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ABSTRACT
OBJECTIVES: We aimed to compare the plasma levels of biomarkers such as: serum Gal-3, H-FABP, cTnI, 
and CK-MB in patients, who were admitted to the emergency room with chest pain, and to determine whether 
these biomarkers have early diagnostic value of acute coronary syndrome (ACS).
METHODS: The study was performed in 60 patients aged ≥ 18 years, who were admitted to emergency room. 
These patients were divided into 3 groups: patients with STEMI (group I, n = 20), patients with NSTEMI (group 
II, n = 20), and patients with USAP (group III, n = 20). Serum Gal-3, H-FABP, cTnI, and CK-MB levels were 
measured at admission, and at the 2nd and 4th hours.
RESULTS: There were statistically signifi cant differences between the groups in terms of Gal-3 levels at admis-
sion, and the 2nd and 4th hours (p = 0.007, p = 0.002, and p = 0.001, respectively). There were statistically 
signifi cant differences between the groups in terms of H-FABP levels at admission, and the 2nd and 4th hours 
(p = 0.001, p = 0.003, and p = 0.003, respectively).There were statistically signifi cant differences between the 
groups in terms of cTnI levels at admission, and the 2nd and 4th hours (p < 0.001, p < 0.001, and p < 0.001, 
respectively). 
CONCLUSIONS: According to the results of the study, cTnI, H-FABP, and Gal-3 are useful parameters that can 
be used in the early diagnosis of ACS (Tab. 4, Ref. 36). Text in PDF www.elis.sk.
KEY WORDS: acute coronary syndromes, emergency room, galectin-3, heart-type fatty acid-binding protein.
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Introduction

Early diagnosis and treatment of life-threatening acute coro-
nary syndromes (ACS) such as: ST elevation and acute myocar-
dial infarction (STEMI), non-ST-elevation myocardial infarction 
(NSTEMI) and unstable angina pectoris (USAP) are important 
(1). Early diagnosis is very important in patients with ACS in 
order to reduce morbidity and mortality. To prevent unnecessary 
hospitalization and inappropriate discharges from hospital, new 
cardiac biomarkers are needed to show myocardial cell damage 
earlier. Therefore, in the diagnosis of acute myocardial infarction 
(AMI), measurements of cardiac troponin are also used besides 
electrocardiography (ECG). Heart-specifi c structural proteins are 
cardiac troponins (cTn), which are sensitive and specifi c markers 
of myocardial damage (2). In AMI, cTnI and cTnT are released 
from the damaged myocardium, both as unspoiled proteins and as 
spoilage products. Detection of cTn in peripheral blood indicates 
cardiomyocyte damage. Cardiac troponins are more sensitive and 

specifi c cardiomyocyte injury markers than creatine kinase (CK), 
creatine kinase MB isoenzyme (CK-MB), and myoglobin. 

Cardiac troponins are biologic markers of high sensitivity and 
specifi city in demonstrating myocardial damage. However, it is 
known that troponin can be elevated in many different clinical 
situations other than ACS, such as: acute or chronic congestive 
heart failure, pulmonary embolism, and infl ammatory heart dis-
eases (pericarditis, myocarditis, endocarditis). It is also reported 
that a certain time has to pass to determine high troponin levels 
in the plasma associated with ACS (3).

In some studies in literature, it is reported that Galectin-3 
(Gal-3) and heart-type fatty acid-binding protein (H-FABP), two 
of the new cardiac biomarkers, may be used in the diagnosis of 
ACS (4). H-FABP is a low-molecular-weight protein composed 
of 132 amino acids, which plays a role in myocardial fatty acid 
metabolism. H-FABP represents a transport protein family that al-
lows fatty acids to be transported through membranes specifi c to 
tissue. Plasma levels of H-FABP, which is found in large amounts 
in cardiomyocytes and in small amounts in brain, kidney and skel-
etal tissue, may increase in response to acute ischemic stroke and 
intensive exercise. It is released quickly into the cytosole in AMI.

