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/ABSTRACT \

Background: Heart Type Fatty Acid Binding Protein (H-FABP) is a biomarker suggested for early
detection of Acute Coronary Syndrome (ACS). Early diagnosis and management are critical as it
could prevent and reduce morbidity and mortality. The study aimed to determine the diagnostic
accuracy of H-FABP as a biomarker of ACS compared to gold standard high-sensitivity Troponin |
(hs-Tnl) and/or ECG findings suggesting ischemia.

Methods: The study was conducted from May 2020 to November 2020 at Dr. Ziauddin University
Hospital in Karachi. Blood samples of 154 patients were collected, who presented to an emergency
department or admitted to the Cardiac Care Unit more than 18 years of age with sympfoms
suggesting angina as pain in the chest, left arm/lower jaw, increased heart rate and shortness of
breath. Patient data regarding age, gender, duration of chest pain onset, kidney disease, diabetes
mellitus, hypertension and smoking were collected. Serum H-FABP was analyzed on a Quantitative
Fluorescence immunoassay Analyzer. Diagnostic accuracy statistics for H-FABP were calculated
with the help of contingency tables taking hs-Tnl and/or ECG findings as a gold standard.

Results: Overall H-FABP showed sensitivity (?1.0%), specificity (76.7%), PPV (90.9%), NPV (76.7%) and
diagnostic accuracy was 87.58%. H-FABP demonstrated an Area Under Curve (0.911, 95%
C.1:0.850-0.972, p<0.001), higher than that of hs-Tnl (0.908, ?5% C.1:0.844-0.971, p<0.001) in patients
having chest pain for 3 hours or less, at the cost of specificity.

Conclusion: H-FABP is a more sensitive biomarker than hs-Tnl in the early diagnosis of ACS (p<0.001).
However, being less specific, it can be used as an adjuvant cardiac biomarker for early diagnosis of
ACS.
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INTRODUCTION

Acute Coronary Syndrome (ACS) is a life-threatening
occurence and causes significant morbidity and
mortality with a prevalence of 46.8% . ACS is considered
a spectrum as it includes three clinical presentations i.e.,
ST-segment elevation myocardial infarction (STEMI),
non-ST-segment  elevation myocardial  infarction
(NSTEMI) and unstable angina. According to ESC/AC-
CF/AHA/WHF Fourth universal definition of myocardial
infarction, Cardiac Biomarkers levels, Electrocardiogra-
phy (ECG) and Coronary Angiography (CAG) findings
are required for its diagnosis?. Different markers used in
the diagnosis of ACS are Cardiac troponin | (cTnl),
Creatine Kinase (CK-MB), Myoglobin and H-FABP 3.
Cardiac troponin | (cTnl) is one of the biomarkers recom-
mended for early risk stratification. It is a highly specific
marker with a molecular weight of 23.9 KDa, though after
the onset of symptoms, cardiac troponin I may not rise for
the first 6 hours and require serial measurements within
8-12 hours from onset of pain®.

H-FABP is a novel biomarker that is released from the
myocardium as a result of ifs injury. After ischemia
onset, its levels are detectable in blood within an hour.
H-FABP is involved in the fransportation of fatty acids
from the cell membrane to mitochondria where
oxidation of fatty acids takes place, so it plays a key
role in the metabolism of fatty acidsé®. Multiple studies
have documented that it is a very sensitive marker in
the early detection of myocardial injury and can help
in the early initiation of treatment®'2. According to a
study, the sensifivity of H-FABP is 89.7% and the
specificity of H-FABP is 68% in diagnosing ACS 3.

As the ACS is one of the leading causes of high
morbidity and mortality and also has a high
economic impact on health care. Early diagnosis
and management are not only helpful in reducing
mortality but also promise good prognosis and
reduce economic burden. Early diagnosis will also
reduce the cost incurred due to prolonged
hospitalization and  the  development  of
complications related to ACS. The purpose of our
study was to investigate the  diagnostic
effectiveness of H-FABP as a biomarker for diagnosis
of ACS in different patient groups i.e., gender,
chronic diseases, and fime from symptom onset in
our region (Pakistan). The study aimed to determine
the diagnostic accuracy of H-FABP as a biomarker
of ACS compared to gold standard high-sensitivity
Troponin | (hs-Tnl) and/or ECG findings suggesting
ischemia.

METHODS

This was a cross-sectional study conducted from
May 2020 to November 2020 in the Department of
Chemical Pathology, Dr. Ziauddin University Hospital.
One hundred and fifty-four patients from an
emergency department or admifted to Cardiac
Care Unit with age more than 18 years presented
with symptoms suggesting angina such as pain in
the chest, left arm or lower jaw, increased heart rate
and shortness of breath were included in our study.
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We excluded those patients from our study who
have a history of muscle injury/ trauma for less than
three days. Non-probability consecutive sampling
was done. The ethical Committee of the Hospital
approved our study (2020320SRPAT). The purpose of
our study was explained to all patients and after
their written consent, a questionnaire was filled out.
ACS was diagnosed following ESC/ACCF/AHA/WHF
4™ yniversal definition of myocardial infarction?.

