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Abstract
Aim: This study aims to evaluate the association between prognostic 

nutritional index (PNI) and contrast-induced nephropathy (CIN).
Material and methods: A total of 251 patients who were at high 

risk for contrast nephropathy were included in the study. The patients 
were grouped according to their PNI score (PNI score <45 or PNI score 
≥45). CIN was defined as a 25% relative increase, or 0.5 mg/dL absolute 
increase in serum creatinine level above baseline within 72 hours of 
contrast exposure, in the absence of an alternative explanation.

Results: Two groups were assigned according to the PNI score. The 
first group consists of 111 patients (PNI<45) and the second group has 
140 patients (PNI≥45). CIN developed in 162 (%64.8) patients. C-reactive 
protein was higher in the low-PNI group. Also, the patients with the low-
PNI group had lower ejection fraction, lower serum albumin levels, and 
lower hemoglobin levels. CIN, postprocedure renal replacement therapy 
requirement and in-hospital mortality were higher in the low PNI group. 
Multivariable logistic regression analysis revealed that advanced age 
(p=0.012, [OR] = 1.044 [1.009-1.079]), low baseline GFR (p=0.033, [OR]= 
1.022 [1.002-1.043]), high amount of contrast media (p=0.022, [OR]= 1.017 
[1.002-1.031]), and low PNI score (p=0.033 , [OR]= 2.069 [1.060-4.039]) were 
independent predictors of CIN.

Conclusion: Our study demonstrated that the PNI score was an 
independent risk factor for the development of CIN.
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Introduction
Contrast-induced nephropathy (CIN) is a potentially 

benign form of acute kidney injury (AKI) that occurs 
following contrast media administration. In most cases, 
the glomerular filtration rate (GFR) mildly decreases 
within three to seven days and then returns to baseline or 
close to baseline values. CIN is a common cause of AKI 
in hospitalized patients, and the incidence of it varies from 
3% to 30% in different studies due to the contrast volume, 
accompanying risk factors, and route of administration 
[1]. Although it is generally reversible, CIN development 
is associated with increased prolonged hospitalization and 
mortality [2]. Once it occurs, there are no spesific treatment 

options for CIN yet [3]. Therefore, it is very important to 
identify the population at risk and take measures to prevent 
AKI progression [3]. 

Prognostic nutritional index (PNI) has been introduced 
as a simple indicator of nutritional and inflammatory status 
in cancer patients [4,5]. It is calculated by using serum 
albumin concentration and total lymphocyte count. PNI has 
also been proposed to indicate the prognosis of heart failure 
and ST-segment elevated myocardial infarction (STEMI) 
[6,7]. The aim of this study is to explore the predictive 
effect of PNI on CIN in patients that underwent coronary 
angiography (CAG) or percutaneous coronary intervention 
(PCI).
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Materials and methods
Between October 2016 and March 2018, patients requiring 

nephrology consultation before CAG or PCI because of the high 
risk for CIN were included in this study. The exclusion criteria 
were; 1) exposure to contrast media less than one week before 
the procedure, 2) exposure to nephrotoxic drug less than ten 
days before the procedure, 3) severe hepatic disease, 4) active 
malignancy, 5) active infectious disease, 6) recent major surgical 
procedure or trauma, 7) being presented with other causes of 
AKI, 8) being treated with hemodialysis. 

A total of 69 patients were excluded from the study. Fifty 
patients were excluded because of having at least one exclusion 
criterion and 19 patients for missing data on serum albumin or 
total lymphocyte count. Finally, 251 patients were eligible for 
the study. The study flow chart was demonstrated in Figure 1. 
PNI was calculated with the formula: 10 x serum albumin (g/dL) 
+ 0.005 x total lymphocyte count (per mm3). The PNI cut-off 
score of 45 points has been used in previous studies and has been 
confirmed as optimal [6,8]. Based on those results, we chose 
a score of 45 points as an optimal cut-off value. Two groups 
were assigned according to the PNI score. The first group was 
111 patients (PNI<45) and the second group was 140 patients 
(PNI≥45).

Figure 1 - Study flow-chart

Samples for hemogram and biochemical parameters were 
taken from the patients at the time of admission and the serum 
creatinine (SCr) level was measured daily postprocedure until 
the discharge. All enrolled cases were received hydration (0.9% 
normal saline at 0.5–1.0 mL/kg/h) for 3–12 h before CAG or 
PCI and it was continued for up to 12 h after CAG depending 
on the patient's volume status. N-acetylcysteine (> 1200 mg/
day) treatment was started 1 day before CAG or PCI and ceased 
up 2 days after the procedure. The contrast medium (iohexol) 
used for the procedure was nonionic, iso-osmolar. Within the 
72 hours following intravascular contrast media administration; 
an absolute rise of 0.5 mg/dL (44 μmol/L), or a relative 25% 
rise from the baseline, in serum creatinine value, in the absence 
of other causes was defined as CIN [9]. The Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equation was 
used for GFR calculation [10].

