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Abstract 
 

Novel and Conventional Biomarkers for Prediction of Myocardial  
Infarction and Cardiovascular Death 

By Gabrielle Breen 
 

Background: Cardiovascular diseases (CVD) are the leading causes of morbidity and 
mortality in the United States. Types of CVD include coronary heart disease (CHD), 
stroke, hypertensive heart disease, inflammatory heart disease, rheumatic heart disease, 
and other cardiovascular diseases. In literature, scientists have used biomarkers to 
estimate risk of CVD and risk of CHD, including MI or cardiovascular death. Results 
from these studies are varied with regards to which biomarkers are associated with an 
increased risk of CHD. Studies first create a biomarker score from the best biomarkers. 
Methods: This analysis is based on 202 enrolled patients who have either a clinical 
history of angina symptoms, a positive stress test, or have in-stent restenosis (ISR). 
Patients are enrolled if they have an angiographic ≥ 70 percent, coronary artery or graft 
stenosis that will be treated with coronary angioplasty and/or stenting procedure. Prior to 
the interventional procedure, baseline clinical data, including participant’s cardiovascular 
symptom status will be recorded. At the beginning of the angioplasty procedure a blood 
sample was taken. Blood sampling is repeated in all participants 24 hours post-procedure, 
one-week post-procedure, and four-weeks post-procedure. Then, the association between 
the biomarkers and the risk of cardiovascular mortality and myocardial infraction using 
multivariable Cox Proportional-Hazards Regression models. Then, clinical and 
multimarker score models with “best-fit” clinical models were compared, based on 
models containing the clinical risk factors and use of CHD therapies. 
Results: During a mean follow up of 6.3 years, 49 (24%) participants had a MI or died 
from cardiovascular diseases. Using backwards elimination with retention p-value=0.20, 
these remained in the model: triglycerides, serum creatinine, and biomarkers, SDF-1, 
TNF, and CRP. For the endpoint of a MI or cardiovascular death the multimarker score 
with biomarkers SDF-1, TNF, and CRP is: ! = 3.668 ∗ SDF− 1 + 0.345 ∗ TNF +
0.314 ∗ CRP . 

Conclusions: Concentrations of SDF-1, TNF, and CRP help to predict the future risk of 
MI or CV death still in the context of robust clinical risk models. Addition of these 
biomarkers improves discrimination. These biomarkers can assist with prognostic value 
for identifying death or MI after undergoing angioplasty. 
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1. Introduction 

Cardiovascular diseases (CVD) are the leading causes of morbidity and mortality in 

the United States (Vasan, 2006). 

Because of the burden CVD in the US, primary and secondary prevention is 

extremely important in public health. CVD is a class of diseases that involve the heart 

and blood vessels. Types of CVD include coronary heart disease (CHD), stroke, 

hypertensive heart disease, inflammatory heart disease, rheumatic heart disease, and other 

cardiovascular diseases (Mendis, 2011). 

Annually, in the United States, approximately one in four deaths are attributed to 

CHD (Heart Disease Facts, 2012). Those without CHD have an average lifespan ten 

years greater than those who suffer from CHD (What Are Coronary Heart Disease Risk 

Factors?, 2011). 

CHD is a disease in which plaque, a waxy substance, builds up inside the coronary 

arteries. These arteries supply oxygen-rich blood to the heart. Over many years, the 

plaque can build up, which is a condition called atherosclerosis (What Is Coronary Heart 

Disease?, 2013). Atherosclerosis, over time, can harden or rupture which reduces the 

oxygen flow to the heart. If the plaque ruptures, a blood clot can form on the surface 

restricting or eliminating blood flow through the coronary artery. If this happens, a heart 

attack, or myocardial infraction (MI), can occur (What Is Coronary Heart Disease?, 

2013). 