Gal-3 is a glycoprotein binding, a 26-KDa lectin family pro-
tein secreted by activated cardiac macrophages. Plasma Gal-3 can 
predict cardiovascular death in patients with high risk, who are 
admitted for coronary angiography. Gal-3 is an independent risk 
factor for coronary artery disease (CAD) and an increase of an 
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average of 8.8 ng/mL in Gal-3 concentration detected during the 
mid-term follow-up in patients with MI is an independent predic-
tor for mortality (5, 6). 

Our aim in this study was to determine the effi cacy of Gal-3, 
H-FABP, troponin I, and CK-MB in the early diagnosis of ACS in 
patients admitted to the emergency room with chest pain.

Materials and methods

This prospective study was initiated after the approval of the 
Ethics Committee of Ondokuz Mayis University (date 13.07.2017, 
number B.3O.2ODM.0.20.08/10571103). Into this study, 60 pa-
tients aged ≥ 18 years, who were admitted to the emergency room 
of Samsun Training and Research Hospital with sudden-onset 
chest pain and who were diagnosed with acute coronary syndrome 
were included. Patients with renal insuffi ciency, collagen tissue 
disease, active infection, vasculitis, patients with psychiatric dis-
eases such as: depression or somatization disorder, and patients 
with previous coronary angioplasty, coronary by-pass surgery, and 
open heart surgery were excluded from the study. In the pre-study 
sample size analysis (d = 1.25, ơ = 1.1, α = 0.05, power = 0.80), 
the minimum number for the sample size was calculated as n = 
18 for each group. Twenty patients were planned to be included in 
each group in the study. Patients were divided into three groups. 

Group 1: Patients with unstable angina pectoris (n = 20). This 
group consisted of patients with typical chest pain lasting more 
than 20 minutes with new-onset or increasing frequency in the last 
two months with no increase in cTnI levels. 

Group 2: Patients with MI with acute ST segment elevation in 
ECG (n = 20). Patients in this group had typical chest pain lasting 
more than 30 minutes and had ST segment elevation (2 mm in the 
chest, 1 mm in the extremity leads) at two or more leads in ECG.

Group 3: Patients with MI without ST segment elevation in 
ECG (n = 20). Patients in this group had typical chest pain lasting 
more than 30 minutes, ST segment depression and T wave nega-
tivity in ECG, and elevated cTnI levels.

Three blood samples were taken from the patients: at admis-
sion, and at the 2nd and 4th hour after admission. After centrifug-
ing the blood samples of the patients for 10 minutes at 3500 RPM, 
plasma was separated and stored in a freezer at –70 °C. On the 
day of measurement, plasma samples were removed from the deep 
freezer and were left to defrost. After the plasma samples were 
defrosted, levels of biomarkers were measured according to the 
study principle in the kit. Simultaneously, plasma CK-MB, cTnI, 
Gal-3, and H-FABP levels were measured. 

Measurement of serum cTnI level 
Measurements were performed using a solid-phase radial 

partition enzyme immunoassay, which is a sandwich-type assay. 
After centrifuging the blood sample for 10 minutes at 4000 RPM, 
plasma was separated and loaded to the Siemens ADVIA Centaur 
CP Immunoassay System. In this procedure, monoclonal cTnI an-
tibodies (AB) linked to solid phase were at the central point of the 
glass fi ber paper in the test package. Then, enzyme-labelled Ab 
that binds specifi cally to a different antigenic region of the cTnI 

molecule was added. In this second incubation period, enzyme-
labeled Abs complex with cTnI antigens bound with Ab in the 
solid phase (Ab-cTnI-enzyme-labeled Ab complex). Unbound 
labelled-Abs were removed by washing. The washing solution 
contained a substrate (Lumi Phos* 530) that was used in labelling 
Ab and generated a luminescent product with alkaline phospha-
tase (ALP) activity.

