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Abstract 

  

Background: Heart failure represents a major health problem leading to considerable 

mortality morbidity. High total homocysteine concentrations have been related to increased 

risk of atherosclerosis and its sequel, including coronary heart disease, cardiovascular 

mortality, and stroke. Brain Natriuretic peptide is a member of a group of peptide hormones 

similar in structure, used as a specific marker for diagnosing heart failure. This marker 

increases gradually with the progression of the grade of heart failure. 

Objective: The current study aims to measure and investigate the difference in the level of 

homocysteine between patients with heart failure and without, to find the relationship 

between the level of homocysteine and grade of heart failure, and to find out the correlation 

between homocysteine levels with Brain Natriuretic peptide levels. 

Patients and Methods: This case-control study involved 200 participants, 100 patients with 

a history of chronic heart failure, and 100 control participants.A self-constructed 

questionnaire form prepared to collect selected variables, the participant’s weight, height, 

temperature, electrocardiography measured by trained staff, Brain Natriuretic peptide used as 

a specific marker for diagnosing heart failure. Blood samples were taken early in the morning 

from the patient and control groups, after at least 12-hours of fasting and a 20-minute rest. 

Analysis of all samples of blood was performed in the Biochemistry Laboratory of Baqubah 

teaching hospital to measure the levels of homocysteine by Human Homocysteine ELISA kit.  

Results: The sample was selected homogenously in terms of age and gender. Overweight, 

obesity, current and ex-smoker, history of hypertension, and history of diabetes mellitus were 

significantly higher in patients with heart failure than control.   The fasting mean homocysteine 

level was significantly higher in patients (20.049nmol/ml) than in control (2.734nmol/ml). The 
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fasting mean homocysteine level was significantly elevated in the patients with a positive 

history of hypertension and diabetes mellitus (p-value ≤0.05) than patients with a negative 

history. The level of homocysteine was correlated significantly and positively with the level of 

Brain Natriuretic peptide(r=0.39, p=0.001). The fasting mean homocysteine level was 

significantly increased with an increase in the severity (grades) of the heart failure (p-value = 

0.001).    

Conclusion: There was a relationship between the homocysteine level with the development, 

and severity (grades) of the heart failure as well as significantly and positively correlated 

with the Brain Natriuretic peptide level.  

Keywords: Heart Failure; Homocysteinemia; Brain Natriuretic peptide  

  

Introduction

    Heart failure (HF) is a clinical syndrome 

characterized by elevated mortality, recurrent 

hospitalization, reduced life quality, and a 

complex therapeutic regimen[1].Heart failure 

is a major public health problem affecting 

over 23 million people worldwide[2]. In spite 

of new therapeutic advances, the mortality 

and morbidity after the occurrence of heart 

failure stay substantial[3].As a result, 

avoidance of heart failure by detection and 

managing the risk factors and preclinical 

stages of the disease is a priority[4]. After the 

establishment of a diagnosis clinically, the 

etiology of heart failure influences the 

treatment selection and result. The related 

risk factors for HF development can 

influence morbidity and mortality, and 

contribute to the differences in clinical 

outcomes between sexual category[5,6].  

Homocysteine has been discovered in 1932. 

Chemically it is similar to cysteine, so that, 

the name is homocysteine. There has been a 

significant correlation between hyper-

homocysteinemia and cardiovascular 

diseases[7].It is believed that 

homocysteinemia leads to damage to the 

endothelial cell, decrease in vascular 

flexibility, and changes in the hemostasis 

process[7]. Increase homocysteine levels may 

lead to a strengthen the effects of risk factors 

like smoking, hypertension, lipid 

metabolism, and promote inflammation 

development[7].The prevalence of 

homocysteinemia may vary significantly 

depending on diet, genetic background, and 

age[8]. In the response to stretching of atria 

and ventricles or in volume overload, 

cardiomyocytes start to secrete atrial and 

brain natriuretic peptide. Brain natriuretic 

peptide (BNP) released from ventricular 

myocytes in response to dilatation or volume 

overload[9].At first, Pro-BNP is released 

after that, it splits biologically to active 

(BNP) and inefficient (N-terminal segment 

NT-proBNP)[10,11].Brain natriuretic peptide 

is a specific marker for heart failure 

diagnosis[9].  

