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Ischemic Modified Aloumin Predicts Critical Coronary Artery
Disease in Unstable Angina Pectoris and Non-ST-Elevation
Myocardial Infarction
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Abstract

Background: In this study, whether ischemia modified albumin
(IMA) has a role in showing severity or criticality of coronary arteries
in patients with unstable angina pectoris (USAP)/non-ST-elevation
myocardial infarction (NSTEMI) was assessed.

Methods: A total of 65 patients (40 male (M) and 25 female (F)
patients; mean age 59.7 = 12.1 years) with the initial diagnosis of
USAP/NSTEMI were included in this study. The levels of IMA,
troponin T, creatine kinase MB (CK-MB), C-reactive protein
(CRP), brain natriuretic peptide (BNP), creatinine, lipid panel, and
whole blood count were measured from venous blood obtained
from each patient within 3 h after the onset of symptoms. A 50% or
greater coronary lumen stenosis of any coronary vessel or lateral
branch was considered as critical stenosis. The severity of coro-
nary artery disease (CAD) was assessed using the Gensini scoring
system.

Results: IMA was significantly higher in patients with critical coro-
nary artery stenosis (median, 206 vs. 23; P < 0.001). There was a
weak correlation between the Gensini score and IMA; whereas there
was a moderate correlation between the Gensini score and BNP levels
(r=0.44,P=0.02).

Conclusion: The level of IMA can predict the criticality of CAD;
however, it cannot predict the severity of CAD according to Gensini
score in patients with USAP/NSTEMI.
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Introduction

Acute coronary syndrome (ACS) is a manifestation of cardi-
ac ischemia and results in myocardial injury and necrosis in
line with the duration of ischemia. Cardiac markers, such as
creatine kinase MB (CK-MB), troponin I and T are used in
the diagnosis and risk stratification of patients with chest pain
and suspected ACS. For these biomarkers to be positive pro-
teins should be released from myocytes; in other words, there
should be sufficient amount of cell death. Accurate and early
diagnosis of ACS and early prediction of current coronary ar-
tery disease (CAD) severity, play a major role in the treatment.

Ischemia modified albumin (IMA) is a relatively new
marker approved by the US Food and Drug Administration
(FDA) and cleared as a risk stratification tool in myocardial is-
chemia and suspected ACS [1]. Sinha et al investigated wheth-
er IMA elevations correlate with increases in other markers of
oxidative stress, i.e., 8-iso prostaglandin F2-A (iP) [2]. They
compared IMA versus iP plasma levels in 19 patients under-
going PCI and 11 patients undergoing diagnostic angiography
(controls). During PCI, all 19 patients had chest pain and 18
had transient ischemic ST segment changes. IMA was elevated
from baseline in 18 of the 19 patients after PCI. Median IMA
levels were higher after PCI compared with baseline. Levels
remained elevated at 30 min and returned to baseline at 12 h.
iP levels were raised after PCI in nine of the 19 patients. How-
ever, median iP levels were not significantly different imme-
diately or 30 min after PCI. In the control group, IMA and iP
levels remained unchanged before and after angiography. They
concluded that IMA was a more consistent marker of ischemia
than iP in patients who develop chest pain and ST segment
changes during PCI. Collinson et al assessed if the combina-
tion of cardiac troponin and IMA can be used for early exclu-
sion of acute myocardial infarction (AMI) [3]. IMA or cardiac
troponin was elevated in the admission sample of all patients
with a final diagnosis of AMI (n = 37) with IMA alone elevated
in 2/37, cardiac troponin alone in 19/37, and both in 16/37. In
173/501 patients in whom AMI was excluded, both tests were
negative. They concluded that admission measurement of car-
diac troponin plus IMA could be used for early classification
of patients presenting to the emergency department to assist in
patient triage. Besides its role as an efficient molecule in the
diagnosis of ischemia, the detection of IMA in the early period
is considered to offer more advantages compared to most mol-
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ecules [4]. Despite these advantages of IMA, its association
with the severity of CAD has not yet been fully elucidated.
In this study, we investigated if the levels of IMA could help
predicting the severity or criticality of CAD in patients with
unstable angina pectoris/non-ST-elevation myocardial infarc-
tion (USAP/NSTEMI).

Materials and Methods

Patient selection

A total of 70 patients (45 men, 25 women; mean age: 62.1 +
10.6 years) who presented to the emergency department of Bu-
lent Ecevit University Hospital with angina or anginal equiva-
lent complaints, ST segment depression or marked T wave in-
version on ECG and/or with biomarkers of myocardial necrosis
above normal levels or slightly raised and received the initial
diagnosis of USAP/NSTEMI were included in this study.

