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Summary at a Glance

Abstract

Background: High-sensitivity C-reactive protein to high-density
lipoprotein Cholesterol Ratio (CHR) is a new biomarker, which is re-
lated to the incidence rate of Coronary Artery Disease (CAD). The
purpose of this study was to investigate the association between
CHR and Contrast-Induced Acute Kidney Injury (CI-AKI).

Methods: In this retrospective cross-sectional study, 10,917 pa-
tients underwent PCl. Diagnose CI-AKI according to KIDIGO stan-
dard. Univariate and multivariable logistic regression analysis were
used to determine the relationship between CHR and CI-AKI, and
further draw the Receiver Operating Characteristic (ROC) curve of
subjects to evaluate the clinical diagnostic performance of CHR on
CI-AKI.

Results: 1,037 patients (9.50%) developed CI-AKI after PCI. The
subjects were 64.1 + 11.1 years old, 2,511 were females (23.0%).
Multivariate logistic regression analysis showed that the increase
of CHR level was associated with the increase of CI-AKI inciden ce
rate ([Q4 vs. Q1]: Odds Ratio (OR) = 1.89, 95% Confidence Inter-
val (Cl) [1.42 to 2.54], P<0.001). Restrictive cubic spline analysis
showed that CHR and CI-AKI were linear relationship. ROC analysis
confirmed that CHR was a good predictor of CI-AKI (area under ROC
curve =0.606, 95% CI [0.588 to 0.624]).

Conclusions: High CHR level is closely related to the increase of
CI-AKI incidence, indicating that CHR may be an independent risk
factor of CI-AKI.

Keywords: contrast-induced acute kidney injury; high-sensitivity
C-reactive protein; high-density lipoprotein cholesterol.

High-sensitivity C-reactive protein to high-density lipoprotein Cholesterol Ratio (CHR) is a new laboratory parameter, which is re-
lated to inflammation. High CHR level is closely related to the increase of contrast-induced acute kidney injury (CI-AKI) incidence,
indicating that CHR may be an independent risk factor of CI-AKI.
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Introduction

Contrast-Induced Acute Kidney Injury (CI-AKl) is one of the
serious complications after Coronary Angiography (CAG) or
Percutaneous Coronary Intervention (PCl) [1]. It is now con-
sidered to be the third common cause of hospital acquired AKI
after renal perfusion reduction and drug induced renal func-
tion damage [2]. It is related to prolonged hospitalization, in-
creased medical costs and increased mortality [3,4], especially
in patients undergoing PCl, which has caused a heavy burden on
patients' economy, health and spirit. Previous studies have sug-
gested that the original factors such as renal dysfunction (esti-
mated glomerular filtration rate [eGFR] <60 mL/min/1.73m?),
heart failure, coronary heart disease, Diabetes Mellitus (DM),
old age, anemia, ejection fraction and so on can increase the
incidence of CI-AKI [5-7]. However, the pathogenesis of CI-AKI
has not been clearly clarified [8], and there is no effective treat-
ment. Therefore, it is very important to screen patients with
high risk factors and take timely preventive strategies to reduce
the occurrence and poor prognosis of CI-AKI.

At present, several risk factors and risk scores have been es-
tablished for the occurrence and prognosis of CI-AKI patients
[6,9,10], among which Mehran et al proposed a risk score in-
cluding eight variables to predict the occurrence of CI-AKI af-
ter PCl. However, these prediction models include the type and
number of CM, and a complete medical history, which is not
convenient in clinical practice. Recently, the occurrence and
prognosis of some inflammatory indicators in CI-AKI patients
have also been proved [11-14].

High-sensitivity C-reactive protein to high-density lipopro-
tein Cholesterol Ratio (CHR) is a new laboratory parameter,
which is related to inflammation. Recent studies have shown
that CHR is not only closely related to the existence and severity
of CAD, but also an independent predictor of severe CAD [15].
However, the association between CHR and CI-AKI risk remains
uncertain. Therefore, this retrospective cross-sectional study
was designed to explore the relationship between CHR and Cl-
AKI in CAD patients undergoing PCI.

Materials and Methods
Study Population

This is a multicenter retrospective study, with data from
the Cardiorenal Improvement Il (CIN-II) Study (ClinicalTrials.
gov NCT05050877). The CIN-Il Study recruited patients who
underwent coronary angiography (CAG) and/or Percutaneous
Coronary Intervention (PCl) treatment at five regional central
tertiary teaching hospitals in China. 29,333 CAD patients who
undergoing PCl between 2010 and 2020 were included.

