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Abstract Heart type fatty acid binding protein (H-FABP)
is a major cytoplasmic low-molecular weight protein and
released into the circulation when the myocardium is
injured. Previous studies have demonstrated that H-FABP
is closely associated with acute coronary syndrome,
hypertrophic and dilated cardiomyopathy, heart failure,
stroke, obstructive sleep apnea syndrome, pulmonary
embolism. The aim of this study was to investigate serum
H-FABP value in the patients with metabolic syndrome
(MetS). We measured serum H-FABP levels in 55 con-
secutive patients with MetS, and 73 age-matched control
subjects by using a sandwich enzyme-linked immunosor-
bent assay. Serum H-FABP levels were significantly higher
in patients with MetS than in control subjects 18.37 & 13.0
and 7.9 £ 6.5 ng/ml, respectively, (P < 0.001). Serum
H-FABP levels were significantly higher in patients with
diabetic MetS than in without diabetic MetS, 24.0 + 10.2
and 13.9 £ 12.6 ng/ml, respectively, (P: 0,003). There
were statistically significant differences between patients
without diabetic MetS and control subjects, 13.8 &+ 12.6
and 7.9 £ 6.5 ng/ml, respectively, (P = 0.023). Patients
with MetS have an increased risk of death from cardio-
vascular diseases. H-FABP seems to be a marker that will
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enable the detection of cardiac injury in the early asymp-
tomatic period in patients with MetS.
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Abbreviations

BMI Body mass index

CVD Cardiovascular disease

HDL-C  High-density lipoprotein cholesterol
TG Triglycerides

CIMT Carotis intima-media thickness
H-FABP Heart type fatty acid binding protein
CAC Coronary artery calcium

MetS Metabolic syndrome

Introduction

Insulin resistance, dyslipidemia, hypertension, and impair-
ment of glucose homeostasis are closely linked to obesity,
forming a cluster of abnormalities well known as metabolic
syndrome (MetS) that is associated with increased athero-
sclerotic cardiovascular disease [1]. Although, major car-
diovascular events are the first clinical manifestation of
coronary artery disease in more than half of individuals,
these acute coronary events occur after long preceding
periods of subclinical disease development [2].

Heart type fatty acid binding protein (H-FABP), which
is abundant in the cytosol of cardiomyocytes, transports
fatty acids in cardiomyocytes. It is a powerful regulator of
the mitochondrial beta-oxidative system [3]. It is unde-
tectable in normal conditions but is released rapidly from
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cardiomyocytes into circulating blood after myocardial
damage. Molecular size and intracellular location are also
important factors determining the plasma kinetic release of
cardiac biomarkers. Small cytoplasmic molecules H-FABP
(15 kD) rise earlier (2-4 h) than bigger ones mainly
associated with myofibrils as cardiac troponins (6—12 h)
[4, 5]. Therefore, H-FABP has been used diagnostic marker
for acute coronary syndromes. On the other hand, previous
studies have demonstrated that serum level of H-FABP is
increased in patients with hypertrophic and dilated car-
diomyopathy, heart failure, stroke, obstructive sleep apnea
syndrome, pulmonary embolism [5—11].

In the present study, we tested the hypothesis that serum
H-FABP level is detectable in the circulation of patients
with MetS, and may be associated with subclinical
atherosclerosis.

Materials and methods

After getting approval of the Ethics Committee of Diskapi
Education and Research Hospital, we studied 55 MetS
(mean age 55 £ 9.0 years) patients and 73 age-matched
healthy control subjects (mean age 50 + 8.0 years). The
patients had been referred to the Endocrinology and
Metabolism Disease outpatient clinic at the Diskapi Edu-
cation and Research Hospital.

MetS was defined according to the revised National
Cholesterol Education Program Adult Treatment Panel III
criteria [12]. The individual components were waist cir-
cumference 88 cm for women or 102 cm for men, glucose
100 mg/dl, blood pressure 130/80 or on medication for
hypertension, high-density lipoprotein (HDL) <40 mg/dl
(men) or <50 mg/dl (women), and triglycerides 150 mg/dl.
The MetS patients were randomised as diabetic (n = 27) and
nondiabetic (n = 28), respectively. All patients underwent a
standard questionnaire, physical examination. Patients with
the history of acute coronary syndrome, heart failure, pul-
monary embolism, stroke, cardiomyopathy, renal, immu-
nological diseases, or those who were on drugs due to
disease, were excluded from the study. The control group
was composed of volunteers who did not have a history of
cardiological disease, acute coronary syndrome, heart fail-
ure, pulmonary embolism, stroke, cardiomyopathy, renal,
immunological diseases, diabetes mellitus, and MetS.