Measurement of serum H-FABP and Gal-3 levels
Serum GAL–3 and H-FABP levels were measured using com-

mercial enzyme-linked immunosorbent assay (ELISA) kits (Gal-
3 Human Elisa Kit/Sunredbio Band Product Code: 201-12-1952, 
H-FABP Human Elisa Kit/Sunredbio Band Product Code: 201-
12-1214). During the measurement, plates that were coated with 
specifi c antibodies to Gal-3 and H-FABP were used. The samples 
and standards were placed in the wells of the plates. The Gal-3 
and H-FABP molecules found in serum and standards were incu-
bated to bind to the antibodies. Then, biotin-conjugated galectine 
and H-FABP-specifi c antibody were added into the Ab-Gal-3 and 
Ab-H-FABP complexes. After this process, color formation was 
achieved with the addition of Avidin-conjugated horseradish per-
oxidase (HRP) and TMB substrate. The reaction was stopped by 
adding a stop solution and the color was measured using a spectro-
photometer at 450 nm wavelength. The concentrations of samples 
were determined according to the absorbance concentration graph 
formed according to the standards. The results are given as ng/mL.

Statistical analysis 
The Statistical Package for Social Sciences (SPSS) for Win-

dows 22.0 (SPSS Inc, Chicago, IL) software package was used for 
statistical analysis. Descriptive statistics are expressed as the mean 
± standard deviation, median (minimum–maximum), frequency 
distribution, and percentages with tables. Pearson’s Chi-square 
test was used to evaluate categorical variables. The suitability of 
variables for normal distribution was studied using visual (histo-
gram and probability graphs) and analytical methods (Shapiro–
Wilk test). The Kruskal–Wallis test was used to make comparisons 
between three independent groups containing variables without 
normal distribution. The Mann–Whitney U test with Bonferroni 
correction in post-hoc paired comparisons was used to determine 
the source of the difference, when a signifi cant difference was 
detected. The Friedman test was used to make comparisons be-
tween three dependent groups. The Wilcoxon signed-rank test with 
Bonferroni correction in post-hoc paired comparisons was used to 
determine the source of the difference when a signifi cant differ-
ence was detected. The Spearman test was used to compare the 
relation between variables. Correlation coeffi cients of 0–0.25 were 
accepted as weak, 0.26–0.50 as moderate, 0.51–0.75 as strong, and 
0.76–1.00 as very strong relations. p value < 0.05 was considered 
statistically signifi cant.

 
Results

The mean age of the patients included in the study was 63.6 
± 13.5 (min 31 – max 88) years. Seventy percent were males (n 
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= 42) and 30 % were females (n = 18). There was no signifi cant 
difference between the study groups in terms of age and sex (p = 
0.134 and p = 0.788, respectively).

The values of CK-MB, cTnI, Gal-3 and H-FABP at admission, 
and the 2nd and 4th hours in each group are presented in Table 1.

There were statistically signifi cant differences between the 
groups in terms of cTnI levels at admission, and at the 2nd and 
4th hours (p < 0.001, p < 0.001, and p < 0.001, respectively). 
Post-hoc pairwise comparisons revealed that the signifi cant dif-
ference was due to the USAP group. cTnI levels at admission, 
and the 2nd and 4th hours were signifi cantly lower in the USAP 
group than in the STEMI and NSTEMI groups. No statistical 
difference was found between Gal-3 levels at admission and the 
2nd and 4th hours within each group (p > 0.05), whereas there 
was a statistically signifi cant difference between the USAP, STE-
MI and NSTMEI groups (p = 0.007, p = 0.002, and p = 0.001, 
respectively). Post-hoc pairwise comparisons revealed that the 
signifi cant difference was due to the USAP group. There were 
statistically signifi cant differences between the groups in terms 
of H-FABP levels at admission and the 2nd and 4th hours (p = 
0.001, p = 0.003, and p = 0.003, respectively). Post-hoc pairwise 
comparisons revealed that the signifi cant difference was due to 
the NSTEMI group. No statistical difference was found between 
H-FABP levels at admission, and the 2nd and 4th hours within 
each group (p > 0.05).

