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Chronic heart failure (CHF) is a major public health and growing problem, which 

imposes a relevant burden, with high prevalence and mortality rates. Therefore, 

reliable cardiac biomarkers are needed to identify individuals with CHF. The goal of 

this study was to validate the diagnostic utility of some cardiac biomarkers as tools in 

the assessment of CHF. This was a hospital-based case-control study where a total of 

180 participants (aged 30-85 years) consisting of 100 participants with CHF and 80 

apparently healthy controls were recruited for the study. Serum troponin I, sST2, H-

FABP, and LP-PLA2, were measured using ELISA technique. The value of P≤ 0.05 

was regarded as statistically significant. Serum levels of sST2, H-FABP, and Lp-

PLA2, were significantly higher in CHF participants when compared with control 

(p<0.05). Lp-PLA2 had a sensitivity of 99%, specificity of 95%, H-FABP had a 

sensitivity of 95%, specificity of 100%, and sST2 had a sensitivity of 80%, specificity 

of 92%, which were all higher when compared with that of Troponin I (20% and 

95% respectively).In conclusion, Lp-PLA2, H-FABP, and sST2 were higher in CHF 

individuals, indicating the possible presence of inflammation and myocardial injury. 

The markers were more sensitive and specific than troponin I, suggesting their 

potential use as reliable biomarkers for the assessment of chronic heart failure. 
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INTRODUCTION 
 
Growing number of people is currently suffering from a 
range of major clinical heart and circulatory disease 
conditions, including coronary artery disease (CAD), 
peripheral arterial disease and cerebrovascular disease 
(Benjamin et al., 2019). One of the major cardio-vascular 
diseases (CVDs), which have been found to be on the 
increase over the past 20 years in Nigeria, is chronic 
heart failure (CHF). CHF is a complex disease state 
characterized by impaired ventricular function and 
insufficient peripheral blood supply (Abassi et al., 2022). 
It is a final common pathway to various heart diseases, a 
clinical syndrome characterized by dyspnea, fatigue and 

clinical signs of congestion, leading to frequent 
hospitalization, poor quality of life and shortened life 
expectancy (Adebayo et al., 2017). In the face of such a 
huge disease burden and cost, getting a reliable 
biomarker that could help in the prevention, diagnosis 
and treatment of heart and vascular related diseases is of 
key importance. New parameters and markers are 
constantly being sought to help better assess patients 
with CHF, which could translate into better care and an 
improved prognosis. The presented study was therefore 
undertaken to measure diagnostic utility of the serum 
levels of soluble suppression of tumorigenesis-2 (sST2),  
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heart-type fatty acid-binding protein (H-FABP), 
lipoprotein-associated phospholipase A2 (LP-PLA2) and 
compare them with troponin I in the assessment of 
chronic heart failure (CHF). 
 
 
MATERIALS AND METHODS 
 
A hospital-based case-control study was carried out 
among male and female subjects seeking care for 
chronic heart failure (CHF) at University of Nigeria 
Teaching Hospital (UNTH), Enugu State, Southeast 
Nigeria. A total of 180 participants (aged 30-85 years) 
consisting of 100 participants with CHF and 80 
apparently healthy controls were recruited for the study. 
A total of 6mls of whole blood specimen was collected 
from the antecubital fossa vein of each participant, 
applying proper aseptic technique. The specimen was 
dispensed into plain tubes, and was spun at 3000 
revolution per minute for 10min. The serum was 
separated and stored at -20

o
C prior to analysis. The 

subjects’ biochemical parameters like Troponin I, sST2, 
H-FABP, and LP-PLA2, were assayed by enzyme linked 
immunosorbent assay (Elabscience Biotechnology ELISA 
kit method) using a microplate reader, model MR96A 
(Mindray, China).Data were entered in Microsoft Excel 
2016 and statistical processing was conducted through 
Statistical package for the Social Sciences (SPSS) 
statistical software, version 26.0. Continuous variables 
were expressed as mean ± SEM. To compare the 
biochemical levels of the parameters between chronic 
heart failure and controls groups, Independent-Samples 
Mann-Whitney U-Test was used. The relationship 
between the parameters were assessed by Spearman’s 
rank correlation coefficient. The receiver operating 
characteristics (ROC) curve was used to assess the 
overall diagnostic performance of the novel biomarkers 
and to compare their performance with cardiac troponin I. 
The value of p≤ 0.05 was regarded as statistically 
significant. 
 