The exclusion criteria included patients with myocardial
infarction with ST elevation, those with symptom onset longer
than 6 h, stable angina pectoris, severe systolic heart failure
(ejection fraction < 40%), pregnant women, patients with end
stage renal insufficiency, cancer, cerebrovascular stroke, pul-
monary embolism and those with diseases that interfere with
plasma albumin levels such as nephrotic syndrome or chronic
liver disease. Standard medical treatment regimen by taking
current vital parameters into account, was administered in line
with current guidelines in each patient. A total of five patients
who were on medications that are likely to interfere with plas-
ma albumin levels and those in whom valvular heart disease,
tachyarrhythmia, was detected, were excluded from the study.
The study was completed with 65 patients (40 men, 25 wom-
en; mean age: 59.7 = 12.1 years). All procedures were carried
out in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and na-
tional) and with the Helsinki Declaration of 1975, as revised
in 2008. All participants gave informed written consent. Local
ethics committee approved the study.

Coronary angiography

Coronary angiography was performed in all patients. All an-
giogram runs were performed using a Philips (Integris BH
5000, Philips, Netherlands) coronary angiography device. Se-
lective coronary angiograms, performed via femoral approach
using 6-French (F) and 7-F Judkins catheters, were evaluated
by quantitative analysis (AET-met S.P.A. Italy QCA). A 50%
or greater coronary lumen stenosis of any coronary vessel or
its lateral branch was considered as critical stenosis. The per-
centage of the stenosis in coronary arteries was determined by
consensus of two operators. Based on these criteria, 51 of the
patients had significant CAD (33 men, 18 women; mean age:
62.1 + 10.6 years), and 14 had non-significant CAD (seven
men, seven women; mean age: 51.3 & 13.8 years).

The severity of CAD was assessed using the Gensini scor-
ing system. Patients were classified as having mild, moder-
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ate and severe CAD according to the Gensini scoring system.
The Gensini score was calculated by multiplying the severity
coefficient, determined according to the degree of vessel nar-
rowing by the coefficient determined based on the functional
importance of the myocardial area supplied by the vessel with
stenosis. According to this classification system, | indicates ste-
nosis of 0-25%, 2 indicates stenosis of 25-50%, 4 indicates ste-
nosis of 50-75%, 8 indicates stenosis of 75-90%, 16 indicates
stenosis of 90-99% and 32 indicates stenosis of 100%, which
then was multiplied by the coefficient assigned to each main
coronary artery and each segment (5 for the left main coronary
lesion; 2.5 for the proximal left anterior descending branch
and left circumflex artery; 1.5 for the mid segment of the left
descending artery; 1 for the first diagonal branch and obtuse
marginal branches and 1 for the right coronary artery; 0.5 for
the second diagonal branch and posterolateral branch of the left
circumflex artery) and the results were summed, thus giving the
Gensini score for each patient. A Gensini score of 54 or greater
was considered as high, a score of 24 - 54 as moderate and a
score below 24 as low. Patients were then separated into low,
moderate and high score groups and these three groups were
individually statistically analyzed except for the control group
and the severe CAD group. There were 25 patients (13 women,
12 men; mean age: 57.7 = 17.7 years) in the low Gensini score
group, 24 patients (six women, 18 men; mean age: 59.4 + 9.5
years) in the moderate score group and 16 patients (six women,
10 men; mean age: 62.8 £ 9.1 years) in the high score group.

Laboratory parameters

The levels of troponin T, CK-MB, C-reactive protein (CRP),
brain natriuretic peptide (BNP), creatinine, lipid panel, and
whole blood count were measured from venous blood obtained
from each patient within 3 h after the onset of symptoms. Ve-
nous blood samples obtained for the measurement of levels of
IMA were centrifuged at 4,000 rpm for 10 min and stored at
-80 °C until needed. Serum IMA was analyzed using an IMA
ELISA kit (E90825Hu 96 Tests, Enzyme-linked Immunosorb-
ent Assay Kit for Ischemia Modified Albumin, China).