Patients and Methods 

Study design: It is a case-control study with 

analytical elements. The data collection was 

conducted between the first of April and the 

first of July of 2019 among participants 

attending the medical word in Baqubah 

teaching hospital, Diyala city , Iraq. A 

convenient sample of 100 patients diagnosed 
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with heart failure, and admitted to the 

medical word in Baqubah teaching hospital 

were included.  Other 100 volunteers 

matched in terms of age and gender and who 

attended and admitted the medical word for 

other causes were selected as the control 

group, and the reason for this sample size is 

the time frame. A self-constricted 

questionnaire form prepared by the 

researchers to collect information from the 

participants by direct interview with them. 

The questionnaire included information 

regarding selected variables like age (18-

39years,40-49years, 50-59 years, 60-69years 

and ≥70 years), gender (male and female), 

medical history of hypertension and diabetes 

mellitus, smoking history (current smoke, ex-

smoker and never smoke), family history of 

heart disease and history of cardiac 

medications. Medical history of mixed 

dyslipidemia was depend on lipid profile 

(total cholesterol>250 mg/dl, high density 

lipoprotein (HDL) <40 mg/dl, low density 

lipoprotein (LDL) >150 mg/dl and  

triglyceride (TG)>160 mg/dl)[12]. Pulse rate 

and respiratory rate were measured by the 

researchers manually and the blood pressure 

of each participant was measure by a mercury 

sphygmomanometer. The grade of heart 

failure for each patient was determined 

according to New York Heart 

Association[13].The participant’s weight, 

height, temperature, and electrocardiography 

(ECG) measured by trained staff. Body mass 

index (BMI) was calculated by the following 

equation:  

BMI= kg/m
2
, where (kg) is a person’s weight 

expressed in kilograms and (m
2
) is their 

height in squared meters where underweight 

with BMI< 18.5 kg/m
2
 , normal with BMI 

between 18.5 to <25 kg/m
2
 , overweight with  

BMI between  25.0 to <30 kg/m
2
  and obese 

with BMI ≥ 30.0 kg/m
2
[14].  

Serum samples Collection 

   Venous samples were taken early in the 

morning for the patient and control groups, 

after at least 12-hours of fasting and a 20-

minute rest.  The samples of blood were 

drawn from the median cubital vein or from 

another vein if this was not accessible. After 

cleaning the venipuncture site with iodine 

using concentric circles, the iodine remained 

in contact with the skin until dried to ensure 

disinfection. After that 5 ml of blood was 

taken and put in the gel tube, gel tube has 

been put in the cool box (contained ice bag) 

till transport to the emergency unit laboratory 

and separated by centrifuging for 10 minutes 

at 6000 rpm. After separation of whole blood 

the serum sample was drawn by pipette and 

put in theplain tube and stored in a deep 

freezer (-20°C).   

   Homocysteine level is detected by using an 

Enzyme-Linked Immunosorbent Assay 

(ELISA) kit(SunRed)  used  for the accurate 

quantitative detection of human 

homocysteine  in plasma, cell culture 

supernatants, serum, cell lysates, tissue 

homogenates. The NT-pro BNP was detected 

by using a human (BNP) ELISA kit 

(SunRed). It is a quantitative assay for the 

use of urine, plasma, cell culture supernatant, 

serum, and tissue samples. 