 One in five men who had a first MI died within one year, a mortality rate 14 times 

greater than that of those free of CHD (Heart Disease Facts, 2012). Men who have a first 

MI are four times that of the general population to have a second MI (Heart Disease 
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Facts, 2012). After a first MI, within five years is 25 percent mortality; three times that of 

the general population (Heart Disease Facts, 2012). In the Framingham Study, a second 

MI occurred in 13 percent of the men and 40 percent of the women within five years of 

the first MI (Heart Disease Facts, 2012). 

 

1.1. Clinical Risk Factors of CHD 

Epidemiological research has identified cigarette smoking, diabetes, hyperlipidemia, 

and hypertension as independent risks for CHD (Kannel, 1979). Additional clinical risk 

factors often identified for CHD include body mass index, lack of physical activity, diet, 

stress, age, gender, and family history (Kannel, 1979). 

While these are considered conventional risk factors, it is estimated that less than 50 

percent of patients with CHD lack these risk factors (Kannel, 1979). In patients with 

CHD, conventional risk factors were present at a higher prevalence than commonly 

believed with only 15 percent to 20 percent of patients lacking any of the conventional 

risk factors (Kannel, 1979). 

 

1.2. Inflammation and CVD 

Inflammation is an important causative factor across the spectrum of acute and 

chronic phases of vascular disease. Chronic endothelial injury, an underlying cause of 

CHD, induces the expression of intercellular adhesion molecules and the release of 

chemoattractant compounds that mediate the recruitment, attachment, and migration of 

leukocytes into the arterial wall. Infiltrating inflammatory cells enhance oxidation and 

uptake of low-density lipoproteins and produce cytokines, mitogens, and reactive oxygen 
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species, stimulating smooth muscle cell migration and proliferation and contributing to 

ongoing endothelial injury (Ross, 1993). 

 

1.3. Biomarkers and CVD Risk 

Biological markers (biomarkers) were introduced as a Medical Subject Heading term 

in 1989 as “‘measurable and quantifiable biological parameters (e.g. specific enzyme 

concentration, specific gene phenotype distribution in a population, presence of 

biological substances) which serve as indices for health- and physiology-related 

assessments, such as disease risk, psychiatric disorders, environmental exposure and its 

effects, disease diagnosis, metabolic processes, substance abuse, pregnancy, cell line 

development, epidemiological studies, etc.’” (Vasan, 2006). Biomarkers are used to assist 

the clinician to optimally manage the patient. 

In literature, scientists have used biomarkers to estimate risk of CVD and risk of 

CHD, including MI or cardiovascular death. Results from these studies are varied with 

regards to which biomarkers are associated with an increased risk of CHD. Studies first 

create a biomarker score from the best biomarkers (Blankenberg, 2010) (Wang, 2012). 

Then depending on the clinical question of interest, scientists model risk factors plus the 

biomarker score, including Cox Proportional Hazard and Logistic Regression models 

depending on the question of interest (Blankenberg, 2010) (Wang, 2012). In this paper, a 

Cox Proportional Hazard Model is used to determine association between risk factors and 

cardiovascular death or myocardial infarction because of the interest in years to event. 

Using data from the Framingham Heart Study, biomarkers add prognostic value to 

standard risk factors for predicting death, overall CVD events, and heart failure whereas 
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in post-menopausal women, moderate improvement in CHD risk prediction was found 

when an 18-panel biomarker panel was added to predictive models using traditional risk 

factors (Wang, 2012) (Kim, 2010). 

Serum markers of inflammation have been found to be prognostic for the prevalence 

of atherosclerosis, clinical manifestations of coronary artery disease (CAD), and 

increased risk for complications after acute ischemic syndromes or coronary 

interventional procedures. Prospective and cross-sectional studies have documented 

associations between levels of CRP in apparently healthy individuals and the occurrence 

of myocardial infarction, stroke, or cardiovascular mortality (Ridker, 1997) (Ridker, 

2003). Among patients with acute ischemic syndromes, elevated circulating 

concentrations of CRP, IL-1 receptor antagonist, or IL-6 are predictive of recurrent 

ischemia, myocardial infraction, and long-term mortality (Libb, 2002). This analysis will 

include these biomarkers as well as others to determine association with myocardial 

infarction or cardiovascular death. 

