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ABSTRACT

Objectives: The Ischemia Modified Albumin (IMA) test is a myocardial ischemia marker
which may have potential use for the diagnosis of Acute Coronary Syndrome. The aim of this
study was determine reference values of IMA test on the healthy people over the age of 15
who’s admitted to Canakkale Onsekiz Mart University.

Methods: This study was performed on 582 people over 15 years old and healthy in appearan-
ce who had presented at the Canakkale Onsekiz Mart University Faculty of Medicine Rese-
arch and Application Hospital. The year 2011 population of Turkey was taken as the reference
in the distribution of the study group according to age group and gender. A survey which
queried the demographic features and health problems was administered to the participants
of the study and 9 cc venous blood was drawn. IMA levels were measured by using the spect-
rophotometric method defined by Bar-Or. The mean, standard deviation, median, minimum,
maximum, and 2.5 % - 97.5 % interval were used in order to detect the IMA reference values.
Results: A total of 274 males (47.1 %) and 308 women (52.9 %) were studied. The mean IMA
value of the examined group was 0.339 + 0.093, and the median was 0.343 (Min-Max: 0.053-
0.631), while the 2.5 % - 97.5 % percentil values were 0.145 - 0.530.

Conclusion: Studies that indicate the reference levels of the IMA for the diagnosis of ische-
mic conditions are insufficient. Our study is expected to contribute to closing this gap.
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OZET

Amag: iskemi modifiye albumin (IMA) akut koroner sendromun tanisinda potansiyel kul-
lanim1 olabilecek bir miyokardiyal iskemi belirtecidir. Bu ¢alismada amacimiz Canakkale
Onsekiz Mart Universitesi’ne bagvuran 15 yasin iizerindeki saglikli insanlarda IMA testinin
referans degerlerini belirlemektir.

Gerec ve Yontemler: Bu ¢aligma Canakkale Onsekiz Mart Universitesi Tip Fakiiltesi Arag-
tirma ve Uygulama Hastanesine bagvuran 15 yas ve tizeri ve goriiniirde saglikli 582 kisi tize-
rinde gergeklestirilmistir. Calisma grubunun yas ve cinsiyet dagilimi belirlenirken 2011 yili
Tiirkiye niifusu referans olarak alinmistir. Katilimeilara demografik 6zelliklerinin ve saglik
problemlerinin sorgulandigi bir anket formu uygulandi ve 9 ml venéz kan alinmistir. IMA
diizeyleri Bar-Or tarafindan tanimlanan spektrofotometrik metot kullanilarak ol¢tilmiistiir.
IMA referans degerlerini saptamak i¢in ortalama, standart sapma, ortanca, minimum, mak-
simum ve % 2,5 - % 97,5 persentil degeri kullanilmigtir.

Bulgular: Toplamda 274 erkek (% 47,1) ve 308 kadin (% 52,9) degerlendirildi. Calisilan
grupta ortalama IMA degeri 0,339 + 0,093, ortanca degeri 0,343 (Min-Maks: 0,053 - 0,631),
% 2,5 - % 97,5 persentil degeri 0,145-0,530°dir.

Sonuglar: iskemik durumlarin tanisinda IMA’nin referans degerlerini vurgulayan ¢aligmalar
yetersizdir. Bizim ¢aligmamizin bu a¢ig1 kapatmaya katkida bulunacagini beklemekteyiz.
Anahtar Kelimeler: Iiskemi, iskemi Modifiye Albumin, Referans aralik

Cikar Catismasi: Yazarlarin makale konusu dahilinde herhangi bir ¢ikar catismalart bulun-
mamaktadir.
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Introduction