Statistical analysis

Statistical analysis was performed using SPSS for Windows
13.0. The Kolmogorov-Smirnov test was applied to test for a
normal distribution of numerical variables. Descriptive statis-
tics for numerical variables are presented as mean (maximal-
minimal value); whereas categorical data are presented as
numbers and percentage. The Chi-square test and Fisher exact
Chi-square test were used to analyze the differences between
the groups regarding categorical variables. Regarding numeri-
cal variables, comparison of means between the control and
critical CAD groups and the low, moderate, high score groups
was performed using the significance test when the assump-
tions of parametric test assumptions were met and applying
Mann-Whitney U test when the assumptions of parametric test
assumptions were not met. A regression analysis was used to
analyze the relationship between IMA levels and the severity

www.jocmr.org 571



IMA Predicts CAD Criticality

J Clin Med Res. 2018;10(7):570-575

Table 1. Comparison of Demographic Characteristics, IMA, CRP, BNP and Troponin Levels Between Patients With Critical CAD

and Non-Critical CAD

Critical CAD (n = 51) Non-critical CAD (n = 14) P (P <0.05)

Age (years) 64 (41-82) 45.5(30-77) 0.020*
Gender (n) 18 W, 33 M 7W,7M 0.489
Diabetes mellitus (n) 21 4 0.583
Hypertension (n) 32 8 0.943
Hyperlipidemia (n) 17 3 0.521
Smoking (n) 20 5 0.625
Systolic blood pressure (mm Hg) 130 (100 - 180) 125 (100 - 142) 0.194
Diastolic blood pressure (mm Hg) 80 (50 - 100) 70 (50 - 90) 0.006%*
Familial history of CAD (n) 12 5 0.493
Heart rate (beats/min) 83 (59 - 120) 76.5 (57 - 108) 0.155
IMA (ng/mL) (median) 206 (8 - 1,131) 23 (2-123) <0.001*
CRP (mg/dL) 3.8(1-97) 1.1(1-18.5) 0.076
BNP (pg/mL) 90 (3-614.6) 36.4 (7.1 -121.3) 0.012*
Troponin (ng/mL) 0.03 (0-4.1) 0.01 (0.1 -2.3) 0.632

BNP: brain natriuretic peptide; CAD: coronary artery disease; CRP: C-reactive protein; IMA: ischemia modified albumin; M: men; W: women. *Age
and diastolic blood pressure were significantly higher in the critical CAD group compared to the noncritical CAD group. The comparison of patients
with and without critical CAD revealed that IMA and BNP levels were significantly higher in patients with critical CAD.

of CAD in all patients and each group individually. The rela-
tionship between IMA levels and Gensini scores was analyzed
using a correlation analysis. A P value of < 0.05 was consid-
ered statistically significant with a confidence interval of 95%.
Receiver operating characteristic (ROC) curve was plotted to
determine the best diagnostic cut-off value for IMA.

Results

Patients were divided into two groups: critical CAD group
and non-critical CAD group (control). There were 51 patients
with critical CAD (33 men, 18 women; mean age: 62.1 + 10.6
years) and 14 with non-critical CAD (seven men, seven wom-
en; mean age: 51.3 + 13.8 years). The critical CAD group and
the control group were similar in terms of systolic blood pres-
sure, heart rate, gender, diabetes mellitus, hypertension, hyper-
lipidemia, familial history of CAD, and smoking history. Age
and diastolic blood pressure were significantly higher in the
critical CAD group compared to the noncritical CAD group
((64 (41 - 82) vs.45.5 (30 - 77), P=10.02; 80 (50 - 100) vs. 70
(50 - 90), P=0.006) (Table 1)).

Patients with a score below 24 were classified as having
low, those with a score between 24 and 54 as having moderate
and those with a score of 54 or greater as having high Gensini
scores. The classification of the groups according to Gensini
score level revealed that 25 patients (13 women, 12 men; mean
age: 57.7 £ 17.7 years) had low, 24 patients (six women, 18
men; mean age: 59.4 £ 9.5 years) had moderate and 16 patients
(six women, 10 men; mean age: 62.8 + 9.1 years) had high
Gensini scores. There were no differences in demographic
characteristics between these three groups (Table 2).
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The classification of the groups according to both the pres-
ence of critical CAD and Gensini score showed no significant
differences in levels of creatinine, uric acid, fasting blood glu-
cose, low-density lipoprotein (LDL), high-density lipoprotein
(HDL), triglyceride, total cholesterol, CK-MB, and whole
blood count (white blood cell (WBC), hemoglobin, hemato-
crit, platelet count, and mean platelet volume).

Nineteen patients had a troponin value above 0.06 ng/mL,
defined as the upper reference limit in our center; whereas 46
patients had a troponin value below 0.06 ng/mL. BNP was
above the upper reference limit in 50 patients; whereas 15 pa-
tients had a BNP level below the upper reference limit.