 
RESULTS 
 
Table 1 shows the demographic and anthropometric data 
for both CHF (Test) and apparently healthy (Control) 
participants. The mean levels of age for both CHF and 
control subjects were 59.53 ± 13.81 and 50.56 ± 13.52 
respectively, showing that age was significantly higher in 
the CHF participants when compared with the control (p = 
0.001). Systolic blood pressure (SBP) mean level for 
CHF and apparently healthy subjects were 145.83 ± 
18.11, and 123.53 ± 18.56 respectively, indicating that 
SBP was significantly higher in CHF group when 
compared with the control group (0.001). Diastolic blood 
pressure (DBP) had a mean level of 101.02 ± 20.61 in 
CHF group  and  a  mean  level  of  78.83 ± 16.14 in  the  

 
 
 
 
control group. This shows a statistically significant higher 
level of DBP in CHF group when compared with the 
control (p = 0.001). The mean level of body mass index. 
(BMI) for both test and control groups were 44.47 ± 22.10 
and 28.37 ± 8.22 respectively. BMI was significantly 
higher in CHF individuals when compared with the control 
(p = 0.001). 

Table 2 shows the biochemical parameters of CHF 
and apparently healthy participants. The mean level of 
troponin I of both test and control subjects were 1.60 ± 
1.49 and 1.72 ± 1.49 respectively. There was no 
significant difference in test group when compared with 
the control (P = 0.444). The mean level of lipoprotein 
associated phospholipase A2 (Lp-PLA2) of both test and 
control subjects were 15.58 ± 5.92 and 3.74 ± 2.84 
respectively, showing that Lp-PLA2 was significantly 
higher in CHF subjects when compared with the               
control (P = 0.001). The mean level of heart-type fatty 
acid binding protein (H-FABP) of both test and                
control subjects were 9.22 ± 2.42 and 1.81 ± 1.51 
respectively. There was a significant difference between 
the two groups as H-FABP was significantly higher in 
CHF subjects when compared with the control (P = 
0.001). The mean level of soluble suppression of 
tomurigenesis 2 (sST2) of both test and control 
participants were 16.62 ± 6.98 and 5.94 ± 4.00 
respectively. A significantly higher mean level of sST2 
was observed in test group when compared with the 
control (P = 0.001). 

Table 3 is the area under the receiver operating 
characteristic curve (ROC-curve) for the studied novel 
cardiac biomarkers and troponin I, with their sensitivity 
and specificity. The area under the ROC-curve for LP-
PLA2, H-FABP, sST2, and troponin-I, and their 
asymptotic significance (p-value) at 95% Confidence 
interval were Area=0.961, p = 0.001 and 95% CI = 0.922-
0.984; Area = 0.964, p = 0.001, and 95% CI = 0.926-986; 
Area = 0.900, p = 0.001, and 95% CI = 0.851-0.943; and 
Area = 0.467, p = 0.444. and 95%CI = 0.458-0.608, 
respectively. At cut-off point of >7.40, Lp-PLA2 has a 
sensitivity and specificity of 99% and 95% respectively. 
At the cut-off point of >6.00, H-FABP has a sensitivity and 
specificity of 95%and 100% respectively. At ≥10.70 cut-
off point, sST2 has a sensitivity and specificity of 80% 
and 92% respectively. At ≤0.55 cut-off point, troponin I 
has a sensitivity and specificity of 20% and 95% 
respectively. The results show that LP-PLA2, H-FABP, 
and sST2 have higher sensitivity and specificity when 
compared with that of Troponin-I. 