The following patients met the inclusion criteria: (1) Patients
over 18 years old who undergoing PCl treatment; (2) Patients
who recorded Scr at baseline and within 48 hours after Contrast
Medium (CM) exposure.Patients combined with conditions as
follow were excluded: (1) hypersensitivity to CM; (2) estimated
Glomerular Filtration Rate (eGFR) <15 mL/min/1.73m?; (3) se-
vere liver and kidney dysfunction or serious infectious diseas-
es; (4) give iodine CM within 7 days; (5) have taken nephrotoxic
drugs within 14 days; (6) malignant tumor; (7) patients with
incomplete clinical data. Finally, 10,917 patients were included
in this study. The study followed the Helsinki Declaration and
was approved by the Ethics Committee of Guangdong Provincial
People’s Hospital (No. GDREC2019-555H-2).

Data Collection and Grouping

All demographic characteristics and clinical data of patients
were obtained from the Hospital Information System, including
age, gender, height, weight, complications, past medical history,
hematological parameters, medication and PCl related data. All
hematological parameters were measured by clinical laboratory
technicians in the hospital using standard automatic biochemi-
cal analyzer, and the results were recorded. CHR is calculated
using the following formula: CHR=log [hypersensitive C-reactive
protein (mg/L) / high-density lipoprotein cholesterol (mmol/L)]
[15].

Participants were assigned to four quartiles as follows: Q1
(n=2,730, CHR < 0.24), Q2 (n=2,729, 0.24 < CHR £ 1.41), Q3
(n=2,729, 1.41<CHR <£ 2.67), and Q4 (n=2,729, CHR > 2.67).

Definition and Follow-up

All patients were measured at baseline at admission and
within 48 hours after PCI. If the patient had more than one
postoperative creatinine measurement within 48 hours after
PCl, the highest serum creatinine value was used for calcula-
tion. According to the new CI-AKI diagnostic criteria proposed
by the research team “Kidney Disease: Improving Global Out-
comes (KDIGO)”, the study was used: within 48 hours after CM
exposure, the Scr increased by = 26.5 pmol/L (0.3 mg/dL) com-
pared with the baseline value ; or the Scr increased to >1.5
times baseline within the previous 7 day [16].

PCI treatment is performed by experienced interventional
cardiologists using standard technology according to standard
clinical practice. Patients undergoing elective surgery were hy-
drated with 0.9% sodium chloride solution at a rate of 1mL/ (kg -
h) before and 6-12 h after surgery, and the rate of severe cardiac
insufficiency (left ventricular ejection fraction <40% or pulmo-
nary edema) was halved. All clinical drugs are used according to
the patient’s condition.

The primary outcome of this study was the occurrence of
CI-AKI, which was defined based on preoperative and postop-
erative serum creatinine levels. All participants were followed
up through outpatient visits, hospital records or telephone in-
terviews.

Statistical Analysis

Data were presented as the mean with Standard Deviation
(SD) or median with Interquartile range (IQR) for continuous
variables and quantity and frequency (%) for categorical vari-
ables. Categorical variables were compared using Pearson chi-
squared test, and continuous variables using t-test. Univariable
and multivari able logistic regression was used to test the asso-
ciation between CHR and CI-AKI. Restricted cubic splines were
used to reveal the association between CHR as a continuous
variable and the OR for CI-AKI.

Receiver Operator Characteristic (ROC) analysis, by using R
package “ROCit” was set to determine the optimal cut-off point
of CHR, and evaluate the predictive performance of CHR on
CI-AKI. Finally, Exploratory analysis was performed among pre-
specified subgroups. All analyses were performed by R software
(version 4.1.2; R Foundation for Statistical Computing, Vienna,
Austria). A two-sided P-value<0.05 indicated the significance for
all analyses.
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Results
Baseline Characteristics of CHR Quartiles

The study included 10,917 patients who undergoing PCI. The
average age of the study population was 64.1 + 11.1 years; 2,511
were females (23.0%); A total of 1,037 patients (9.50%) devel-
oped CI-AKI (Table 1). The patient data were divided into quar-
tiles according to CHR index: Q1: CHR < 0.24; Q2: 0.24 < CHR
<1.41; Q3: 1.41 < CHR £ 2.67; Q4: CHR > 2.67. The incidence
rate of CI-AKI increased significantly with the increase of CHR
level. Only 5.8% of patients in Q1 had CI-AKI, while the inci-
dence rate of CI-AKI in Q4 was as high as 14.1%. The incidence
of CI-AKI in Q2 (8.4%) and Q3 (9.7%) was significantly higher
(P for trend<0.001). Compared with the Q1, patients in the Q4
were older, had higher levels of neutrophil, WBC, FPG, HbAlc
and LDL-C, had higher incidence of DM, CHF and anemia, and
had lower levels of eGFR and LVEF. In the group with higher CHR
index, the proportion of patients were more likely to use the
drug diuretics (P<0.001).