 

1.4. Study Purpose 

MI’s are often caused by atherosclerotic coronary artery disease, a hardening of 

the arteries. While patients may present with atherosclerotic coronary artery disease the 

prediction of MI or death among individuals without all clinical risk factors is an 

important challenge. Identifying which biomarkers are associated with MI or death in 

these individuals already presenting with atherosclerotic coronary artery disease is 

paramount.  

 Patients presenting with atherosclerotic coronary artery disease are at high risk for 



 7 

an MI; having the ability to predict what characteristics are associated with an MI or 

death, after presenting with atherosclerotic coronary artery disease can greatly affect the 

lives of those affected by CHD. Clinical risk factors, while associated with CHD, may 

not be present in patients presenting with atherosclerotic coronary artery, so identifying 

biomarkers can help identify associations between patients and the outcome of MI or 

cardiovascular death. Using clinical risk factors and biomarker risk score, a Cox 

Proportional Hazards model will be estimated to determine the association between risk 

factors and biomarker score and time to cardiovascular death or MI. 

  

1.5. Treatment and Interventions 

 Abciximab, a potent platelet glycoprotein IIb/IIIa receptor blocker, markedly 

decreases the risk of ischemic complications from coronary interventions such as 

angioplasty and stenting when used in the peri-procedural settings. Trials have shown 

reduced risk of death, myocardial infraction, or emergency repeat revascularization 30 

days after coronary intervention, with a mortality benefit extending out to a year or more 

(Topol, 1999). 
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2. Methods 

2.1. Study Sample 

After approval by Emory University’s Institutional Review Board, patients were 

invited to enroll into the Anti-inflammatory effects of abciximab (Reopro) study if they 

presented to either Emory University Hospital or the Atlanta Veterans Administration 

Hospital with atherosclerotic coronary artery disease that are undergoing angioplasty, 

aiming to enroll 125 with diabetes and 125 without diabetes. 

This analysis is based on 202 enrolled patients who have either a clinical history 

of angina symptoms, a positive stress test, or have in-stent restenosis (ISR). Patients are 

enrolled if they have an angiographic ≥ 70 percent, coronary artery or graft stenosis that 

will be treated with coronary angioplasty and/or stenting procedure. Participants are ≥ 18 

years old. Prior to the procedure, participants were on a stable HMG-CoA-reductase 

inhibitor (statin) dose for at least 4 weeks before the angioplasty/stent procedure. 

Participants underwent a standardized screening of review of history, physical, 

and lab studies for eligibility. Additionally, participants had an evaluation assessing the 

diagnostic coronary angiogram and ventriculogram for eligibility. Participants also had 

their blood drawn prior to the interventional procedure and the procedure was repeated 

twenty-four hours post-procedure, one week post-procedure, and four weeks post-

procedure. 

Participants undergoing coronary intervention were either assigned to receive 

intravenous abciximab and heparin, heparin only, or bivalirudin based on the 

interventional cardiologist’s preference. The participant was not informed of his 
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treatment assignment. Participants in the control group only underwent cardiac 

catheterization and did not receive abciximab, bivalirudin, or heparin. 

Following the procedure, participants received their usual customary medical 

therapy following the interventional procedure. The dose of statins will not be altered for 

four weeks following the onset of the study. 

 

2.2. Biomarker Measurements 

Prior to the interventional procedure, baseline clinical data, including participant’s 

cardiovascular symptom status will be recorded. At the beginning of the angioplasty 

procedure a blood sample was taken. Blood sampling is repeated in all participants 24 

hours post-procedure, one-week post-procedure, and four-weeks post-procedure. The 

biomarkers measured in this study are listed and defined in Table 1. 