Table 4 This shows the correlation of novel cardiac 
biomarkers with troponin I in both CHF and control 
participants.  In CHF group, sST2 and H-FABP positively 
correlated with troponin I ((r= 0.374, p = 0.001 and r = 
0.287, p = 0.004 respectively). In control participants, 
there was no observed statistically significant difference 
when the novel cardiac biomarkers were correlated with 
troponin I (p>0.05). 
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Table 1. Demographic and anthropometric data for both CHF (Test) and apparently healthy (Control) participants 
 

Parameter CHF(TEST) 
n=100 

Control 
n=80 

U-test P-value 

AGE (year) 59.53 ± 13.81 50.56 ± 13.52 2487.50 0.001* 

SBP (mmHg) 145.83 ±18.11 123.53 ± 18.56 1375.50 0.001* 

DBP (mmHg) 101.02 ±20.61 78.83 ± 16.14 1599.00 0.001* 

BMI (kg/m
2
) 44.47 ± 22.10 28.37 ± 8.22 1696.00 0.001* 

 

Key: Value is significant when p≤0.05; *=significant; CHF = Chronic heart failure; n = number of subjects in the group; 
SBP=Systolic blood pressure; DBP= Diastolic blood pressure; BMI= body mass index. 

 
 

Table 2. Biochemical parameters of CHF and apparently healthy participants. 
 

 Parameters
  

CHF (Test) 
n=100 

Control 
n=80 

U-test P-value 

Troponin (ng/ml) 1.60 ± 1.49 1.72 ± 1.49 4265.50 0.444 

Lp-PLA2 (ng/ml) 15.58 ± 5.92 3.74 ± 2.84 311.00 0.001* 

H-FABP (ng/ml) 9.22 ± 2.42 1.81 ± 1.51 286.00 0.001* 

sST2 (ng/ml) 16.62 ± 6.98 5.94 ± 4.00 768.00 0.001* 
 

Key Value is significant when p≤0.05; *=significant; CHF = Chronic heart failure; n = number of subjects in the group; 
Lp-PLA2 = Lipoprotein associated phospholipase A2; H-FABP = Heart-type fatty acid binding protein; sST2 = soluble 
suppression of tumorigenesis-2. 

 
 

Table 3. Area under the ROC-curve for the studied novel cardiac biomarkers and troponin I 
 

Test Result  
Variable(s) 

AUC P-value 95%CI Cut-off 
point 

Sensitivity 
(%) 

Specificity 
(%) 

H-FABP (ng/ml) 0.964 0.001* 0.926-0.986 >6.00 95.00 100.00 

LP-PLA2 (ng/ml) 0.961 0.001* 0.922-0.984 >7.40 99.00 95.00 

sST2 (ng/ml) 0.900 0.001* 0.851-0.943 >10.70 80.00 92.00 

Troponin I (ng/ml) 0.467 0.444 0.458-0.608 ≤0.55 20.00 95.00 
 

Key: Value is significant when p≤0.05; *=significant; H-FABP = Heart-type fatty acid binding protein; Lp-PLA2 = Lipoprotein 
associated phospholipase A2; sST2 = soluble suppression of tumorigenesis 2. 

 
 

Table 4. Correlation between the novel cardiac biomarkers with troponin I in both CHF and control subjects 
 

CHF Control 
Parameters r p-value r p-value 
sST2 vs Troponin I 0.374 0.001* 0.168 0.137 
H-FABP vs Troponin I 0.287 0.004* -0.026 0.819 
Lp-PLA2 vs Troponin I -0.036 -0.724 -0.028 0.804 

 

Key Value is significant when p≤0.05; r = correlation coefficient; sST2 = soluble suppression of tumorigenesis 2; Lp-
PLA2 = Lipoprotein associated phospholipase A2; H-FABP = Heart-type fatty acid binding protein. 

 
 
DISCUSSION 
 
Chronic heart failure (CHF) is a clinical syndrome which 
has been traditionally defined as a condition 
characterized by the reduced capability of the heart to 
pump and/or fill with blood, or alternatively as an 
abnormality of cardiac structure/function leading to an 
inadequate cardiac output or to an adequate cardiac 
output secondary to compensatory neurohormonal 
activation and increased left ventricular filling pressure 
(Gianluigi, 2022). In the presented study, we focused on 

validating the use of sST2, Lp-PLA2 and H-FABP as 
tools in the assessment of CHF. 