Statistical analysis 

   Statistical analysis of data was carried out 

by the Statistical Packages for Social 

Sciences (SPSS), Version 23. The P-value ≤ 

of 0.05 was considered to be significant 

statistically. 
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Results 

The mean level of homocysteine in studied 

participants:The fasting mean homocysteine 

level was significantly higher in patients with 

heart failure (20.049nmol/ml) than control 

participants (2.734nmol/ml) p=0.0001, as  in 

Table (1) and Figure (1). And by logistic 

regression test, every increase of 1.362 

nmol/ml homocysteine level, there will be an 

increase in 3.9-time risk to get heart failure.

Table (1): Mean homocysteine levels in studied participants 

Participants  Mean ±SD Median  P-value  

Patients 20.049±14.15 nmol/ml 15.611 nmol/ml 0.00001* 

Control  2.734±0.346 nmol/ml 2.735 nmol/ml 

                           * Student – test 

 

Figure (1): Fasting levels of homocysteine in the studied participants 

The difference in mean level of 

homocysteine with medical history of 

patients: The mean homocysteine level was 

significantly higher in patients with a history 

of hypertension and diabetes mellitus (p-

value ≤0.05).  The mean homocysteine level 

was significantly increased with increasing in 

grades of heart failure (p value = 0.001), 

Table (2). 

Table (2): Differences between the mean homocysteine levels according to the medical history of 

patients 

Medical history Mean level of 

homocystein 

P value 

History of 

hypertension 

Negative 7.036 nmol/ml 0.0001* 

Positive 17.658 nmol/ml 

History of diabetes 

mellitus 

Negative 8.941 nmol/ml 0.0001* 

Positive 17.390 nmol/ml 

Grades of heart failure  I 14.505 nmol/ml 0.001** 

II 18.088 nmol/ml 

III 21.719 nmol/ml 

VI 51.056 nmol/ml 

                      * Student t test ,** ANOVA test
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Association of the levels of Pro BNP with 

heart failure: The Pro-BNP mean 

concentration ± SD was significantly higher 

among heart failure patients than that among 

control subjects, and showing a significant 

association (P = 0.0001), as seen in the Table 

(3). 

Table (3): Association of levels of Pro BNP with heart failure 
BNP  [ng/L ] Heart failure patients Control participants 

Mean ± SD 408.713±357.384 17.575± 

Mean± SE   35.738 4.836 

 The range 50-1600 5-160 

 

 

The 

Percentile 

05th 50.000 5.000 

25th 109.064 5.616 

50th(Median) 336.058 6.918 

75th 476.193 9.589 

95th 1144.275 118.779 

99th 1548.092 160.000 

P-value 0.0001 

Association of levels of Pro BNP with the 

grades of heart failure: The Pro BNP mean 

concentration ± SD showed a statistically 

significant association with HF grades and 

increase with increasing in grade getting its 

highest value with grade IV HF 

(1182.697±284.931) with a P value of 

0.0001. as seen in Table (4). 

Table (4): Association of levels of Pro-BNP with the grades of heart failure 

HF grade No of patients Pro-BNP mean concentration ± SD 

Grade I 40 191.835±220.505 

Grade II 39 437.321±267.474 

Grade III 15 603.078±332.677 

Grade IV 6 1182.697±284.931 

P value 0.0001 

Association of Pro BNP concentration with 

homocysteine concentration:The level of 

the BNP was correlated significantly and 

positively  with level of homocysteine 

(r=0.39 p=0.001), as seen in the Figure (2). 

 
Figure (2): Correlation between the level of BNP and the level homocysteine 
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Discussion 

   Recently, plasma homocysteine has been 

suggested to be increased in heart failure 

patients potentially representing another 

newly recognized risk marker or risk factor. 

The study results are in agreement with the 

hypothesis that high plasma homocysteine 

concentrations are a significant risk factor for 

heart failure. Elevated homocysteine levels 

may promote heart failure through several 

mechanisms. First, elevated homocysteine 

concentration is a risk factor for 

atherosclerosis of coronary vessels.  