 

2.3. Outcomes 

Participants were contacted by letter or telephone call to assess health beyond the 

four-week follow-up. The primary endpoint in this study was the number of participants 

necessary to evaluate for a reduction in inflammatory markers with treatment of 

abciximab. 

 

2.4. Statistical Analyses 

Before inferential analyses, biomarker values were natural log transformed due to 

highly skewed distributions. The partial correlations among biomarkers accounting for 

gender and age were estimated to determine the association among the biomarkers. Then, 
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the association between the biomarkers and the risk of cardiovascular mortality and 

myocardial infraction using multivariable Cox Proportional-Hazards Regression models 

were examined rather than logistic regression because of the interest in time to event. The 

proportionality assumption was assessed by testing the interaction of the biomarkers with 

the follow-up time. 

The Cox Proportional-Hazards Regression Model is: 

ℎ ! ! = ℎ ! exp!(!!!! +⋯+ !!!!), where the predictors !!,… ,!!are 

assumed to behave additively on log ℎ ! ! , and the effect of the predictors !!,… ,!! are 

the same for at all times !. The parameters !!,… ,!! of the model are estimated by 

maximizing the partial likelihood, which is given by 

! ! = !"#!(!!!)
!"!!(!!!)!!!!!

!!!!"#$"%&'$( . 

The log partial likelihood is given by 

 ! ! = !"#$ ! = {!!!!"#$"%&'$( !!! − log !"# !!!!!!!! }. 

Then, the hazards ratios and confidence limits can be estimated using maximum 

likelihood estimators. 

In these analyses the cases with no missing data (N=88) were used. Biomarkers 

were assessed individually in models containing the following standard cardiovascular 

risk factors: age, gender, race, diabetes, cigarette smoking, hypertension, 

hypercholesterolemia, use of statin, cholesterol, previous MI, left ventricular ejection 

fraction, serum creatinine, troponin I, and triglycerides. Also the therapy of interest in 

this study, the use of abciximab, was included in the model. The biomarkers il-1ra, il-1β, 
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IL-6, VEGF, PlGF, FORT, GCSF, FGF, HGF, and GM-CSF were excluded because of 

the number of missing observations.  

 Sex-pooled analyses were performed after confirming that multiplicative 

interaction terms for biomarker and gender were statistically non-significant. Analyses  

were performed incorporating all biomarkers together. The identification of the most 

strongly associated biomarkers for death or MI was confirmed using backwards 

elimination model using a retention p-value of 0.20.  

 The joint utility of the biomarkers was evaluated by constructing a “multimarker” 

risk score. This score was defined as:  

! = !!!!!biomarker!A +⋯+ !! !!!biomarker!q  

with !!,… ,!! denoting proportional-hazards regression coefficients for biomarkers 

A1,…,Aq respectively, from a multivariable model for the composite outcome of death or 

MI (Wang, 2012). Participants were categorized according to specific quartiles of this 

multimarker score. 

 Then, clinical and multimarker score models with “best-fit” clinical models were 

compared, based on models containing the clinical risk factors and use of CHD therapies. 

The performance was assessed using current methods utilizing a Rocplus Macro 

(Pencina, 2008) (Pencina and Bergstralh, 2008). First, the model discrimination was 

evaluated using c-statistics for models including clinical predictors listed with and 

without the biomarkers. C-statistics are a weighted average of sensitivity over all possible 

end-points. Models are considered reasonable when the c-statistic exceeds 0.70 and 

strong when the c-statistic exceeds 0.80 (Hosmer, 2000). 
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Then, the integrated discrimination improvement (IDI), a measure of a model’s 

ability to improve average sensitivity without reducing average specificity, was 

calculated (Pencina, 2008) (Pencina and Bergstralh, 2008). IDI uses probability 

differences rather than event and non-event categories. IDI is the “difference between 

improvement in average sensitivity and any potential increase in average ‘one minus 

specificity’” (Pencina, 2008). IDI is defined as: 

IDI = IS!"# − IS!"# − IP!"# − IP!"# ,  

where IS is the integral of sensitivity over cut-off values in the range (0,1) and IP is the 

integral of ‘one minus specificity’ for the new and old models. IDI is the probability 

difference in discrimination slopes i.e. the mean difference in probability between death 

and MI and not death and not MI. 

