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Abstract---The use of biomarkers as a reliable and reproducible 

indicative of the risk, severity, and progression of cardiovascular 

diseases (CVDs) may greatly enhance the prognostic capability of 

primary healthcare clinicians. In primary healthcare, the realistic and 
wise use of reliable biomarkers could minimize the time and costs for 

effective diagnosis and suitable personalized therapy for CVD patients. 

Therefore, the aim of the present scoping review is to evaluate the 

prognostic significance of biomarkers in the progression and 

monitoring of CVDs. The review was conducted according to the 
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PRISMA-ScR guidelines. Eight databases were searched for articles 

published as of June 2021 using search terms: cardiovascular 

diseases AND biomarkers AND prognosis. A total of 21 studies were 

included in this scoping review. This review identified biomarkers 
BNP, cTnT yielded better accuracy of disease progression prediction in 

ACS and HF respectively. The availability of CVDs prognostic 

biomarkers in primary healthcare clinics could promote improved 

clinical outcomes of patients.  

 

Keywords---prognostic biomarkers, cardiovascular diseases, primary 
healthcare, cTnT, BNP. 

 

 

Introduction 
 

The leading cause of death worldwide is cardiovascular diseases (CVDs), an 

estimated 17.8 million people died of CVDs in 2017, which accounts for 31 

percent of all global deaths. Of these CVDs deaths, 85% are due to heart attack 

and stroke.1,2  Importantly, in countries with low and middle incomes, three 

quarters of the world's deaths are attributed to CVDs. In these nations, people 

suffering from CVDs have fewer access to reliable and equitable healthcare 
services. As a result, many people are diagnosed late in the course of the disease 

and die earlier from CVDs.3 

 

CVDs fall under the category of heart or blood vessel disease, that consist of 

coronary heart disease, cerebrovascular disease, peripheral artery disease, 
rheumatic heart disease, congenital heart disease, deep vein thrombosis, and 

pulmonary embolism.4 Coronary heart disease (CHD), strokes, peripheral arterial 

diseases, and aortic diseases are four of the major forms of CVD.5  The exact 

causes remain unclear, but there are many risk factors for CVDs. Hypertension, 

diabetes, high cholesterol, smoking, overweight or obese, physical inactivity,  

family history and ethnicity are the major risk factors.6 
 

The onset of CVD itself indicates an adverse prognosis with a higher risk of 

chronic events, morbidity and mortality. It is increasingly evident that while 

clinical assessment is the keystone of patient care, there are drawbacks to the 

evaluation. Other approaches have been used by doctors to support clinical 
evaluation and to improve their ability to recognise vulnerable patients with CVDs 

that are at risk of poor outcomes. One such tool is the use of biomarkers to better 

identify individuals with high risk, to diagnose disease conditions promptly and to 

precisely and efficiently prognosticate and treat patients with CVDs.7 Biomarkers 

are classified as prognostics, pharmacodynamics or predictive biomarkers as per 

precision medicine perspective. The prognostic biomarker would be the one that 
provides an untreated individual or person treated with conventional treatments 

with knowledge on the likely course of a disease condition.8  

 

Biomarkers have been widely evaluated as guides to CVDs and its progression, for 

example natriuretic peptides appear to be the gold standard biomarker in the 
management of heart failure (HF).9 In the recent years, the proliferation of new 
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prognostic biomarkers in CVDs has been remarkable, however only few of them 

showed convincing prognostic value to disease progression.10 

 

The developments in CVDs and the advances in biomarker research over the past 

three decades have led to a more sensitive screening methods, a better 
importance on its early detection and diagnosis, and enhanced treatments 

resulting in more positive clinical outcomes for patients. However, whether any 

biomarker can serve as a reliable guide to CVDs progression or to a favourable 

therapeutic response remains unclear. Disease progression monitoring and 

prognostic analysis play a major role in optimizing treatment options. There is not 

much known on the availability of prognostic biomarkers for improvement of 
prognostication and treatment optimization in CVDs at primary healthcare 

clinics. However, utilising prognostic biomarkers have shown to cause a reduction 

in morbidity and mortality in CVDs. Further, it has shown to reduce cost of 

healthcare for tertiary hospitals. 11,12,13,14,15,16 Thus, the purpose of this study was 

to assess the prognostic significance of biosample biomarkers in the progression 
of CVDs in the primary healthcare settings. This review summarizes studies on 

prognostic biomarkers for CVDs and evaluate their role in the monitoring of 

disease progression in the primary healthcare settings. 

