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Inflammatory markers of contrast-induced nephropathy  
in patients with acute coronary syndrome
Erkan Yildirima, Emrah Ermisa and Mahir Cengizb  

Objective: Contrast-induced nephropathy (CIN) is 
among the serious complications of invasive 
cardiovascular procedures that are performed with the 
administration of contrast agents. We investigated the role 
of the inflammatory markers in predicting CIN in acute 
coronary syndrome patients.

Methods: This study included 232 consecutive patients 
with acute coronary syndrome who underwent emergency 
angiography at our center.

Results: There were 38 (19.1%) patients in the CIN 
group (mean age: 62.4 ± 10.2; 68.4% male), and 162 
patients in the non-CIN group (mean age: 62.1 ± 11.5; 
60.5% male). In the CIN positive group, serum gamma-
glutamyl transferase (GGT) (P < 0.001), uric acid (P < 
0.001), high sensitivity C-reactive protein (P < 0.001), the 
neutrophil-to-lymphocyte ratio (P = 0.02) were higher, 
whereas vitamin D (P < 0.001), hemoglobin (P < 0.001) 
and baseline glomerular filtration rate (P = 0.011) were 
lower compared with the CIN negative group. The receiver 
operating characteristic analysis showed that the cutoff 
point of GGT was 56 U/L for predicting CIN with a 84.2% 

sensitivity and a 72.2% specificity (area under the curve 
= 0.879, P < 0.001). The predictive value of GGT was the 
highest compared other inflammatory markers for CIN 
(area under the curve = 0.879).

Conclusion: Our study showed that the levels of GGT, 
high sensitivity C-reactive protein, vitamin D, uric acid and 
neutrophil-to-lymphocyte ratio were the effective factors 
in development of CIN. The level of GGT was found as the 
most effective factor in prediction of the development of 
CIN. Coron Artery Dis XXX: 000–000 Copyright © 2019 
Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Acute coronary syndrome (ACS) is caused by coronary 
atherosclerotic plaques resulting in coronary stenosis; it 
can lead to myocardial infarction. Percutaneous coronary 
intervention (PCI) is the most effective means in the 
treatment of ACS in the world [1].

Contrast-induced nephropathy (CIN) is among the seri-
ous complications of invasive cardiovascular procedures 
that are performed by using contrast media agents. CIN 
leads to prolonged hospitalization, and increased rates 
of short-term and long-term morbidity and mortality [2]. 
The risk of developing CIN varies depending on the 
definition criteria, population of the patients included, 
and preventive strategies [3]. The incidence of CIN 
has been reported as three times higher in patients with 
ACS and/or diabetes mellitus (DM). In addition, base-
line renal impairment is associated with a risk for CIN 
by nearly 50% [4–6]. Therefore, it is of paramount impor-
tance to determine patients with ACS who may have a 
risk of developing CIN.

The pathogenesis of CIN is still to be completely clar-
ified. However, several studies have revealed a close 
correlation between inflammatory biomarkers and the 
development of CIN. These studies have indicated that 

patients with increased levels of inflammatory markers 
are at higher risk of developing acute renal insufficiency 
after being exposed to contrast agents in ACS and sta-
ble coronary artery disease (CAD) [7–11]. In addition to 
increased inflammatory response, previous studies have 
shown that reduced renal blood current, increased oxida-
tive stress, renal parenchymal hypoxia and direct tubular 
toxic effect of contrast agents may also be responsible for 
the development of CIN [12–14].

Given the role of inflammation in pathogenesis of CIN in 
the present study we evaluated the effect of the inflam-
matory markers in predicting development of CIN in 
patients with ACS.

Materials and methods
Patients
A total of 232 consecutive ACS patients who under-
went emergency angiography in our clinic between 
September 2018 and December 2018 were enrolled in 
the study. Patients with acute or end-stage renal failure, 
which required dialysis, those known to have any chronic 
inflammatory or malignant disease, patients who exposed 
to contrast agents within the last 7 days, and those 
receiving steroid or non-steroidal anti-inflammatory 
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drugs were excluded from the study. Finally, 32 patients 
were excluded from the study and the remaining 200 
patients constituted the study population. The study was 
approved by local ethics committee of our university and 
followed the principles of the Declaration of Helsinki. 
Patients included in the study informed in details about 
the objective of the study, and gave written consent.