 Then, the ability of biomarkers to reclassify risk was evaluated, by examining the 

proportion of individuals reclassified correctly using the net reclassification improvement 

(NRI). Unlike IDI, NRI uses the proportion of participants with the endpoint death or MI 

and those who do not die or have a MI. Participants in the group of death or MI are 

assigned 1 for upward movement, -1 for downward movement, and 0 for no movement. 

The opposite is assigned to participants in the non-event group (Pencina, 2008).. Each 

group’s reclassification number assignments are summed and divided by the number of 

participants in each group. NRI is the difference in these quantities. NRI can be 

interpreted as the net gain or net loss in the reclassification proportion. NRI is calculated 

by: 

NRI = P up D = 1 − P down D = 1 − [P up D = 0 − P down D = 0 ] 

(Pencina, 2008). 
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The NRI is calculated using 0%, 1%, and 2%, to compare thresholds for minimum 

change in predicted risk required to indicate a change in classification. 

All statistical procedures were carried out with the SAS statistical software 

package (release 9.3, 2012, SAS Institute Inc., Cary, NC). The Rocplus macro was used 

for the calculation of the area under curve and the net reclassification improvement of 

models predicting outcome events (Pencina and Bergstralh, 2008). 
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3. Results 

3.1. Participant Characteristics 

Characteristics and biomarkers measured at baseline are summarized in Table 2. 

Of the 202 patients in the study population, 82.67% (n=167) were male. The ages ranged 

from 32 to 84 (median age = 61 years old).  Of the 82% (n=166) who were not African 

American, 2 were Asian, 153 were Caucasian, 2 were Hispanic, 4 were other, and 5 were 

missing values for race. Only 27.3% reported as current smokers and 46.9% reported as 

former smokers. The mean BMI is 29. 7, with the lowest 25% of the participants with 

BMI ≤ 26.26, the middle 50% in the range of (26.25, 29.27), the third quartile in the 

range (29.27, 32.85), and the fourth quartile in the range (32.85, 45.04). Underweight is 

defined as BMI < 18.5, normal weight is in the range 18.5-24.9, overweight is defined as 

BMI in the range 25-29.9, and obese is a BMI ≥ 30.  Forty-four percent (n=89) had 

diabetes mellitus. The mean high-density lipoprotein is 41.9 and the mean high-density 

lipoprotein is 95.3. Eighty-one percent of participants had hypertension and 88 percent 

suffered from hypercholesterolemia. Approximately 80 percent were treated with statin, 

an inhibitor prescribed to lower cholesterol levels. Forty-seven percent were treated with 

abciximab, a drug used to prevent the clumping of blood-clotting cells in the blood.  

 

3.2. Baseline Biomarkers and Clinical Characteristics 

Most of the biomarkers demonstrated mostly modest pairwise correlation 

adjusting for age and gender, with correlation coefficients ranging from -0.14 to 0.34 

summarized in Table 3. Stronger correlations were evident for TNF and mcp1 (Spearman 

ρ=0.33, p-value < 0.0001), sCD40L and SDF-1 (Spearman r=0.34, p-value < 0.0001), 
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sCD40L and CRP (Spearman r=0.24, p-value 0.02), and MMP-9 and CRP (Spearman 

r=0.29, p-value 0.01). 