The Association Between CHR and the Occurrence of CI-AKI

Univariate and multivariate logistic regression analysis was
conducted to determine the relationship between CHR and CI-
AKI risk (Table 2). Model 1 shows that, compared to the refer-
ence, the increase of CHR level is related to the increase of ClI-
AKI risk, especially in Q2, Q3 and Q4 ([Q2 vs. Q1]: OR=1.51, 95%
Cl [1.22 to 1.86], P<0.001; [Q3 vs. Q1]: OR=1.76, 95% CI [1.43
to 2.17], P<0.001; [Q4 vs. Q1]: OR=2.69, 95% Cl [2.22 to 3.28],
P<0.001). After further adjustment and full adjustment, Model
2 and Model 3 also showed similar results (P for trends<0.001).
In addition, a Restricted Cubic Spline (RCS) model with multiple
adjustments was performed to visualize the relationship be-
tween CHR and CI-AKl incidence rate (Figure 1). The results re-
vealed a potential linear relationship. With the increase of CHR
level, the incidence of CI-AKl increased, which was similar to the
results of logical regression (P for non-linear=0.314).

The Assessment of Predictive Ability of CHR for CI-AKI

We further drew the Receiver Operating Characteristic
(ROC) curve to evaluate the clinical diagnostic performance of
CHR and Mehran score on CI-AKI (Figure 2). The optimal cut-off
value was 1.855, its AUC was 0.606 (95% Cl [0.588 to 0.624]),
the corresponding sensitivity was 61.3%, and the specificity was
55.4%, showing satisfactory diagnostic performance. The pre-
dictive value of CHR was similar to that of the Mehran score
for CI-AKI (The AUC of CHR vs. Mehran score; 0.606 vs. 0.684;
P<0.001).

Subgroup Analysis of CHR with CI-AKI Among PCl Patients

Further subgroup analysis was conducted according to age
(<65 or 265 years), gender (male or female), hypertension, con-
gestive heart failure and diabetes (Figure 3). The higher the CHR
level, the higher the CI-AKI risk. Most subgroup analysis results
are consistent with the overall group results. It is worth noting
that CHR is an independent predictor of CI-AKI in the non-CHF
subgroup, but not in the CHF subgroup. Regardless of the status
of diabetes, the increase of CHR level is related to CI-AKI.

Discussion

In this study, we mainly discussed the predictive value of the
new laboratory parameter CHR on the occurrence of CI-AKI af-
ter PCI. The results showed that 1,037 cases of CI-AKI occurred
in 10,917 patients, the incidence rate was 9.50%, which was ba-

sically consistent with the results of similar studies at home and
abroad [17,18]. Patients with higher baseline CHR levels were
more likely to develop CI-AKI than those with lower CHR levels.
Multivariate Logistic regression analysis showed that CHR level
was an independent risk factor for CI-AKI undergoing PCl. ROC
analysis showed that CHR had a good predictive effect on the
occurrence of CI-AKI.

At present, many studies have shown that hs-CRP or HDL-
C has independent predictive value for CI-AKI. Liu et al [19]
prospectively observed 165 patients with STEMI after PCI and
found that hs-CRP >16.10 mg/L was an important and indepen-
dent predictor of CI-AKI. Zhang et al [20] had retrospectively
studied 1,452 STEMI patients undergoing PCl, and obtained
similar results. In the Park HS study [21], they enrolled 1,592 pa-
tients receiving PCl treatment from multiple centers, and found
that low HDL-C levels were associated with an increased risk of
CI-AKI and long-term mortality. The latest research shows that
CHR is closely related to the occurrence of CAD [15]. However,
there are no study on the relationship between CHR and CI-AKI.
In this study, the results showed that CHR was an independent
risk factor for CI-AKl in patients after PCI. The results of multiple
logistic regression analysis showed that the risk of CI-AKI in pa-
tients with higher CHR level was 1.89 times higher than that in
patients with lower CHR level. Therefore, this comprehensive
indicator is conducive to identifying high-risk groups, taking
preventive measures in advance, preventing the occurrence of
CI-AKI through individual precise treatment.