Furthermore, homocysteine can cause 

ischemia in myocardial tissue by encouraging 

the endothelial dysfunction of coronary 

vessels. Second, elevated homocysteine 

concentration in patients with acute coronary 

syndrome is associated with larger 

myocardial injury as evidenced by elevated 

troponin concentration. Third, the 

homocysteine role as a source of oxidative 

stress, a factor recognized to endorse 

myocardial dysfunction.Fourth, hyper-

homocysteinemic rats have amplified cardiac 

fibrosis and increased activate  matrix 

metalloproteinases, which sequentially 

encourage remodeling of left ventricle, a 

recognized originator of congestive heart 

failure[15].These results are supported by 

many other studies like The Framingham 

Heart Study, which was a community-based 

prospective cohort study of 2491 adults that 

accomplished, an elevated plasma level of 

homocysteine alone predicts risk of the 

congestive heart failure development in 

adults devoid of prior myocardial 

infarction[15] and another study that shown  

increase in plasma levels of homocysteine 

more than the median were associated with a  

 

3.2-fold (95% confidence intervals 1.8 to 5.6; 

p < 0.0001) raise in cardiovascular risk16.  

Another clinical information point that 

homocysteine was associated with an 

elevated incidence, in addition to severity, of 

heart failure[17].In addition to the 

relationship between homocysteine and heart 

failure, The study findings had shown a 

relationship between homocysteine and the 

severity of heart failure (The level of 

homocysteine was significantly increased 

with an  increase in the grade of heart failure 

(p-value = 0.001). These findings are 

enhanced by four other studies viewing 

significant associations of homocysteine with 

structure and function of the left 

ventricle[18,21]. The findings of the current 

study revealed that   the mean fasting level of 

homocysteine was significantly higher in 

patients with hypertension, and this was 

comparable to another study that showed 

similar results and interrelated by 

homocysteine underwent metabolism in the 

body to create H2S, which is a powerful 

antioxidant and vasorelaxant gas. At a high 

concentration, homocysteine inactivates 

proteins by homocysteinylation counting its 

endogenous metabolizing enzyme, 

cystathionine γ-lyase. Accordingly, decreased 

making of H2S during hyper-

homocysteinemia represent vascular diseases 

and hypertension[22]. In this study, the mean 

fasting level of homocysteine was 

significantly higher in patients with  diabetes 

mellitus and this was similar to another study 

that showed similar results, which found that 

hyper-homocysteinemia is linked to 5-year 

mortality free of other major risk factors and 

come to be a stronger (1.9-fold) risk factor 
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for death in patients with type 2 diabetes 

mellitus than in non-diabetic ones, and 

interpreted  by elevated homocysteine levels 

may apply an atherothrombotic effect by 

increasing oxidative stress, that may 

stimulate the endothelial dysfunction. 

Homocysteine can also influence the 

extracellular matrix properties and increase 

proliferation of smooth muscle cell. 

Oxidative stress is thought to be amplified in 

type 2 diabetes millets[23].The BNP 

concentration was positively and 

significantly correlated with the 

homocysteine concentration (r=0.39, 

p=0.001) .  Other studies also found similar 

results, showing that increase of 

homocysteine levels associated with increase 

NT-pro-BNP levels through a link with 

impaired mitochondrial fatty oxidation, in 

two contrasted populations[24].The 

concentration of BNP was increased in heart 

failure compared to the control group, which 

signifies there is a statistically significant 

association between the concentration of 

BNP and heart failure (P = 0.0001). A 

preceding study established that BNP was 

significantly elevated in complicated heart 

failure[25]. Other prior studies in Iraq 

showed that BNP levels rose according to the 

ejection fraction, which  means there is an 

association between ejection fraction and the 

level of BNP with P-value < 0.001, wherein 

the level of  BNP increased with the 

reduction in  ejection fraction[26]. BNP mean 

concentration ± SD showed a statistically 

significant association with heart failure 

grades and increased with increasing in 

grades getting its peak value in patients with 

grade IV heart failure (1182.697±284.931) 

