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Beta thalassemia major (3-TM )is a prevalent genetic disorder due to a
lack of globin chains. Heart-type fatty-acid binding protein (H-FABP) is
a small protein in the cytoplasm released into the bloodstream when
heart muscle cells are injured. H-FABP is regarded as a highly
responsive indicator of continuous harm to the heart muscle and has
the ability to predict cardiovascular problems in the overall population.
This study aims to determine whether serum H-FABP levels in patients
with thalassemia are significant and whether its concentration
correlates with serum ferritin levels and cardiac enzymes. 60 subjects
were included in this study to measure their serum H-FABP. 30 Beta-
Thalassemia Major (3-TM )patients, none of them have symptoms of
heart dysfunction, and 30 normal subjects were enrolled in this study.
Serums H-FABP, Troponin-I, and BNP were determined using the ELISA
technique in addition to serum Ferritin by a Clinical Automation system
(Beckman Coulter). Serum H-FABP, Troponin-I, BNP, and Ferritin
increased in B-TM patients compared to control healthy subjects (P <
0.001). A negative correlation was found between serum H-FABP and
Troponin-I in the patients’ group. Elevated level of H-FABP and a
negative correlation was found between serum H-FABP and Troponin-
[ in the 3-TM Patients.

INTRODUCTION

Thalassemia is a prevalent global condition characterized by the fastloss of red blood cells. To sustain
red blood cell levels, patients must undergo regular blood transfusions. Regular blood transfusions
can result in iron excess, which can subsequently lead to consequences such as heart disease,
diabetes, osteoporosis, and renal issues(1).

3-thalassemia patients experience cardiac impairment mainly due to left ventricular (LV)
dysfunction, which gradually results in heart failure and, ultimately, mortality(2).

Ferritin is a protein that stores iron in the body to protect cells from the harmful effects of excessive

metal levels. Research has additionally demonstrated that ferritin is responsible for storing iron and
converting excess iron into hydrous ferric oxide deposited within its cavity. Ferritin's capacity to
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sequester iron enables it to play two distinct roles: detoxification and preserving the cellular iron
reserve(3).

Troponin (Tn) is a crucial intracellular protein that regulates contraction in striated muscles. The
discovery of this protein occurred in 1965 and was first referred to as "tropomyosin-like protein”
until 1973. Atthat time, it was isolated and identified from the skeletal muscles of a rabbit as a distinct
complex composed of three distinct protein subunits. Troponin (Tn) is a protein composed of three
subunits (C, T, and I) with varying molecular weights and specific activities(4).

B-type natriuretic peptide (BNP) is a cardiac hormone secreted by the myocardium of the left
ventricle in response to increased pressure or volume in the heart. BNP stimulates sodium excretion
and causes the narrowing of blood vessels to control the amount of blood and the pressure within it.
Elevated BNP levels are observed as the left ventricular function worsens(5).

Heart-type fatty acid-binding protein (H-FABP) is more highly expressed in the heart's ventricles and
atria than in skeletal muscles or other organs. H-FABP is promptly released from cardiac muscle cells
into the bloodstream following damage to the heart because of its compact size and unrestricted
presence in the cell's cytoplasm. Furthermore, it is likely to have a crucial function in many auto- and
paracrine pathways involved in the development of HF. H-FABP served as a reliable signal of cellular
destruction and a marker of abnormal functioning and dysfunction of the heart muscle, leading to
impaired myocardial function(6).

MATERIALS AND METHODS PATIENTS
Patients and control

The samples collected at the beginning of the study were 60 subjects selected with an age range (18-
30 years) living in Baghdad; each patient completed a questionnaire sheet thatincluded the following
information: code number, name, age, gender, date, address, ethnicity, family history of thalassemia,
weight, length, and medical history. This study was performed in the Ibn Albaladi Center of Blood
Diseases (during the period from 1st of March 2023 to the end of August 2023). These subjects were
divided into two groups: 30 Beta-Thalassemia Major patients, none of whom had heart dysfunction
symptoms, and 30 normal subjects. Patients with cardiovascular disease were excluded in this study.
Consent has been acquired from all patients and healthy volunteers, or their parents, for this study,
and it was publically acknowledged.

Statistics

Continuous data were described as mean+ SD (Standard Deviation ). The Student's t-test has been
used to examine and compare the means of the markers and variables between the patients and
control group. A Pearson correlation analysis was conducted to determine if there was a significant
association between the parameters. The alpha level for statistical significance was set to p < 0.05.
Statistical analysis was measured using the program MedCalc version 19.6.1

Blood sampling
Blood samples were collected from subjects at 8:00 a.m.- 11:00 a.m. The specimen was taken from

the vein and preserved using a disposable syringe with a capacity of 10 ml. The sample was kept in
dispensable tubes containing a gel, facilitating serum separation processes.
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The gel tubes containing blood were incubated at 37°C for roughly 10 -15 minutes until clotting
occurred. Subsequently, the tubes were centrifugated at 2000 (Xg) for 10 to 15 minutes. Next, the
serum was divided and preserved at a temperature of -20°C using sterilized Eppendorf tubes. 0.5ml
of serum was used until analysis Serums H-FABP, Troponin-I, BNP and Serum Ferritin.

