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Objective: Ischemia-modified albumin (IMA)
is a novel marker for diagnosis of myocardial
ischemia and it is considered as a serum
marker. The aim of the study was to evalu-
ate salivary IMA levels in patients with acute
myocardial infarction (AMI) and to deter-
mine the relation between serum and sali-
vary IMA levels. Methods: A total of 60 pa-
tients with AMI and 40 control subjects who
are age and sex matched with AMI group
were included in our study. The diagnosis
of AMI was based on the WHO classifica-
tion criteria. All patients underwent the clini-
cal assessment, consisting of electrocardio-
graphy, and serum cardiac markers. Serum
and salivary IMA levels were measured at

the first and second days of AMI by using
a colorimetric method. Results: Serum IMA
levels were significantly higher in the first
and second day of AMI patients, however,
salivary IMA levels were significantly higher
in the first day of AMI patients compared to
the control (P < 0.05). There was a positive
correlation between salivary IMA levels and
serum IMA levels both in the first and sec-
ond day of AMI patients (r = 0.298, P < 0.05;
r = 0.319, P < 0.05, respectively). Conclu-
sion: We concluded that salivary IMA levels
at the first day of AMI could be used as an
alternative marker to serum IMA levels for
diagnosis of AMI. J. Clin. Lab. Anal. 27:99–
104, 2013. C© 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Acute myocardial infarction (AMI) is the major cause
of death throughout the world. The well-known symp-
tom of AMI is central substernal chest discomfort that
may radiate to the neck, back, or arms. The discomfort
is persistent (unrelieved by rest or nitrates); is frequently
associated with diaphoresis, nausea, dyspnea, and fear of
impending death; and usually achieves maximum inten-
sity over several minutes (1). It occurs when profound
and prolonged ischemia leads to irreversible myocardial
cell damage and necrosis that is accompanied by the re-
lease of structural proteins and other intracellular macro-
molecules (2). These are myoglobin, cardiac troponins T
and I (cTnT and cTnI), creatine kinase (CK), lactate dehy-
drogenase, as well as many others. In the clinical practice,
an elevation in levels of sensitive and specific biomarkers,
such as cTn and CK-MB, is recognized as AMI (3). Al-
though these usual biomarkers are sensitive and specific
for the detection of myocardial necrosis, an increase oc-
curs approximately 3 to 6 hr after the onset of myocardial
cell injury. Therefore, patients could wait before they are
diagnosed and treated in the emergency department (4,5).

New biomarkers have been assessed for acute coro-
nary syndrome (ACS) diagnosis such as heart-type fatty
acid-binding protein (h-FABP) (6) and ischemia-modified
albumin (IMA) (7). Myocardial ischemia gives rise to
change in the structure of the N-terminus of serum al-
bumin such that it reduces its binding capacity for transi-
tional metals such as cobalt. This alteration can be mea-
sured by the albumin cobalt binding (ACB) test (7, 8).
There are conflicting results about IMA levels and its
specifity in AMI. Some studies have shown that IMA is
an early sensitive marker for the diagnosis of reversible
ischemia (9,10). And it was also reported that IMA when
measured within 24 hr is a strong and independent pre-
dictor of cardiac outcome for 1 year and may be bene-
ficial to identify those requiring more aggressive medical
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management (11). On the other hand, some authors found
frequent false-positive results and a low specificity with
this test (12). Moreover, on a large cohort of patients ad-
mitted to an emergency department for chest pain, it was
concluded that IMA and h-FABP did not provide valu-
able information for ACS diagnosis (13).

Saliva might offer an alternative to serum as a biological
fluid analyzed for diagnostic purposes . Saliva is very easy
to collect and offers a cost-effective approach for screening
of large populations. It may also be an alternative for
patients whose blood is difficult to obtain or especially
when compliance is a problem (14). There is a growing
number of markers measured in saliva. As a diagnostic
fluid, saliva can give the same information as serum testing
and also additional or new information that cannot be
obtained from serum (15). Recently, it was shown that
both salivary CK and CK-MB isoform (CK-MB) levels
could be used as an alternative to those of serum levels in
patients with AMI (16, 17). The present study was aimed
to determine the relationship between serum and salivary
IMA levels and compare them between healthy subjects
and patients with AMI.