with a P-value of 0.0001. There is another  

preceding study demonstrated that the BNP 

concentration  elevated with the advancement 

of  heart failure grade[27].Further studies 

also found same results as other studies also 

found similar results, showing that increase 

of homocysteine levels associated with 

increase NT-pro-BNP levels through a link 

with impaired mitochondrial fatty oxidation, 

in two contrasted populations[28,29].Other 

previous study show compatible results with 

this study, which reported that higher level of 

BNP in patients with class 4 and the mean 

level was (8270.2±6116.9) with a P=value of 

< 0.05[26].    

Conclusions  

   Increase body mass index, current and past 

smoking, history of hypertension, and 

diabetes mellitus are significantly higher in 

patients with heart failure than the control 

group.      

   The mean fasting level of homocysteine is 

significantly higher in patients with heart 

failure than the control group, and with every 

increase in 1.362nmol/ml in level of 

homocysteine, there will be an increase in 

3.9-time risk to get heart failure.    

   The mean level of homocysteine is 

significantly increased with increase in the 

grade of heart failure. There is a positive 

correlation between the level of the BNP and 

the level of homocysteine.    

   Patients with a positive history of 

hypertension and diabetic mellitus had 

significantly higher mean fasting levels of 

homocysteine. The mean level of BNP is 

significantly increased with increase in the 

grade of heart failure. 
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Recommendations  

  Given the novelty of these findings, the 

researcher likes to underscore the need for 

additional studies to corroborate these 

results.      

   Clinical trials will be required to examine 

the possibility that lowering elevated 

homocysteine levels through vitamin therapy 

with folic acid, alone or in combination with 

pyridoxine hydrochloride and 

cyanocobalamin may reduce the risk of heart 

failure. Future studies are suggested to 

explore the association of homocystiene with 

other cardiac and non-cardiac diseases.  

   It is suggested that similar studies with 

larger sample sizes and cover vast areas and 

use other variables with more laboratory 

diagnostic techniques to reach more accurate 

results.  More data on intake and serum levels 

of folate, vitamin B12, and vitamin B6, are 

needed to explore the extent to which the 

relationship between these vitamins and 

serum homocysteine levels differs for the 

case and control participants. 

Conflicts of interest: None 

Funding: The University of Diyala 

supported this study 

References 

[1]Heart Failure Society of America, 

Lindenfeld J, Albert NM, Boehmer JP, 

Collins SP, Ezekowitz JA, et al. J Card Fail. 

2010;16(6):e1-194. doi: 

10.1016/j.cardfail.2010.04.004.  

[2]Arvanitis M, Tampakakis E, Zhang Y, 

Wang W, Auton A; 23andMe Research 

Team, et al. Genome-wide association and 

multi-omic analyses reveal ACTN2 as a gene 

linked to heart failure. Nat Commun. 2020 ; 

11(1):1122. doi: 10.1038/s41467-020-14843-

7.  

[3]Association, A H. (2001). American Heart 

Association 2002 heart and stroke statistical 

update. Dallas, TX: American Heart 

Association, 138.   

[4] Hunt SA, Baker DW, Chin MH, 

Cinquegrani MP, Feldman AM, Francis GS, 

et al. ACC/AHA guidelines for the evaluation 

and management of chronic heart failure in 

the adult: executive summary. A report of the 

American College of Cardiology/American 

Heart Association Task Force on Practice 

Guidelines (Committee to revise the 1995 

Guidelines for the Evaluation and 

Management of Heart Failure). J Am Coll 

Cardiol. 2001;38(7):2101-13. doi: 

10.1016/s0735-1097(01)01683-7.  

[5]Ahmed A.  Clinical manifestations, 

diagnostic assessment, and etiology of heart 

failure in older adults. Clin Geriatr Med. 