The results of this study show that age, systolic blood 
pressure (SBP), diastolic blood pressure (DBP) and body 
mass index (BMI) were significantly higher in CHF 
individuals when compared with the control (p =0.001, p 
= 0.001, p = 0.001, and p = 0.001 respectively). These 
parameters have been established as risk factors for 
cardiovascular diseases,the terminal stage of which is the 
heart failure. The obesity is regarded as a significant risk 
factor  for  cardiovascular  disease  and  has  also  been  
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linked to the development of CHF. The high levels of SBP 
and DBP in the test group may have caused numerous 
neurohormonal factors including the activation of the 
sympathetic nervous system and elevated levels of renin 
and aldosterone which could lead to the development of 
chronic heart failure. Hypertension causes left ventricular 
hypertrophy (LVH) and fibrotic changes, ultimately 
leading to diastolic dysfunction and when the pressure 
and volume overload is sustained, cardiac systolic 
dysfunction might ensue (Slivnick et al., 2019). 

Also, the data of the current study revealed that 
lipoprotein-associated phospholipase A2 (Lp-PLA2) was 
significantly higher in CHF individuals when compared 
with the controls (p = 0.001). LP-PLA2 enhances the 
metabolism of oxidized lipoproteins, the local oxidative 
pressure increases, which causes damage of vascular 
endothelial cells and dysfunction, and eventually destroys 
its protective mechanism. Therefore, the vascular 
endothelial injury is related to the occurrence and 
prognosis of CHF (Zhu et al., 2021).The presented work 
is in agreement with the results obtained by Takeki et al., 
2009, and van Vark et al., 2006, where high plasma 
levels of Lp-PLA2 were observed in CHF subjects when 
compared with the non-CHF control group. Lipoprotein-
associated phospholipase A2 (Lp-PLA2), also known as 
platelet-activating factor acetylhydrolase, is an 
inflammation marker that could be used for CHF risk 
assessment (Libby et al., 2019; Niccoli et al., 2018).  The 
release of these pro-inflammatory factors triggered by 
impaired endothelial cells in the arterial vessel wall 
aggravates ventricular remodeling, indicating that 
immune inflammatory activation is important in chronic 
heart failure progression and this enzyme is strongly 
expressed in advanced coronary plaques suggesting a 
potential role in promoting plaque instability (Batista et 

al., 2021; Cao et al., 2021).  
Moreover, the presented study shows a significantly 

higher serum mean level of soluble suppression of 
tumorigenesis 2 (sST2) in CHF individuals when 
compared with the control group (p = 0.001). Our result is 
consistent with the study by Hichamet al., (2020) and 
Stathis et al., (2020), where a higher level of sST2 was 
observed in chronic heart failure subjects when 
compared with the healthy controls. sST2 binds to its 
specific ligand IL-33 to activate the IL-33/ST2L signaling 
pathway, which is considered as a mechanical activation 
system. When myocardial cells are subjected on 
mechanical stretch stimulation, they will release IL-33 
molecules and form receptor complexes with ST2L on the 
myocardial membrane through paracrine action to 
activate downstream signaling pathways, thus playing a 
protective role in the heart by inhibiting inflammatory 
response and myocardial hypertrophy (Aimo et al., 2019; 
Barutaut et al., 2020). sST2, as a competitive receptor of 
ST2L, can bind to IL-33 released from myocardial tissue 
cells, then block the cardiac protective effect of the IL-
33/ST2L   signaling  pathway,  participate   in   pathophy- 

 
 
 
 
siological processes such as inflammatory response and 
myocardial injury, and regulate the remodeling of the 
extracellular matrix, leading to a series of cardiovascular 
negative events (Emdin et al., 2018; Firouzabadi et al., 

2020). Therefore, when cardiomyocytes are damaged by 
mechanical stress, the myocardial tissue will lack 
sufficient IL-33 protection, resulting in myocardial 
remodeling and cardiac dysfunction, leading to promoting 
the occurrence and development of chronic heart failure 
(Kim et al., 2021). Therefore, this biomarker, which is not 
easily affected by age, body mass index and kidney 
function damage, could be an important indicator for 
assessing the prognosis of chronic heart failure patients. 