 

The specific objectives of the current scoping review are: 

 
(1) to identify the availability of biosample biomarkers for monitoring the 

progression of CVDs at primary healthcare clinics. 

(2) to evaluate the prognostic significance of biosample biomarkers in the 

progression of CVDs at primary healthcare clinics. 

 
Methodology 
 

We used a scoping review approach to examine the CVDs prognostic biomarkers, 

its specificity and sensitivity and the strength of its prognostic index.  The review 

was conducted according to the iterative stages of the Arskey and O'Malley, and 

Levac advanced scoping review framework.17,18 This report supplemented with 
Preferred Reporting Items for Systematic reviews and Meta-Analyses-extension for 

Scoping Reviews (PRISMA-ScR) checklist guidelines (Appendix A).19 The review 

protocol is published at OSF (DOI 10.17605/OSF.IO/EG57K).Eight databases 

(Google Scholar, Dynamed, Medline, Access Medicine, PubMed, Science direct, 

British Medical Journal and Cochrane) were searched for articles published  as of 
May 2019. An updated search was carried out in June 2021. As the objective of 

our review was to identify articles that measured suitable biomarkers to predict 

disease progression of cardiovascular diseases, our search terms were: 
cardiovascular diseases AND biomarkers AND prognosis. 

 

Screening  
 

The two authors retrieved and analysed critically valuable publications, and the 

reference lists of the screened literatures. Previous relevant reviews and meta-

analyses have also been checked to find other relevant publications. Two 

sequential levels of article screening were undertaken (Figure 1). Firstly the review 

of titles and abstracts and secondly is the review of full-text articles. Two review 
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team members independently screened all papers at each stage. Inclusion criteria 

were as follows: (1) articles must be original research; (2) involve human subjects; 

(3) methods must identify measurement of a prognostic biomarker and (4) articles 

must include a method or tool for assessing prognosis of cardiovascular diseases. 
We included studies that used tools that the authors defined as a measure, even 

if the tool was not explicitly developed for that reason, as the purpose of this 

review was to be as broad as possible. If articles were written in a language other 

than English and animal research, they were disqualified. 

 

 
Figure 1: Flowchart showing the selection process for articles reporting studies of 

prognostic biomarkers in CVDs 
 

disqualified. 
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Records after duplicates removed 
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Title/abstract assessed for eligibility 

(N=59) 

Studies included in qualitative 

synthesis (N=21) 

Full text articles that featured 

narrative and general review 

excluded (N=38) 
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Data Charting 
 

Data charting consisted of abstraction of 21 data points, including study design, 

sample size, average age of participants, gender, biomarkers sensitivity and 

specificity and prognostic index. Data were extracted by two reviewers 
independently using a designated form program, with any disagreements resolved 

by consensus. The Data items are as per the data extraction form in the 

supplementary files (Appendix B). The quality of studies was assessed according 

to the Newcastle Ottawa quality assessment scale for case control and cohort 

studies; Cochrane risk-of-bias tool for RCTs. 

 
Results 
 

Results of the Search Strategy, Screening and Data Charting 

 

A total of 21 studies of good quality were accepted for inclusion in this scoping 
review. Supplementary Table 1 includes descriptions of the study design and 

population for each article reviewed. The studies were published recently, between 

the years 2005 to 2019 with 90% of the studies published after year 2010. Among 

these studies, a total of 17 separate cardiovascular biosample biomarkers were 

analysed. The age group of subjects in the studies are adults with age range of 

47-73 except one study with paediatric patients with mean age of 1.41. The 
gender of the subjects are mainly men at percentages range of 38-80% (average 

60%).   
 

Summary of the Available Biomarkers in Assessing Disease Progression for 

CVDs 
 

According to this review, the most prevalent biomarkers of the CVDs are the 

cardiac troponin T (cTnT) or high-sensitivity cardiac troponin T (hs-cTnT) and B-

type natriuretic peptide (BNP) or N-terminal part of its prohormone (NT-proBNP). 