 

3.3. Prediction of MI and death with new biomarkers 

 During a mean follow up of 6.3 years, 49 (24%) participants had a MI or died 

from cardiovascular diseases. Associations of sCD40L, mcp1, IL-10, TNF, MMP-3, 

MMP-9, SDF-1, and CRP with CV death or MI are shown in Table 4. Then, models were 

evaluated adjusting for age, gender, race, diabetes, cigarette smoking, hypertension, 

hypercholesterolemia, use of statin, cholesterol, previous MI, left ventricular ejection 

fraction, serum creatinine, troponin I, and triglycerides. The therapy of interest in this 

study, the use of abciximab, was also included. SDF-1 provides strong evidence of 

association with a MI or death (p-value < 0.05) while mcp1 and IL-10 demonstrate 

moderate evidence of association with a MI or death (0.05 < p-value < 0.07). The 

Survival Curves are in Figures 1-9. 

Then using backwards elimination with retention p-value=0.20, these remained in 

the model: triglycerides, serum creatinine, and biomarkers, SDF-1, TNF, and CRP. 

 

3.4. Multimarker Score 

For the endpoint of a MI or cardiovascular death, a multimarker score, with 

biomarkers SDF-1, TNF, and CRP was created. The score is: ! = 3.668 ∗ SDF− 1 +

0.345 ∗ TNF + 0.314 ∗ CRP . 

Table 5 shows the incremental predictive value of the multimarker scores with 

the clinical risk factors in the final model. Participants in the fourth quartile had 
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approximately 1-fold risk of MI or CV death, in the second quartile 7-fold risk for MI or 

CV death, and in the third quartile 2.5-fold risk of MI or CV death, compared with 

participants in the lowest quartile. 

 

3.5. IDI and NRI 

The addition of the multimarker score in the Cox Proportional Hazards Model did 

not lead to an improvement in discrimination by statistically insignificant increases in the 

c-statistic (p-value = 0.11) and integrated discrimination improvement (p-value=<0.001) 

seen in Table 5. 

Those who did not experience an endpoint of an event of CV death or a MI, NRI 

values were 0.41 (p-value < 0.001). The NRI maintained statistical significance when a 

different minimum threshold for change in predicted risk was used. NRI (>0.01) was 0.31 

(p-value=0.0032) whereas when minimum threshold for change in predicted risk was 

0.02, the NRI was marginally statistically significant. NRI (>0.02) was 0.20 (p-value = 

0.06). 
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4. Conclusions, Implications, and Recommendations 

4.1. Summary of Findings 

 While clinical risk factors are used to predict who is most likely to have a MI or 

die from cardiovascular diseases after undergoing angioplasty, identifying other methods 

to determine who is at risk is an important task; biomarkers are used in cancer, 

cardiovascular, and diabetes research although in cardiovascular literature there are 

differing conclusions regarding what biomarkers are associated with various outcomes. 

Concentrations of multiple biomarkers provide prognostic information in addition to what 

clinical risk factors can provide. In addition to the clinical risk factors, in this cohort, the 

biomarkers SDF-1, TNF, and CRP are in the final model. 

 

4.2. Clinical Significance 

Stromal-derived factor-1 (SDF-1) is thought to promote the growth, survival, and 

development of bone marrow stem cells (Kortesidis, 2005). Tumor Necrosis Factor-

Alpha (TNF) is a cytokine that is produced in white blood cells. The primary role of 

Tumor Necrosis Factor (TNFα) is the regulation of immune cells (Szlosarek, 2003). C-

reactive protein (CRP) is produced by the liver and the level of CRP increases when there 

is inflammation in the body (C-reactive protein test, 2011). 

As these three biomarkers are associated with a MI or CV death these three 

biomarkers also have unique aspects of pathophysiology. This idea is further supported 

by the relatively low correlations between the biomarkers (Table 3), indicating that each 

biomarker provides unique information (Gerszten, 2008). 
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4.3. Study Strengths 

 This is a first in analyzing biomarkers among patients undergoing angioplasty 

with the interest of an outcome of myocardial infarction or cardiovascular death. An 

advantage of modeling Cox Proportional Hazard models is that censoring is not an issue 

in the analysis. Although this analysis with clinical risk factors and the addition of the 

multimarker score did not lead to an improvement in discrimination there is additional 

value in utilizing biomarkers for the prediction of MI or cardiovascular death. While in 

literature, biomarkers for predicting cardiovascular events in community-based 

populations have not consistently added information to clinical risk factors (Wang, 2012), 

this analysis is one of the first to determine how biomarkers add to MI or death prediction 

after the CHD is present in patients requiring angioplasty. 