The pathophysiological mechanism of CI-AKI is complex [8],
which has not been clearly clarified so far. The mainstream
theory is the direct and indirect effects of contrast agents on
renal function and the disorder of hemodynamics [22]. In direct
mechanism, CM has toxic effect on renal tubular epithelial cells,
leading to loss of function, apoptosis and necrosis; The indirect
mechanism is related to vascular endothelial cells, nitric oxide,
prostaglandins and other vasoactive substances mediated vas-
cular injury. In addition, the relatively low oxygen partial pres-
sure of extrarenal medulla, coupled with the increased meta-
bolic demand, makes medullary abnormalities vulnerable to
the hemodynamic impact of CM. Current studies have shown
that inflammatory factors play a central role in the occurrence
of CI-AKI [23]. High levels of hs-CRP are related to endothelial
dysfunction, which leads to vascular damage, decreased renal
blood flow and deterioration of renal function [24]; at the same
time, the increase of hs-CRP level is related to the decrease of
nitric oxide production, which is also the reason for CI-AKI. On
the contrary, HDL-C has a protective effect on atherosclerosis,
which can reverse cholesterol transport, anti-inflammatory and
antioxidant effects [25]. Theoretically, the increase of hs-CRP
count and the decrease of HDL-C level may further accelerate
atherosclerosis and increase the risk of adverse cardiovascular
events. Recently, the correlation between CHR and CAD has
been shown [15], but the relationship with CI-AKI has not been
reported. In this study, our study showed for the first time that
elevated CHR level is a reliable predictor of CI-AKI after primary
PCI.

The occurrence of CI-AKl is closely related to some chronic
basic diseases and age of patients. At present, studies at home
and abroad show that old age (>75 years old), primary renal in-
sufficiency, DM, CHF, the type and dosage of CM used and other
factors are all risk factors for CI-AKI. Old age (>75 years old) is an
independent risk factor for CI-AKI, which may be related to the
fact that the elderly patients are often accompanied by chronic
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diseases such as HT, DM and CAD, which is likely to lead to renal
ischemia, thus causing the decline of glomerular filtration rate.
Marenzi G [26] found that among 208 AMI patients undergo-
ing primary PCI, the incidence of CI-AKI in elderly patients (>75
years old) reached 36%; Mehran R et al [18] studied 8,357 pa-
tients undergoing PCl and found that the incidence of CI-AKI
in elderly patients (275 years old) was 21.8%. In this study, the
incidence of CI-AKl in elderly patients undergoing PCl treatment
was up to 29.3%, which is similar to previous results. Therefore,
in some high-risk patients with chronic diseases, it is of great
significance to carry out risk stratification and early interven-
tion for patients through some simple and rapid identification
of biomarkers of CI-AKI.

At present, there is no exact and effective method for the
treatment of CI-AKI, but there are many studies on the effec-
tiveness of the prevention of CI-AKI [2,27,28], including intrave-
nous dilation with isotonic saline or sodium bicarbonate before
PCI, anti-oxidation treatment with N-acetylcysteine or ascorbic
acid [29], and the use of low osmolality or isotonic CM [28]. In
addition, more and more studies have shown that statins can
reduce the risk of CI-AKI [30-32], mainly through improving en-
dothelial function, maintaining the production of nitric oxide,
reducing inflammation, oxidative stress and platelet adhesion.
Even if taken before PCI, statins can also reduce the risk of re-
nal failure and CI-AKI in CAD patients. However, not all patients
can start these preventive treatments in time. Moroni F et al
[33] have shown that the beginning of intravenous infusion be-
fore surgery is associated with a lower incidence of CI-AKI, but
patients with heart failure symptoms may not be able to fully
replenish water. In this study, the risk of CI-AKI in CHF patients
increased significantly, up to 45.4%. It is important to identify
this high-risk group in time. It is worth noting that our further
subgroup analysis shows that, for the CHF patient population,
the predictive indicator of CHR is not significantly related to it,
which may be caused by the high inflammatory indicators of
CHF patients themselves. The specific situation needs further
exploration.

Limitation

This study also had some limitations. First of all, this study
only detected the baseline concentration of hs-CRP before
surgery, and did not monitor the changes of inflammatory bio-
markers during the study.

Secondly, this study only included some commonly used
inflammatory markers, other inflammatory indicators, such as
interleukin-1, tumor necrosis factor, neutrophil gelatinase asso-
ciated lipocalin, were not routinely detected in this center, so it
could not make a comparative analysis. Finally, many patients
who did not recheck the blood SCr value within 48 hours after
surgery were excluded from the screening of patients, which
may cause selection bias due to the lack of data.

Conclusions

In conclusion, our study shows that among CAD patients un-
dergoing PCl, patients with high CHR levels have a higher CI-AKI
probability than those with low CHR levels. CHR has potentially
predictive value for CI-AKI and may play an independent role in
risk stratification in clinical practice.

