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Abstract Acute coronary syndrome (ACS) is a term for a
range of clinical signs and symptoms suggestive of my-
ocardial ischemia. It results in functional and structural
changes and ultimately releasing protein from injured
cardiomyocytes. These cardiac markers play a major role
in diagnosis and prognosis of ACS. This study aims to
assess the efficacy of heart type fatty acid binding protein
(h-FABP) as a marker for ACS along with the routinely
used hs-TropT. In our observational study, plasma h-FABP
(cut-off 6.32 ng/ml) and routinely done hs-Trop T (cutoff
0.1 and 0.014 ng/ml) were estimated by immunometric
laboratory assays in 88 patients with acute chest pain.
Based on the clinical and laboratory test findings the pa-
tients were grouped into ACS (n = 41) and non-ACS
(n = 47). The diagnostic sensitivity, specificity, NPV, PPV
and ROC curve at 95 % CI were determined. Sensitivity of
hs-TropT (0.1 ng/ml), hs-TropT (0.014 ng/ml) and
h-FABP were 53, 86 and 78 % respectively and specificity
for the same were 98, 73 and 70 % respectively. Sensi-
tivity, specificity and NPV calculated for a cut-off
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combination of hs-TropT 0.014 ng/ml and h-FABP was
100, 51 and 100 % respectively. These results were sub-
stantiated by ROC analysis. Measurement of plasma
h-FABP and hs-TropT together on admission appears to be
more precise predictor of ACS rather than either hs-Trop T
or h-FABP.
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Introduction

Acute coronary syndrome (ACS) refers to a constellation of
clinical symptoms caused by acute myocardial ischemia.
Patients with ACS are subdivided into two major cate-
gories based on the 12-lead electrocardiogram (ECG) at
presentation, those with ST-elevation myocardial infarction
(STEMI) and those who present with ST-segment depres-
sion, T-wave changes, or no ECG abnormalities (non-ST
elevation ACS, NSTEACS). The latter term NSTEACS
includes both unstable angina and non-ST elevation my-
ocardial infarction (NSTEMI) [1], which can be detected
through biomarkers for myocardial necrosis.

Myocardial necrosis is accompanied by the release of
structural proteins and other intracellular macromolecules
into the cardiac interstitium as a result of compromise of
the integrity of cellular membranes [1]. Biomarkers of
myocardial necrosis include cardiac Troponin I and T
(Tropl and TropT), creatine phosphokinase and isoen-
zymes, heart type fatty acid binding protein (h-FABP) [2]
and myoglobin [3]. Currently, on the basis of improved
sensitivity and superior tissue-specificity compared with
the other available biomarkers of necrosis, troponins are
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the preferred biomarker for the detection of myocardial
injury [4]. Troponins typically increase more than 20 times
above the upper limit of the reference range in myocardial
infarction (MI) as compared to creatine kinase MB
(CKMB) which usually increases ten times above the ref-
erence range. The troponins begin to elevate 3 h from the
onset of chest pain in MI. And because of the continuous
release, troponin elevation persists for days. This prolonged
course with troponin is advantageous for the late diagnosis of
MI; however, it limits the diagnosis of early infarction [2].

Fatty acid binding proteins (FABP) are small
(12-15 kDa) cytoplasmic proteins that have diverse tissue
distribution and concentration in different organs, diverse
isoelectric point (PI), binding capacity and binding speci-
ficity [5]. These are abundantly expressed in tissues with an
active fatty acid metabolism such as heart and liver. The
primary function of FABP is facilitation of intracellular
long-chain fatty acid transport [6]. Heart-type fatty acid-
binding protein (h-FABP) is a low molecular weight
(14.5 kDa) protein, which contains 132 amino acid resi-
dues [7]. h-FABP is found in abundance in cardiomyocytes
but is also expressed (to a lesser extent) in skeletal muscle,
distal tubular cells of the kidney, specific parts of the brain,
lactating mammary glands and placenta [8]. h-FABP binds
two molecules of fatty acids and is involved in the delivery
of fatty acyl coenzyme A, which is actively included in
oxidation processes, which generate energy in the mito-
chondria. The concentration of fatty acids in plasma and in
myocardial tissue rise during myocardial ischemia and it is
postulated that h-FABP, which is immediately available for
the metabolic needs of the cell, protects myocytes against
fatty acid oxidation. Following myocardial cell damage,
this small protein diffuses much more rapidly than tro-
ponins through the interstitial space and appears in the
circulation probably through a trans-endothelial pathway
[9]. This protein can be detected in the blood as early as
1-3 h after onset of chest pain, with peak values reached at
6-8 h and plasma levels returning to normal within
24-30 h [10]. Thus, h-FABP appears to be a very stable
protein for early detection of myocardial necrosis and can
be useful for in vitro clinical diagnostic purposes.