Furthermore, the study revealed that the mean serum 
levels of heart-type fatty acid binding protein (H-FABP) 
were also significantly higher in the CHF group when 
compared with the controls (p = 0.001). Our results are in 
agreement with the study by Niizeki et al., (2008), who 
investigated serial measurements of H-FABP levels in 
113 chronic heart failure patients at the time of hospital 
admission and at the time of hospital discharge. The 
patients with consistently high levels of H-FABP had 
subsequent higher cardiac events in the follow-up period 
when compared to patients with normal H-FABP levels. 
The authors concluded that such serial measurement on 
the H-FABP can be informative for guiding therapy and 
management of chronic heart failure patients. Our results 
are also in confirmation of other studies, made by Dinh et 

al. (2011), Kazimierczyk et al., (2018), Gruson et al., 
(2021) and Ahmad et al. (2023), where a higher levels of 
H-FABP were observed in chronic heart failure subjects 
when compared with the controls. Heart type fatty acid 
binding protein (H-FABP), encoded by the fatty acid-
binding proteins 3 (FABP3) gene, is a member of 
cytoplasmic protein group with a molecular weight of 
15kDa, it is expressed abundantly in the cytoplasm of 
striated muscle cells which could likely be released 
immediately upon cardiomyocyte injury, and may be 
detectable earlier than cTn, therefore the protein is 
classified as a cardiac cell death marker (Pieket al., 
2018). H-FABP levels in serum rise immediately after 
cardiomyocyte injury, making it a promising molecule to 
investigate with respect to cardiac function and heart 
failure (Shrivastava et al., 2020). 

Comparing the sensitivity and specificity of the results 
onLp-PLA2, H-FABP, sST2 and troponin I from the ROC-
AUC-curve, the sensitivity and specificity of Lp-PLA2, H-
FABP and sST2 were significantly higher than                       
that of troponin I. This finding could indicate that these 
biomarkers have excellent discriminating ability, 
suggesting a high chance that they might correctly 
distinguish CHF patients from the apparently healthy 
individuals when compared with troponin I. Therefore, the 
detection of serum LP-PLA2, H-FABP and sST2 in 
patients with CHF can promptly assess the condition and 
treatment, which will help to improved the prognosis and 
the quality of life of the patients.  



 
 
 
 
Again, once there is strain or damage to the myocardium, 
there will be release of some cardiac biomarkers such as 
sST2, H-FABP and troponin I. The positive correlation of 
these biomarkers as we observed in the current study 
could indicate a continuous myocardial damage which 
resulted to simultaneous higher levels of these 
parameters in the blood. 
 
 
CONCLUSION 
 
The presented study concludes that individuals with CHF 
have higher levels of sST2, H-FABP and LP-PLA2 

compared to the apparently healthy controls, indicating 
the possible presence of inflammation and myocardial 
injury.sST2, H-FABP and  LP-PLA2 were more sensitive 
and specific with high discriminating ability than             
troponin I, suggesting their potential usability as             
reliable biomarkers for the assessment of chronic heart 
failure. 
 
 
ACKNOWLEDGEMENT 
 
The authors are appreciative to all the participants who 
volunteered themselves for this work. We also 
acknowledge the hospital management of University of 
Nigeria Teaching Hospital, Enugu and all the Clinicians in 
the cardiothoracic department for allowing us to use their 
patients, and all those who contributed in the execution of 
this work. 
 
 
REFERENCES 
 

Abassi Z, Khoury EE, KarramT, Aronson D (2022). Edema formation 

in congestive heart failure and the underlying mechanisms. 

Frontiers in Cardiovascular Medicine; 9;933215. 

Adebayo SO, Olunuga TO, Durodola A, Ogah OS (2017). Heart 

failure: Definition, classification, and pathophysiology –A mini-

review. Nig. J. Cardiol. 14, 9-14. 

Ahmad F, Karim A, Khan J, Qaisar R (2023). Plasma Galectin-3 and 

H-FABP correlate with poor physical performance in patients with 

congestive heart failure. Experimental Biology and Medicine; 

248(6): 532-540.  

Aimo A, Januzzi JL Jr, Bayes-Genis A, Vergaro G, Sciarrone P, 

Passino C, Emdin M (2019). Clinical and Prognostic Significance 

of sST2 in Heart Failure. JACC Review Topic of the Week. J. 