The relation between CK-MB, cTnI, Gal-3, and H-FABP val-
ues in the groups are presented in the Table 2.

There was a strong and positive, statistically signifi cant re-
lation between CK-MB and cTnI levels at admission in patients 
with STEMI (r = 0.80, p < 0.001); no relation was found between 
other cardiac biomarker levels at admission (p > 0.05). There was 

a strong and positive, statistically signifi cant relation between 
CK-MB and cTnI levels admission in patients with NSTEMI (r 
= 0.80, p < 0.001); no relation was found between other cardiac 

USAP (n = 20) STEMI (n = 20) NSTEMI (n = 20) p*

mean±SD median (min–max) mean±SD median (min–max) mean±SD median (min–max)

CK-MB 
(ng/mL)

0 hours 3.4±4.9b 2.1b  (0.7–23.6) 38.6±67.8 10.6 (0.6–300) 18.2±40.4 4.7 (0.5–136) 0.001
2nd hour 3.1±4.0bc 2.2bc (0.4–19.4) 82.7±105.5 45.6 (2.4–300) 29.7±71.2 7.2 (1–300) <0.001
4th hour xy2.8±3.8bc xy1.8bc (0.3–18.4) xy125.5±117.8c xy81.8c (3.2–300) 30.0±67.2 7.6 (1.4–300) <0.001
p** <0.001 <0.001 0.419

cTnI 
(ng/mL)

0 hours 0.01±0.01bc 0 (0–0.03)bc yz9.1±13.8 yz0.86 (0–50) 4.2±11.7 0.14 (0–50) <0.001
2nd hour 0.01±0.01bc 0 (0–0.03)bc 20.2±20.5 12.5 (0–50) 5.7±14.4 0.40 (0–50) <0.001
4th hour 0.01±0.01bc 0 (0–0.05)bc 28.6±20.8 32.1 (0–50) 10.2±18.2 0.54 (0–52) <0.001
p** 0.135 <0.001 0.079

Gal-3
0 hours 4.5±4.4bc 2.9 (0–20.2)bc 10.0±12.6 7.6 (0–58.6) 9.2±7.9 7.6 (0–36.8) 0.007
2nd hour 4.3±5.3bc 2.8 (0–21.2)bc 11.8±12.6 9.0 (2.2–52.6) 9.0±6.2 8.6 (0–281) 0.002
4th hour 4.2±5.9bc 2.4 (0–25.4)bc 9.9±13.1 7.4 (0.5–62.1) 10.4±6.7 10.0 (0–32.5) 0.001
p** 0.564 0.157 0.128

H-FABP
0 hours 3.9±2.9 3.1 (0.6–12.4) 4.3±3.8 3.2 (0.6–15.5) 1.7±1.0 1.5ab (0.5–4.6) 0.001
2nd hour 4.1±3.2 3.3 (0.7–14.8) 4.0±3.6 2.9 (0.3–14.0) 1.9±1.1 1.6ab (0.6–4.8) 0.003
4th hour 4.0±3.4 3.2 (0.4–15.5) 4.0±3.5 3.0 (0.9–13.3) 1.8±1.0 1.5ab (0.6–4.8) 0.003
p** 0.449 0.287 0.522

*Kruskal Wallis Test; **Friedman Test; aPost-hoc pairwise comparison showed statistically signifi cant difference with the “USAP” group; bPost-hoc pairwise comparison 
showed statistically signifi cant difference with the “STEMI” group; cPost-hoc pairwise comparison showed statistically signifi cant difference with the “NSTEMI” group; 
xPost-hoc pairwise comparison showed statistically signifi cant difference with the “0 hours” group; yPost-hoc pairwise comparison showed statistically signifi cant difference 
with the “2nd hour” group; zPost-hoc pairwise comparison showed statistically signifi cant difference with the “4th hour” group.