2007;23(1):11-30. doi: 

10.1016/j.cger.2006.08.002  

[6] Majahalme S. Gender and congestive 

heart failure. Geriatrics & Aging 2006;9, 

551-554.  

[7]Baszczuk A, Kopczyński Z. 

Hyperhomocysteinemia in patients with 

cardiovascular disease. Postepy Hig Med 

Dosw (Online). 2014 Jan 2;68:579-89. 

Polish. doi: 10.5604/17322693.  

[8]Faeh D, Chiolero A, Paccaud F. 

Homocysteine as a risk factor for 

cardiovascular disease: should we (still) 

worry about? Swiss Med Wkly. 

2006;136(47-48):745-56. PMID: 17225194.  

[9]Loncar G, von Haehling S, Tahirovic E, 

Inkrot S, Mende M, Sekularac N, et al. Effect 

of beta blockade on natriuretic peptides and 

copeptin in elderly patients with heart failure 



 

   
  

 

 
2021 Diyala Journal of Medicine                                        9     DOI:https://doi.org/10.26505/DJM.20015430609 

 

Khaleefah et al 

Homocysteinemia in Heart Failure 

and preserved or reduced ejection fraction: 

results from the CIBIS-ELD trial. Clin 

Biochem. 2012;45(1-2):117-22. doi: 

10.1016/j.clinbiochem.2011.11.010.  

[10] Daniels LB, Maisel AS. Natriuretic 

peptides. J Am Coll Cardiol. 

2007;50(25):235768.doi:10.1016/j.jacc.2007.

09.021.  

[11]Hall C. Essential biochemistry and 

physiology of (NT-pro)BNP. Eur J Heart 

Fail. 2004; 6(3):257-60. doi: 

10.1016/j.ejheart.2003.12.015. 

[12] National Cholesterol Education Program 

(NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood 

Cholesterol in Adults (Adult Treatment Panel 

III). Third Report of the National Cholesterol 

Education Program (NCEP) Expert Panel on 

Detection, Evaluation, and Treatment of High 

Blood Cholesterol in Adults (Adult 

Treatment Panel III) final report. Circulation. 

2002;106(25):3143-421. PMID: 12485966 

[13]Amrican heart association, c. o. h. f. 

(may,8,2017).Retrieved from 

https://www.medscape.com/answers/163062-

86484/what-are-the-new-york-heart-

association-nyha-functional-classifications-

of-heart-failure  

[14] U.S. Department of Health and Human 

Services, U.S. Department of Agriculture. 

Dietary Guidelines for Americans 2005. 

Retrivied from: 

www.healthierus.gov/dietaryguidelines 

[15]Vasan RS, Beiser A, D'Agostino RB, 

Levy D, Selhub J, Jacques PF, Rosenberg IH, 

et al. Plasma homocysteine and risk for 

congestive heart failure in adults without 

prior myocardial infarction. JAMA. 2003; 

289(10):1251-7. doi: 

10.1001/jama.289.10.1251.   

[16]Wald DS, Law M, Morris JK. 

Homocysteine and cardiovascular disease: 

evidence on causality from a meta-analysis. 

BMJ. 2002;325(7374):1202. doi: 

10.1136/bmj.325.7374.1202..  

[17] Herrmann M, Taban-Shomal O, Hübner 

U, Böhm M, Herrmann W. A review of 

homocysteine and heart failure. Eur J Heart 

Fail.2006;8(6):5716.doi:10.1016/j.ejheart.20

05.11.016.  

[18] Bokhari SW, Bokhari ZW, Zell JA, Lee 

DW, Faxon DP. Plasma homocysteine levels 

and the left ventricular systolic function in 

coronary artery disease patients. Coron 

Artery Dis. 2005;16(3):153-61. doi: 

10.1097/00019501-200505000-00004. 

[19] Cesari M, Zanchetta M, Burlina A, 

Pedon L, Maiolino G, Sticchi D, et al. 

