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Acute hyperglycemia and contrast-induced nephropathy in 
patients with non-ST elevation myocardial infarction
Onur Baydar and Alparslan Kilic

Introduction Acute hyperglycemia and contrast-
induced nephropathy (CIN) are frequently observed in 
non-ST elevation myocardial infarction (NSTEMI) patients 
undergoing percutaneous coronary intervention (PCI), 
and both are associated with an increased mortality 
rate. We investigated the possible association between 
acute hyperglycemia and CIN in patients with NSTEMI 
undergoing PCI.

Materials and methods We retrospectively enrolled 
281(149, 53% men) NSTEMI patients undergoing PCI. 
For each patient, plasma glucose levels were secreened 
at hospital admission. Acute hyperglycemia was defined 
as glucose levels > 198 mg/dl. CIN was defined as an 
increase in serum creatinine 25% or 0.5 mg/dl from 
baseline in the first 48–72 hours.

Results Overall, 44 (15.7%) patients had acute 
hyperglycemia. Patients with acute hyperglycemia 
had higher incidence of CIN than those without acute 
hyperglycemia (29.5 vs 5.1%, P < 0.001). Also, in-hospital 
mortality, length of hospital stay, major bleeding, 
requirement of mechanical ventilation and dialysis 
were observed significantly higher in patients with 

hyperglycemia. Patients were then reallocated to two 
groups according to the presence or absence of CIN. 
Overall, 25 cases (8.9%) of CIN were diagnosed. Diabetes 
mellitus, weight, age, glucose level and estimated 
glomerular filtration rate (eGFR) were detected as 
independent risk factors of CIN. Additionally, admission 
glucose levels were significantly correlated with creatinine 
levels after PCI, eGFR and contrast volume/eGFR ratio.

Conclusion In NSTEMI patients undergoing primary 
PCI, acute hyperglycemia may be associated with an 
increased risk for CIN and in-hospital mortality and 
morbidity. Cardiovasc Endocrinol Metab 9: 24–29 
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Introduction
Percutaneous coronary intervention (PCI) in patients 
with non-ST elevation myocardial infarction (NSTEMI) 
reduces ischemic complications and improves survival. 
Patients undergoing PCI are at high risk for contrast-in-
duced nephropathy (CIN) and this has been associated 
with renal dysfunction, longer hospital stay, increased 
cardiovascular events and mortality [1,2]. So many fac-
tors such as hypovolemia, contrast volume, and baseline 
glomerular filtration rate (GFR) may contribute to the 
development of CIN [3,4]. Because of this, identifying 
patients at the risk of CIN is important in patients under-
going PCI.

An increased glucose levels at hospital presentation 
(acute hyperglycemia) in patients with myocardial infarc-
tion causes increased motility and morbidity, even in 
those without established diabetes mellitus [5–7]. Several 
studies have demonstrated that acute hyperglycemia in 
miyocard infarction is associated with acute increase in 
inflammatory immune markers, impairment of epicar-
dial coronary flow, increased left ventricular dysfunction, 
larger infarct size, higher congestive heart failure, cardio-
genic shock and hospital mortality [3,4,8,9].

The association between diabetes mellitus and 
CIN risk has been previously recognized in patients 
undergoing elective PCI [10,11] and the relationship 
between acute hyperglycemia and CIN in STEMI 
patients treated with primary PCI has been showed 
before [12]. But there was no information in patients 
with NSTEMI. Pathophysiologic mechanisms of renal 
injury due to contrast administration were oxidative 
stress, endothelial dysfunction and apoptosis [13]. Also 
acute hyperglycemia activates all of these mechanisms 
[14]. The previous studies reported that fluctuations in 
glucose levels more harmful than chronically elevated 
glucose levels, and increases apoptosis and oxidative 
stress [14–16]. So, acute hyperglycemia may aggravate 
the negative effects of contrast exposure and increase 
the risk of CIN. Knowing this situation may help 
identification of potential risks for intervention and 
pharmacologic control of glucose levels might reduce 
CIN and improve patient outcome after PCI. Thus, 
we aim to retrospectively investigate the relationship 
between admission glucose levels and the risk of CIN 
and in-hospital major adverse events in patients with 
NSTEMI who undergo PCI.