Numerous studies have been done on the use of Ische-
mia Modified Albumin (IMA) in the diagnosis of acute
coronary syndrome [1-3]. Some of these studies also
define the decision values regarding the presence or
absence of acute coronary syndrome in patients who
come to the emergency service with acute chest pain
[4, 5]. On the other hand, there are also studies stating
that IMA levels increase in pathologies other than acu-
te coronary syndromes and they may be a diagnostic
marker in these pathologies as well [6-9]. In fact, some
of these studies also suggested IMA as a marker for
oxidative stress [10, 11]. However, the number of studi-
es defining the normal population is inadequate. There
is especially no study that identifies the Turkish popu-
lation. In order to define the critical value of IMA that
will be able to identify pathologic situations, the nor-
mal values in different age groups and genders should
first be defined. Determining the normal IMA values
of the population in different age groups and genders
will help to identify the critical values in pathological
conditions.

The aim of this study was to determine the reference va-
lues of the IMA test in people over the age of 15 who
had no respiratory system and cardiac problems, chronic
diseases such as hypertension, or any other health issue.
The results obtained are expected to help in determining
the critical value in pathological conditions such as the
coronary syndrome in the long term.

Material and Methods

Study population and sample

This study was conducted at Canakkale 18 Mart Uni-
versity Faculty of Medicine, Research and Application
Hospital between May and July 2012. A total of 61070
people presented at the hospital outpatients in the same
period. The gender distribution was 58.8% female and
41.2% male (35919 and 25151 respectively). We planned
to reach a total of 600 subjects over the age of 15 who
had presented at the hospital outpatients, were healthy in
appearance, and had no respiratory system and cardiac
problems or chronic diseases such as hypertension. The
2011 population of Turkey was taken as the reference for
the distribution of the study groups according to the age
group and gender. According to the Turkey Statistical
Institute Address-Based Population Registration System,
the population aged 15 and over in 2011 is 55,837,694.
The gender distribution is 50.1 % female and 49.9 %
male. In order to determine the distribution according to
the age groups, we divided the population by age group
(15-19, 20-24, 25-29, ... 90-+) and stratified the subjects.
Table 1 provides the distribution of reference, targeted
and reached population according to the age groups. In
the end, we identified 582 volunteers meeting the inclu-
sion criteria of the study [12].
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Procedure and measures of data collection

The study was conducted at the Canakkale Onsekiz
Mart University Application and Research Hospital by
the Biochemistry Department. Research assistants of
the Department of Biochemistry interviewed the pati-
ents who had presented at the hospital’s outpatients for
examination. After the patients were informed verbally
and in writing, volunteers who had presented to the hos-
pital outpatients over the age of 15, who were healthy in
appearance, had no respiratory system and cardiac prob-
lems or chronic diseases such as hypertension participa-
ted in the study. The volunteers participating in the study
were asked to fill a questionnaire containing demograp-
hic information and personal health history.

A total of 9 cc of venous blood was taken from IMA par-
ticipants for determination of the reference value.

Laboratory analysis

The blood samples were transferred to plain tubes con-
taining no preservatives. Clot formation was allowed
for 30 minutes and the blood samples were centrifuged
before separating the serum. Then, the obtained serum
samples were subjected to measurement immediately.
ACB was analyzed according to the method described by
Bar-Or et al. In this method, 200 pL of serum is added to
the water solution of 50 puL 0.1 % (w/v) cobalt chloride
(CoCI2+6H20; Sigma-Aldrich Inc., St Louis, MO, USA).
It is mixed gently and left to sit for 10 minutes to allow
for sufficient cobalt—albumin binding to occur. Then, 50
uL of dithiothreitol (1.5mgemL—1H20; Sigma-Aldrich
Inc.) is added as a colorizing agent. After waiting for
2 minutes, 1.0 mL of 0.9% NaCl is added to stop the
cobalt-albumin binding process. Next, absorbance is
measured using a spectrophotometer at 470 nm. A blank
sample without dithiothreitol is used as the blind. The
results are reported in absorbance units (ABSU) [13].