Other most evaluated biomarkers are Galectin-3 (GAL-3) and Growth-

differentiation factor-15 (GDF-15), however these biomarkers are yet to be 
approved for the monitoring of CVDs by FDA. The remaining biomarkers (CRP, 

sAXL, PTX3, MPO, Lact/Chol ratio, tPA, miR-133a, tlncRNAs, cMyBP-C, CA-125, 

sST2) are potential prognostic tools for monitoring cardiovascular disease 

progression that are yet to be approved by FDA (Supplementary Table 2).  

 
Cardiac troponin T (cTnT) is a specific biomarker of cardiomyocyte injury and is 

the gold standard for diagnosing myocardial lesions or infarctions. The measured 

level of cTnT in acute coronary syndrome may rise above 1 ng/mL. In HF, the 

concentration of measured cTnT is low, consistently <0.1 ng/mL (17)23. The new, 

high-sensitivity assay (Hs-cTnT) allows the measurement of very low 

concentrations of cTnT and able to differentiate between values detected in 
healthy individuals and in patients with minor cardiac damage as that produced 

by coronary ischemia. Mingels et al found that cardiac events occurred more than 

three times in patients with the highest quartile of Hs-cTnT >6.7 ng/mL relative 

to patients with the lowest three quartiles. In addition, the survival analysis 

showed that Hs-cTnT contributed significantly to the detection of a patient 
subgroup with a higher risk of cardiac events, and the study concluded that Hs-
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cTnT is a valuable prognostic biomarker in patients with chest pain suspected of 

having CAD.20 Another study evaluated the prognostic value of two biomarkers, 

Hs-cTnT and sAXL to predict severe CV events after heart transplantation and 

showed that plasma concentration of Hs-cTnT, but not sAXL, is a strong negative 
predictor of the probability for suffering long term CV events.21  The cut-off value 

of Hs-cTnT <21ng/L may offer a better prognosis by useful means to detect heart 

transplant patients at low risk of CV events.  Furthermore, James et al reported 

that measurement of cTnT and NT-proBNP levels improves risk stratification of 

patients with non–ST-segment elevation ACS and therefore should be included as 

early management strategy decisions for patients with ACS.22  
 

The BNP and NT-proBNP are among the most powerful biomarkers for the 

prediction of mortality in patients with HF or other heart problems. Harutyunyan 

et al suggested that increased serum NT-proBNP was a stronger predictor of MI, 

cardiovascular death than hs-CRP in patients with stable CAD.23  Morrow et al 
reported that the serial determinations of BNP levels during outpatient follow-up 

after ACS were able to predict the risk of death or new congestive heart failure 

(CHF). Furthermore, the changes in BNP levels over time are associated with long-

term medical consequences and may offer a basis for improved clinical decision 

making in ACS patients after the onset of the disease.24 Importantly, an 

integrated examination of BNP, MPO and hs-CRP cardiac biomarkers offers 
incremental prognostic benefit for long-term clinical adverse effects in ACS 

patients.25  

 

Gal-3 produced by activated macrophages, is a soluble B-galactosidase binding 

lectin. Interestingly, the generation of Gal-3 is elevated before and after the onset 
of HF. In patients with HF, it has been proposed as a possible prognostic 

biomarker that better represents disease progression than cTnT and BNP. In 

stable HF patients, an upward change in Gal-3 >25-30 percent is likely to be 

clinically meaningful and Gal-3 has limited intra-person biological variability.26 

Gurel et al corroborated that plasma Gal-3 levels correlated with diastolic 

dysfunction and could assist in eliminating the risk factor in diastolic HF.27 
Therefore, elevated Gal-3 levels can be a beneficial indicator of deterioration in 

myocardial relaxation.     

