 0.112
sd-LDL, (mmol/l) 0.78(0.56,1.07) 1.27(0.9,1.63) <0.001
Total bilirubin, 
(umol/l) 15.1(10.53,20.55) 15.3(10.1,19.8) 0.961

Direct bilirubin, 
(umol/l) 5.35(3.8,7.3) 5.5(4.2,7.1) 0.913

Albumin, (g/l) 39.42 ± 5.08 38.67 ± 5.57 0.264
Hs-CRP 4.75(2,15) 4.7(2.5,14.1) 0.896
Monocyte count, 
(×109/l) 0.5(0.38,0.66) 0.48(0.34,0.64) 0.278

Neutrophils, 
(×109/l) 6.93(5.27,9.00) 8.36(6.73,10.47) <0.001

Lymphocyte, 
(×109/l) 1.10(0.70,1.40) 1.30(1.00,1.90) <0.001

Red blood cell 
distribution 
width, (%)

12.7(12.3,13.48) 12.8(12.2,13.1) 0.31

NLR 4.9(3.17,8.06) 8.35(5.04,11.76) <0.001
Red blood cell 
distribution 
width, (%)

12.7(12.3,13.48) 12.8(12.2,13.1) 0.31

Platelet 
distribution 
width, (%)

15.86 ± 1.55 15.81 ± 1.44 0.792

lnNT-proBNP 7.11 ± 1.17 8.09 ± 0.9 <0.001
Table 2: Comparison of preoperative laboratory data between CI-AKI 
group and non-CI-AKI group.

Logistic regression analysis of risk factors of CI-
AKI
Diabetes incidence (assignment: no=0, is=1), sd-LDL* (assignment: 
measured value×10), NT-proBNP (assignment: natural logarithm 
value of measured value=lnNT-proBNP), NLR (assignment: 
measured value), eGFR (assignment: measured value) and other 
indicators with statistical differences in univariate analysis were 
included in Logistic regression analysis. The results showed that 
sd-LDL, lnNT-proBNP and NLR were the risk factors affecting CI-
AKI, and eGFR was the protective factor affecting CI-AKI, that is, 
each additional unit of eGFR. As shown in Table 3.
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The ROC curve of sd-LDL, NT-proBNP and their 
combination to predict the clinical value of CI-
AKI
The AUC of sd-LDL level to predict CI-AKI was 0.741 (95%CI 
0.679~0.803, p<0.001), and the best cutoff value was 1.215 
mmol/l, the sensitivity was 62.0%, and the specificity was 80.8%. 
The pre-AUC of NT-proBNP for predicting CI-AKI is 0.728 (95% 
CI 0.673~0.784, <0.001), and the best cut-off value is 1249.00 
pg/ml, the sensitivity is 91.5%, and the specificity is 45.6%. The 
AUC of sd-LDL combined with NT-proBNP for CI-AKI was 0.791 
(95%CI: 0.736-0.846, p<0.001), the best cutoff value was 0.123, 
the sensitivity was 84.5%, and the specificity was 64.5%. Sd-LDL 
combines NT-proBNP to generate a prediction probability of the 
incidence of CI-AKI. Further comparison of the area under the ROC 
curve of the three groups showed that there was no significant 
difference in AUC between sd-LDL and NT-proBNP, but there were 
significant differences in AUC between sd-LDL and combination 
and between NT-proBNP and combination. As shown in Figure 1.

Discussion
To our knowledge, this is the first study to demonstrate the 
relationship between the sd-LDL, NT-proBNP and the incidence 
of CA-AKI in STEMI patients undergoing primary PCI. Our results 
show that the high level of sd-LDL and NT-proBNP were associated 
with an increased risk of CA-AKI in STEMI patients undergoing 
primary PCI. Moreover, the combination of the two can improve 
the accuracy of predicting CI-AKI after PCI.