Recent studies have shown that h-FABP might have
potential as an early cardiac biomarker in latent myocar-
dial injury. It can be used for prognosis in chronic heart
failure patients [11], and also to detect myocardial damage
within 1 h after onset of ischemia [12]. However, the
clinical impact of this on its diagnostic performance re-
mains uncertain [13]. This study aims to validate the
immunoturbidimetric quantitative in vitro determination of
h-FABP and to compare its levels to routinely measured
Troponin T levels in early diagnosis of patient presenting
with acute chest pain in emergency department in a ter-
tiary care hospital.
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Methods
Study Population

The study was carried out in the Department of Bio-
chemistry, P. D Hinduja National Hospital and Medical
Research Centre, Mumbai, India. Patients arriving at the
emergency department with chest pain or pain radiating to
left arm, epigastric pain, shortness of breath and other
symptoms indicative of ACS were recommended to per-
form biomarker test for Troponin T by the cardiologists.
These patients were then also analysed for h-FABP.
Symptom onset was recorded for each patient at the time of
admission. Demographics, including body mass index
(BMI) and clinical data, such as, ECG recordings, Systolic
and diastolic blood pressures diagnosis, revascularization,
and coronary risk factors were collected from hospital
medical records.

Final Diagnosis

Diagnostic outcome was categorized into two groups: (1)
ACS [which included Unstable, Angina (UA), STEMI, and
non-STEMI]; (2) No ACS [which included cases of non-
cardiac chest pain (NCCP), epigastric pain, left leg/arm
pain etc.]. The diagnosis of NCCP was based on absence of
significant findings indicative of cardiovascular problems,
laboratory tests and ECG findings.

Sample Collection and Biochemical Analysis

Blood samples drawn in EDTA vacutainer from the pa-
tients admitted to the Emergency department were sent to
the biochemistry laboratory for Troponin T (hs-TropT)
estimation. Plasma TropT levels were measured quantita-
tively using the Elecsys high sensitive Troponin T (hs-
TropT) immunoassay (Roche Diagnostics, Switzerland)
using 912 Roche analyzer. For this study, two different cut-
off values of 0.1 ng/ml recommended by WHO and
0.014 ng/ml recommended in kit insert by the manufac-
turers were used to compare the results. As analysis of
h-FABP was not done immediately after hs-TropT esti-
mation, these samples were stored at —80 °C till h-FABP
test was performed.

Estimations of h-FABP assay (Randox Laboratories Ltd.,
Crumlin, UK) was done on VITROS® 5, 1 FS Chemistry
System, (Ortho-Clinical Diagnostics, Johnson & Johnson
Limited) using bi-level quality control material and
calibrators supplied with the assay kit The analytical range
for h-FABP is 0.75-120 ng/ml; a cut-off of 6.32 ng/ml was
used to define abnormality based on 99th percentile for the
250 healthy controls as per the kit inserts.