The comparison of patients with and without critical CAD
revealed that IMA and BNP levels were significantly higher
in patients with critical CAD (Table 1). Levels of CRP and
troponin were also higher in those with critical CAD, which
however did not reach the level of statistical significance. The
classification of the groups according to the Gensini score
level showed that BNP and troponin levels were significantly
higher in the high Gensini score group compared to the other
groups (Table 2). The levels of IMA and CRP were similar
between the groups.

The correlation analysis revealed a weak correlation be-
tween the Gensini score and IMA and age (r = 0.25, P = 0.05;
r = 0.28, P = 0.03, respectively) and a moderate correlation
between the Gensini score and BNP levels (r = 0.44, P =0.02).

The cut-off value for IMA in diagnosing critical CAD was
123. Values of 123 or greater predicted critical coronary artery
stenosis with a sensitivity of 64.7% and a specificity of 78.6%
(area under curve: 0.704; Fig. 1).

IMA levels were investigated in patients with troponin
levels above and below the upper reference limit, but no dif-
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Table 2. Demographic and Laboratory Characteristics of the Patients According to Gensini Scores

Low Gensini score

Moderate Gensini score

High Gensini score

(n=25) (n=24) (n=16) P(P<0.05
Age (years) 60.0 (30 - 82) 59.5(45-78) 62.8 (44 - 81) 0.386
Gender (n) 13W, 12M 6W, 18 M 6W, 10 M 0.151
Diabetes mellitus (n) 8 10 7 0.690
Hypertension (n) 15 16 9 0.785
Hyperlipidemia (n) 20 15 10 0.317
Smoking (n) 6 11 8 0.151
Systolic blood pressure (mm Hg) 120 (100 - 160) 130 (100 - 170) 130 (110 - 180) 0.677
Diastolic blood pressure (mm Hg) 80 (50 - 100) 80 (50 - 100) 80 (60 - 100) 0.146
Familial history of CAD (n) 6 8 3 0.561
Heart rate (beats/min) 82.0 (57 - 120) 85.5 (67 -101) 78.0 (64-102) 0.405
IMA (ng/mL) 101 (2 - 1,256) 225.5(2 - 841) 218.5(2-1,131) 0.268
CRP(mg/dL) 1.1(1-55) 3.7(1-97) 3.75(1.1-41.2) 0.291
BNP (pg/mL) 33.2 (7 -238) 87.5(5-615) 137.7 (36 - 496) 0.005*
Troponin (ng/mL) 0.01 (0.002 - 2.6) 0.06 (0.008 - 4.1) 0.25(0.01 - 2.3) 0.034*
Uric acid (mg/dL) 49(129-173) 6.35(5-9.8) 6.15(3.9-9) 0.106
Fasting blood glucose (mg/dL) 110 (70 - 326) 119 (70 - 1,151) 106 (86 - 374) 0.766
Creatinine (mg/dL) 1(0.6-1.5) 1(0.8-1.5) 1(0.7-1.4) 0.091
LDL (mg/dL) 98 (45 - 159) 111 (60 - 192) 108 (58 - 201) 0.095
HDL (mg/dL) 31 (21-385) 31 (18 -49) 33.5(22-62) 0.816
Triglycerides (mg/dL) 116 (60 - 335) 152.5 (65 - 266) 114.5 (80 - 326) 0.904
Total cholesterol (mg/dL) 154 (89 - 231) 190.5 (106 - 250) 171.5 (93 - 251) 0.082
WBC (1,000/uL) 7.9 (3.8 -20) 83(3.9-17) 8.5(4-12.4) 0.852
PLT (1,000/puL) 233 (124 - 383) 226.5 (129 - 368) 219.5 (127 - 385) 0.808
MPV (fL) 8.2 (6.6 -9.3) 7.85 (5.8 - 10) 8.2 (6.8-9.3) 0.676
HBG (g/dL) 12.1(9.2-15.9) 13.4(8.2-17.5) 122 (9.4-16.3) 0.203

BNP: brain natriuretic peptide; CAD: coronary artery disease; CRP: C-reactive protein; IMA: ischemia modified albumin; LDL: low-density lipoprotein;
HDL: high-density lipoprotein; WBC: white blood cell; PLT: platelet; MPV: mean platelet volume; HBG: hemoglobin. *The groups according to the
Gensini score level showed that BNP and troponin levels were significantly higher in the high Gensini score group compared to the other groups.

ference was noted.

Discussion

The prediction of the CAD severity or criticality in ACS can be
useful in the choice of treatment approach. Therefore, recent
researches have focused on identifying a non-invasive and eas-
ily available cardiac marker that can yield results rapidly par-
ticularly in emergency setting. An optimum marker should en-
able the prediction of ischemia independent from myocardial
injury, be elevated in the early period, circulate in blood long
enough to enable its detection, be easily measured, be cost-
effective, have high specificity and sensitivity and come back
in normal range in a 24-h period, thus enabling the prediction
of a recurrent ischemic attack [5].