Statistical evaluation

The data of the study were transferred to the SPSS 19.0
package program and the analysis was performed in this
program. In order to detect the IMA reference values,
mean, standard deviation, mean, minimum, maximum,
and 2.5 % - 97.5 % interval were used. These values
were calculated in five age groups over the age of 15 for
both genders. The conformance of the IMA value with
the normal distribution of the male, female and combi-
ned groups was evaluated with the Kolmogorov-Smir-
nov test and each of the three distributions was found to
conform to the normal distribution (Figure 1).

Ethical approval

Consent was obtained from the Canakkale Onsekiz Uni-
versity Clinical Studies Ethical Committee for this study
(Decision Number: 2012-2, Date: 11.01.2012).

Results
A total of 582 subjects consisting of 274 males (47.1 %)
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Figure 1. Distribution of IMA Values According to Gender, 2012, Canakkale, Turkey

and 308 women (52.9 %) were examined in this study.
The mean age of the subjects was 43.1+16.5 (male 45.5
+ 17.1, female 40.9 + 15.7) years. The 2011 population
based on the Turkey Statistical Institute Address-Based
Population Registration System was taken as the refe-
rence population. The distribution of the reference popu-
lation, targeted and reached population according to the
age groups is seen in Table 1.

The mean IMA value of the examined group was 0.339 +
0.093, the median 0.343 (Min-Max: 0.053 - 0.631), while
the 2.5 % - 97.5 % interval values were 0.145-0.530 (Tab-
le 2). IMA value reference intervals of the age groups
according to gender have been provided in Table 3, and
the distributions of 50 %, 2.5 % and 97.5 % values of the

Turk J Biochem, 2014; 39 (2) ; 132-139

IMA values can be observed in Figure 2. There was no
statistically significant difference the values according
to age group. IMA values were observed to comply with
the normal distribution in males and females and the to-
tal study group.

Coefficients of skewness and kurtosis of the examined
group was found to be 0.101, 0.202 respectively. Skew-
ness and kurtosis, respectively, 0.139, 0.277 were deter-
mined as in woman. In man, skewness and kurtosis was
found to be 0.147 and 0.293 respectively.

Discussion

IMA is an early indicator of cardiac ischemia that deve-
lops before necrosis. However, a change in IMA levels

135 Duman et al.



Table 2. Distribution of IMA Values According to the Age Groups, 2012, Canakkale, Turkey

Age Total
Groups Mean+SD Median(Min-Max) 2.5-97.5% Interval
1519 0.330+0.098 0.355(0.062-0.475) 0.064-0.474
20 - 24 0.319+0.085 0.329(0.079-0.517) 0.092-0.500
25 - 29 0.3490.087 0.342(0.167-0.613) 0.183-0.581
30 - 34 0.340+0.093 0.349(0.053-0.585) 0.088-0.565
35-39 0.35320.102 0.357(0.100-0.631) 0.107-0.623
40— 44 0.322+0.099 0.312(0.099-0.576) 0.105-0.550
45— 49 0.352+0.101 0.364(0.112-0.609) 0.128-0.600
50— 54 0.32620.100 0.330(0.072-0.56) 0.092-0.544
55— 59 0.350+0.080 0.359(0.204-0.532) 0.207-0.523
60 — 64 0.338+0.081 0.331(0.147-0.565) 0.155-0.540
65— 69 0.333+0.070 0.322(0.202-0.467) 0.202-0.467
70 - 74 0.310+0.086 0.322(0.140-0.415) 0.140-0.415
75-79 0.3610.107 0.370(0.126-0.572) 0.126-0.572
80 -84 0.54820.0/0 0.350(0.259-0.447) 0.259-0.447
o5 89 0.585°
. 0.456
Total 0.339+0.093 0.343 (0.053-0.631) 0.145-0.530
*: Value of a single person
0,7 2.5% 97.5%
0,623
0,6 0,600
0,581 0,565 0,572
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Figure 2. Distribution of IMA 2.5%, 50%, 97.5% Values According to the Age Groups, 2012, Canakkale, Turkey
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does not only indicate cardiac pathology as IMA levels
are also elevated in individuals with skeletal muscle isc-
hemia [14, 15].