Clinical studies have found that compared with ordinary LDL, sd-
LDL has the characteristics of low binding to lipoprotein receptor, 
long half-life, easy oxidative modification, easy to be recognized 
by macrophages, phagocytosis and so on. With the in-depth 
development of many studies at home and abroad, the concept 
of "lipid nephrotoxicity" has been paid more and more attention 
[10]. Sd-LDL itself contains less antioxidant vitamins and is easy to 
be oxidized. The modified sd-LDL is not easy to be recognized by 
lipoprotein receptors on the surface of glomerular epithelial cells 
and mesangial cells, the binding ability to lipoprotein receptors 
is decreased, and the time of staying in circulation is prolonged, 
resulting in lipoprotein (GBM) deposition in mesangial area and 
glomerular basement membrane and stimulating extracellular 
matrix (ECM) synthesis [11]. The release of cytokines promotes 
the proliferation of Mesangial cells and glomerulosclerosis [12]. 
Studies have shown that after a large number of lipoproteins 
are ingested by monocytes and macrophages, monocytes and 
macrophages are transformed into foam cells, and reactive 
oxygen species, neutral proteases, lysosomal enzymes and other 
proteases are released into the blood and participate in renal 
injury. In addition, foam cells produce chemotactic proteins, 
and more inflammatory cells are chemotactic, attracted, and 
participate in inflammatory infiltration. The results of this study 
showed that the incidence of CI-AKI in the high sd-LDL group was 
significantly higher than that in the low sd-LDL group (27.5% vs. 
6.7%). Further Logistic regression analysis showed that sd-LDL 
was an independent risk factor for CI-AKI. The ROC curve of the 
predictive value of sd-LDL to CI-AKI was drawn, and the results 
showed that the AUC was 0.741 (95% CI0.679 ~ 0.803, p<0.001). 
Therefore, patients with STEMI complicated with high level of 
sd-LDL should be highly vigilant against the occurrence of CI-AKI 
before PCI [13-16].

NT-proBNP has the characteristics of long half-life, strong stability 
in vitro, good repeatability and single metabolic pathway, so it is 
often used to diagnose and evaluate the risk of heart failure and 
acute coronary syndrome. Studies have shown that NT-proBNP 
can be used as a biological index to reflect cardiac and renal 
function. The level of serum NT-proBNP could reflect the changes 
of renal function better than BNP, and the level of NT-proBNP in 
patients with renal insufficiency was significantly higher than that 
in normal subjects. In recent years, it has been reported that NT-
proBNP can be used as a predictor of CI-AKI after PCI. The Increase 
of NT-proBNP synthesis can inhibit myocardial contraction, reduce 
cardiac output, and then affect renal hemodynamics, leading to 
CI-AKI. Logistic regression analysis showed that lnNT-proBNP was 
an independent risk factor for CI-AKI [17-22]. 

Variable
Univariate analysis Multivariate analysis
OR 95%CI p value OR 95%CI p value

Diabetes 0.433 0.257-0.731 0.002
Neutrophils 1.174 1.079-1.278 ＜0.001
Mononuclear cell 0.382 0.127-1.147 0.086
eGFR 0.985 0.977-0.993 0.001 0.988 0.978-0.998 0.019
sd-LDL* 1.165 1.105-1.228 ＜0.001 1.237 1.157-1.323 ＜0.001
lnNT-proBNP 2.309 1.753-3.043 ＜0.001 2.421 1.736-3.378 ＜0.001
NLR 1.165 1.101-1.232 ＜0.001 1.124 1.051-1.203 0.001
Table 13: Logistic regression analysis of influencing factors of CI-AKI in STEMI patients after emergency PCI.

Figure 1: ROC curve of the predictive value of sd-LDL, NT-proBNP and 
their combination for CI-AKI after PCI.
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Conclusion
We find that the high levels of sd-LDL and NT-proBNP are risk 
factors for CI-AKI in STEMI patients undergoing primary PCI. 
Moreover, the combination of the two can improve the accuracy 
of predicting CI-AKI after PCI. Further studies are required to 
determine whether the early treatment of decrease the level 
of sd-LDL and NT-proBNP improves clinical outcomes in STEMI 
patients.

Limitation
First, the number of patients enrolled was relatively small. 
Second, our study failed to follow up patients with CI-AKI to 
further evaluate the association between sd-LDL and NT-proBNP 
levels and short or long-term outcomes in patients with contrast 
agent acute kidney injury. Subsequent studies should further 
reveal the prognostic value of sd-LDL and NT-proBNP in contrast 
agent acute kidney injury patients.
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