Ind J Clin Biochem (Jan-Mar 2016) 31(1):87-92 89
Table 1 Baseline clinical data of subjects in the study population
Characteristic All subjects Subjects with Subjects without P value Significance
(n = 88) ACS (n = 41) ACS (n = 47)
Age (mean years + SD) 58.7 £ 16.2 64.6 £ 144 53.6 £ 15.7 0.44 NS
Male, n (%) 51 (58) 25 (61) 26 (55) 0.85 NS
Female, n (%) 37 (42) 16 (39) 21 (45) 0.72 NS
Risk factors
Hypertension, n (%) 45 (51) 22 (54) 23 (49) 0.65 NS
Diabetes, n (%) 22 (25) 13 (32) 9 (19) 0.18 NS
Smoking, n (%) 11 (13) 77) 49 0.23 NS
Renal disease, n (%) 5 (6) 3(7) 24 0.54 NS
Previous interventions, n (PCI/CABG) (%) 14 (16) 10 (24) 4 (9) 0.05 S
Clinical findings
Heart rate (beats/min) (mean + SD) 91.6 £ 25.3 95.3 £+ 32.1 88 + 19.18 _ _
Blood pressure (mmHg) (mean £+ SD)
Diastolic 849 £ 5 83.9 £+ 20.6 84.9 + 204 _ _
Systolic 131.1 £ 26.1 134.5 £ 23.6 136.1 £ 25.9 _ _
Creatinine (mg/dl) (mean £ SD) 14+13 13+14 1.5+ 18 _ _

ACS acute coronary syndrome, PCI percutaneous coronary interventions, CABG coronary artery bypass graft, SD standard deviation, NS non-

significant, S significant

Table 2 Bio-statistical analysis of cardiac markers in ACS patients

ACS Non-ACS Sensitivity (%) Specificity (%) PPV (%) NPV (%)
(n =41) (n = 47) 95 % CI) (95 % CI) 95 % CI) 95 % CI)
Trop T (cut off 0.1 ng/ml)
>0.1 TP =22 FP =1 53 (37.4-69.3) 98 (88.7-99.6) 96 (77.9-99.3) 71 (58.2-81.4)
<0.1 FN =19 TN = 46
Trop T (cut off 0.014 ng/ml)
>0.014 TP = 35 FP = 13 86 (70.8-94.4) 73 (57.4-84.4) 73 (58.2-84.7) 85 (70.2-94.3)
<0.014 FN =6 TN =34
h-FABP (cut off 6.32 ng/ml)
>6.32 TP = 32 FP = 14 78 (62.4-89.4) 70 (55.1-82.6) 70 (54.2-82.3) 79 (63.2-89.7)
<6.32 FN =9 TN =33

ACS acute coronary syndrome, PPV positive predictive value, NPV negative predictive value CI confidence interval, TP true positive, FP false

positive, TN true negative, FN false negative

Statistical Analysis (Table 2, 3)

Categorical variables are presented as numbers and per-
centages, while continuous variables are presented as
mean = SD (Standard deviation). Variables were com-
pared using z-transformation test, Chi squared test and
Mann—Whitney U test. All hypothesis were 2-tailed tests
and P < 0.05 was considered statistically significant. Area
under the receiver operator characteristic (ROC) curves at
95 % confidence interval (CI) was calculated using Med-
Calc Statistical Software (MedCalc version 12, Mariak-
erke, Belgium).

Results

Of the 88 patients, 41 (46.9 %) were diagnosed with ACS
at admission. Patients with a final diagnosis of ACS did not
differ significantly from those without ACS with respect to
mean age, gender, risk factors like hypertension, diabetes,
smoking, renal disease, previous interventions (Table 1).
In this study, two different diagnostic cut-offs were used
for hs-Trop T, 0.1 and 0.014 ng/ml respectively, to compare
the performance of the assay. The specificity of hs-
TropT >0.1 ng/ml (98 %) is significantly higher than Tro-
ponin T >0.014 ng/ml (73 %) and h-FABP >6.32 ng/ml
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Table 3 Bio-statistical analysis of cardiac markers in combination for ACS patients

ACS Non-ACS

(n = 41) (n = 47) (95 % CI)

Sensitivity (%)

PPV (%)
(95 % CI)

NPV (%)
(95 % CI)

Specificity (%)
95 % CI)

Trop T (cut off 0.1 ng/ml) and/or h-FABP (cut off 6.32 ng/ml)

>0.1 TP = 37 FP =15 90 (76.9-97.2)
<0.1 FN =4 TN = 32

Trop T (cut off 0.014 ng/ml) and/or h-FABP (cut off 6.32 ng/ml)
>0.014 TP = 41 FP = 23 100 (91.3-100)
<0.014 FN =0 TN =24