 

GDF-15 is a protein that is part of the transforming growth factor-β family and it 

plays an important function in regulating the response to injury in many tissues. 
In the heart, GDF-15 contributes in the modulation of myocardial strain, 

remodelling, and apoptosis. Evidences suggest that circulating levels of GDF-15 is 

associated with prognosis of patients with CVDs. Anand et al reported that GDF-

15 levels are associated with several pathological processes that are linked to the 

HF severity and progression.28 Another study showed that in CHD, GDF-15 was 

independently associated with cardiovascular mortality.29  The concentration of 
GDF-15 in blood was directly related to the concentrations of other biomarkers 

that are recognized to predict CV events such as cTnT, BNP and CRP. Thus, the 

measurement of GDF-15 would be valuable for the assessment of the overall risk 

of adverse outcomes in CHD patients. 
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Consensus qualitative themes 
 

The qualitative themes that emerged from this review is the potential for additive 

prognostic role that the cardiovascular disease progression biomarkers possess 

which yield better accuracy of disease progression prediction (Table 1). In the 
primary healthcare, the measurement of BNP or NT-proBNP or markers of 

myocardial injury (cTnT) may enhance prognostic information to standard risk 

factors for predicting new onset HF. A key finding in the review is that biomarkers 

BNP and cTnT were with established clinical validity to monitor cardiovascular 

disease progression (Table 2), however these biomarkers are not readily available 

at most primary healthcare settings.  
 

Discussion 
 

This review was designed to evaluate the predictive biomarkers for the 

progression of different types of CVDs which may help to improve the monitoring 
and/or management of CVDs progression.  This review summarises that the 

monitoring of ACS and HF are currently done by monitoring cTnT and BNP 

respectively, in the hospital settings. However, these biomarkers are not readily 

available in the primary healthcare clinics. Primary care serves are the 

cornerstone for building a stronger healthcare system, thus an effective primary 

care services delivering quality healthcare is essential to improve health outcomes 
and to reduce disparities. Therefore, future research should focus into the cost-

effectiveness of setting up cTnT and BNP within primary healthcare settings in 

order to reduce tertiary costs in the hospital settings.   

 

To improve outcomes of people living with CVDs, an early identification of the risk 
of rapid progressive loss of cardiac function is vital. The BNP and NT-proBNP have 

been proven for clinical use in the diagnosis of HF and/or exacerbation of HF. The 

BNP concentration is closely associated with the incidence and severity of HF. 

Indeed, BNP’s value increases with increasing severity of the disease as 

categorized by the New York Heart Association (NYHA) functional classification. In 

primary healthcare, BNP could be utilized to screen HF in high risk asymptomatic 
patients such as those with hypertension or diabetes by using a cut-off value of 

20-40 pg/ml BNP or 100-150 ng/ml NT-pro BNP.30 Importantly, the cut off value 

of BNP in acute settings such as acute exacerbation is higher. Therefore, BNP is 

very useful in predicting a patient’s status and establishing appropriate 

therapeutic strategies. In addition, cardiac troponin has been used for the 
diagnosis and risk stratification of patients with ACS. The maximum cTnT value 

was predictive of death, recurrent ischaemic events, and HF in a prospective 

longitudinal study of contemporary patients with first MI.31Therefore, the current 

established and most widely used biomarkers cTnT and BNP should be utilised to 

monitor the progression of CS and HF at primary healthcare set up.  

 
Measurement of the BNP or NT-proBNP is useful for forming prognosis of CHF 

and CAD.23 Increased BNP levels are parallel to the severity of the condition, and 

elevated filling pressures or worse hemodynamics indicating worse clinical 

outcomes and mortality in CHF patients, according to the NYHA assessment.32 

The levels of cTnT add to that obtained from other clinical markers, an 
incremental prognostic information. Elevations in cTnT both correlate with poor 
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prognosis and are associated with impaired hemodynamic, progressive decline in 

LV systolic function and reduced survival.33 One-year mortality was 71% for 

patients with pulmonary embolism whose troponin remained elevated compared 

with 45% for those with decreased level of troponin.34 In addition, NPs provide 
useful clinical information in hypertension and in both stable and unstable CAD. 

Atrial natriuretic peptide gene (NPPA) abnormalities and genetically induced 

changes in circulating levels of NPs, have a pathogenic causal link with CV 

diseases and represent emerging markers of CV risk. Novel NP-based therapeutic 

strategies are currently under advanced clinical development, as they are 

expected to contribute to the future management of hypertension and HF. 
 