mailto:dr.onurbaydar@hotmail.com?subject=


Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Acute hyperglycemia and CIN in NSTEMI patients Baydar and Lilic 25

Methods
We retrospectively observed 281 consecutive patients 
with NSTEMI undergoing PCI at the Avicenna Hospital 
Cardiology Department between January 2015 and 
January 2018. NSTEMI was defined according to the 
current guidelines [17]. We excluded patients with a 
severe valvular heart disease, severe or decompensated 
heart failure, intraaortic balloon pressure support require-
ment, severe renal failure and patients undergoing urgent 
cardiac surgery for revascularization. The study was 
approved by the Local Ethics Committee. In all patients, 
plasma glucose levels were secreened at hospital admis-
sion; and acute hyperglycemia was defined as glucose 
levels >198 mg/dl, regardless of the diabetic status [18]. 
Hypertension was defined as blood pressure more than 
140/90 mmHg or being on treatment with antihyperten-
sive medications. Also, diabetes mellitus was defined as 
fasting glucose levels >126 mg/dl and HbA1c > 6.5 or 
being on treatment with oral antidiabetic drugs or insu-
lin. Finally, hyperlipidemia was defined by reference to 
current guidelines [19]. Serum creatinine concentration 
level was observed at hospital admission, every day for 
the following days and at hospital discharge. Estimated 
glomerular filtration rate (eGFR) was calculated using 
the modified formula of Levey et al. [20]. A nonionic, 
low-osmolality contrast agent (iomeprol) was used. After 
contrast exposure, isotonic (0.9%) saline was given intra-
venously at a rate of 1 ml/(kg h) [0.5 ml/(kg hour) in the 
case of left ventricular ejection fraction [LVEF] < 40% or 
heart failure] for 12 hours. CIN was defined as an increase 
in creatinine 25% or 0.5 mg/dl from the baseline value 
within the 48- to 72-hour period following PCI [21].

Statistical analysis
All analyses were performed using SPSS version 
22 for Windows (SPSS Inc, Chicago, Illinois, USA). 
Numerical variables are presented as mean (SD) and 
nominals as percentages. All variables were subjected to 
Kolmogorov–Smirnov testing to determine whether they 
were normally distributed. The independent samples t 
test was used to compare the values of continuous var-
iables between the two groups. Nonparametric values 
were compared using the Mann–Whitney U test. The 
Chi-square and Fisher’s Extract test were used to com-
pare categorical data. To evaluate the effects of various 
factors on CIN development, we performed multivariate 
regression analyses using the backward logistic regression 
method. Variables for which the unadjusted P <0 0.05 was 
considered significant.

Results
A total of 281(149, 53% men) patients were included in 
this study and 79 (28.1%) of them had diabetes mellitus. 
44 (15.7%) of patients had acute hyperglycemia and 237 
(84.3%) of them had normal glucose levels. There was no 
significant difference between the two groups in terms 

of age and gender. Mean weight and eGFR were signif-
icantly higher in patients with hyperglycemia. General 
risk factors hyperlipidemia, diabetes mellitus, smoking 
and hypertension were same in both groups. Additionally, 
previous medications, Grace scores, HbA1c, peak tro-
ponin levels, LVEF, contrast volume, numbers of PCI 
and coronary artery bypass grafting (CABG) rates were 
not differed between two groups. The baseline clinical 
and procedural characteristics of patients were shown 
in Tables  1 and 2. Hyperglycemia patients had signifi-
cantly higher incidence of CIN (13) 29.5% vs (12) 5.1%, 
respectively, P < 0.0001 (Fig. 1). Admission glucose levels 
were significantly correlated with creatinine levels after 
PCI, eGFR and contrast volume/eGFR ratio (r:0.239, 
P < 0.001, r:0.116, P:0.026, r:0.119, P:0.022, respectively). 
Hyperglycemia group also experienced a more compli-
cated in-hospital clinical course and had higher in-hos-
pital mortality rate (Table 3; Fig. 2). When patients with 
diabetes mellitus are excluded (202 patients, 71.9 %), 31 
(15.3%) of patients had acute hyperglycemia and 171 (84.7 
%) of them had normal glucose levels. Hyperglycemia 
patients had still significantly higher incidence of CIN 
[(9) 29.0% vs (5) 2.9%, respectively, P < 0.0001].