METHODS

Study Population

The protocol of this study was approved by the Med-
ical Ethics Committee of our institution and written in-
formed consent was obtained from all participants. The
diagnosis of AMI was based on fulfilling any two of the
following criteria (18): (i) Chest pain of less than 12 hr
duration, (ii) ST-segment elevation more than 1 mm in at
least two consecutive leads, (iii) increased cardiac markers
(CK-MB) two times the upper limit of the normal, and
(iv) presumably new onset bundle-branch block. Patients
with renal disease, thyroid disease, with a body mass in-
dex (BMI) more than 35, chronic inflammatory diseases,
recent major surgery, malignancy, and infection were ex-
cluded from this study. Healthy subjects were selected ran-
domly from subjects attending out patient department of
our hospital for minor ailments or routine medical check-
up. All subjects were assessed by clinical examination and
some laboratory tests including electrocardiogram (ECG)
and routine biochemical tests. Body weight and height
were recorded. BMI was calculated as kg/m2. History of
smoking and alcohol consumption was noted in details.
Patients and healthy subjects were also investigated for
conventional risk factors (BMI, lipid profile).

Sample Collection and Preparation

In order to standardize the samples, the salivary samples
were collected from patients who did not have any caries

in their mouth. People with lesion(s) in their mouths or
with muscular trauma were excluded from the study. All
participants received detailed information about the col-
lection protocol. Both venous blood and salivary samples
were obtained simultaneously from each patient on the
first 24 hr and first 48 hr after occurrence of AMI. They
had been advised not to eat, to brush teeth, or smoke 1
hr before the sample collection. All participants rinsed
their mouths thoroughly with tap water before the collec-
tion. Saliva was sampled for 5 min with the mouth closed
without stimulation and transferred to plastic test tubes.
Salivary samples were collected by established methods
(19). Whole saliva was collected into a 10-ml test tube,
and then centrifuged at 10,000 × g for 10 min. Venous
blood samples were obtained from the antecubital fossa
of the arm following salivary sampling. Blood samples
were centrifuged at 3,800 × g for 10 min. Then serum and
salivary supernatants were isolated and stored in aliquots
at −20◦C until the time for analysis.

Biochemical Analysis

We measured serum lipid profile, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) activities
and urea, creatinine, sodium (Na), and potassium (K)
levels. High-density lipoprotein cholesterol (HDL-C) lev-
els were determined with direct enzymatic method with-
out precipitation (Randox, UK). Low-density lipoprotein
cholesterol (LDL-C) levels were calculated with Friede-
wald formula. Estimation of other parameters was done
by routine methods using autoanalyzer (Synchron LX20
system, Beckman Coulter, CA, USA). The serum concen-
trations of CK-MB and cTnI were determined by using
UniCel DxI 800 analyzer (Beckman Coulter, CA, USA).
The cut-off values for CK-MB and cTnI were set at 6.3
ng/ml and 0.04 ng/ml, respectively. The measurement of
all the cardiac markers using the analyzer in each sample
was completed within 50 min.

IMA Analysis

A manual colorimetric assay described by Bar-Or
et al. (20) was used to access the ability of binding
exogenous cobalt Co(II) to human albumin in serum.
Fifty microliters of water solution of 0.1% cobalt chlo-
ride (CoCl26H2O) was added to 200 μl of plasma, gen-
tly mixed and after 10 min (for adequate cobalt albu-
min binding), the 50 μL of dithiothreitiol (DTT) solution
(1.5 mg/ml H2O) was added as a colorizing agent and the
reaction was quenched 2 min later by adding 1.0 ml of
0.9% NaCl. Color development with DTT was measured
spectrophotometrically at 470 nm in comparison with a
plasma cobalt blank without DTT. The results were given
in absorbance units (ABSU).
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Statistical Analysis

Statistical analyses were performed using SPSS (version
16.0 (SPSS Inc., IL). To compare the ratio of categori-
cal variables, we used the Chi-squared test. The normal-
ity of the variables was evaluated using the one-sample
Kolmogorov–Smirnov test. Total cholesterol (TC), LDL-
C, urea, K, age, and weight were distributed paramet-
rically but creatinine, HDL-C, triglycerides (TG), AST,
ALT, Na, height, and BMI were not normally dis-
tributed nonparametrically. Independent Samples t-test
and Mann–Whitney U test were used for comparing mean
and the median values, respectively. We performed (inter-
group comparisons) independent samples t-test to com-
pare the difference in the levels of serum and salivary IMA
between healthy subjects and AMI patients. In addition,
intragroup comparisons (first day and second day) were
performed by paired-sample t-test. The correlations be-
tween variables were tested by Pearson’s correlation test.
All data are expressed as mean ± standard deviations
(SDs). Differences were considered significant at a prob-
ability level of P < 0.05.

RESULTS

Clinical characteristics and biochemical parameters of
the subjects are presented in Table 1. Body weight, BMI,
TC, TG, AST, ALT, urea, creatinine, LDL-C, and TC lev-
els of the AMI patients were significantly higher, whereas
HDL-C levels were lower than those of the healthy sub-
jects. In addition, no significant differences were observed
in age, gender, height, serum Na, and K levels in AMI
patients and healthy subjects.