Blood samples for hs-Tnl and H-FABP were collected
in a lithium heparin tube. Plasma was separated
from the primary fubes by cenfrifuging for 15 minutes
at 3000g and plasma was separated intfo aliquots
and stored at -70°C untfil testing. hs-Tnl was analyzed
by the Chemiluminescence method on an
automated Abbot Alinity Immunoassay analyzer
and H-FABP by Finecare Quantitative Fluorescence
immunoassay method with appropriate quality
controls. Cut-offs of >7 ng/ml were used for H-FABP
as indicating risk of Acute Myocardial Infarction and
0.034 ng/ml in males and 0.016 ng/ml in females at
99" percentile was used for hs-Tnl as per kit insert.

Statistical analysis was done using SPSS version 22.
Median values with percentiles were reported along
with mean and standard deviation for quantitative
variables such as age, Body Mass Index (BMI),
systolic and diastolic blood pressure, H-FABP levels,
hs-Tnl levels, as the data were not normally
distributed. Mann-Whitney test was used fo
compare the quantitative variables among ACS
and non-ACS groups. Effect modifiers such as age,
gender, duration of onset of chest pain, Chronic
Kidney Disease, Diabetes Mellitus, Hypertension,
Cerebrovascular disease, and smoking status were
contfrolled  through  strafification.  Sensitivity,
specificity, PPV and NPV and likelihood ratios were
derived from the contingency table for the
assessment of the diagnostic performance of
H-FABP. Receiver Operating Characteristics (ROC)
Curve was plotted and AUC was calculated to
examine the diagnostic performance of H-FABP and
to determine its optimal cut-off. p-value < 0.05 was
taken as stafistically significant.

RESULTS

The study comprised a total of 154 patients who met
the inclusion requirements. The patients had a
median age of 59 (50-70) years whereas, 76 (49%)
were males and 78 (51%) were females. Out of 154
patients, 91 (59.09 %) had Diabetes Mellitus, 108
(70.12 %) were known to have hypertension, 38
(24.67 %) had a history of smoking, 29 (18.83 %) had
a history of cerebrovascular disease, and 29 (18.83
%) had a history of chronic kidney disease. In our
stfudy, 111 (72.07%) patients had ACS. Median
H-FABP and hs-Tnl levels in all patfients were
17.8ng/ml (6.6-105.1) and 0.113 ng/ml (0.100-2.068)
respectively. Median levels of H-FABP and hs-Tnl in
the ACS group were found significantly higher than
in the non-ACS group with (p-value <0.001) as shown
in Table 1.
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Table 1: Descriptive statistics of the patients of an acute coronary syndrome (ACS).

Variables All Patients (n=154) ACS Group (n=111) N°"'&Ei§’°”p p-Valve
Median (IQR) Median (IQR) Median (IQR)
59 %0 55
Age (Years) (50.0-70.0) (51.0-70.0) (44.0-66.0) 0.017
27 77 77
2
BMI(Kg/m?) (26.0-29.0) (26.0-29.0) (25.0-29.0) 0.905
) 125 125 T30
Systolic BP (mmHg) (120-131) (120-135) (120-130) 0.661
— S 80 50
Diastolic BP (mmHg) (80-90) (75-90) (80-90) 0.311
178 54.10 510 )
H-FABP (ng/mi) (6.5-105.1) (123-115.0) (4.50-6.80) 0.000
hs-Tnl 0113 0.660 0.100 .
(ng/ml) (0.010-2.068) (0.089-8.700) (0.100-0.100) :

The overall diagnostic accuracy of H-FABP was 87.58%. Out of 154, 101 patients were true positive (TP), 10 were false positive (FP), 10 were
false negative (FN) and 33 were true negative (TN) using a cutoff value of > 7 ng/ml for H-FABP. The sensitivity, Specificity, PPV, NPV and
likelihood ratio of H-FABP is shown in Table 2.

The overall diagnostic accuracy of H-FABP was
87.58%. Out of 154, 101 patients were frue positive
(TP), 10 were false positive (FP), 10 were false
negative (FN) and 33 were true negative (TN) using

a cutoff value of =27 ng/ml for H-FABP. The sensitivity,
Specificity, PPV, NPV and likelihood ratio of H-FABP is
shown in Table 2.

Table 2: Diagnostic accuracy of H-FABP using hs-Tnl and/or ECG findings as the gold standard concerning gender, duration
of onset of chest pain, kidney disease, diabetes mellitus, hypertension, cerebrovascular disease, and smoking status.