The study by Troxler et al. [16] revealed that skeletal
muscle ischemia increased IMA levels in major arterial
surgical procedures. Similar results were also reported
by Montagnana et al. [17] during orthopedic surgical
procedures.

There are no reference studies in the literature on IMA
where normal reference ranges can be found. The ma-
jority of existing studies are in the form of comparison
of ischemic situations with the controls without the re-
levant ischemic condition. In addition, the separation
values for controls and patients in different diseases are
very different. Tiiredi et al., in their study on patients
with cardiac arrest, determined the mean IMA value of
the ABSU type as 0.16 for the control group and 0.25 in
the cardiac arrest group with an unfavorable prognosis
[18]. Giindiiz et al. found mean IMA values as 0.280 in
patients with brain infarction and 0.172 for the control
group [19]. However, in a study that evaluated IMA as
a marker of oxidative stress in patients with beta thales-
semia, IMA values were 0.725 in the thalessemia group
and 0.554 in the control group [10]. An attempt has been
made to estimate the IMA cut-off value in ischemic
events from these studies. Chen et al defined the ABSU
type mean IMA value in healthy people as a high value,
0.855, and the cut-off value for myocardial infarction as
0.906 [4]. The reference ranges of healthy individuals
are required to find the pathological diagnosis values
for IMA. It is not possible to say that the comparisons
made with healthy groups in the studies are sufficient to
provide these reference values. Shen et al found a value
of 0.55 in subjects with Acute Coronary Syndrome and
recommended a value of 0.34 for the control group [5].

The mean IMA value of 582 subjects over 15 years of
age who presented at the Canakkale Onsekiz Mart Uni-
versity Outpatients in our study was 0.339 + 0.093, the
median 0.343 (Min-Max: 0.053 - 0.631), while the 2.5 %
- 97.5 % interval values were 0.145-0.530.

Evaluation of the data we obtained in our study without
considering age groups and gender provided results in
support of Shen et al. [S]. However, the normal defini-
tion of a variable requires the taken sample to represent
the universe in size and nature. A sample similar to the
gender and age groups of the reference population that
can be considered as the universe should therefore be
selected. Although our study was conducted in the Ca-
nakkale Province, we tried to use the Turkish population
as the reference population in distribution when deter-
mining the distribution of sample size according to age
and gender. Deviations in some age groups and in males
are due to conduct of the study on patients who presen-
ted at the university hospital. A total of 61070 patients
presented at the hospital outpatients during May-July
2012, when the study data was collected, of which 58.8

Turk J Biochem, 2014; 39 (2) ; 132-139

% (35919) were female and 41.2 % (25151) were male.
This difference was naturally reflected in our study gro-
up. It was therefore quite hard to find a male patient who
met the study inclusion criteria in some groups. Such
studies that provide the normal IMA values are rare in
the literature. Information about normal IMA values is
usually obtained from the control groups consisting of
small samples in studies that try to determine ischemic
conditions. This is not a suitable method to find the refe-
rence ranges. Despite the problems with the age groups
in our study, a sample that may close the gap in the lite-
rature has been studied. However, we need more studies
that can represent the current population. The reference
intervals, IMA level assessment of myocardial ischemia,
distinguishing be used for diagnosis and follow-up. Ho-
wever, positive and negative predictive value that’s the
data to be obtained from the patient, the possibility to
remain outside the reference range is not known. New
studies are needed using the reference range values on
patients diagnosed with myocardial infarction.

These studies will provide guidance in determining the
pathological thresholds of IMA in ischemic conditions.
The differences between the cut-off values currently
obtained from the different studies in the literature can
thus be decreased.
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