Tab. 1. The distribution of CK-MB, cTnI, Gal-3, and H-FABP levels at admission, and the 2nd and 4th hours between the three study groups 
and within each group.

0.hour CK-MB cTnI Gal-3 H-FABP

USAP 
(n=20)

CK-MB
R 1.000 0.345 0.065 –0.137
P . 0.137 0.785 0.565

cTnI
R 0.345 1.000 0.020 0.508*

p 0.137 . 0.934 0.022

Gal-3
R 0.065 0.020 1.000 0.066
p 0.785 0.934 . 0.782

H-FABP
R –0.137 0.508* 0.066 1.000
p 0.565 0.022 0.782 .

STEMI 
(n=20)

CK-MB
R 1.000 0.806** 0.094 –0.045
P . <0.001 0.693 0.850

cTnI
R 0.806** 1.000 0.063 0.132
P <0.001 . 0.792 0.578

Gal-3
R 0.094 0.063 1.000 0.147
P 0.693 0.792 . 0.535

H-FABP
R –0.045 0.132 0.147 1.000
P 0.850 0.578 0.535 .

NSTEMI 
(n=20)

CK-MB
R 1.000 0.802** –0.004 0.031
P . <0.001 0.987 0.897

cTnI
R 0.802** 1.000 0.019 0.154
P <0.001 . 0.937 0.517

Gal-3
R –0.004 0.019 1.000 0.370
P 0.987 0.937 . 0.109

H-FABP
R 0.031 0.154 0.370 1.000
P 0.897 0.517 0.109 .

r:Spearman Correlation Coeffi cient

Tab. 2. The relationship between CK-MB, cTnI, Gal-3, and H-FABP 
levels at admission within each study group.
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biomarker levels at admission (p  >0.05). There was a strong, sta-
tistically signifi cant relation between cTnI and H-FABP levels at 
admission in patients with USAP (r = 0.51, p = 0.022); no rela-
tion was found between other cardiac biomarker levels at admis-
sion (p > 0.05).

The relation between CK-MB, cTnI, Gal-3 and H-FABP levels 
at the 2nd hour in each study group is shown in Table 3.

There was a strong and positive, statistically signifi cant rela-
tion between cTnI and CK-MB levels at the 2nd hour in patients 
with STEMI (r = 0.80, p < 0.001); no relation was found between 
other cardiac biomarker levels at the 2nd hour (p > 0.05).There 
was a strong and positive, statistically signifi cant relation between 
cTnI and CK-MB levels at the 2nd hour in patients with NSTEMI 
(r = 0.83, p < 0.001); no relation was found between other cardiac 
biomarker levels at the 2nd hour (p > 0.05).

There was a strong and moderate, statistically signifi cant rela-
tion between cTnI and H-FABP levels at the 2nd hour in patients 
with USAP (r = 0.46; p = 0.040); no relation was found between 
other cardiac biomarker levels at the 2nd hour (p > 0.05).

The relation between CK-MB, cTnI, Gal-3 and H-FABP levels 
at the 4th hour in each study group is shown in Table 4.

There was a moderate and positive, statistically signifi cant re-
lation between cTnI and CK-MB levels at the 4th hour in patients 
with STEMI (r = 0.78, p < 0.001); no relation was found between 
other cardiac biomarker levels at the 4th hour (p > 0.05).

There was a positive and statistically signifi cant relation be-
tween cTnI and both CK-MB and Gal-3 levels at the 4th hour in 
patients with NSTEMI (r = 0.76; p < 0.001, r = 0.64; p < 0.002); 
no relation was found between other cardiac biomarker levels 
at the 4th hour (p > 0.05). No relation was found between CK-
MB, cTnI, Gal-3 and H-FABP levels at 4th hour in patients with 
USAP (p > 0.05).