Author Statements
Ethics Approval and Consent to Participate

The study protocol was approved by Guangdong Provincial

People’s Hospital ethics committee, and all participating sites
received institutional review board approval from their own
ethics committees. The study was performed according to the
declaration of Helsinki. Informed consent was not required for
this study by the Guangdong Provincial People's Hospital Ethics
Committee.

Consent for Publication
Not Applicable in this section.
Availability of Data and Materials

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable re-
quest.

Competing Interests

The authors declared no potential conflicts of interest with
respect to the research, authorship of this article.

Funding

This work was supported by grants from Guangdong Provin-
cial science and technology project (2020B1111170011); Guang-
dong Provincial science and technology project (KJ022021049);
The National Science Foundation for Young Scientist of China
(grant no.82070360). The work was not funded by any industry
sponsors.

Authors' Contributions

Research idea and study design: YL, LXD, HC, QBX; Data ac-
quisition: JRD, XZL, KDH, LGT; Data analysis/interpretation: KDH,
SQC, JL, YL; Statistical analysis: JRD, ZLL; Supervision and men-
torship: YL, YL, SQC. Each author contributed important intellec-
tual content during manuscript drafting or revision and accepts
accountability for the overall work by ensuring that questions
pertaining to the accuracy or integrity of any portion of the
work are appropriately investigated and resolved.

Acknowledgments

Additional Contributions: Dr Liu had full access to all of the
data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis. The study protocol
was approved by Guangdong Provincial People’s Hospital eth-
ics committee, and all participating sites received institutional
review board approval from their own ethics committees. The
study was performed according to the declaration of Helsinki.
Informed consent was not required for this study by the Guang-
dong Provincial People's Hospital Ethics Committee.

References

1. Mccullough PA. Contrast-induced acute kidney injury. J Am Coll
Cardiol. 2008; 51: 1419-28.

2. Fahling M, Seeliger E, Patzak A, Persson P. Understanding and
preventing contrast-induced acute kidney injury. Nat Rev
Nephrol. 2017; 13: 169-80.

3. Mccullough PA, Choi JP, Feghali GA, Schussler JM, Stoler RM, Val-
labahn RC, et al. Contrast-Induced Acute Kidney Injury. J Am Coll
Cardiol. 2016; 68: 1465-73.

4, Mccullough PA, Adam A, Becker CR, Davidson C, Lameire N,
Stacul F, et al. Epidemiology and prognostic implications of con-
trast-induced nephropathy. Am J Cardiol. 2006; 98: 5k-13k.

Submit your Manuscript | www.austinpublishinggroup.com

J Cardiovasc Disord 9(1): id1054 (2024) - Page - 04


https://pubmed.ncbi.nlm.nih.gov/18402894/
https://pubmed.ncbi.nlm.nih.gov/18402894/
https://pubmed.ncbi.nlm.nih.gov/28138128/
https://pubmed.ncbi.nlm.nih.gov/28138128/
https://pubmed.ncbi.nlm.nih.gov/28138128/
https://pubmed.ncbi.nlm.nih.gov/27659469/
https://pubmed.ncbi.nlm.nih.gov/27659469/
https://pubmed.ncbi.nlm.nih.gov/27659469/
https://pubmed.ncbi.nlm.nih.gov/16949375/
https://pubmed.ncbi.nlm.nih.gov/16949375/
https://pubmed.ncbi.nlm.nih.gov/16949375/

Austin Publishing Group

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Stacul F, Van Der Molen AJ, Reimer P, Webb JAW, Thomsen HS,
Morcos SK, et al. Contrast induced nephropathy: updated ESUR
Contrast Media Safety Committee guidelines. Eur Radiol. 2011;
21:2527-41.

Mehran R, Owen R, Chiarito M, Baber U, Sartori S, Cao D, et al.
A contemporary simple risk score for prediction of contrast-as-
sociated acute kidney injury after percutaneous coronary inter-
vention: derivation and validation from an observational regis-
try. Lancet. 2021; 398: 1974-83.

Silver SA, Shah PM, Chertow GM, Harel S, Wald R, Harel Z. Risk
prediction models for contrast induced nephropathy: systematic
review. Bmj. 2015; 351; h4395.

Mamoulakis C, Tsarouhas K, Fragkiadoulaki I, Heretis I, Wilks
MF, Spandidos DA, et al. Contrast-induced nephropathy: Basic
concepts, pathophysiological implications and prevention strat-
egies. Pharmacol Ther. 2017; 180: 99-112.

Yin W J, Yi YH, Guan XF, Zhou LY, Wang JL, Li DY, et al. Preproce-
dural Prediction Model for Contrast-Induced Nephropathy Pa-
tients. J Am Heart Assoc. 2017; 6: e004498.