 

4.4. Study Limitations  

 This study aimed to enroll 250 individuals at two hospital locations but ultimately 

only enrolled 202 participants. Of the 202 with complete data for the variables of interest 

was N=88 which may bias the results; we also assume that the missing data are missing 

at random. Future studies can hopefully provide additional observations, particularly for 

the biomarkers excluded in this analysis. Additionally, this study was interested in the 

affect of abciximab but was not a double-blinded study and rather abciximab was 

prescribed by doctor discretion. 

 

4.5. Future Studies 
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 Additionally, a similar analysis can be extended to other clinical endpoints such 

as stroke, revascularization, or cardiovascular death. Although we see some improvement 

in prediction of death or MI using the biomarker scores, further analyses should be 

conducted to explore the association between the changes, and directional changes, in the 

biomarkers over the four measurements are associated with MI or death. This analysis 

included CVD risk factors as well as abciximab; other analyses can be done to identify 

affect of abciximab on the outcome of cardiovascular death or MI. To address the issue of 

the missing data, future analysis can incorporate multiple imputation methods which 

estimate the missing values. 

 

4.6. Conclusion 

Concentrations of SDF-1, TNF, and CRP help to predict the future risk of MI or 

CV death still in the context of robust clinical risk models. Addition of these biomarkers 

improves discrimination. These biomarkers can assist with prognostic value for 

identifying death or MI after undergoing angioplasty. 

 

 

 

 

 

 



 20 

References 
 
Blankenberg S, Zeller T, Saarela O, Havulinna AS, Kee F, Tunstall-Pedoe H, Kuulasmaa  

K, Yarnell J, Schnabel RB, Wild PS, Munzel TF, Lackner KJ, Tiret L, Evans A, 
Salomaa V. Contribution of 30 biomarkers to 10-year cardiovascular risk estimation in 
2 population cohorts: the MONICA, Risk, Genetics, Archiving, and Monograph 
(MORGAM) bio- marker project. Circulation. 2010;121:2388–2397.  

C-reactive protein test. Dec 16, 2011. < http://www.mayoclinic.com/health/c-reactive- 
protein/my01018>. 

Gerszten RE, Wang TJ. The search for new cardiovascular biomarkers. Nature.  
2008;451:949–952. 

Global Atlas on Cardiovascular Disease Prevention and Control. Mendis S, Puska P,  
Norrving B editors. World Health Organization, Geneva 
2011.<http://whqlibdoc.who.int/publications/2011/9789241564373_eng.pdf>. 

Heart Disease Facts. Centers for Disease Control and Prevention. Oct 12, 2012.  
<http://www.cdc.gov/heartdisease/facts.htm.> 

Hosmer DW, Lemeshow S. Applied Logistic Regression (2nd Edition). New York, NY:  
John, Wiley, & Sons; 2000. 

Kannel, W B. "Prognosis after initial myocardial infarction: the Framingham study." The  
American journal of cardiology 44.1 (1979):53. 
<http://sfxhosted.exlibrisgroup.com/emu?sid=google&auinit=WB&aulast=Kanne
l&atitle=Prognosis%20after%20initial%20myocardial%20infarction%3A%20the
%20Framingham%20study.&title=The%20American%20journal%20of%20cardi
ology&volume=44&issue=1&date=1979&spage=53&issn=0002-9149.> 

Kim HC, Greenland P, Rossouw JE, Manson JE, Cochrane BB, Lasser NL, Limacher  
MC, Lloyd-Jones DM, Margolis KL, Robinson JG. Mul- timarker prediction of 
coronary heart disease risk: the Women’s Health Initiative. J Am Coll Cardiol. 
2010;55:2080–2091. 