Definitions and diagnoses
Non-ST-segment elevation ACS (NSTE-ACS) was deter-
mined with the presence of chest pain, troponin I levels 
and electrocardiographic findings during the admission. 
Diagnostic criteria of NSTE-ACS included new-onset 
(de-novo) angina (class II or III of the Classification of 
the Canadian Cardiovascular Society), long (>20 min-
utes) angina pain at resting, destabilization of previously 
stable angina recently (class III angina characteristics 
of the Canadian Cardiovascular Society), post-myocar-
dial infarction angina and absence of persistent eleva-
tion in ST-segment. Normal troponin I levels indicated 
patients with unstable angina pectoris, whereas high 
troponin I levels showed patients with NSTE-ACS [15]. 
ST-segment elevation myocardial infarction (STEMI) 
was determined with typical chest pain longer than 30 
minutes with ST segment elevation measured at the J 
point, which should be observed at least in two contig-
uous leads with an elevation ≥2  mm in male patients, 
≥1.5 mm in female patients in leads V2-V3, and/or ≥1 mm 
in the other leads, in the absence of new left bundle 
branch block or left ventricle hypertrophy [16].

The venous blood samples were obtained just after 
admission to the hospital. White blood cell (WBC), neu-
trophil, lymphocyte and platelet counts were measured. 
Patients’ levels of cardiac enzyme (troponin I), glucose, 
creatinine, uric acid, gamma-glutamyl transferase (GGT), 
vitamin D, high sensitivity C-reactive protein (hs-CRP) 
and lipids were measured and analyzed. Serum levels 
of creatinine was measured once again 72 hours after 
administration of contrast agent. The estimated glomer-
ular filtration rate (GFR) was calculated with creatinine 
values based on the Cockcroft–Gault formula [17]. CIN 
was identified as a 0.5 mg/dl or 25% increase in serum 
creatinine levels compared to the baseline values within 
72 hours after the administration of contrast agent [18].

All patients were evaluated through transthoracic echo-
cardiography within 24 hours after the first presentation. 
Left ventricular ejection fraction (LVEF) was calculated 
with the Simpson method.

Coronary angiographies were performed within the 
1–24 hours after admission. Standard radial and femo-
ral approach was used during all procedures. The treat-
ment of coronary lesions was performed with standard 
PCI using 6 and 7 French guiding catheters. Stent type 
choice (bare metal or drug eluting) and the decision for 
using glycoprotein IIb/IIIa antagonists were left to the 

discretion of the operator. Anticoagulation and antiplate-
let therapies were given according to current guideline 
recommendations for patients with ACS. Following expo-
sure to contrast agent, all patients were given i.v. isotonic 
(0.9%) saline at a rate of 1 ml/kg/h for 12–24 hours. The 
rate of hydration was dropped to 0.5 ml/kg/h in patients 
with overt heart failure or a LVEF <50%. During hospital-
ization, the decision for using adrenergic blocking agents, 
statins, diuretics and renin-angiotensin aldosterone sys-
tem inhibitors were made by the discretion of cardiolo-
gists in the coronary care unit and wards, in accordance 
with the current international guidelines.

Statistical analysis
Data obtained from this study were statistically analyzed 
using SPSS for Windows version 24.0 (SPSS, Chicago, 
Illinois, USA) statistical package software. Distribution 
of the data was tested using the Kolmogorov–Smirnov 
method. The continuous data are expressed as mean ± 
SD, and categorical data as number and percentage. Two-
sided Student’s t-test was used in all statistical compari-
sons. The categorical variables were compared between 
the groups with Chi-square test or Fisher exact test. The 
numerical data were assessed with Pearson’s correlation 
analysis. Multivariate logistic regression model was per-
formed to determine the effect of independent predictors 
of CIN. Receiver operating characteristic curves (ROCs) 
were plotted to see the power of hs-CRP, GGT, neutro-
phil-to-lymphocyte ratio, uric acid and vitamin D in dif-
ferentiation of CIN. The area under curve (AUC) values 
were calculated with 95% confidence interval. Statistical 
significance level was set at P < 0.05.