Lin KY, Zheng WP, Bei W J, Chen SQ, Islam SMS, Liu Y, et al. A
novel risk score model for prediction of contrast-induced ne-
phropathy after emergent percutaneous coronary intervention.
Int J Cardiol. 2017; 230: 402-12.

Byeon J, Choi | J, Lee D, Ahn Y, Kim MJ, Jeon DS. Predictive and
Prognostic Value of Serum Neutrophil Gelatinase-Associated Li-
pocalin for Contrast-Induced Acute Kidney Injury and Long-Term
Clinical Outcomes after Percutaneous Coronary Intervention. J
Clin Med. 2022; 11: 5971.

Jiang H, Li D, Xu T, Chen Z, Shan Y, Zhao L, et al. Systemic Im-
mune-Inflammation Index Predicts Contrast-Induced Acute
Kidney Injury in Patients Undergoing Coronary Angiography: A
Cross-Sectional Study. Front Med (Lausanne). 2022; 9: 841601.

Ulus T, Isgandarov K, Yilmaz AS, Uysal S, Vasi |, Dural M, et al.
Monocyte to High-Density Lipoprotein Ratio Predicts Contrast-
Induced Nephropathy in Patients with Acute Coronary Syn-
drome. Angiology. 2018; 69: 909-16.

Satilmis S, Karabulut A. Value of C-Reactive Protein/Albumin
Ratio in Predicting the Development of Contrast-Induced Ne-
phropathy in Patients with Non-ST Elevation Myocardial Infarc-
tion. Angiology. 2020; 71: 366-71.

Luo H, Kou T, Yin L. High-Sensitivity C-Reactive Protein to HDL-C
Ratio. Int Heart J. 2021; 62: 1221-9.

Kellum JA, Lameire N. Diagnosis, evaluation, and management
of acute kidney injury: a KDIGO summary (Part 1). Crit Care.
2013; 17: 204.

Tsai TT, Patel UD, Chang TI, Kennedy KF, Masoudi FA, Matheny
ME, et al. Contemporary incidence, predictors, and outcomes of
acute kidney injury in patients undergoing percutaneous coro-
nary interventions: insights from the NCDR Cath-PCl registry.
JACC Cardiovasc Interv. 2014; 7: 1-9.

Mehran R, Aymong ED, Nikolsky E, Lasic Z, lakovou |, Fahy M,
et al. A simple risk score for prediction of contrast-induced ne-
phropathy after percutaneous coronary intervention: develop-
ment and initial validation. J Am Coll Cardiol. 2004; 44: 1393-9.

LiuY, Tan N, Zhou YL, Chen YY, Chen JY, Chen J, et al. High-sensi-
tivity C-reactive protein predicts contrast-induced nephropathy
after primary percutaneous coronary intervention. J Nephrol.
2012; 25: 332-40.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jian-Wei Z, Yu-Jie Z, Shu-Jun C, Qing Y, Shi-Wei Y, Bin N. Impact
of preprocedural high-sensitivity C-reactive protein on contrast-
induced nephropathy in patients undergoing primary percuta-
neous coronary intervention. Angiology. 2014; 65: 402-7.

Park HS, Kim CJ, Hwang BH, Kim TH, Koh YS, Park HJ, et al. HDL
Cholesterol Level Is Associated with Contrast Induced Acute Kid-
ney Injury in Chronic Kidney Disease Patients Undergoing PCI.
Sci Rep. 2016; 6: 35774.

Kusirisin P, Chattipakorn SC, Chattipakorn N. Contrast-induced
nephropathy and oxidative stress: mechanistic insights for bet-
ter interventional approaches. J Transl Med. 2020; 18: 400.

Yuan Y, Qiu H, Hu X, Luo T, Gao X, Zhao X, et al. Predictive value
of inflammatory factors on contrast-induced acute kidney injury
in patients who underwent an emergency percutaneous coro-
nary intervention. Clin Cardiol. 2017; 40: 719-25.

Guo XS, Lin KY, Li HL, Chen JY, Zhou YL, Liu Y, et al. Preprocedural
High-Sensitivity C-Reactive Protein Predicts Contrast-Induced
Nephropathy and Long-Term Outcome After Coronary Angiog-
raphy. Angiology. 2017; 68: 614-20.

SAG S, Yildiz A, Aydin Kaderli A, Gul BC, Bedir O, et al. Associa-
tion of monocyte to HDL cholesterol level with contrast induced
nephropathy in STEMI patients treated with primary PCI. Clin
Chem Lab Med. 2017; 55: 132-8.