Determination of Serum H-FABP, Troponin-I, BNP by enzyme-linked immunosorbent assay ( ELISA
) kits which are sandwich enzyme immunoassay for in vitro quantitative measurement H-FABP-
SEB243Hu Cloud-Clone Corp(USA)],[ BNP- CEA541Hu Cloud-Clone Corp(USA)], [Troponin-I -
SEA478Hu Cloud-Clone Corp(USA)], and serum Ferritin by Clinical Automation system ( Beckman
Coulter).

RESULTS

Demographic characteristics of the 3-Thalassemia major Group (n = 30) and control subjects (n =30)
enrolled in the present study are shown in Table (1). There was no significant difference in the
frequency distribution of individuals according to gender between beta thalassemia major and
control group, with 17 (57.0 %) and 13 (43.0 %) males and females in each group.

In Table (1), the Mean+SD for age across the groups was statistically similar, as indicated by the p-
value of 0.987. Figure 1

There is a significant difference in BMI across the groups with p-value <0.01 $-TM group had a
Mean#SD (21.12+ 0.95 Kg/m?2), and the Control group had a Mean+SD (23.72+ 1.41 Kg/m?2). Figure
2

Table 1: Demographic and Laboratory data among 3-Thalassemia Major (3-TM) and Controls

groups

parameter Controls B-Thalassemia  Major | P value
(B-TM)  (n=30)
(n=30)

Male 17/30 17/30 1
Female 13/30 13/30 1
Age (Years) 22.83+2.03 22.67+4.78 0.987
BMI Kg/m2 23.72+ 1.41 21.12+0.95 <0.001
Ferritin ng/mL 53.20+£17.01 4703.17+ 3390.18 <0.001
BNP (pg/mL) 96.63+ 16.13 361.63+ 74.72 <0.001
Troponin (pg/mL) 436.67+ 163.48 1472.10+ 499.59 <0.001
H-FABP (ng/mL), 12.82+ 1.02 24.80+ 3.87 <0.001

Note: Each parameter's mean and standard deviation (Mean+ SD) are provided, along with the p-
value indicating the significance of the differences between the groups.
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Figure 1: Means of age by Groups with 95.00% CI Error Bars
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Figure 2: Means of BMI by Groups with 95.00% CI Error Bars

There was a significant increase in serum ferritin in the 3-TM patients group (4276.73 + 2401.39
(ng/mL)) against the control group (53.20 + 17.01(ng/mL).). Figure 3
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Figure 3: Means of Ferritin by Groups with 95.00% CI Error Bars
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For Troponin, the Mean+SD values for the 3-TM group and Control group are Mean+SD
(1472.10£499.59 pg/mL) and (436.67+163.48pg/Ml), respectively. Figure 4
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Figure 4: Means of Troponin by Groups with 95.00% CI Error Bars

In this study, it was shown that BNP levels were elevated in the -TM group had Mean+SD
(361.63+74.72 pg/mL) compared with the healthy control group had Mean+SD (96.63+16.13
pg/mL). Figure 5
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Figure 5: Means of BNP by Groups with 95.00% CI Error Bars
Lastly, a significant difference with p-value <0.001 between (-Thalassemia Major (3-TM) and the

control group for S.H-FABP, the Mean+SD values for (-TM) group (24.80+3.87 ng/mL )and the
control group had Mean+SD (12.82+1.02 ng/mL). Figure 6
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Figure 6: Means of H-FABP by Groups with 95.00% CI Error Bars
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Negative correlation exists between H-FABP and Troponin-I (coefficient of -0.49), suggesting an
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inverse relationship between these two variables.

Table 2: Correlation matrix (Pearson) / B-Thalassemia Major (3-TM) group

Variables | Troponin | BNP | H-FABP | Ferritin
Troponin 1 -0.12 | -0.72 0.24
BNP -0.12 1 0.32 -0.05
H-FABP -0.72 032 |1 -0.11
Ferritin 0.24 -0.05 | -0.11 1

DISCUSSION

There is a significant difference in BMI across the groups with p-value <0.01 which is approximately
similar to the finding of Talib et al.,(7)who reported a BMI 3-TM patients was lower than control.