Results
In this study, CIN group consisted of 38 (19.1%) patients 
(mean age: 62.4 ± 10.2; 68.4% male), and non-CIN 
group 162 patients (mean age: 62.1 ± 11.5; 60.5% male). 
Patients’ baseline clinical characteristics are listed in 
Table 1. The prevalence of DM, previous CAD and heart 
rate on admission were higher, LVEF was lower in the 
CIN group than in the non-CIN group. There was no 
significant difference among the groups in terms of the 
frequency of smoking, hypertension and the rate of male 
sex. Serum GGT (P < 0.001), uric acid (P < 0.001), hs-CRP 
(P < 0.001), WBC count (P = 0.01) and neutrophil-to-lym-
phocyte ratio (P = 0.02) were higher, and vitamin D  
(P < 0.001), hemoglobin (P < 0.001), serum albumin  
(P = 0.01) and baseline GFR (P = 0.011) were lower in the 
CIN (+) group compared to the CIN (−) group.

The procedural and angiographic features of the groups 
are presented in Table  2. After undergoing angiogra-
phy, PCI was performed on 21 (55.8%) patients and 14 
(36.8%) patients went on to coronary artery bypass graft-
ing (CABG) in the CIN (+) group. In the non-CIN group, 
118 (72.8%) patients underwent PCI and 38 (23.5%) 
patients CABG, whereas six (3.7%) patients received 
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medical therapy (P = 0.14). There was no statistically sig-
nificant difference between the groups in terms of the 
amount of contrast agent (P = 0.101) and frequency of 
multivessel disease (P = 0.184).

The results of multivariate logistic regression analysis 
for each of the independent predictors are presented for 
CIN in Table 3. GGT was releated to CIN [P = 0.005, 
95% confidence interval = 1.125 (1.037–1.220)] in the 
study groups.

A comparison of the ROC curves with sensitivity, spec-
ificity, AUC, cutoff and asymptotic significance of GGT, 
hs-CRP, neutrophil-to-lymphocyte ratio, uric acid and 
vitamin D between the study groups is given in Table 4 
and Fig. 1.

Discussion
The results of this study showed that the incidence of 
CIN was 19.1% among the patients with ACS. It was 
found that GGT, hs-CRP, vitamin D, uric acid and neu-
trophil-to-lymphocyte ratio were effective factors in pre-
diction of the development of CIN. Among these factors, 
GGT level was the most effective factor in prediction of 
the development of CIN.

The pathogenesis of CIN is yet to be fully clarified, 
although several mechanisms have been proposed, and 
inflammation is known to play a key role in the patho-
genesis. Experimental studies have revealed a significant 
correlation between inflammation and acute renal injury. 
Lymphocytes, macrophages and especially neutrophils, 
infiltrate damaged tissue leading to further renal damage 
[19]. Following experimental studies, clinical investiga-
tions have also reported the role of inflammation in the 
initiation and extension of CIN using C-reactive protein 
levels [20]. In addition, numerous studies have shown 

Table 1 Baseline characteristics and laboratory measurements of 
the study population

Variables CIN (−), n = 162 CIN (+), n = 38 P value

Age (years) 62.1 ± 11.47 62.42 ± 10.17 0.086
Sex (F/M) 64/98 12/26 0.365
Smoking (%) 93(57.4) 22(57.9) 0.950
Heart rate (bpm) 77 ± 9.1 83.8 ±13.5 0.001
SBP (mmHg) 141.8 ± 15.6 140.5 ± 27.6 0.690
DBP (mmHg) 85.5 ± 8.9 82.37 ± 15.6 0.095
Creatinine (mg/dl) 0.95 ± 0.09 0.93 ± 0.12 0.254
eGFR (ml/min) 96 ± 16 81 ± 21 0.011
WBC count (103/μl) 9946 ± 3121 11675 ± 5583 0.01
Hemoglobin (g/dl) 13.6 ± 1.6 11.9 ± 1.9 <0.001
Lymphocyte count (/ml) 1910 ± 765 2203 ± 1021 0.098
Neutrophil count (/ml) 6638 ± 3465 9257 ± 2475 <0.001
Neutrophil-to-lymphocyte ratio 4.1 ± 2.9 5.2 ± 2.8 0.02
Peak troponin I (pg/ml) 1213 ± 477 1465 ± 894 0.123
hs-CRP (mg/L) 3.3 ± 1.9 6.1 ± 1.4 <0.001
Uric acid (mg/dl) 5.4 ± 1.5 7.1 ± 1.9 <0.001
Vitamin D (ng/ml) 19.7 ± 6.6 13.6 ± 3.7 <0.001
Serum albumin (mg/dl) 3.91 ± 0.43 3.59 ± 0.59 0.01
GGT (U/L) 42.2 ± 13.4 60.9 ± 8.4 <0.001
Total cholesterol (mg/dl) 195 ± 35 200 ± 38 0.338
Triglyceride (mg/dl) 164 ± 57 169 ± 43 0.659
LDL-C (mg/dl) 136 ± 31 142 ± 33 0.843
HDL-C (mg/dl) 44 ± 10 42 ± 9 0.497
Ejection fraction (%) 51.9 ± 8.6 46.1 ± 7.3 0.02
Comorbidity
 CAD (%) 77 (47.5) 30 (78.9) <0.001
 Diabetes mellitus (%) 57 (35.2) 22 (57.9) 0.004
 Hypertension (%) 112 (69.1) 31 (81.6) 0.163
 Dyslipidemia (%) 34 (21) 17 (44.7) <0.001
Medications
 Beta-blocker 73 (45) 13 (34) 0.24
 ACE-I/ARB 141 (70) 28 (73) 0.11
 Statin 72 (44) 12 (31) 0.17
 Calcium antagonist 55 (4) 11(28) 0.12
 ASA 94 (58) 28 (73) 0.075