Marenzi G, Lauri G, Assanelli E, Campodonico J, De Metrio M,
Marana |, et al. Contrast-induced nephropathy in patients un-
dergoing primary angioplasty for acute myocardial infarction. J
Am Coll Cardiol. 2004; 44: 1780-5.

Weisbord SD, Palevsky PM. Prevention of contrast-induced ne-
phropathy with volume expansion. Clin J Am Soc Nephrol. 2008;
3:273-80.

Van Der Molen AJ, Reimer P, Dekkers IA, Bongartz G, Bellin MF,
Bertolotto M, et al. Post-contrast acute kidney injury. Part 2:
risk stratification, role of hydration and other prophylactic mea-
sures, patients taking metformin and chronic dialysis patients:
Recommendations for updated ESUR Contrast Medium Safety
Committee guidelines. Eur Radiol. 2018; 28: 2856-69.

Mccullough PA, Akrawinthawong K. Ascorbic acid for the pre-
vention of contrast-induced acute kidney injury. J Am Coll Car-
diol. 2013; 62: 2176-7.

Liu LY, Liu Y, Wu MY, Sun YY, Ma FZ. Efficacy of atorvastatin on
the prevention of contrast-induced acute kidney injury: a meta-
analysis. Drug Des Devel Ther. 2018; 12: 437-44.

Cheungpasitporn W, Thongprayoon C, Kittanamongkolchai W,
Edmonds PJ, O’Corragain OA, Srivali N, et al. Periprocedural ef-
fects of statins on the incidence of contrast-induced acute kid-
ney injury: a systematic review and meta-analysis of randomized
controlled trials. Ren Fail. 2015; 37: 664-71.

Gandhi S, Mosleh W, Abdel-Qadir H, Farkouh ME. Statins and
contrast-induced acute kidney injury with coronary angiogra-
phy. Am J Med. 2014; 127: 987-1000.

Moroni F, Baldetti L, Kabali C, Brigouri C, Maioli M, Toso A, et al.
Tailored Versus Standard Hydration to Prevent Acute Kidney In-
jury After Percutaneous Coronary Intervention: Network Meta-
Analysis. ] Am Heart Assoc. 2021; 10: e021342.