Discussion

It is important to diagnose ACS in the early period to reduce 
both mortality and morbidity in patients admitted to emergency 
room with chest pain. Therefore, new cardiac biomarkers are 
needed to diagnose ACS in earlier time. By diagnosing ACS with 
these cardiac biomarkers in the earlier period, mortality and mor-
bidity rates can be reduced and accumulation of these patients in 
emergency rooms can be prevented. In this study, we investigated 
whether Gal-3 and H-FABP could be used as new cardiac biomark-
ers in the diagnosis of ACS in the early period, and whether they 
were superior to CK-MB and cTnI in patients, who were thought 
to have ACS.

Considering the tissue specifi city and improved sensitivity 
that cardiac troponins have, measurement of these is the most 
frequently used method in the diagnosis of ACS in patients with 
chest pain, but the diagnostic specifi city and sensitivity of cardiac 

2.hour CK-MB cTnI Gal-3 H-FABP

USAP 
(n=20)

CK-MB
r 1.000 0.298 0.296 –0.213
p . 0.202 0.205 0.367

cTnI
r 0.298 1.000 –0.172 0.463*

p 0.202 . 0.469 0.040

Gal-3
r 0.296 –0.172 1.000 0.039
p 0.205 0.469 . 0.870

H-FABP
r –0.213 0.463* 0.039 1.000
p 0.367 0.040 0.870 .

STEMI 
(n=20)

CK-MB
r 1.000 0.803** –0.125 0.173
p . <0.001 0.600 0.465

cTnI
r 0.803** 1.000 –0.058 –0.076
p <0.001 . 0.809 0.751

Gal-3
r –0.125 –0.058 1.000 –0.161
p 0.600 0.809 . 0.498

H-FABP
r 0.173 –0.076 –0.161 1.000
p 0.465 0.751 0.498 .

NSTEMI 
(n=20)

CK-MB
r 1.000 0.833** 0.352 –0.058
p . <0.001 0.128 0.808

cTnI
r 0.833** 1.000 0.442 –0.068
p <0.001 . 0.051 0.777

Gal-3
r 0.352 0.442 1.000 0.183
p 0.128 0.051 . 0.439

H-FABP
r –0.058 –0.068 0.183 1.000
p 0.808 0.777 0.439 .

r:Spearman Correlation Coeffi cient

Tab. 3. The relationship between CK-MB, cTnI, Galectin-3 and H-
FABP levels at 2nd hour within each study group.

4.hour CK-MB CTnI Gal-3 H-FABP

USAP 
(n=20)

CK-MB
r 1.000 0.124 0.100 –0.411
p . 0.602 0.675 0.072

cTnI
r 0.124 1.000 –0.099 0.189
p 0.602 . 0.678 0.425

Gal-3
r 0.100 –0.099 1.000 0.426
p 0.675 0.678 . 0.061

H-FABP
r –0.411 0.189 0.426 1.000
p 0.072 0.425 0.061 .

STEMI 
(n=20)

CK-MB
r 1.000 0.780** –0.164 0.014
p . <0.001 0.491 0.954

cTnI
r 0.780** 1.000 –0.163 –0.009
p <0.001 . 0.493 0.969

Gal-3
r –0.164 –0.163 1.000 0.077
p 0.491 0.493 . 0.748

H-FABP
r 0.014 –0.009 0.077 1.000
p 0.954 0.969 0.748 .

NSTEMI 
(n=20)

CK-MB
r 1.000 0.758** 0.314 0.313
p . <0.001 0.177 0.179

cTnI
r 0.758** 1.000 0.641** 0.199
p <0.001 . 0.002 0.399

Gal-3
r 0.314 0.641** 1.000 –0.066
p 0.177 0.002 . 0.782

H-FABP
r 0.313 0.199 –0.066 1.000
p 0.179 0.399 0.782 .

r:Spearman Correlation Coeffi cient

Tab. 4. The relationship between CK-MB, cTnI, Galectin-3 and H-
FABP levels at 4th hour within each study group.
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troponins during the fi rst hour of the pain are insuffi cient (7–9). 
Therefore, new cardiac biomarkers are needed in the early diag-
nosis of ACS.