12

Sensitivity Specificity LR+ve/LR Overall
+ . .
Variables Total(n) [ TP | FP | TN | FN TP/FS)P TN/('I;\HFP) - /{Ti‘iFP) . /('::l\im) —ve '2233;51'5
(%) (%) (%)
All Patients 154 1011103310 91.0 76.7 90.9 76.7 3.90/0.11 87.58
Gender
Male 76 42 | 4 |27] 3 93.3 87.1 91.3 90.0 7.23/0.08 90.79
Female 78 5|16 617 89.4 50.0 90.7 46.1 1.79/0.21 83.33
Duration of
onset of chest
pain
Less than 3
hours 81 541 8|14 5 91.5 63.6 87.1 73.6 2.51/0.13 83.95
73 47 {2 [19] 5 90.4 90.5 95.9 79.1 9.49/0.10 90.41
More than 3
hours
Known Case of
Chronic Kidney
5‘;;"“" 29 16 4]6]|3 84.2 60.0 80.0 66.7 2.10/0.26 75.9
NO 125 85 | 6 27| 7 92.4 81.8 93.4 79.4 89.6
Known Case of
Diabetes
Q"E‘z"'“’* 91 3|8 17]3 95.5 68.0 88.7 85.0 298/0.06 | 8791
NO 63 3|2 |16] 7 84.4 88.9 95.0 69.5 7.60/0.17 85.71
Known Case of
Hypertension:
YES 108 76 1| 8 |17 7 91.6 68.0 90.4 70.8 2.86/0.12 86.11
NO 46 25 1 2 |16 3 89.3 88.9 92.5 84.2 8.03/0.12 89.13
History of
cerebrovascular
?'Esf°se 29 41| 3 823 91.6 93.3 78.5 9.88/0.19 | 8621
NO 125 87 | 9 |22 7 92.5 70.9 90.6 75.8 3.18/0.10 87.20
History of
i’;‘?kmg 38 3| 1|33 91.2 75.0 96.8 50.0 3.64/0.11 89.47
NO 116 7019 |3 7 90.9 76.9 88.6 81.0 3.93/0.11 86.21

PPV: Positive Predictive Value, NPV: Negative Predictive Value and LR: Likelihood Ratio.
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In those patients, who have chest pain for three hours
or less, H-FABP showed better diagnostic performance
with an AUC of (0.911, 95% C.1:0.850-0.972, p<0.001)
higher than that of hs-Tnl (0.908,95% C.I:0.844-0.971,
p<0.001) (Figure 1 and 2). Diagnostic performance of
H-FABP was evaluated at different cut-offs in both
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groups (i.e., according fo the duration of onset of chest
pain), maximum sensitivity of 98.3% was observed in
those patients, who have chest pain for less than three
hours but at cost of specificity which was only 22.7% at
a cutoff of 5 ng/ml as shown in Table 3.

Table 3: Performance of H-FABP at various cut-offs for ACS diagnosis.

H-FABP Cut Duration of onset of chest pain
off (ng/ml) __ Less than 3 hours __ _ More than 3 hours. _
Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

5.0 98.3 22.7 92.3 52.4
6.0 93.2 45.5 90.4 81.0
7.0 921.5 63.6 90.4 85.7
8.0 86.4 72.7 88.5 90.5
9.0 83.1 86.4 86.5 95.2

ROC Curve

1+ Spacificiny

Figure 1: ROC curve of H-FABP and hs-Tnl in all patients. AUC for H-FABP (0.921,95% C.1:0.877-0.964, p<0.001)
and AUC for hs-Tnl (0.942,95% C.1:0.905-0.978, p<0.001).
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Figure 2B

Figure 2: ROC curve of H-FABP and hs-Tnl in two groups (according to the duration of onset of chest pain). 2A:
On patients presented within 3 hours of Chest pain AUC for H-FABP (0.911,95% C.1:0.850-0.972, p<0.001) and
AUC for hs-Tnl (0.908,95% C.1:0.844-0.971, p<0.001). 2B: On patients presented after 3 hours of Chest pain AUC
for H-FABP (0.917,95% C.1:0.849-0.985, p<0.001) and AUC for hs-Tnl (0.979,95% C.1:0.947-1.000, p<0.001).