Table 1 Main characteristics of patients with hyperglycemia and 
without hyperglycemia

Patients with  
hyperglycemia  

n: 44

Patients without  
hyperglycemia  

N:237 P value

Age (year) 55.9 ± 11.2 57.0 ± 10.8 NS
Men (n%) 27 (61.4%) 122 (51.5%) NS
Weight (kg) 78.0 ± 3.5 75.3 ± 5.8 <0.001
Hypertension (n%) 31 (70.5%) 139 (58.6%) NS
Hyperlipidemia (n%) 20 (45.5 %) 78 (32.9%) NS
Diabetes mellitus (n%) 13 (29.5 %) 66 (27.8 %) NS
Smoker (n%) 8 (18.2%) 72 (30.4%) NS
Previous myocardial  

infarction (n%)
15 (34.1%) 66 (27.8%) NS

Previous CABG (n%) 10 (22.7%) 66 (27.8%) NS
Creatinine before PCI (mg/dl) 1.03 ± 0.1 1.02 ± 0.07 NS
Ejection fraction (n%) 52.4 ± 8.3 53.6 ± 8.0 NS
eGFR (ml/min 1,732) 93.8 ± 16.7 88.8 ± 14.9 0.048

CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration 
rate; NS, Non significant. 

Table 2 Medication characteristics of patients with hyperglycemia 
and without hyperglycemia

Medication, n (%)

Patients with  
hyperglycemia  

(n: 44)

Patients without   
hyperglycemia   

(n: 237) P value

Acetylsalicylic acid 24 (54.5%) 103 (43.5%) NS
Clopidogrel 3 (7.2%) 17(6.8%) NSa

Ticagrelor 12 (27.3 %) 53(22.4%) NS
ACE I, ARB 22 (50 %) 126 (53.2%) NS
Beta blocker 20 (45.5%) 77 (32.5%) NS
Nitrates 8 (18.2%) 36 (15.2%) NS
Statin 16 (36.4%) 52 (31.2%) NS
CCB 7 (15.9%) 18 (7.6%) NSa

ACE I, angiotensin receptor inhibitor; ARB, angiotensin receptor blocker; CCB, 
calcium channel blocker; NS, Non significant. 
aFisher’s extract test was used.
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Patients were then reallocated to two groups according to 
the presence or absence of CIN. Overall, 25 cases (8.9%) 
of CIN were diagnosed. There was not also significant 
difference between the two groups in terms of age and 
gender. General risk factors that diabetes mellitus, smok-
ing and hypertension were same in patients with CIN 
and without CIN. Additionally, previous medications, 
Grace scores, peak troponin levels, LVEF, contrast vol-
ume, numbers of PCI and CABG rates were not differed 
between two groups (Tables  4 and 5). Only admission 
glucose and HbA1c levels were significantly higher in 
patients with CIN (Table 5). Additionally, diabetes mel-
litus, weight, age, glucose level and eGFR were detected 

as independent risk factors of CIN in logistic regression 
analysis (Table 6).

Discussion
CIN is a frequent complication after invasive treatment 
of NSTEMI, even in patients with normal baseline renal 
function [22]. It is associated with increased in-hospital 
mortality and a prolonged hospitalization. Our results 
supported previous studies about CIN. In our study, we 
also demonstrated that NSTEMI patients undergoing 
PCI, admission hyperglycemia is an independent predic-
tor of CIN and of poor in-hospital outcome. Additionally, 
admission glucose levels significantly correlated with cre-
atinine levels after PCI.