68 (52.9-80.9) 71 (56.9-82.9) 89 (73.9-96.8)

51 (36.1-65.9) 64 (51.1-75.7) 100 (91.7-100)

ACS acute coronary syndrome, PPV positive predictive value, NPV negative predictive value, CI confidence interval, TP true positive, FP false

positive, TN true negative, FN false negative
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h-FABP (6.32ng/ml) 0.728 0.0481 0.622 t0 0.817

Note — AUC: Area Under the receiver Operator Characteristic Curve, SE: Standard Error,

ClI: Confidence Interval

(70 %). In contrast, h-FABP >6.23 ng/ml and Troponin
T >0.014 ng/ml was more sensitive than Troponin
T >0.1 ng/ml with sensitivities equal to 78, 86 and 53 %
respectively. Table 2 shows that Troponin T > 0.014 ng/ml
is superior to Troponin T >0.1 ng/ml and h-FABP in terms
of accuracy.

A combination of h-FABP (>6.32 ng/ml) OR Trop T
(>0.014 ng/ml) was found to be optimal for early diagnosis
of ACS, comparing with the combination of h-FABP
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(>6.32 ng/ml) OR Trop T (>0.1 ng/ml) as the former gives
a sensitivity and NPV of 100 % (Table 3).

The area under the ROC curve to distinguish ACS from
non-ACS after the symptom onset was, 0.758 for TropT
(0.1 ng/ml), 0.798 for TropT (0.014 ng/ml) and 0.728 for
h-FABP (Fig. 1). And in combination, area under the curve
(AUC) for TropT (0.1 ng/ml) and h-FABP was 0.707
whereas for TropT (0.014 ng/ml) and h-FABP was 0.799
(Fig. 2).
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Discussion

This observational study demonstrated that measurement
of plasma h-FABP in accordance with Troponin T con-
centrations on admission provides important information
for risk stratification of patients presenting with ACS after
the onset of chest pain. Importance of biomarkers, both in
diagnosis and prognosis of ACS is now well established [2]
and proved superior to electrocardiographic guidance alone
[8]. Cardiac troponins remain the cornerstone in the risk
stratification of patients with suspected ACS [14]. h-FABP
has been reported to be particularly sensitive within the
first few hours after the onset of coronary occlusion and
symptoms. The reason for this sensitivity has been ex-
plained by its small molecular weight (15 kDa) and its
cytoplasmic unbound abundance, resulting in rapid release
from damaged myocardium. Authors [7, 10, 15] have re-
ported sensitivity and specificity as 42—-67 % and 95-97 %

respectively for troponin whereas for h-FABP, 75-87 %
and 89-93 %, in patients admitted with 6 h of chest pain
onset. Our study result was in complete agreement with the
above studies presenting with 53 and 97 % sensitivity and
specificity for Troponin T and 78 and 70 % for h-FABP
respectively.

The low h-FABP specificity of 42-70 % in similar set-
tings was also reported by number of other investigators [7,
10, 15-17]. The reasons for the poor specificity of h-FABP
for the final diagnosis of AMI have been due its presence in
tissues outside the heart or may be because renal insuffi-
ciency [18].

In accordance with our study, an increased sensitivity in
combination of hs-TropT measurement with h-FABP has
been discussed in other reports [3, 15, 18]. Also, ROC
curves demonstrated that a combined measurement of
plasma h-FABP and Troponin T, has a great potential
which allows to discriminate between ACS and non-ACS
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patients as compared to the conventional measurement of
both markers individually.

Conclusion

The present study highlights the importance of estimating
both cardiac markers (h-FAPB and hs-Trop T) in early
diagnosis of ACS. Furthermore, in cases present at the
emergency department after the chest pain onset, combined
use of Troponin T and h-FABP is optimal for improving
the early diagnosis of ACS. Also, the 100 % NPV at this
time point may improve the accuracy of discharge deci-
sions of the patients. The small sample size can be a
limitation of the study which prevent generalisation of re-
sults. However, further large scale studies would certainly
help to access the value of the combined use of these
markers in the context of suspected ACS, and to detect
myocardial ischemia and injury, such as after PCI or sur-
gical interventions.
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