Ame. College of Cardiol. 74(17): 2193–2203. 

Barutaut M, Fournier P, Peacock WF, Evaristi MF, Dambrin C, 

Caubère C, Koukoui F, Galinier M, Smih F, Rouet P (2020). sST2 

adds to the prognostic value of Gal-3 and BNP in chronic heart 

failure. Actacardiologica; 75(8):739–747.  

Batista LB, Barbosa RR, Carrera CFR, Curcio GM, Lima PD, 

Astolpho VA, Sylvestre RC, De Barros LC, Serpa RG, Calil OA, 

Barbosa LFM (2021). Prognostic Impact of Acute Kidney Injury 

on Decompensated Heart Failure. Ame. J. Internal Med.; 9(3):121-

126.  

Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, 

Carson AP, Chamberlain  AM, Alexander R, Chang AR, Cheng  S,  

Egwu et al. 063 

 

 

 
Das SR, Francesca N, Delling FN, Luc Djousse L, Mitchell SV, 

Elkind MSV, Ferguson JF, Fornage M, Jordan LC,  Khan SS, 

Kissela BM, Knutson KL, Kwan TW, Lackland DT, Lewis TT, 

Lichtman JH, Longenecker CT,  Loop MS, Lutsey PL,  Martin SS, 

Matsushita K, Moran AE, Mussolino ME, O’Flaherty M, Pandey 

A, Perak AM, Rosamond WD, Roth GA, Sampson UKA, Satou 

GM, Schroeder EB, Shah SH, Spartano NL, Stokes A, Tirschwell 

DL, Tsao CW, Turakhia MP, VanWagner LB,  Wilkins JT, Wong 

SS, Virani SS (2019). American Heart Association Council on 

Epidemiology and Prevention Statistics Committee and Stroke 

Statistics Subcommittee (2019). Heart Disease and Stroke 

Statistics-2019 Update: A Report From the American Heart 

Association. Circulation; 139(10):e56–e528.  

Cao M, Stolen CM, Ahmed R, Schloss EJ, Lobban JH, Kwan B, 

Varma N, Boehmer JP (2021). Small decreases in biventricular 

pacing percentages are associated with multiple metrics of 

worsening heart failure as measured from a cardiac 

resynchronization therapy defibrillator. Int. J. Cardiol. 335,73-79.  

Dinh W, Nickl W, Füth R, Lankisch M, Hess G, Zdunek D, Scheffold 

T, Barroso MC, Tiroch K, Ziegler D, Seyfarth M (2011). High 

sensitive troponin T and heart fatty acid binding protein: novel 

biomarker in heart failure with normal ejection fraction? A cross-

sectional study. BMC Cardiovascular Disorders; 5(11), 41.  

Emdin M, Aimo A, Vergaro G, Bayes-Genis A, Lupón J, Latini R, 

Meessen J, Anand IS, Cohn JN, Gravning J, GullestadL, Broch K, 

Ueland T, Nymo SH, Brunner-La Rocca HP, de Boer RA, Gaggin 

HK, Ripoli A, Passino C, Januzzi JL, Jr (2018). sST2 Predicts 

Outcome in Chronic Heart Failure Beyond NT-proBNP and High-

Sensitivity Troponin T. J. Ame. College of Cardiol. 72(19):2309–

2320.  

Firouzabadi N, Dashti M, Dehshahri A, Bahramali E (2020). 

Biomarkers of IL-33 and sST2 and lack of association with 

carvedilol therapy in heart failure. Clinical Pharmacology: 

Advances and Applications; 12:53–58.  

Gianluigi S, Peter MB, Lars HL, Petar S, Giuseppe MC, Andrew JSC 

(2022). Global burden of heart failure: a comprehensive and 

updated review of epidemiology. Cardiovascular Research; 118, 

3272–3287  

Gruson D, Adamantidou C, Ahn SA, Rousseau MF (2021). Heart-type 

fatty acid binding protein is related to severity and established 

cardiac biomarkers of heart failure. Advances in Laboratory 

Medicine; 2(4):541–544 

HichamS, Robert G, Meyer TE, Snider JV, Solomon SD, Stolen CM 

(2016). Soluble ST2 and risk of arrhythmias, heart failure, or death 

in patients with mildly symptomatic heart failure: results from 

MADIT-CRT. J. Cardiovascular Translational Research; 9(5-

6):421–428.  