Heart type fatty acid binding protein

The H-FABP quantitative test is based on a solid phase
enzyme-linked immunosorbent assay. The assay system
utilizes an affinity-purified goat anti-H-FABP antibody for
solid phase (microtiter wells) immobilization and anti-
H-FABP antibody of the same goat in the antibody—enzyme
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(horseradish peroxidase) conjugate solution. The test
sample is allowed to react simultaneously with the anti-
bodies, resulting in H-FABP molecules being sandwiched
between the solid phase and enzyme-linked antibodies.
After 60-min incubation at room temperature in an orbital
shaker, the wells are washed with distilled water to remove
unbound-labeled antibodies. A solution of tetramethyl-
benzidine (TMB) reagent is added and incubated for
20 min at room temperature, resulting in the development
of a blue color. The color development is stopped with the
addition of Stop solution, and the color is changed to
yellow and measured spectrophotometrically at 450 nm.
The concentration of H-FABP is proportional to the color
intensity of the test sample. Coefficient of variation for the
H-FABP assay was 7-8% for intra-assay and 9.3-12.6%
for inter-assay.

Blood sample collections

A fasting venous blood sample was obtained for glucose
(hexokinase method using Autoanalyser AU5200), triglyc-
erides (glycerophosphate oxidase method using Autoanalyser
AUS5200), and HDL cholesterol (spectrophotometric method
using Roche-Hitachi Modular P device) measurement.

Statistical analyses

Data analyses were performed with SPSS 15.0 for Win-
dows. The continuous variables (age, body mass index,
HDL-C, systolic blood pressure, diastolic blood pressure,
fasting blood glucose, waist circumferences, triglyceride,
blood urea nitrogen and creatinine) were presented as
mean =+ standard deviation (SD), whereas categorical
variables (sex, history of diabetes mellitus, hypertension
and hypertriglyceridemia) were presented as %. The Stu-
dent’s ¢ or Mann—Whitney tests were used in order to
determine if there were any significant differences between
groups. The Student’s r-test was used to compare and
analyze differences in continuous variables that had a
normal distribution (age, waist circumferences, HDL-C,
body mass index). On the other hand, the variables without
normal distribution (systolic blood pressure, diastolic blood
pressure, fasting blood glucose, triglyceride, creatinine,
blood urea nitrogene) were tested by Mann—Whitney test.
Chi-square test was used to compare the sex distribution
between MetS and control groups. Categorical variables
with less than 5 cases (history of diabetes mellitus,
hypertension, hypertriglyceridemia) were compared by
Fisher’s Exact test. When there were more than two
groups, the significance of the difference between groups in
terms of continuous variables was investigated using the
Kruskall-Wallis test and post hoc Mann—Whitney U test.
The significance of a linear relation between the H-FABP



Endocr (2009) 36:433-437

435

and MetS components was evaluated by Spearman’s
correlation test. P < 0.05 was accepted as statistically
significant for the results.

Results

The demographic and biochemical features in patients with
MetS and normal control subjects are shown in Table 1.
Serum H-FABP levels were significantly elevated in MetS
patients when compared with control subjects, respec-
tively, (18.37 & 13.0 ng/ml, 7.9 + 6.5 ng/ml, P < 0.001).
The patients with MetS were divided into two groups based
on the presence or absence of diabetes mellitus (n = 27,
n = 28). We compared serum H-FABP levels for both
groups. Serum levels of H-FABP were higher in patients
with diabetic MetS than in patients without diabetic MetS,
respectively, (24.0 £ 10.2 ng/ml, 13.9 + 12.6 ng/ml, P =
0,003) (Fig. 1). There were significant differences between
nondiabetic MetS patients and control subjects, respec-
tively, (13.8 £ 12.6 ng/ml, 7.9 £ 6.5 ng/ml, P = 0.023)
(Fig. 2). A significant positive correlation was found
between H-FABP and waist circumference, in the MetS
subjects (r = 0.434, P = 0,001). No significant correla-
tions were identified between H-FABP and the other of
MetS parameters.

Discussion

The present study confirms that the increased serum levels
of H-FABP are detected in patients with MetS, and for the
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Fig. 1 Serum H-FABP levels in patients with metabolic syndrome
and control subjects. * Manny—Whitney test

first time, demonstrates that elevated circulating serum
levels of H-FABP may provide important prognostic
information in patients with MetS.