The etiology of inadequate weight gain, low BMI, and disrupted body composition seems to be
multifactorial and primarily stems from nutritional insufficiency (both macronutrients and
micronutrients), persistent anemia and hypoxia, excessive iron accumulation in various organs,
insufficient utilization of chelating agents, and endocrine disorders (such as hypogonadism, delayed
puberty, hypothyroidism, and dysregulation of the GH-IGF-1 axis)(8).

There was a significant increase in serum ferritin in the 3-TM patients group this agrees with several
previous studies(7)(9)

This excessive accumulation of iron typically occurs due to blood transfusion and insufficient
production of red blood cells. In individuals with thalassemia, mutations lead to the production of
the GDF15 protein, which acts as an inhibitor of the peptide-hepcidin hormone. This protein sends a
signal to the liver, causing a reduction in hepcidin levels. Ferroportin enhances iron absorption from
the diet by reducing Hepcidin levels. Consequently, when there is a lack of red blood cell production
in the spleen, they become trapped, causing the release of iron, ultimately leading to an elevation in
ferritin levels(10).

There was a significant increase in serum Troponin-I in the 3-TM patients group than the control
group. these results are consistent with Saeed, (11). Myocardial siderosis is the leading cause of
mortality in people with 3-thalassemia major because it can lead to iron overload cardiomyopathy,
which is caused by inadequate erythropoiesis, prolonged anemia, and hypoxia. These individuals are,
therefore, more susceptible to ischemia. Troponin is released when cell injury and the loss of myocyte
contraction force(11).

The leading causes of cardiomyopathy in patients with thalassemia are increasing intestinal
absorption of iron, hemolysis, and lifelong blood transfusions. When intracellular iron increases, it is
metabolized, releasing reactive oxidative species, which damage the cell membrane and interfere
with the respiratory chain in the mitochondria, resulting in cardiotoxicity(12).
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In this study, it was shown that BNP levels were elevated in the 3-TM group compared with the
healthy control group, These results are similar to those reported by (Mohammed et al.) and exhibit
significant differences with p-value < 0.001(2).

The most important complications in patients with beta-thalassemia major are cardiomyopathy and
various types of arrhythmias.in patients with beta-thalassemia, major anemia leads to increased
cardiac output that results in left ventricular hypertrophy and ends in heart failure. Iron overload
will result in peroxidation and cellular injuries due to iron overload that causes left ventricular
cardiomyopathy. Also, cardiac arrhythmia like atrial fibrillation, ventricular tachycardia, and
supraventricular tachycardia are increased according to increased cardiac siderosis(13).

The present study shows that serum H-FABP of patients with the beta-thalassemia major group was
significantly higher than that of the control group , These results were in agreement with Elmalah,
(14)who found in his study that patients with thalassemia major who did not previously experienced
any manifestation of cardiac dysfunction have higher serum H-FABP than healthy children.

Research has shown that several factors may contribute to increased H-FABP levels. Firstly, Beta
thalassemia results in abnormal or decreased production of hemoglobin and iron overload, leading
to hemolysis and chronic anemia(15). lead to increased cardiac output, impaired blood flow, and
oxygen delivery to the heart, potentially resulting in cardiac injury and elevated H-FABP levels(16).

secondly, Thalassemia patients often require frequent blood transfusions, which can lead to iron
overload in the body, including the heart. Cardiac iron overload can cause oxidative stress,
inflammation, and damage to heart cells(17), releasing H-FABP into the bloodstream.

Negative correlation exists between H-FABP and Troponin-I (coefficient of -0.49), suggesting an
inverse relationship between these two variables.

H-FABP exists as a soluble protein within the cytoplasm. Consequently, the entry of the substance
into the bloodstream can be identified more quickly, even following slight damage to the heart
muscle. The study conducted by Liebetrau et al (18) found a notable rise in blood levels of H-FABP
within fifteen minutes following an iatrogenic myocardial infarction(6)whereas troponin release
occurs later. Therefore, in the early stages of myocardial injury, when H-FABP levels are elevated,
troponin levels may still be within the normal range. As the injury progresses and more cardiac
muscle damage occurs, troponin levels increase while H-FABP levels may decrease or plateau

CONCLUSION

A higher concentration of Heart Fatty Acid Binding Protein (H-FABP) in thalassemia patients
compared to a healthy control group may suggest the presence of heart complications in thalassemia.
These findings indicate that individuals with thalassemia may have a higher susceptibility to
cardiovascular problems than the overall population. Measuring H-FABP concentration with other
cardiac enzymes and following up on its results may show the development of heart problems in
thalassemia patients in their early stages before reaching higher stages.