Previous studies have shown that serum albumin under-
goes conformational transitions under ischemic conditions. N-

terminal region of normal human albumin detoxifies free oxy-
gen radicals and is a binding site for metals specifically cobalt,
copper, and nickel. During ischemia, oxygen radicals damage
the N-terminal region of human albumin and decrease albumin’s
capacity to bind metals. This modified albumin is referred to as
IMA. Elevation of IMA is directly associated with the amount of
free oxygen radicals that form during ischemia [6].

IMA has also been reported to increase not only in coronary
ischemia but also in ischemic conditions such as cerebrovascu-
lar diseases and pulmonary embolism [7-11]. In a study, Lippi et
al suggested that in vivo generation of IMA was an endogenous
mechanism of response to ischemia, preventing myocardial in-
jury and limiting the extent of myocyte necrosis [12]. Clinical
studies have shown that IMA levels are increased shortly after
the onset of ischemia, maintain these levels for 6 - 12 h and
then return to basal levels in 24 h [5], which indicates that IMA
is a marker that can be used both in the early and late periods.
Even though IMA was significantly higher in patients with criti-
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Figure 1. IMA cut-off value in diagnosing critical coronary artery dis-
ease. Values of 123 or greater predicted critical coronary artery steno-
sis with a sensitivity of 64.7% and a specificity of 78.6% (area under
curve: 0.704).

cal CAD in this study, IMA levels were similar among patients
with different Gensini scores. As is well known, the presence
of extensive disease in a coronary artery may not always result
in ischemia. The development of ischemia is associated with
severely narrowed coronary arteries with active plaque and
inflammation and thrombus burden of the active plaque. The
regression analysis demonstrated that IMA was associated not
with the Gensini score but with whether the disease was criti-
cal or not, which indicated that the presence of critical CAD
could be predicted in patients with elevated IMA levels. In addi-
tion, the detection of high IMA levels in patients presenting with
clinical signs and symptoms of ACS with no ST elevation to the
emergency department was indicative of critical CAD, requiring
the consideration of invasive procedure in these patients.

Wudkowska et al investigated the usefulness of IMA
measurement to differentiate patients with ACS with no ST
elevation and assessed IMA levels in two study groups: one
consisting of patients with elevated troponin concentration
and one consisting of those with troponin concentration be-
low reference value. They reported that the IMA concentration
did not differ between patients with NSTEMI and those with
USAP. On the other hand, the authors also suggested that the
IMA concentration was closely associated with the duration of
chest pain and correlated with BNP levels [13]. Patients with
NSTEMI/USAP who presented to the emergency department
within 3 h after the onset of chest pain were included in this
study presented here. In our study, IMA levels were investi-
gated in patients with troponin levels above and below the up-
per reference limit, but no difference was noted consistent with
the findings of Wudowska et al. IMA levels were significantly
higher in patients with critical CAD.
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The cut-off value for IMA in diagnosing critical CAD was
123. Values of 123 or greater predicted critical coronary ar-
tery stenosis with a sensitivity of 64.7% and a specificity of
78.6% (area under curve: 0.704). ROC curve indicated best
sensitivity and 1-specificity values at a cut-off of 123. Despite
its relatively low sensitivity, this cut-off value has a specific-
ity of 78.6%. With its nearly 80% specificity, it provides an
advantage of diagnosis of critical coronary ischemia without
any additional laboratory tests in most patients.

Study limitations

The main limitation of our study was the limited number of
cases that reduces the sensitivity and specificity of multivariate
analysis. One of the limitations was that the study group was
confined to patients with NSTEMI/USAP. Therefore, our find-
ings cannot be generalized to include all patients with ACS.
The other limitations include our inability to demonstrate cur-
rent ischemic load by using methods such as fractional flow
rate, so we were unable to quantify ischemia. Due to the avail-
ability of limited number of kits in our facility, we were unable
to identify a cut-off value for IMA in a large normal patient
population under our own conditions.

Conclusion

IMA and BNP levels are higher in patients with critical CAD
presenting with clinical signs and symptoms of USAP/NSTE-
MI. On the other hand, IMA levels cannot be used to predict the
Gensini score of CAD. The elevated BNP level is associated
with critical CAD and can predict high Gensini score without
hemodynamic changes. Future large-scale comparative studies
are warranted for investigating the relationship between IMA
and CAD severity and criticality.
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