Serum and salivary IMA levels of the groups are pre-
sented in Table 2. Serum IMA levels were significantly
higher in the first and second day and salivary IMA levels
were significantly higher only in the first day of AMI pa-
tients than the healthy subjects (Fig. 1). In addition, there
were no different between serum and salivary IMA levels
in the first day and second day of AMI patients.

Simple correlation analysis was performed to investi-
gate the association between serum and salivary IMA lev-
els. As shown in Table 3, on the first day, AMI patients
serum levels of IMA were positively correlated with the
salivary levels and on the second day serum levels of IMA
were positively correlated with the salivary levels. On the
other hand, serum IMA levels were positively correlated
with salivary levels in healthy subjects.

DISCUSSION

Accurate and rapid diagnosis of AMI is essential be-
cause it has high mortality rates. Our results have demon-
strated that, both on the first and second day, salivary and

TABLE 1. Clinical Characteristics and Biochemical Variables of
the Patients with AMI and the Control Group

AMI Controls
Characteristics (n = 60) (n = 40) P

Gender (F/M) 8/52 6/34 0.518
Age (years) 56.25 ± 12.1 52.45 ± 8.9 0.082
Weight (kg) 78.45 ± 12.2 73.47 ± 7.4 0.017
Height (cm) 169.42 ± 9.1 170.22 ± 8.6 0.703
BMI (kg/m2) 27.34 ± 4.0 25.15 ± 2.9 0.003
Current smoking (%) 80 – –
Hypertension (%) 21.66 – –
Diabetes mellitus (%) 16.66 – –
Total-Cholesterol (mg/dl)a 191.26 ± 48.5 174.38 ± 21.4 0.027
Triglycerides (mg/dl)a 166.96 ± 129.0 95.30 ± 44.1 <0.001
HDL-C (mg/dl)a 35.18 ± 11.5 44.73 ± 11.5 <0.001
LDL-C (mg/dl)a 122.96 ± 35.0 114.13 ± 27.3 0.170
AST (U/l)a 71.75 ± 77.1 18.65 ± 3.1 <0.001
ALT (U/l)a 29.54 ± 17.6 17.30 ± 4.6 <0.001
Urea (mg/dl)a 30.86 ± 9.8 26.35 ± 8.8 0.022
Creatinine (mg/dl)a 0.97 ± 0.5 0.72 ± 0.1 <0.001
Sodium (mEq/l)a 137.28 ± 4.9 138.90 ± 2.6 0.074
Potassium (mEq/l)a 4.31 ± 0.5 4.24 ± 0.5 0.567
cTnI (ng/ml)a 28.41 ± 37.3 – –
CK-MB (ng/ml)a 119.30 ± 114.3 – –

aSerum samples were obtained at the time of hospitalization.
BMI, body mass index; HDL-C, high-density lipoprotein-cholesterol;
LDL-C, low-density lipoprotein-cholesterol; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; cTnI, cardiac troponin I;
CK-MB, creatine kinase MB.

TABLE 2. Serum and Salivary IMA Levels of the Patients with
AMI and the Control Group

AMI Controls
Parameters (n = 60) (n = 40) •P

Serum IMA (ABSU)
First day 1.30 ± 0.1 0.92 ± 0.1 <0.001
Second day 1.28 ± 0.1 <0.001

Saliva IMA (ABSU)
First day 1.07 ± 0.3 0.90 ± 0.4 0.027
Second day 0.99 ± 0.3 0.217

Serum IMA (ABSU) First day Second day ••P
1.30 ± 0.1 1.28 ± 0.1 0.233

Saliva IMA (ABSU) First day Second day ••P
1.07 ± 0.3 0.99 ± 0.3 0.076

IMA, ischemia-modified albumin; •Independent samples t-test;
••Paired samples t-test.

serum IMA levels were increased in patients with AMI
compared to the healthy subjects. Moreover, salivary IMA
levels correlated with serum levels in two groups. To the
best of our knowledge, the salivary IMA levels of AMI
patients have not been investigated yet.

AMI is the main cause of death in the world (1). In the
diagnosis of AMI, markers of myocardial necrosis such as
cTn and CK-MB are used as the gold standard (21). There
is an increasing interest in discovering new biomarkers
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Fig. 1. Ischemia-modified albumin (IMA) levels in serum and saliva
in patients with acute myocardial infarction (AMI) and controls. *P <

0.05, **P < 0.001 compared with control group.