Approaches evaluating more than one biomarker instead of 
one biomarker are reported to be more useful in diagnosing and 
excluding ACS (10, 11). The plasma levels of CK-MB and tropo-
nins begin to increase within 3–4 hours and myoglobin within 1 
hour after the onset of myocardial damage. However, myoglobin 
in not specifi c for myocardium and CK-MB and troponin levels 
do not increase in plasma in the early stages of ischemia, which 
means that they do not contribute to the early detection of myo-
cardial damage (12–14). As the result of our study, we found that 
patients with USAP did not have an increase in cTnI plasma lev-
els at admission, and the 2nd and 4th hours, but a signifi cant in-
crease in plasma cTnI levels was detected in patients with STEMI 
and NSTEMI. According to this fi nding, an increase in cTnI levels 
in patients with STEMI and NSTEMI may be an important indi-
cator in diagnosis. The diagnosis of NSTEMI is made by show-
ing an increase in serum levels of cardiac biomarkers showing 
myocardial necrosis because there is no ST elevation in ECG in 
NSTEMI (15).

A release of H-FABP from damaged myocardium was fi rst 
described in 1988 (16). Since then, various studies were carried 
out for the use of biochemical markers of myocardial injury in the 
clinical practice. After the detection of H-FABP as a sensitive and 
an early marker of myocardial damage, further studies have been 
conducted using other FABP types in determining and monitor-
ing tissue damage (17, 18). Alhadi et al reported that the H-FABP 
level at admission had the highest sensitivity in the diagnosis of 
ACS (19). Nakata et al and O’Donoghue et al. showed that H-
FABP was an early diagnostic and prognostic marker in ACS, 
and H-FABP levels began to rise in plasma 1–3 hours following 
initial ACS symptoms (20, 21). Gerede et al compared H-FABP 
with CK-MB and cTnI and showed that there was no difference 
between their specifi cities at 0–4 hours in the diagnosis of NSTE-
MI, but H-FABP had the highest sensitivity and there was no dif-
ference in sensitivity and specifi city for the 3 markers after the 6th 
hour (22). We found statistically signifi cant differences between 
the groups in terms of H-FABP levels at admission, and the 2nd 
and 4th hours. We showed that the differences originated from the 
NSTEMI group. The serum H-FABP levels of the patients in the 
NSTEMI group were found to be low. We assume that this was 
due to early admission to the emergency room, and less myo-
cardial damage in the patients with NSTEMI compared with the 
patients with STEMI. We believe that our fi ndings on H-FABP 
in patients with NSTEMI should be supported by further studies.

USAP has the most subjective diagnostic criteria among ACSs 
(23). Although there are not a large number of studies related to 
USAP and H-FABP in literature, Alnsari et al reported that H-FABP 
values supported the clinical fi ndings in patients with chest pain 
(24). Alhadi et al reported that H-FABP levels at admission, and 
the 2nd and 4th hours were signifi cantly higher than CK-MB and 
cTnI levels in the early diagnosis of USAP (19). In our study, we 
found a positive and strong relation between cTnI and H-FABP 
levels at admission, and positive and moderate relation between 

cTnI and H-FABP levels at the 2nd hour in patients with USAP. 
There was no difference between CK-MB, cTnI, and H-FABP 
levels at the 4th hour in patients with USAP. In addition, there 
was no difference between H-FABP levels at admission, and the 
2nd and 4th hours in patients with USAP. We believe that the 
fi ndings on H-FABP in patients with USAP should be supported 
by further studies.