DISCUSSION

In our study, H-FABP had an overall sensitivity of
91.0%, specificity of 76.7%, PPV of 90.9%, and NPV of
76.7%. The LR+ve and LR-ve were found to be 3.90
and 0.11 respectively. One study conducted on 250
patients using a cutoff of 16 ng/ml for H-FABP
reported a sensitivity of 85%, specificity of 83.3%, PPV

of 96.8%, and much lower NPV of 48.4% when
compared to our study. ACS is one of the most
common causes of death in the world. Early and
accurate diagnosis is extremely important for
immediate treatment, thus reducing mortality.
Various biomarkers such as Myoglobin, CK-MB,
glycogen phosphorylase isoenzyme BB, cardiac
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Troponin |, etc. play an important role and have
been studied for early diagnosis of ACS as an
alternative or in conjunction with troponins. Within
one to three hours of the onset of symptoms,
myoglobin is one of the biomarkers used to
diagnose AMI. Myoglobin, on the other hand, is not
a specific marker because its concentration in
skeletal muscles is much higher than in cardiac
fissue.In 1988, H-FABP was first identified as a possible
indicator of myocardial injury. Ifs role as a potential
biomarker for immediate myocardial injury and
long-term  post-ischemic  progress has gained
interest in recent years'4.

The mean age of patients, in our study, was 59 years
whereas a study reported mean age of 55 years'. In
our study,111(72.07%) patients had ACS as compared
to a study that reported a frequency of 136 (68%).
Our analysis found a statistically significant difference
between the ACS and non-ACS groups concerning
median levels of H-FABP and hs-Tnl. Research
conducted by Pyati et al. supplemented this finding'.
For cardiac biomarkers, another study found a
significant difference between the two groups’®.

Mehmood and Khawaja conducted a study in 100
consecutive patients admitted with acute chest
pain suggestive of ACS and discovered that H-FABP
peak concentration occurred at 8 hours after
symptoms onset and was the most sensitive early
marker with 79.9%, 98%, and 95.3 % sensifivity af
presentation, 2 hours, and 4 hours, respectively. In
our study, H-FABP showed overall Diagnostic
accuracy of 87.58% which was found to be near
similar accuracy (84.4%) reported in other studies's.
Another study found sensitivity, specificity, PPV and
NPV of H-FABP as 92.6%., 75%. 88.7% and 82.7%
respectively'é. A study conducted in 2018 used a
cutoff of 7.15 ng/ml for H-FABP, comparable to our
study, as we used a cutoff of 7ng/ml and reported
51.5% sensitivity, 96.3% specificity and 68.3 %
diagnostic accuracy, which was low compared to
our study'?. This may be due to the effect of different
variables and the diversity in the demographics and
settings of the sample.

This study’s results showed that for patfients who
have chest pain for three hours or less, H-FABP has a
sensitivity of 91.5% which was higher than the
sensitivity of froponin | of 83.0%, this highlights an
important aspect as high sensitivity is important for
the early ‘rule in’ of disease. However, the specificity
of H-FABP was lower (63.6%) than that of hs-Tnl (91%).
In a group of patients, who presented with chest
pain three hours after its onset, the specificity of
H-FABP raised to 90.5% which was comparable to
the specificity of hs-Tnl (?1%). The findings of a study
done by Kabekkodu et al. were consistent with our
study?. while contrary to it, a study conducted by
Eimadbouh et al. revealed no difference in
sensitivity of H-FABP and cTnl and lower specificity of
cTnl in patients having chest pain for three hours or
less. This difference may be afttributed to the lack of
standardization of the H-FABP assay and different
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cutoff values used for diagnosis?'.

By using AUC and ROC as a measure of tfest
performance of H-FABP and hs-Tnl in two groups
(according to the duration of the start of chest
pain), H-FABP achieved a higher AUC (0.911, 95%
C.1:0.850-0.972, p<0.001) in patients having chest
pain for three hours or less, followed by hs-Tnl (AUC
0.908, 95% C.1:0.844-0.971, p<0.001). This finding in
our analysis is supplemented by a study of
Kabekkodu et al. in which H-FABP showed better
performance than cTnl within the first four hours of
myocardial injury®. A study found that AUC for
H-FABP and high-sensitive Troponin T (hs-TnT) was
0.885(0.79-0.94) and 0.805(0.70-0.88) in the initial six
hours of symptoms respectively®?. Orak et al. in a
study conducted on 100 consecutive patients
admitted with acute chest pain suggestive of ACS
discovered that H-FABP was the most sensitive early
marker with 79.9%, 98%, and 95.3% sensitivity af
presentation, two hours, and four hours,
respectively?. Better performance in the early onset
of chest pain may be due to an early release of
H-FABP info the systemic circulation from damaged
myocardium because it is small in size and freely
located in cytoplasm?+%, Our study has a few
drawbacks, such as a lack of mulficenter data
collection and we have not been able to conduct
serial measurements of cardiac markers to evaluate
their kinetics.

CONCLUSION

We found that H-FABP demonstrated greater
sensifivity in chest pain within 3 hours. It can be
ufilized along with hs-Tnl to diagnose ACS in an early
phase of ischemia. However, its specificity was lower
than that of High sensitivity cardiac froponin |
(hs-cTnl), so it could not be used as a sole biomarker
to diagnose ACS.
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