H-FABP is a 15 kDa protein that mediates the passage
of the fatty acids from the plasma membrane to sites of
lipid synthesis. It was reported that H-FABP is a potent
inducer of cardiac myocyte hypertrophy, stimulating an

Table 1 Demographic

characterist.ics anq biochemic'al Control (n =73) l(\zle:bsosl)ic syndrome P-value
data of patients with metabolic
syndrome and control group Age (year) 50.0 + 8.0 55.0 + 9.0 0.1212
Sex (male) 44% 40% 0.638"
Sex (female) 56% 60% 0.638"
BMI (kg/m?) 265 £ 32 273 £35 0.028*
Diabetes mellitus - 45% (n = 25) <0.001¢
Hypertension - 44% (n = 25) <0.001°¢
Hypertriglyceridemia - 26% (n = 15) <0.001°¢
Systolic blood pressure (mmHg) 125.0 £ 21.5 146.2 £ 18.5 <0.001¢
Diastolic blood pressure (mmHg) 794 £ 11.1 883 £ 122 <0.001¢
Fasting blood glucose (mg/dl) 903 £ 124 127.6 £ 43.9 <0.001¢
Waist circumferences (cm) 90.8 + 12.5 103.4 + 10.01 <0.001*
) Triglyceride (mg/dl) 111.0 £ 35.3 203.2 £ 89.5 <0.001¢
* Student’s r-test a
b Pearson Chi-square test HDL -C (mg{dl) 45.6 £ 9.0 438 £ 7.8 0.207 \
o Blood urea nitrogene (mg/dl) 32.70 £ 9.0 344+ 75 <0.001
Fisher’s Exact test Creatinine (mg/dl) 0.75 + 0.30 0.82 + 0.35 <0.001¢

d Mann—Whitney test
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Fig. 2 Serum H-FABP levels in patients with diabetic, non-diabetic
MetS and control subjects. * Manny—Whitney test

increase in cell surface area, protein synthesis, and c-jun
expression [13]. H-FABP has been introduced as a new
specific serum bio-marker for acute myocardial infarction
[14, 15]. H-FABP is more specific for heart muscle than are
other types of fatty acid binding protein [16, 17]. Nakata
et al. [18] demonstrated that serum H-FABP can be early
diagnostic and prognostic bio-chemical marker, particu-
larly within the first 6 h from the onset of chest symptoms,
in acute coronary syndrome. Arimoto et al. [19] demon-
strated that serum H-FABP levels are increased in heart
failure patients, are related to the severity of heart failure,
and may be novel independent prognostic information
irrespective of functional class. Tambara et al. [20] repor-
ted that pericardial fluid levels of H-FABP reflected myo-
cardial ischemia within 24 h of their measurements, and
may be secreted into the interstitial space, associated with
severe myocardial ischemia.

Alhadi et al. [21] concluded that H-FABP is a sensitive
marker for the detection of acute myocardial infarction, but
is not 100% cardiac-specific, because of its presence in
tissues outside the heart. In renal failure and skeletal
muscle disease, it has limited diagnostic value.

In our study, serum H-FABP levels were significantly
elevated in MetS patients when compared with control
subjects (18.3 £ 13.0 and 7.9 £ 6.5 ng/ml, respectively,
P < 0.001). Our findings also suggest that an elevated
circulating level of H-FABP is not only a highly sensitive
and specific marker of myocardial damage, but also an
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important prognostic determinant in patients with MetS.
However, an elevated circulating level of H-FABP can
reflect early identification of subclinical atherosclerosis in
patients with MetS.

Alexander et al. [22] have reported that MetS with
diabetes is associated with the highest prevalence of cor-
onary heart disease compared with MetS without diabetes
in >50 years of age. Iglseder et al. [23] demonstrated that
the effect of MetS on early atherosclerosis is more pro-
nounced in women than in men because of the strong link
between MetS and type 2 diabetes.

In our study, serum H-FABP levels were significantly
elevated in patients with diabetic MetS when compared in
patients without diabetic MetS (24.0 & 10.2 ng/ml and
13.9 £ 12.6 ng/ml, respectively, P = 0.003). These data
suggest that an elevated level of H-FABP can identify those
with diabetic MetS who are at increased risk of atheroscle-
rotic cardiovascular events, and patients with diabetic MetS
may warrant more aggressive therapy. Moreover, a signifi-
cant positive correlation was found between H-FABP and
waist circumference, in the MetS subjects (r = 0.434, P =
0.001). This suggests that the components of MetS and type 2
diabetes can affect serum H-FABP levels.

Screening for subclinical atherosclerosis using new
imaging technologies or novel biomarkers could help to
further risk-stratify patients with MetS. In particular, non-
invasive imaging of carotid intima-media thickness
(CIMT) and coronary artery calcium (CAC) scoring seem
to have promising prognostic value in identifying patients
at high risk [24-27].

In conclusion, as far as we are aware, the present study
is the first case—control study in which significant alteration
in serum H-FABP levels were detected in patients with
MetS. H-FABP may be used as a diagnostic serum marker
in patients with MetS to determine subclinical atheroscle-
rosis. Further studies are required to investigate the relation
between the value of H-FABP and the development of
cardiac dysfunction in patients with MetS in the long term
period.
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