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor 
blocker; ASA, acetylsalicylic acid; CAD, coronary artery disease; DBP, dias-
tolic blood pressure; eGFR, estimated glomerular filtration rate; GGT, Gamma-
Glutamyl Transferase; hsCRP, high-sensitivity C reactive protein; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; 
SBP, systolic blood pressure; WBC, white blood cell.
Bold values indicates significance of P values.

Table 2 Angiographic and procedural characteristics of study 
groups

Variables CIN (−), n = 162 CIN (+), n = 38 P value

Infarct-related artery (%)
 LAD 69 (42.6) 15 (39.5) 0.291
 LCx 55 (33.9) 12 (31.6)
 RCA 33 (20.4) 10 (26.3)
 Other 15 (3.8) 1 (2,6)
 LMCA 5 (3.1) 0
Number of diseased vessels (%)
 1 90 (55.5) 21 (55.3) 0.184
 2 39 (24.1) 13 (34.2)
 3 33 (20.3) 4 (10.5)
Type of procedure
 PCI 118 (72.8) 24 (63.2) 0.140
 Medical therapy 6 (3.7) 0
 CABG 38 (23.5) 14 (36.8)
Amount of contrast media (ml) 124 ± 26 133 ± 33 0.101

CABG, coronary artery bypass grafting; LAD, left anterior descending coronary 
artery; LCx, left circumflex coronary artery; LMCA, left main coronary artery; PCI, 
percutaneous coronary intervention; RCA, right coronary artery.

Table 3 Multivariable logistic regression analyses with independ-
ent predictors of contrast-induced nephropathy

Variables

Multivariable analysis

OR (95% CI) P value

Heart rate (bpm) 1.049 (0.974–1.129) 0.207
Diabetes mellitus 0.995 (0.783–1.263) 0.965
hs-CRP (mg/L) 1.119 (0.775–1.617) 0.548
Uric acid (mg/dl) 1.124 (0.710–1.779) 0.618
GGT (U/L) 1.125 (1.037–1.220) 0.005
Neutrophil-to-lymphocyte ratio 1.121 (0.775–1.241) 0.873
Vitamin D (ng/ml) 1.012 (0.826–1.338) 0.907

GGT, gamma-glutamyl transferase; hs-CRP, high-sensitivity C reactive protein.
Bold values indicates significance of P values.

Table 4 Sensitivity, specificity, area under the curve, cutoff and 
asymptotic significance of high-sensitivity C reactive protein, uric 
acid, gamma-glutamyl transferase, neutrophil-to-lymphocyte ratio 
and vitamin D in study group

Variables Sensitivity (%) Specificity (%) AUC cutoff P value

hs-CRP 73.7 77.2 0.860 4.1 <0.001
Uric acid 65.8 82.1 0.757 6.9 <0.001
GGT 84.2 72.2 0.879 56 <0.001
Neutrophil-to- 

lymphocyte ratio
55.3 51.2 0.638 3.4 0.008

Vitamin D 73.5 71.1 0.789 15.2 <0.001

AUC, area under the curve; GGT, gamma-glutamyl transferase; hs-CRP, high-sen-
sitivity C reactive protein.
Bold values indicates significance of P values.
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positive effects of statin therapy in preventing the devel-
opment of CIN, and the underlying mechanisms of this 
prevention have been associated with the anti-inflamma-
tory effects of statins [21,22].