Among the ACSs, STEMI has the highest mortality rate. Pa-
tients are characterized by increases and decreases in levels of 
cardiac biomarkers refl ecting myocardial damage, changes in 
successive ECG recordings, and prolonged chest pain for more 
than 30 minutes (25). In the study of Yoshihiko et al, H-FABP 
levels were reported to be more diagnostic than troponin T in the 
patients with STEMI (26). Rüzgar et al reported that H-FABP 
was more sensitive in the fi rst 6 hours in the patients with STEMI 
(27). In our study, there was no statistically signifi cant difference 
between H-FABP levels at admission, and the 2nd and 4th hours 
in the patients with STEMI. There is little research on H-FABP 
in the patients with STEMI because early diagnosis is made us-
ing ECG and there is no need to wait for cardiac marker results. 
Gerede et al. reported that waiting for cardiac marker resulted in 
delayed diagnosis and treatment in STEMI (22). In our study, pa-
tients with STEMI were enrolled in coronary angiography based 
on ECG fi ndings without waiting for cardiac marker results as 
indicated by Gerede et al. The fi rst blood samples were taken at 
the time of admission and the follow-up was performed in the in-
tensive care unit after coronary angiography. We believe that the 
lack of difference between H-FABP levels at admission, and the 
2nd and 4th hours in patients with STEMI was due to the rapid 
enrollment of patients in coronary angiography as soon as the 
diagnosis was made based on ECG, and as the result, minimal 
ischemia in cardiac myocytes.

Gal-3 has important pathophysiologic effects on the devel-
opment and progression of heart failure (HF) by causing fi brosis 
and infl ammation. Several studies have shown up-regulation of 
Gal-3 in left ventricular hypertrophy. Gal-3 acts by causing fi -
broblast proliferation and fi brosis, which occurs following mac-
rophage migration. The myocardial up-regulation effect of Gal-3 
has been shown in animal study prototypes such as: hypertensive 
rat prototype with a predisposition to CF, streptozotocin-induced 
diabetic cardiomyopathy, interferon γ-induced cardiomyopathy, 
and chronic active myocarditis in rats. The relationship between 
macrophage activation and myocardial up-regulation led by Gal-
3 was determined in these study prototypes (28–30). Lisowska et 
al indicated that Gal-3 levels increased slightly in patients with 
ACS compared with the control group. They assumed that this 
could be due to prior ischemic heart disease, hypertension, dia-
betes mellitus, dyslipidemia or severe coronary atherosclerosis 
in those patients. The authors reported no difference between 
the patients with NSTEMI and STEMI in terms of Gal-3 levels. 
However, there was no comparison made between Gal-3 and 
cardiac troponin levels (31). Sharma et al reported that the in-
crease in Gal-3 levels in patients with ACS was associated with 
co-morbid major adverse cardiovascular events in such patients. 
They also reported that serum Gal-3 level was associated with 



Atay E et al. Role of Gal-3 and H-FABP in the early diagnosis of acute coronary syndrome 

xx

129

cardiac remodeling after ischemia and might be effective in de-
termining adverse cardiovascular outcomes after ACS (32). Er-
lend et al reported no changes in serial measurements of serum 
Gal-3 levels in STEMI (33). Van Kimmenade et al and Lok et 
al showed that increased levels of Gal-3 could be a useful bio-
marker in the diagnosis and predicting prognosis of HF (34, 35). 
Chen et al suggested that increased Gal-3 levels were associated 
with the mortality rate of acute and chronic HF (36). We found 
statistically signifi cant changes between all the three groups in 
terms of Gal-3 levels at admission, and the 2nd and 4th hours. 
We also found that the change in Gal-3 levels was more signifi -
cant in patients with STEMI and NSTEMI than in patients with 
USAP. This could be due to the earlier admission of patients with 
USAP to the emergency room, and as the result, less damage in 
cardiac myocytes. Also, we found no difference between Gal-3 
levels at admission, and the 2nd and 4th hours within each group. 
Our results suggest that Gal-3 could be used in the diagnosis of 
STEMI and NSTEMI. 

Conclusions

According to our results, cTnI, H-FABP, and Gal-3 are useful 
parameters in the early diagnosis of ACS. We found an increase 
in cTnI levels from admission to the 4th hour, but no increase in 
H-FABP and Gal-3 levels from admission to the 4th hour.
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