Kazimierczyk E, Kazimierczyk R, Harasim-Symbor E, Kaminski K, 

Sobkowicz B, Chabowski A, Tycinska A (2018). Persistently 

elevated plasma heart-type fatty acid binding protein concentration 

is related with poor outcome in acute decompensated heart failure 

patients. Clinicachimicaacta; Int. J. Clin. Chem. 487,48–53.  

Kim J, Kewcharoen J, Lum CJ AzumaSS (2021). Uncommon 

obstacle: management of end-stage heart failure in 

thrombocytopenia with absent radii (TAR) syndrome. BMJ Case 

Report; 14(7),e243127. 

Libby P, Buring JE, Badimon L, Hansson GK, Deanfield J, 

Bittencourt MS, Tokgözoğlu L, Lewis EF (2019). Atherosclerosis. 

Nature Reviews. Disease Primers; 5(1),56 

Niccoli G, Montone RA, Sabato V, Crea F (2018). Role of Allergic 

Inflammatory Cells in Coronary Artery Disease. Circulation; 

138(16):1736-1748.  

Niizeki T, Takeishi Y, Arimoto T, Nozaki N, Hirono O, Watanabe T, 

Nitobe  J,  Miyashita  T,  Miyamoto  T,   Koyama  Y,   Kitahara T,  



064 Merit Res. J. Med. Med. Sci. 
 

 

 
Suzuki S, Sasaki T, Kubota I (2008). Persistently increased serum 

concentration of heart-type fatty acid-binding protein predicts 

adverse clinical outcomes in patients with chronic heart failure. 

Circulation Journal; 72(1):109-114.  

Piek A, Du W, De Boer RA, Silljé HHW (2018). Novel heart failure 

biomarkers: why do we fail to exploit their potential? Critical 

Reviews in Clinical Laboratory Sciences 55,246–263. 

Sharebiani H, Moharreri M, MirhosseiniA,Fazeli B (2020). The IL-

33/sST2 Axis in thromboangiitisobliterans. J. Inflammation Res. 

13:317–323.  

Shrivastava A, Haase T, Zeller T, Schulte C (2020). Biomarkers for 

Heart Failure Prognosis: Proteins, Genetic Scores and Non-coding 

RNAs. Frontiers in Cardiovascular Medicine;  7, 601364. 

Slivnick J, Lampert BC (2019). Hypertension and Heart Failure. Heart 

failure clinics; 15(4):531–541. 

Stathis D, Vasiliki C, Mystakidi E, Oikonomou G, SiasosV, Tsigkou 

D, Athanasiou N, Gouliopoulos EB, Aimilios K, Georgios C, 

Costas T, Manolis V, Dimitris T (2020). Association of Soluble 

Suppression of Tumorigenesis-2 (ST2) with Endothelial Function 

in Patients with Ischemic Heart Failure. Int. J. Molecular Sci. 21, 

9385. 

 

 

 

 

 

 

 
Takeki S, Solomon C, Swords JN, Russell T, Nelson JJ, Bruce M, 

Psaty CF, Cushman M (2009). Lipoprotein-Associated 

Phospholipase A2 and Risk of Congestive Heart Failure in Older 

Adults, The Cardiovascular Health Study. Circulation: Heart 

Failure;2, 429-436. 

Van Vark LC, Kardys I, Bleumink GS, Knetsch AM, Deckers JW, 

Hofman A, Stricker BH, Witteman JC (2006). Lipoprotein-

associated phospholipase A2 activity and risk of heart failure: the 

Rotterdam Study. Eur. Heart J. 27, 2346 –2352. 

Zhu J, Ruan Z, Zhu L (2021). Correlation between Serum LP-PLA2 

and sST2 Levels and the Condition of Patients with Acute Heart 

Failure and Their Prognostic Value. Evidence Based Complement 

Alternative Medicine; 18;2021:8267776. 

 

 

 

 

 

 

 

 

 

 

 

 