Creatine kinase (CK and CK-MB), myoglobin, and hsCRP are other cardiac 

biomarker assessments that can be used to diagnose, assess and monitor people 

suspected of having ACS. 35,36  Among these markers, sensitivity and specificity 

for myocardial cell injury differ greatly, and cardiac troponins are the most 
sensitive and specific markers of choice.37 Highly sensitive cardiac troponin (hs-

cTn) assays that are very accurate have recently become available.38 Such assays 

may test troponin (T or I) levels as low as 3 to 6 pg/mL reliably, and assays may 

detect as low as 1 pg/mL in some study.44 Thus, cardiac specific biomarkers, 

cTnT and BNP should essentially be made available in the primary healthcare 

settings to allow rapid assessment of the progression of CVDs and to potentially 
be used as therapeutic targets before the emergence of clinical signs and 

symptoms.   

 

As the leading cause of death globally, CVDs claims more lives than all forms of 

cancer combined, which is an estimated 17.9 million lives each year. More than 
three quarters of CVD deaths take place in countries with low and medium 

incomes. The estimated global economic burden of HF is at $108 billons per 

year.39 Therefore, a good prognostic measures such as the appropriate use of the 

biosample biomarkers for the monitoring of disease progression at primary 

healthcare settings could substantially reduce the economic burdens of CVDs. 

 
The incremental benefits of adding multiple biomarkers for the prognosis and 

management of CVDs yet to be explored widely. Evaluation of a combination of 

the biomarkers that reflect myocardial cell damage (troponin I), left ventricular 

dysfunction  (NT-proBNP), renal failure (cystatin C) and inflammation (CRP), and 

in addition to an evaluation focused on the identified risk factors for CVD, the 
risk stratification of an individual has improved.40,41 The simultaneous evaluation 

of several biomarkers of cardiovascular abnormalities may substantially improve 

the risk stratification for death from cardiovascular origins beyond that of the 

established risk factors model. 

 

One of the vital factor that determines the availability of cardiac biomarkers at 
primary healthcare settings is the cost. However, cost may be less significant for 

prognostic markers as only people with the disease are being tested. In the 

current review, the cost of the CVDs biomarkers testing are not available in the 

included papers. Accessible and cost effective prognostic tool for the assessment 

of CVDs progression is essential for a primary healthcare. A study in Scotland 
highlighted that the use of BNP in diagnosing HF in primary care caused a 

reduction in one third of the cost for the management of HF. This is an advantage 
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for the primary care clinics, as not only the echocardiography is costly, it is also 

not easily accessible.42 In addition, an Australian study showed that the C-

statistic increment per unit cost evaluated for a number of novel biomarkers 

which is commonly used revealed that the BNP showed the best value for money 

in terms of improving the prediction of cardiovascular risk.43 CVDs represent a 
major economic burden on the healthcare systems in terms of the total costs 

associated with mortality and morbidity. As of 2016, cardiovascular-related 

medical care in the United States accounts for more than 20% of all the economic 

costs of disease, which is equivalent to $555 billion dollars.44  This highlights how 

great a problem CVD is, remarkably in comparison with any other cause of 

medical expenditures. Therefore, feasible and cost effective CVDs biomarkers 
availability at primary healthcare clinics would allow early diagnosis and 

implementation of treatment measures that may substantially reduce the cost of 

healthcare and socioeconomic burdens.   

 

As shown in the supplementary table 2, all of prognostic biomarkers which are 
available have yet to be approved by FDA for the clinical use. Only cardiac 

troponin-T (cTnT) have been approved by FDA for the detection of cardiac 

morphologic damage. This could be due to the additional length of time needed to 

assess prognostic biomarkers. Prognostic biomarkers evaluate the improvement 

or deterioration of a particular disease as opposed to identifying the diagnosis of 

the disease itself. This results in both the randomised control trials (RCTs) and 
cohort studies taking longer time for completion and hence longer time for 

approval.45 Additionally, the FDA has stringent requirement for biomarkers which 

are categorised under ideation and prove of concept and require clear evidence of 

cohort study or RCT evaluation to determine the benefit and risk assessment 

conclusively detailing the level of efficacy, specificity and sensitivity in CVD 
patients.46  The general expectation of a CVD biomarker is to improve the 

clinician's ability to treat the patient optimally. 