Because CIN is associated with higher complication risk, 
poor prognosis, prolonged hospital stay and increased 
mortality rates, it is critial to determine measures to avoid 
CIN development and reduce the risk of CIN following 
PCI [23]. Oral or i.v. hydration is a treatment routinely 
used in preventing the development of CIN. In a recent 
meta-analysis, it was shown that hydration using sodium 
bicarbonate, and administration of supplements such as 
vitamin C and N-acetylcysteine, and statins and adenosine 
antagonists are helpful in preventing the development 
of CIN following coronary angiography [24]. It has been 
demonstrated in another study that, continuous prehydra-
tion regimen with sodium chloride for 12 hours was more 
effective than sodium bicarbonate regime administered 
for 1 hour [25]. It has been reported in a meta-analysis 
that, nicorandil therapy could significantly lowered the risk 
of developing CIN in patients who underwent coronary 
intervention, compared to the conventional hydration [26]. 
It has been demonstrated in a recent study that, alprostadil 
therapy showed protective effects on the development of 
CIN in patients with renal insufficiency, who underwent 
PCI [27]. In the present study, intravenous hydration was 
used to prevent the development of CIN.

The risk factors of developing CIN include decreased 
GFR, hypovolemia, DM and contrast agent amount [28]. 
Furthermore, advanced age, hypertension, heart failure, 
dyslipidemia and metabolic syndrome have also been 
associated with the development of CIN [28]. In the 

present study, decreased GFR, DM, dyslipidemia and 
previous CAD were more common in the CIN group.

There is no specific marker associated with CIN, 
although some markers have been proposed. GFR 
and hemoglobin levels have been reported as the pre-
dictors of CIN in patients who underwent emergency 
PCI [29,30]. In their study, Mendi et al. [31] found a 
correlation between serum uric acid levels and CIN in 
patients who have STEMI and underwent primary PCI. 
A new risk factor profile, including history of stroke, 
WBC count, baseline serum creatinine, body surface 
area, intra-aortic balloon pump and using diuretics has 
been reported to be associated with CIN in patients who 
underwent emergency PCI [32]. In addition, the ratio 
of contrast agent volume to GFR has been shown to be 
effective in prediction of the development of CIN after 
endovascular aortic repair procedure [33]. An association 
has also been reported between increased baseline pro-
teinuria levels and CIN in patients who were treated 
with renal arterial stenting [34]. C-reactive protein has 
been suggested as an independent predictor of CIN in 
patients who underwent coronary angiography [35]. In 
a study by Oksuz et al. [36], GGT at the time of admis-
sion was a significant and independent predictor of CIN 
after primary PCI in patients with STEMI. Liu et al. [9] 
reported that hs-CRP was an independent predictor of 
CIN in STEMI patients undergoing primary PCI. In 
a study by Sahin et al. [37], vitamin D deficiency was 
found to be associated with a higher incidence of CIN in 
patients who underwent coronary angiography. Recent 
studies have reported the neutrophil-to-lymphocyte and 
platelet-to-lymphocyte ratios as independent predictors 
of the development of CIN in STEMI patients after pri-
mary PCI [38,39]. In our study, we demonstrated that 
GGT, neutrophil-to-lymphocyte ratio, hs-CRP, vitamin 
D, uric acid, WBC count and hemoglobin levels were 
associated with an increased risk of CIN. Furthermore, 
GGT level was the most effective factor in prediction 
of the development of CIN. These parameters, which 
indicate inflammation and overstimulation may provide 
contribution to the development of CIN.

This study has several limitations. First, is its observa-
tional, single center study design with a relatively small 
number of patients. Second, we could not perform sub-
sequent measurements to evaluate the effects of serum 
inflammatory markers on long-term renal function. 
Further comprehensive, prospective and randomized 
controlled clinical trials are warranted to confirm our 
results for clinical practice.

Conclusion
In conclusion, this study demonstrated that GGT, neu-
trophil-to-lymphocyte ratio, hs-CRP, vitamin D and uric 
acid were the effective factors in prediction of the devel-
opment of CIN. In addition, GGT level was the most 
effective factor to predict development of CIN.

Fig. 1

Receiver operating characteristic curves for hs-CRP, uric acid, GGT, 
neutrophil-to-lymphocyte ratio and vitamin D in study groups. GGT, 
gamma-glutamyl transferase; hs-CRP, high-sensitivity C reactive 
protein.
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