The possible association between high glucose levels 
and acute kidney injury is further supported by previous 
studies [23,24]. Acute hyperglycemia is associated with 
increased production of oxygen-derived free radicals 
which cause vasoconstriction and induce osmotic diure-
sis, resulting in volume depletion, may impact negatively 
on kidney function and increase renal toxicity of contrast 
agents and CIN risk [25,26]. In addition, acute hyperg-
lycemia is common in patients with NSTEMI, even in 
the absence of a history of type 2 diabetes mellitus due 
to stress response that is mediated by cortisol and cat-
echolamines. Moreover, acute hyperglycemia associated 
with several adverse effects that endothelial dysfunction, 
increased cytokine activation, increased oxidative stress, 
impaired microcirculatory function and prothrombotic 
effects [27–29].

GRACE score is one of the most important indicators of 
mortality and morbidity in patients with NSTEMl [30]. 

Fig. 1

Patients with acute hyperglycemia had higher incidence of CIN than those without acute hyperglycemia (group 1: in patients with acute hypergly-
cemia, group 2: in patients with normoglycemia). CIN, contrast-induced nephropathy.

Table 3 In-hospital clinical course of patients with hyperglycemia 
and without hyperglycemia

Patients with  
hyperglycemia  

n: 44

Patients without  
hyperglycemia  

N: 237 P value

Glucose at admission, (mg/dl) 223.0.9 ± 16.7 91.0 ± 7.4 <0.001
Contrast volume (ml) 225.4 ± 18.4 228.2 ± 18.4 NS
Contrast nephropathy (n%) 13 (29.5%) 12 (5.1%) <0.001a

Time to reperfusion (hours) 4.2 ± 2.0 5.0 ± 2.2 0.029
Troponin peak (ng/dl) 2.1 ±  0.8 2.2 ± 0.9 NS
HbA1c (%) 5.7 ± 0.6 5.5 ± 0.6 NS
Grace score 120.9 ± 11.7 122.0 ± 15.7 NS
Length of hospital stay (days) 6.0 ± 2.6 4.3 ± 0.6 <0.001
Major bleeding (n%) 6 (13.6 %) 2 (0.8 %) <0.001a

Dialysis (n%) 5 (11.4%) 1 (0.4 %) <0.001a 
Mechanical ventilation (n%) 5 (11.4%) 2 (0.8%) 0.001a 
In-hospital mortality (n%) 5 (11.4%) 8 (3.4%) 0.037a

Medical treatment (n%) 3 (6.8%) 28 (11.8 %) NSa 
PCI treatment (n%) 36 (81.8 %) 186 (78.5 %) NS
CABG treatment (n%) 4 (9.1%) 23 (9.7 %) NSa 

CABG, coronary artery bypass grafting; NS, nonsignificant; PCI, percutaneous 
coronary intervention.
aFisher’s extract test was used.



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Acute hyperglycemia and CIN in NSTEMI patients Baydar and Lilic 27

Also it is a very useful identification of high-risk patients 
and determination of treatment strategy. In our study, 
there was no difference between the general risk fac-
tors and GRACE score in both groups, but in-hospital 
morbidity and mortality were found significantly higher 
in patients with hyperglycemia. Thus, tight control of 
hyperglycemia could be an useful strategy for improving 
prognosis in NSTEMI

Contrast volume is an important risk factor for CIN and 
dose minimization, on the background of a known base-
line reduced renal function, may serve as an important 
strategy to limit the incidence of CIN [27]. However, 
we used a relatively small amount of contrast, and we 
did not find significant difference in terms of dose of 

contrast used in patients with and without CIN. We 
suggested that other factors, such as impaired renal 
function and diabetes mellitus, age and weight might 
contribute more to the development of CIN than con-
trast volume.

Our study may support relationship between high glu-
cose levels and risk of acute renal dysfunction. Therefore, 
treatment of hyperglycemia could be an useful strategy 
for prevention CIN. In a recent study demonstrated 
that, acute hyperglycemia is associated with increased 
risk of CIN and poor outcome in STEMI patients as our 
study [12], and in an another study, glycemic control with 
insulin in patients with acute myocardial infarction who 

Fig. 2

Group 1 experienced a more complicated in-hospital clinical course (group 1: in patients with acute hyperglycemia, group 2: in patients with 
normoglycemia, P < 0.05).