Hyperhomocysteinemia is inversely related 

with left ventricular ejection fraction and 

predicts cardiovascular mortality in high-risk 

coronary artery disease hypertensives. 

Arterioscler Thromb Vasc Biol. 

2005;25(1):115-21. doi: 

10.1161/01.ATV.0000149674.62430.e7.    

[20]Sundström J, Sullivan L, Selhub J, 

Benjamin EJ, D'Agostino RB, Jacques PF, et 

al. Relations of plasma homocysteine to left 

ventricular structure and function: the 

Framingham Heart Study. Eur Heart J. 

2004;25(6):523-30. doi: 

10.1016/j.ehj.2004.01.008. 

[21] Van Peet PG, Drewes YM, de Craen AJ, 

Gussekloo J, de Ruijter W. NT-proBNP best 

predictor of cardiovascular events and 

cardiovascular mortality in secondary 

prevention in very old age: the Leiden 85-

plus Study. PLoS One. 2013;8(11):e81400. 

doi: 10.1371/journal.pone.0081400. 



 

   
  

 

 
2021 Diyala Journal of Medicine                                        10     DOI:https://doi.org/10.26505/DJM.20015430609 

 

Khaleefah et al 

Homocysteinemia in Heart Failure 

[22] Sen U, Mishra PK, Tyagi N, Tyagi SC. 

Homocysteine to hydrogen sulfide or 

hypertension. Cell Biochem Biophys. 2010; 

57(2-3):49-58. doi: 10.1007/s12013-010-

9079-y.  

[23] Hoogeveen EK, Kostense PJ, Jakobs C, 

Dekker JM, Nijpels G, Heine RJ, et al. 

Hyperhomocysteinemia increases risk of 

death, especially in type 2 diabetes : 5-year 

follow-up of the Hoorn Study. Circulation. 

2000 ;101(13):1506-11. doi: 

10.1161/01.cir.101.13.1506.  

[24] Guéant Rodriguez RM, Spada R, Pooya 

S, Jeannesson E, Moreno Garcia MA, Anello 

G, et al. Homocysteine predicts increased 

NT-pro-BNP through impaired fatty acid 

oxidation. Int J Cardiol. 2013;167(3):768-75. 

doi: 10.1016/j.ijcard.2012.03.047.  

[25]Hejmdal A, Boesgaard S, Lindholm MG, 

Goetze JP. B-type natriuretic peptide and its 

molecular precursor in myocardial infarction 

complicated by cardiogenic shock. J Card 

Fail. 2007;13(3):184-8. doi: 

10.1016/j.cardfail.2006.11.011.  

[26] Alhusseiny AH, Al-Nimer MSM, Latif I 

I, Ibrahim AK (2013). Heart Failure: 

Discrepancy Between NYHA Functional 

Classification, Serum NT-pro Brain 

Natriuretic Peptide and Ejection Fraction. 

Eur J Gen Med. 2013. 2013;10(1):26-31. 

doi:10.29333/ejgm/82363. 

[27]Al Bannay RA, Husain AA. Role of 

tissue Doppler imaging in assessing left 

ventricular diastolic dysfunction severity. 

Does it hold the same ability? Saudi Med J. 

2012;33(1):34-8. PMID: 22273645.   

[28]Feng SD, Jiang Y, Lin ZH, Lin PH, Lin 

SM, Liu QC. Diagnostic value of brain 

natriuretic peptide and β-endorphin plasma 

concentration changes in patients with acute 

left heart failure and atrial fibrillation. 

Medicine (Baltimore). 2017;96(34):e7526. 

doi: 10.1097/MD.0000000000007526.  

[29] Piek A, Du W, de Boer RA, Silljé 

HHW. Novel heart failure biomarkers: why 

do we fail to exploit their potential? Crit Rev 

Clin Lab Sci. 2018;55(4):246-263. doi: 

10.1080/10408363.2018.1460576.  

 