Submit your Manuscript | www.austinpublishinggroup.com

J Cardiovasc Disord 9(1): id1054 (2024) - Page - 05


https://pubmed.ncbi.nlm.nih.gov/21866433/
https://pubmed.ncbi.nlm.nih.gov/21866433/
https://pubmed.ncbi.nlm.nih.gov/21866433/
https://pubmed.ncbi.nlm.nih.gov/21866433/
https://pubmed.ncbi.nlm.nih.gov/34793743/
https://pubmed.ncbi.nlm.nih.gov/34793743/
https://pubmed.ncbi.nlm.nih.gov/34793743/
https://pubmed.ncbi.nlm.nih.gov/34793743/
https://pubmed.ncbi.nlm.nih.gov/34793743/
https://pubmed.ncbi.nlm.nih.gov/26316642/
https://pubmed.ncbi.nlm.nih.gov/26316642/
https://pubmed.ncbi.nlm.nih.gov/26316642/
https://pubmed.ncbi.nlm.nih.gov/28642116/
https://pubmed.ncbi.nlm.nih.gov/28642116/
https://pubmed.ncbi.nlm.nih.gov/28642116/
https://pubmed.ncbi.nlm.nih.gov/28642116/
https://pubmed.ncbi.nlm.nih.gov/28159819/
https://pubmed.ncbi.nlm.nih.gov/28159819/
https://pubmed.ncbi.nlm.nih.gov/28159819/
https://pubmed.ncbi.nlm.nih.gov/28043662/
https://pubmed.ncbi.nlm.nih.gov/28043662/
https://pubmed.ncbi.nlm.nih.gov/28043662/
https://pubmed.ncbi.nlm.nih.gov/28043662/
https://pubmed.ncbi.nlm.nih.gov/36233836/
https://pubmed.ncbi.nlm.nih.gov/36233836/
https://pubmed.ncbi.nlm.nih.gov/36233836/
https://pubmed.ncbi.nlm.nih.gov/36233836/
https://pubmed.ncbi.nlm.nih.gov/36233836/
https://pubmed.ncbi.nlm.nih.gov/35372392/
https://pubmed.ncbi.nlm.nih.gov/35372392/
https://pubmed.ncbi.nlm.nih.gov/35372392/
https://pubmed.ncbi.nlm.nih.gov/35372392/
https://pubmed.ncbi.nlm.nih.gov/29504409/
https://pubmed.ncbi.nlm.nih.gov/29504409/
https://pubmed.ncbi.nlm.nih.gov/29504409/
https://pubmed.ncbi.nlm.nih.gov/29504409/
https://pubmed.ncbi.nlm.nih.gov/32000500/
https://pubmed.ncbi.nlm.nih.gov/32000500/
https://pubmed.ncbi.nlm.nih.gov/32000500/
https://pubmed.ncbi.nlm.nih.gov/32000500/
https://pubmed.ncbi.nlm.nih.gov/34744148/
https://pubmed.ncbi.nlm.nih.gov/34744148/
https://pubmed.ncbi.nlm.nih.gov/23394211/
https://pubmed.ncbi.nlm.nih.gov/23394211/
https://pubmed.ncbi.nlm.nih.gov/23394211/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4122507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4122507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4122507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4122507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4122507/
https://pubmed.ncbi.nlm.nih.gov/15464318/
https://pubmed.ncbi.nlm.nih.gov/15464318/
https://pubmed.ncbi.nlm.nih.gov/15464318/
https://pubmed.ncbi.nlm.nih.gov/15464318/
https://pubmed.ncbi.nlm.nih.gov/23539615/
https://pubmed.ncbi.nlm.nih.gov/23539615/
https://pubmed.ncbi.nlm.nih.gov/23539615/
https://pubmed.ncbi.nlm.nih.gov/23539615/
https://pubmed.ncbi.nlm.nih.gov/27775043/
https://pubmed.ncbi.nlm.nih.gov/27775043/
https://pubmed.ncbi.nlm.nih.gov/27775043/
https://pubmed.ncbi.nlm.nih.gov/27775043/
https://pubmed.ncbi.nlm.nih.gov/33081797/
https://pubmed.ncbi.nlm.nih.gov/33081797/
https://pubmed.ncbi.nlm.nih.gov/33081797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6490320/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6490320/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6490320/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6490320/
https://pubmed.ncbi.nlm.nih.gov/27814269/
https://pubmed.ncbi.nlm.nih.gov/27814269/
https://pubmed.ncbi.nlm.nih.gov/27814269/
https://pubmed.ncbi.nlm.nih.gov/27814269/
https://pubmed.ncbi.nlm.nih.gov/27331308/
https://pubmed.ncbi.nlm.nih.gov/27331308/
https://pubmed.ncbi.nlm.nih.gov/27331308/
https://pubmed.ncbi.nlm.nih.gov/27331308/
https://pubmed.ncbi.nlm.nih.gov/15519007/
https://pubmed.ncbi.nlm.nih.gov/15519007/
https://pubmed.ncbi.nlm.nih.gov/15519007/
https://pubmed.ncbi.nlm.nih.gov/15519007/
https://pubmed.ncbi.nlm.nih.gov/17989201/
https://pubmed.ncbi.nlm.nih.gov/17989201/
https://pubmed.ncbi.nlm.nih.gov/17989201/
https://pubmed.ncbi.nlm.nih.gov/29417249/
https://pubmed.ncbi.nlm.nih.gov/29417249/
https://pubmed.ncbi.nlm.nih.gov/29417249/
https://pubmed.ncbi.nlm.nih.gov/29417249/
https://pubmed.ncbi.nlm.nih.gov/29417249/
https://pubmed.ncbi.nlm.nih.gov/29417249/
https://pubmed.ncbi.nlm.nih.gov/23994411/
https://pubmed.ncbi.nlm.nih.gov/23994411/
https://pubmed.ncbi.nlm.nih.gov/23994411/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840281/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840281/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5840281/
https://pubmed.ncbi.nlm.nih.gov/25703707/
https://pubmed.ncbi.nlm.nih.gov/25703707/
https://pubmed.ncbi.nlm.nih.gov/25703707/
https://pubmed.ncbi.nlm.nih.gov/25703707/
https://pubmed.ncbi.nlm.nih.gov/25703707/
https://pubmed.ncbi.nlm.nih.gov/24852935/
https://pubmed.ncbi.nlm.nih.gov/24852935/
https://pubmed.ncbi.nlm.nih.gov/24852935/

	Abstract
	Introduction
	Materials and Methods 
	Study Population 
	Data Collection and Grouping 
	Definition and Follow-up 
	Statistical Analysis 

	Results
	Baseline Characteristics of CHR Quartiles 
	The Association Between CHR and the Occurrence of CI-AKI 
	The Assessment of Predictive Ability of CHR for CI-AKI 
	Subgroup Analysis of CHR with CI-AKI Among PCI Patients 

	Discussion
	Limitation
	Conclusions
	Author Statements 
	References