 

Conclusions 

 

Qualitative themes derived from this review is that a number of biomarkers (BNP, 
cardiac troponin-T) have yielded better accuracy of disease progression prediction 

in ACS and HF. However, the majority of these biomarkers are only available in 

hospital or private settings. Cardiac troponin and BNP have been identified as the 

most suitable and probably the most cost effective CVD biomarkers to be made 

available at the primary healthcare clinics for the prognosis of HF and ACS. Thus, 
the current scoping review highlights the urgent need for further research for 

identifying if the availability of CVD biomarkers at primary healthcare settings 

would be cost effective.  

 

This paper provides primary health care professional and stakeholders with an 

understanding of the role of prognostic biomarkers that help in improving the 
quality of healthcare delivered to patients with cardiovascular disorders through 

prognostic monitoring. Biomarkers are not only capable of enhancing 

cardiovascular disease confirmation but for identifying higher risk patients for 

more personalized disease management interventions and determining patients at 
risk for targeted prevention effort. This article provides justification for in vitro 

diagnostics industry to undertake the responsibility of developing more 
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economical methods of biomarker measurement and to disseminate the 

potentially valuable technology more extensively. 
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Table 1: Consensus qualitative themes 

 

No Theme     References 

 

1. 

A number of combination biomarkers (BNP, 

cardiac TnT, CRP, sAXL) have yielded better 

accuracy of disease progression prediction in 

ACS and HF. 

Harutyunyan et al 2011, 

Batlle et al 2014, Tang et al 

2013, James et al 2006 

 

2. 
 

The approved biomarkers are only available 
in hospital setting except for cTnT and BNP 

with availability at limited primary 

healthcare centers. Most other markers are 

potential prognostic biomarkers that yet to 

receive approval for clinical and/or 
diagnostic use. 

All references included 

 

Table 2: Analytical and clinical validity for selected prognostic biomarkers 

 

Biomarkers Sensitivity Specificity PPV NPV 

cTnT & Hs-

cTnT 

cTnT lowest 

detectable 

concentration 

above the 99th 
percentile that has 

<10% coefficient of 

variation (CV) is 

0.03 g/L, whereas 

the lower detection 
limit is <0.01 g/L58  

Hs-cTnT, lower 

detection limit 3.0 

ng/L. At a 

concentration of 14 

ng/L, the 99th 
percentile value 

from the hs-cTnT 

assay in the 

Elecsys® system, 

the imprecision 
(CV) was 3.8%. The 

functional 

sensitivity for a CV 

<10% was 6.8 

ng/L.59 

Specific to 

myocardial 

tissue 

Low 1-year mortality 

in patients without 

troponin-T or NT-

proBNP elevation. 
Troponin-T and NT-

proBNP markers not 

only help to stratify 

the risk of non-ST 

segment elevation 
ACS patients, but 

also tend to classify 

patients with 

decreased mortality 

associated with early 

coronary 
revascularization.22 

Hs-cTnT has 

negative predictive 

value of 99.4% (95% 

CI, 96.6%–100.0%) 
for ruling out AMI 

BNP & NT-

proBNP (& 
CRP) 

BNP levels greater 

than 80 pg/mL 
have a sensitivity 

greater than 98% 

in the diagnosis of 

heart failure. 

BNP is 

released from 
the 

myocardium 

in response 

to myocardial 

stretch, 

Serum NT-proBNP 

correlated 
significantly with MI 

(hazard ratio (HR), 1. 

65 (refers to a serum 

level increase of 2.72 

fold, p 0.0005), CVD 

BNP cutoff of 80 

pg/mL yielded 95% 
accuracy, with 

negative predictive 

value of 98%. 
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specific CVD 

biomarker. 

(HR, 2.42, p 0.0005) 

and non-CVD (HR, 

1.79,p 0.0005). 

Increased serum NT-

proBNP in patients 
with healthy CAD 

has been a better 

indicator of MI, 

cardiovascular death 

and non-

cardiovascular death 
than hs-CRP.23  

 