REFERENCES

1. Ali S, Mumtaz S, Shakir HA, Khan M, Tahir HM, Mumtaz S, et al. Current status of beta-
thalassemia and its treatment strategies. Mol Genet Genomic Med. 2021 Dec 1;9(12):e1788.
https://doi.org/10.1002/mgg3.1788

2. Mohammed AG, Elmalah AA, Abdel R, Mohammad A. Biomarkers of Myocardial Dysfunction in

3705



Kadhim et al. The Level of Heart-Type Fatty Acid Binding Protein (H-FABP) as Risk Marker

10.

11.

12.

13.

14.

15.

16.

17.

18.

Children with B-Thalassemia Major : Controlled Study. Saudi ] Biomed Res. 2019;4(3):81-7.
DOI:10.21276/sjbr.2019.4.3.1

Jacob RS, Anoop A, Maji SK. Protein Nanofibrils as Storage Forms of Peptide Drugs and
Hormones. Vol. 1174, Advances in Experimental Medicine and Biology. 2019. 265-290 p.
https://doi.org/10.1007/978-981-13-9791-2

Giordano S, Estes R, Li W, George R, Gilford T, Glasgow K, et al. Troponin Structure and
Function in Health and Disease. Am Soc Clin Lab Sci. 2018 Oct 1;31(4):192-9.
DOI:10.29074/ASCLS.2018000679

Nasser TH, El-Yassin HD, Yakoob S. B-Natriuretic Peptide Level as a Predictor for the Severity
of LV Dysfunction. ] Fac Med Baghdad. 2008;49(4):438-48.
DO0I:10.32007 /jfacmedbagdad.4941336

Rezar R, Jirak P, Gschwandtner M, Derler R, Felder TK, Haslinger M, et al. Heart-Type Fatty
Acid-Binding Protein (H-FABP) and Its Role as a Biomarker in Heart Failure: What Do We
Know So Far? ] Clin Med. 2020 Jan 1;9(1). doi:10.3390/jcm9010164

Talib NH, Al-yaseen HD, Jwad AM. Serum Preptin Level in Iraqi Beta Major Thalassemic
Patients. Indian ] Forensic Med Toxicol. 2022;16(1):913-9. doi:10.37506/ijfmt.v16i1.17614
Soliman A, Yassin M, Alyafei F, Alaaraj N, Hamed N, Osman S, et al. Nutritional studies in
patients with [-thalassemia major: A short review. Acta Biomed. 2023;94(3):1-14.
doi:10.23750/abm.v94i3.14732

Faraj SA. Hemostatic parameters in Thalassemia patients; a single institute experience. | Fac
Med Baghdad. 2016;58(2):132-5. d0i:10.32007 /jfacmedbagdad.582223

Youssry I, Samy RM, AbdelMohsen M, Salama NM. The association between growth
differentiation factor-15, erythroferrone, and iron status in thalassemic patients. Pediatr Res
2023.2023 Jul 18;1-6. doi: 10.1038/s41390-023-02729-5

Ibrahim A jaber, AL-Saeed AHM. Evaluation of some heart enzymes and Iron levels in (3-
thalassemia patients in Thi-Qar City, Iraq. Baghdad Sci ]. 2024 Jun 1;21(6):2007-
2007.https://doi.org/10.21123/bsj.2023.8352

Fan X, Li A, Yan Z, Geng X, Lian L, Lv H, et al. From Iron Metabolism to Ferroptosis: Pathologic
Changes in Coronary Heart Disease. Oxid Med Cell Longev. 2022;2022. doi:
10.1155/2022/6291889

Khaleel K]. Thalassemia in Iraq Review Article. 2020;13(1):13-6.

Elmalah A. Biomarkers of Myocardial Dysfunction in Children with B-Thalassemia Major:
Controlled Study 2019;4(3):81-7. D0I:10.21276/sjbr.2019.4.3.1

Akiki N, Hodroj MH, Bou-Fakhredin R, Matli K, Taher AT. Cardiovascular Complications in {3-
Thalassemia: Getting to the Heart of It. Thalass Reports 2023, Vol 13, Pages 38-50. 2023 Jan
30;13(1):38-50. DOI: 10.3390/THALASSREP13010005

Li B, Syed MH, Khan H, Singh KK, Qadura M. The Role of Fatty Acid Binding Protein 3 in
Cardiovascular Diseases. Biomedicines. 2022;10(9):1-9. DOI:
10.3390/biomedicines10092283

Wood JC. Cardiac complications in thalassemia throughout the lifespan: Victories and
challenges. Ann N Y Acad Sci . 2023 Dec 1;1530(1):64-73. DOI: 10.1111/NYAS.1507
Liebetrau C, Nef HM, Dorr O, Gaede L, Hoffmann ], Hahnel A, et al. Release kinetics of early
ischaemic biomarkers in a clinical model of acute myocardial infarction. Heart .
2014;100(8):652-7.DOI: 10.1136/HEARTJNL-2013-305253

3706