Table 4 Main characteristics of patients with contrast-induced 
nephropathy and without contrast-induced nephropathy

Patients with  
CIN n: 25

Patients without  
CIN n: 256 P value

Age (year) 57.4 ± 11.8 56.8 ± 10.8 NS
Men (n%) 14 (56%) 135 (52.7%) NS
Weight (kg) 75.4 ± 3.9 75.7 ± 5.7 NS
Hypertension (n%) 17(69%) 153 (59.8%) NS
Hyperlipidemia (n%) 14 (56 %) 84 (32.8%) 0.020
Diabetes mellitus (n%) 11 (44 %) 68 (26.6 %) NS
Smoker (n%) 5 (20%) 75 (29.3%) NS
Previous myocardial infarction  

(n%)
9 (36%) 72 (28.1%) NS

Previous CABG (n%) 2 (8.0%) 74 (28.9%) 0.025
Creatinine before PCI (mg/dl) 1.09 ± 0.09 1.01 ± 0.07 NS
Ejection fraction (n%) 51.8 ± 8.6 53.5 ± 8.0 NS
eGFR (ml/min 1,732) 94.4 ± 16.5 89.1 ± 15.1 NS

CABG, coronary artery bypass grafting; CIN, contrast-induced nephropathy; 
eGFR, estimated glomerular filtration rate; NS, nonsignificant.

Table 5 In-hospital clinical course of patients with contrast-in-
duced nephropathy and without contrast-induced nephropathy

Patients with  
CIN n: 25

Patients without  
CIN n: 256 P value

Glucose at admission (mg/dl) 158.9 ± 71.8 107.07 ± 43.8 <0.001
Contrast volume (ml) 224.8 ± 16.3 228.0 ± 17.0 NS
Time to reperfusion (hours) 4.56 ± 1.85 4.9 ± 2.3 NS
Troponin peak (ng/dl) 2.1 ± 0.9 2.2 ± 0.8 NS
HbA1c (%) 6.0 ± 0.9 5.5 ± 0.6 0.001
Grace score 120.9 ± 11.7 122.0 ± 15.7 NS
Length of hospital stay (days) 5.9 ± 3.2 4.5 ± 0.9 <0,001
Major bleeding (n%) 4 (16 %) 4 (1.6 %) <0.001
Mechanical ventilation (n%) 6 (24%) 1 (0.4%) <0.001
In-hospital mortality (n%) 2 (8%) 11(4.3%) NS
Medical treatment (n%) 4 (16 %) 27 (10.5 %) NS
PCI treatment (n%) 18 (72.0 %) 204 (79.7 %) NS
CABG treatment (n%) 3 (12%) 24 (9.4 %) NS

CABG, coronary artery bypass grafting; CIN, contrast-induced nephropathy; NS, 
nonsignificant; PCI, percutaneous coronary intervention.
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underwent coronary bypass surgery was associated with 
reduced oxidative stress, inflammation, apoptosis and 
remodeling [31].

These findings show the importance of control of acute 
hyperglycemia for prevention of CIN in NSTEMI 
patients undergoing PCI. In our study, we found that 
acute hyperglycemia was related with high CIN risk 
among patients with and without established diabetes 
mellitus. Acute hyperglycemia was associated with a sig-
nificant increase of CIN risk among patients who did not 
have known diabetes mellitus. This observation empha-
sizes the importance of acute glucose level rise, as com-
pared with its chronic elevation, as a predisposing factor 
for CIN. Whether this association is the effect of direct 
acute hyperglycemia and at multivariate analysis, acute 
hyperglycemia remained an independent predictor of 
CIN even after adjustment for major clinical variables.

Finally, we do not know whether early normalization of 
glycemic values is associated with a lower incidence of 
CIN and a better clinical outcome. These findings should 
be investigated in future studies.

Our study had some limitations. First, our study was a 
single-center study. Second, the study cohort was rel-
atively small. Finally, some risk factors of CIN, such as 
proteinuria and other nephrotoxic agents, could not be 
fully assessed.

Conclusion
Acute hyperglycemia is closely associated with CIN risk, 
in-hospital morbidity and mortality in NSTEMI patients 
treated with PCI. Future investigations should be done 
about prophylactic strategies based on tight glycemic 
control to prevent CIN and improve the clinical outcome 
of patients with NSTEMI.
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