Statistical analysis
Descriptive statistics were presented as percentage of 

the total (%) for categorical variables and mean ± standard 

deviation for continuous variables. Mann-Whitney U test or 
Student’s t-test was used for comparing the differences in 
continuous variables between the two groups. The Kolmogorov-
Smirnov test was used to evaluate the distribution of continuous 
variables. Categorical variables compared with the Chi-square 
test or Fisher’s exact test. Binary logistic regression analysis 
was employed to determine the independent predictors of CIN. 
Data were analyzed using the Statistical Package for Social 
Sciences Software (SPSS 17.0 Chicago, Illinois). The statistical 
significance was considered when a p-value ≤0.05.

Results
A total of 251 high-risk patients were enrolled in the 

present study (mean age 68.4±9,8, 68.10% male). The basal 
creatinine level was 1.76 (0.63-4.17) mg/dl, hemoglobin level 
was 11.6 (7.6-18.3) g/dl, ejection fraction was 50% (20%-
65%), C-reactive protein (CRP) value was 2,86±3.85 mg/dl. 
The amount of contrast media used during the procedure was 
52.75 ± 28.63 ml, and CIN developed in 162 (64.8%) patients. 
Baseline demographic and clinical characteristics of the patients 
categorized according to PNI value is given in Table 1. 

Gender, history of diabetes mellitus, and pre-procedure 
SCr levels were similar in both groups. The values of CRP were 
higher in the low-PNI group. Whereas the patients with the low-
PNI group had lower ejection fraction, lower serum albumin 
levels, and lower hemoglobin levels. The occurrence of CIN, 
post procedure renal replacement therapy requirement and in-
hospital mortality were higher in the low PNI group.

The variables that are thought to be associated with CIN 
were conducted in a univariable model to investigate risk factors 
for CIN. PNI (p=0.004, odds ratio[OR] = 2.179 [95% CI: [1.285-
3.694]), female gender (p=0.002, [OR] = 2.5 [1.385-4.513]), 
diabetes mellitus (p=0.007, [OR] = 2.019 [1.210-3.366]), age (p 
= 0.018, [OR]= 1.032 [1.006-1.059]), amount of contrast media 
(p=0.023, [OR] = 1.012 [1.002-1.023]), and hemoglobin levels 
(p < 0.001, [OR] = 0.768 [0.672-0.878]) were associated with 
the development of CIN. In multivariable logistic regression 
analysis, advanced age (p=0.012, [OR] = 1.044 [1.009-1.079]), 
low baseline GFR (p=0.033, [OR] = 1.022 [1.002-1.043]), high 
amount of contrast media (p = 0.022, [OR] = 1.017 [1.002-
1.031]), and low PNI score (p=0.033 , [OR] = 2.069 [1.060-
4.039]) were found as independent predictors of CIN (Table 2).

Discussion
With this study, the association between PNI and CIN 

following CAG or PCI was evaluated, and it is shown that PIN 
was a strong predictor of CIN. Besides, PNI was associated with 
an increased rate of mortality, and renal replacement therapy 
requirements.

PNI is a unified nutritional-inflammatory score, based on 
serum albumin levels and the lymphocyte count, reflecting the 
immunological and nutritional status of patients. Initially, it had 
been used to indicate postoperative outcomes of malnourished 
cancer patients undergoing gastrointestinal surgery [11]. 
Subsequently, it has been stated that PNI was a simple and useful 
predictor of prognosis in end-stage liver disease, heart failure, 
and STEMI [6,7,12].

The pathogenesis of CIN is not entirely understood. 
However, hemodynamic injury, systemic inflammation, and 
toxic injury are accused mechanisms for the development 
of CIN. Especially, multiple inflammation-related factors, 
such as endothelial dysfunction, oxidative stress, and renal 
vasoconstriction are thought to influence the development of 
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CIN [13]. Moreover, recent studies have indicated a strong 
association between inflammatory markers and CIN [14]. Kaya 
et al. stated that the neutrophil-lymphocyte ratio (NLR) was an 
independent predictor of CIN in STEMI patients undergoing 
coronary intervention [15]. Sun et al. demonstrated that a higher 
platelet-lymphocyte ratio (PLR) was an independent risk factor 
for CIN development in patients with STEMI who underwent 
PCI [9]. Also, Yuan et al. evaluated the predictive value of 
relevant inflammatory factors on CIN development including; 
white blood cell count, NLR, CRP level, hs-CRP level, and 
endothelin-1 level on CIN development, in patients undergoing 
an emergency PCI and the results had shown that inflammatory 
factors were all associated with an increased risk of CIN 
development in patient group [14]. Additionally, recent studies 
have suggested that malnutrition, like inflammation, may play 
an important role in the development of CIN [16,17]. Chen and 
colleagues showed that malnutrition is associated with a twofold 
increased risk of CIN in patients with chronic artery disease 
undergoing coronary angiography [17]. Therefore, we thought 
that PNI, which contains information about both inflammation 
and nutritional status, may be useful in predicting CIN.