Kortesidis A, Zannettino A, Isenmann S, Shi S, Lapidot T, Gronthos S. Stromal-derived  
factor-1 promotes the growth, survival, and development of human bone marrow 
stromal stem cells. Blood. 2005 May 15;105(10):3793-801. 
<http://www.ncbi.nlm.nih.gov/pubmed/15677562>. 

Libb P, Ridker PM, Maseri A. Inflammation and Atherosclerosis. Circulation. 2002;  
105:1135-1143. 

Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr, Vasan RS. Evaluating the added  
predictive ability of a new marker: From area under the ROC curve to 
reclassification and beyond. Statistics in Medicine. 2008; 27:157-72. 

Pencina MJ, D’Agostino RB Sr, D’Agostino RB Jr, Vasan RS. Evaluating the added  
predictive ability of a new marker: From area under the ROC curve to 
reclassification and beyond. Statistics in Medicine. 2008; 27:157-72. Bergstralh, 
E. ROCplus SAS Macro. 
<http://mayoresearch.mayo.edu/mayo/research/biostat/sasmacros.cfm>. 

Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation, aspirin,  
and the risk of cardiovascular disease in apparently healthy men. New England 
Journal of Medicine. 1997; 336: 973-9. 

Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature. 1993;  



 21 

362: 801-9. 
Szlosarek PW, Balkwill FR. Tumour necrosis factor alpha: a potential target for the  

therapy of solid tumours. Lancet Oncol. 2003 Sep;4(9):565-73. 
<http://www.ncbi.nlm.nih.gov/pubmed/12965278 >. 

Topol EJ, Mark DB, Lincoff AM, Cohen E, Burton J, Kleiman N, Talley D, Sapp S,  
Booth J, Cabot CF, Anderson KM, Califf RM. Outcomes at 1 year and economic 
implications of platelet glycoprotein IIb/IIIa blockade in patients undergoing 
coronary stenting: results from a multicentre randomised trial. EPISTENT 
Investigators. Evaluation of Platelet IIb/IIIa Inhibitor for Stenting. Lancet. 1999; 
354(9195):2019-2024. 

Vasan, RS. Biomarkers of Cardiovascular Disease: Molecular Basis and Practical  
Considerations. Circulation. 2006; 113: 2335-2362. 

Wang TJ, Wollert KC, Larson MG, Coglianese E, McCabe EL, Chang S, Ho JE, Fradley  
MG, Ghorbani A, Xanthakis V, Kempf T, Benjamin EJ, Levy D, Vasan RS, 
Januzzi JL. Prognostic Utility of Novel Biomarkers of Cardiovascular Stress : The 
Framingham Heart Study. Circulation. 2012;126:1596-1604. 

What Are Coronary Heart Disease Risk Factors? Feb 1, 2011.  
<http://www.nhlbi.nih.gov/health/health-topics/topics/hd/>. 

What Is Coronary Heart Disease? Aug 23, 2013. <  
http://www.nhlbi.nih.gov/health/health-topics/topics/cad/>. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 22 

Appendix 

Table 1. Biomarkers: A Basic Glossary 
sCD40L Soluble CD40 ligand 
il-1ra Interleukin-1 receptor antagonist 
il-1β Interleukin-1 beta  
mcp1 Monocyte chemotactic protein-1 
IL-6 Interleukin-6  
IL-10 Interleukin-10 
TNF Tumor Necrosis Factor (TNFα)  
VEGF Vascular Endothelial Growth Factor  
MMP-3 Matrix metalloproteinase-3 
MMP-9 Matrix metallopeptidase-9 
SDF-1 Stromal cell-derived factor-1 
PlGF Placenta Growth Factor  
CRP C-Reactive Protein  
GCSF Granulocyte colony-stimulating factor 
FGF Fibroblast growth factors 
HGF Hepatocyte growth factor 
FORT Free Oxygen Radical Test  
GM-CSF Granulocyte-macrophage colony-stimulating factor 
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