TABLE 3. Results of Correlation Analysis Between Serum and
Salivary Ischemia-Modified Albumin (IMA) Levels

AMI patiens Controls

First day
Serum-saliva r = 0.298 r = 0.454

P = 0.040 P = 0.003
Second day

Serum-saliva r = 0.319
P = 0.024

Acute myocardial infarction (AMI).

that could be more sensitive or require shorter time peri-
ods for testing compared to the common biomarkers such
as cardiac-specific troponins. Moreover, it may reduce the
time of assessment to rule out ACS in patients in the emer-
gency department, thus reducing length of stay times and
potentially hospital costs (22). IMA is one of these mark-
ers. Myocardial ischemia that precedes AMI is associated
with changes in human serum albumin that results in de-
creased divalent cobalt ion (Co2+) binding. The principle
of this reaction depends on colorimetric Co2+-albumin
binding assay, which is an indirect measure of IMA. It
was shown that IMA was a useful diagnostic test for the
diagnosis of myocardial ischemia in potential ACS pa-
tients (8). This method has been developed to determine
IMA in the setting of cardiac ischemia, which could im-
prove the sensitivity of diagnosing ACS. Although some
studies supported the use of IMA in patients presenting
symptoms of ACS (12, 23–25), the others did not sup-
port the use of IMA alone in the diagnosis of ACS or
AMI (26–30). IMA levels in our study are consistent with
some previous reports, that serum IMA levels of patients
with AMI were significantly higher than those of healthy
subjects.

The composition of saliva is originated from typical
extracellular fluids such as plasma, but in the salivary

glands, the active transport and secretion mechanisms
may change the composition of saliva. It might be an
excellent alternative to serum as a biological fluid an-
alyzed for diagnostic aims. Because salivary collection
is very easy and is a plausible method to screen large
populations, it is a good alternative for patients whose
blood is difficult to obtain or when compliance is a prob-
lem (14). Moreover, the laboratory procedures are easier
than blood samples since it does not clot, thus reduc-
ing the number of required manipulations (31). On the
other hand, saliva has a dynamic composition that may
be affected by many physiologic variables such as diet,
pH, health conditions, and salivary flow rate (32). Under
standardized conditions, saliva could be a good option. It
was reported that saliva has been proposed for monitor-
ing drugs such as digoxin, ethanol, cocaine, marijuana,
and opioids. Measurements of salivary tests are increas-
ing rapidly with recent technological advances (33). It was
demonstrated in many reports that saliva could be used
for drug monitoring and diagnosis of hereditary disor-
ders, autoimmune diseases, infectious diseases, endocrine
disorders, and cancers (14, 34, 35). There are a few pa-
pers investigating salivary cardiac biomarkers in patients
with AMI (16, 17, 36). Floriano et al. (36) reported sig-
nificant differences of both established and novel cardiac
biomarkers in serum and saliva produced from AMI pa-
tients and healthy controls. The saliva-based biomarker
panel of C-reactive protein, myoglobin, and myeloper-
oxidase exhibited significant diagnostic capability and in
conjunction with ECG yielded strong screening capacity
for AMI comparable to that of the panel (brain natriuretic
peptide, cTnI, CK-MB, myoglobin). They concluded that
complementary to ECG, saliva-based tests may provide a
convenient and rapid screening method for cardiac events
in pre-hospital stages for AMI patients. Recently, it was
reported that both CK and CK-MB levels in the saliva
of AMI patients were significantly higher than those of
the controls. The authors suggested that the underlying
mechanism of this increase is yet unknown. But plasma is
obviously the main source of salivary secretions, and any
change in the blood levels can lead to a similar, though
to a lesser extent, modification in salivary content of this
necrotic biomarkers (16,17). However, in another study, it
has been shown that salivary CK-MB levels do not show a
significant difference between AMI patients and controls
(36).

CONCLUSION

In the present study, we determined higher serum and
salivary IMA levels on the first day of AMI and higher
serum IMA levels on the second day of AMI in patients
as compared to the healthy subjects. Salivary IMA levels
correlated significantly with serum IMA levels in both
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days. The present study has some limitations. We assayed
IMA levels in serum and saliva at the first 24 hr and first
48 hr after occurrence of AMI. We did not measure the
salivary IMA levels in the first few hours after the onset of
AMI. The patients often admitted to emergency service
4–8 hr after the onset of the chest pain. Moreover, we
did not include patients with unstable angina. Therefore,
we could not have any data about the IMA levels on the
onset of this condition and in the cases with suspected
but not diagnosed as AMI. Further studies are needed
for the assessment of salivary IMA levels on the time of
admission and in larger study groups.

We concluded that salivary IMA levels at the first day
of AMI might be used for developing an alternative diag-
nostic biomarker for myocardial infarction, especially in
the first day.
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