In the present study, the patients that developed CIN had 
significantly lower PNI scores than those that not developed 
CIN, and lower PLR was an independent risk factor for CIN 
development in patients with coronary artery disease undergoing 
PCI. We thought that the connection between PNI and CIN is not 

based on a cause-effect relationship. Both of these conditions 
are probably clinical manifestations of the same physiological 
impairments, particularly inflammation. As mentioned before, 
PNI is based on serum albumin levels and the lymphocyte count. 
Both serum albumin levels and lymphocyte count are related to 
inflammation. Therefore, a high frequency of CIN development 
in the low PNI score group can be an expected situation. Besides, 
the CRP level, a biomarker that reflects inflammation, was higher 
in the low PNI score group, which supports that idea.	

PNI scores in chronic kidney disease patients were 
evaluated only in a few studies. Two of these studies were 
conducted in peritoneal dialysis patients [18,19]. Low PNI scores 
were associated with cardiovascular mortality, comorbidities, 
and impaired immuno-nutritional status in peritoneal dialysis 
patients. In another study, lower PNI scores were associated 
with decreased GFR in patients with acute heart failure [7]. Only 
one study explored the relationship between the PNI score and 
AKI [20]. Dolapoglu et al. investigated the predictive value of 
PNI regarding the development of AKI after elective coronary 
artery bypass grafting (CABG) surgery. They demonstrated that 
PNI was an independent predictor of AKI in patients undergoing 
on-pump CABG surgery [20]. In this study, we showed the 
relationship between low PNI scores and CIN.	  

The present study has several limitations. Firstly, this was 
a single-center, retrospective observational study. Second, the 
present study was conducted in high-risk group patients so the 

Table 1 Demographic, clinical and biological characteristics of the patients according to their PNI score

PNI<45 PNI≥45 P value
Age 69.6±9.3 66.9±10.3 0.030
Gender (Female) 46 (32.9%) 34(30.6%) 0.707
Diabetes Mellitus(%) 88(62.9%) 59(%53.2) 0.121
Ejection Fraction(%) 47,5(20-60) 50(20-65) 0.045
Preprocedure Cr(mg/dl) 1.845(0.63-4,17) 1.6(0.65-3.5) 0.321
Preprocedure 
e-GFR (ml/min/1.73m²)

38(3.37-108) 40.4(14-147) 0.049

CRP(mg/L) 1.38(0,34-23.2) 0.79(0.2-17.5) 0.002
Albumin(g/L) 3.29(2.18-4.10) 3.97(2.57-5.4) <0.001
WBC(10³/ml) 8.5(1,7-24) 8.5(3.9-20) 0.671
Hemoglobin(g/dl) 10.9(7.7-18.3) 12(7.6-16.9) <0.001
LDL cholesterol(mg/dl) 120.6±41.3 130.7±44.3 0.136
Triglycerides(mg/dl) 191±91 157.7±88.6 0.019
Postprocedure 
e-GFR(ml/min/1.73m²) 22.75(8.0-70.7) 30(6-154) 0.002
CI-AKI(%) 101(72.8%) 61(55%) 0.04
RRT (%) 37(26.40%) 10(9%) <0.001
İn-hospital mortality(%) 13(9.3%) 2(1.8%) 0.013
Abbreviations: Cr-creatinine; e-GFR-estimated glomerular filtration rate; CRP-C-reaktive protein; WBC-white blood cell; CI-AKI-contrast induced acute 
kidney injury; RRT-renal replacement theraphy

Table 2 Univariable and multivariable predictors of contrast nephropathy in the study population

Univariable Multivariable
OR(%95 CI of OR) p value OR(%95 CI of OR) p value

PNI 2.179[1.285-3.694] 0.004 2.069[1.060-4.039] 0.033
Gender(female) 2.5[1.385-4.513] 0.002 2.087[0.977-4.457] 0.057
Age(years) 1.032[1.006-1.059] 0.018 1.044[1.009-1.079] 0.012
DM 2.019[1.210-3.366] 0.007 1.609[0.834-3.106] 0.156
Hemoglobın 0.768[0.672-0.878] <0.001 0.861[0.721-1.028] 0.98
CRP 1.087[0.996-1.187] 0.06 1.034[0.941-1.136] 0.488
Pre-procedural e-GFR 1.014[0.999-1.03] 0.06 1.022[1.002-1.043] 0.033
Contrast Media 1.012[1.002-1.023] 0.023 1.017[1.002-1.031] 0.022
Abbreviations: PNI-prognostic nutritional index; DM-diabetes mellitus; CRP-C-reaktive protein; e-GFR-estimated glomerular filtration rate
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rate of CIN development was very high. We believe that PNI 
is a reliable indicator of CIN. However, it should be validated 
in the ordinary population. Third, inflammation-associated 
markers other than WBC counts and CRP were not analyzed or 
not compared with the PNI score. 

Conclusion
This study demonstrated that PNI, a novel immune-

nutritional index, was an independent predictor of CIN 
development in patients undergoing CAG or PCI. Since PNI is 

simple and easy to be applied, it has the potential to become a 
convenient tool to stratify the risk of CIN development.
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