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Preface
Traditional risk factors for coronary heart disease (CHD) for each gender
include age, hypertension, smoking, diabetes, elevated total cholesterol,
and decreased high density lipoprotein (HDL) cholesterol (see Expert
Panel, JAMA 2001, and update Grundy et al., Circulation 2004). However,
approximately 20% of all vascular events occur in the absence of these
risk factors and half of them occur in the absence of significant lipid
abnormalities. Thus, existing risk stratification guidelines may not fully
account for the additional risk possibly associated with novel risk factors
and biomarkers. Furthermore, the uncovering of both new biological
mechanisms and new technologies may impact the decision making with
regards to biomarkers.
There is a need for screening modalities that can identify at-risk patients
who may benefit from alternative treatment strategies for primary
prevention and criteria need to be established by consensus regarding
the validity and future clinical applicability of novel risk factors. This expert
decision making is necessary in order to refine existing risk assessment
guidelines, address disparities in risk among various patient populations
from various regions and ethnic back grounds, and design and implement
appropriate CHD risk reduction strategies worldwide.
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Cardiovascular Disease Risk Assessment
Lessons from Observational Studies Over 60 Years
William Kannel, MD, MPH, FACC
Framingham Heart Study
Framingham, MA, USA
Boston University School of Medicine
Boston, MA, USA

Obesity was not considered to be a major CVD risk
factor, but the NHLBI’s Framingham Heart Study
documented that obesity contributes the many
other major risk factors (such as lipids,
hypertension, and diabetes).

There have been major accomplishments in the field of epidemiology over the past 60 years leading
to the proposal of the multivariable risk factor concept and its application for multivariable risk
assessment. This has provided the healthcare professional with cardiovascular risk profiles which
allow for the targeting of individuals who are likely to benefit from intervention.
The NHLBI’s Framingham Heart Study was the first to clarify many of the major concepts in CHD
risk prediction and took away many misconceptions in medicine. A few examples are: 1.) Framingham
showed us that there is two-way traffic of cholesterol, which is reflected by the total cholesterol
(TC)/high density lipoprotein (HDL) cholesterol ratio. 2.) Obesity was not considered to be a major
CVD risk factor, but Framingham documented that obesity contributes the many other major risk
factors (such as lipids, hypertension, and diabetes). 3) The American Heart Association smoking
statement of 1956 quoted that “much greater knowledge is needed before any conclusions can be
drawn between smoking and death due to CHD.” Framingham showed that there was an increased
CHD risk associated with how much you smoked per day; moreover, smoking cessation rapidly
decreased CHD risk, indicating a link between smoking and thrombosis (see Kannel et al., Ann
Intern Med 1961). Furthermore Framingham introduced multivariate modeling. By means of logistic
regression a total CHD risk prediction system was already established in 1976.
Thus the NHLBI’s Framingham Heart Study laid the foundation for many of today’s concepts in CHD
risk prediction. The final question is: do we need more risk factors? Since 40-50% of the people
with CHD events are not considered to be at high risk by most risk profiles, the answer is yes.
These are individuals in the intermediate risk group, and their risk needs to be better defined by
biomarkers, genetic markers, and cardiovascular imaging.
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Traditional Approaches to Risk Assessment
Peter W. Wilson, MD
Emory University School of Medicine
Division of Cardiology, Department of Medicine
Atlanta, GA, USA

There are a number of issues surrounding novel
risk factors and the way risk algorithms are
moved forward.

Traditional risk assessment started in 1987 when HDL was incorporated into the Framingham risk
estimating equation. This lead to the concept that in clinical risk models, there is a baseline state, a
risk factor, and a follow-up state (see Wilson et al., Arteriosclerosis 1988). Genes and environment
drive the baseline state and genes and environment drive the follow-up state. The baseline state may
spin off risk markers which are not along the causal pathway, but do associate with the disease end
point. In 1998 a risk estimation calculator in Framingham study population was presented, adding
up risk factors with the ultimate goal to use these estimates for public health strategies (see Wilson
et al., Circulation 1998, Expert Panel, JAMA 2001).

Traditionally cardiovascular risk assessments came from observational studies and the placebo
arms of clinical trials. All previous risk assessment models have included age and sex (unless
performed in an all male or female population), blood pressure levels (and treatment, although earlier
models did not include treatment data), total cholesterol (TC), and HDL-cholesterol (C) when it
became available. Low density lipoprotein (LDL-C) levels, on the other hand, were shown not to
have any added value over TC and HDL-C. In addition, cigarette smoking and diabetes are often
included in clinical models, although for diabetes it is better to use diabetes-specific variables, which
are: microalbuminuria, duration of diabetes, and hemoglobin A1C. It is interesting to note that the
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risk factors in the model are dynamic; for instance, the electrocardiogram (ECG) has faded from the
risk score because they are no longer suggested for initial screening unless the patient has known
hypertension. Finally, the events which are used as an endpoint in risk scores are hard CHD
endpoints, i.e. myocardial infarction or coronary death, but these events may be broadened to other
events in the future, such as coronary artery bypass or angioplasty.
There are a number of issues surrounding novel risk factors and the way risk algorithms are moved
forward. Today biological samples are stored at -80 degrees and are well monitored, but this has
not always been the case. In the past samples have been “mistreated” and therefore it is important
to know how the specimens were collected and stored. In addition, bio-variability and lab-variability
is a big issue; for example, fibrinogen has shown a great biological variability and this is one of the
reasons it has not been included in the initial risk estimates. Also, there is the discussion whether to
include or stratify for variables such as social class, race, and ethnicity in risk prediction models.
Another key question which is being raised for the traditional variables is: towards what audience
are the models targeted? In general the traditional risk factor models are simple clinical models
designed for risk factor screening to be used for calculating the individual risk of a person. However,
current research is challenging these traditional risk factor models by adding new variables to
existing simple models and testing them for predictive value. One of the ways to compare the
efficacy of model s is to use Receiver Operating Characteristic (ROC) curves.

These curves represent the sensitivity-plotted versus the 1-specificity: if you flip a coin, the area
under the curve will be 50%, represented by the diagonal line in the plot, and better risk prediction
will result in the line bending towards the upper left corner of the plot. In this particular analysis, the
data from Framingham indicates that the ratio of total cholesterol/HDL cholesterol is as good as the
apoB/apoA-I ratio in terms of predicting future CHD events (see Ingelsson et al., JAMA 2007). For
successful application of an ROC one needs clinical judgment and a certain level of conservatism,
especially if the results are going to be used by others, because what might work in this specific
model may not work in a different population.
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Another ongoing discussion in guideline development is how to express risk, as a life-time risk or a
10-year risk? The main concept is that as people get older, their life-time risk gets closer to their
10-year risk; however, for younger people risk estimation is a bigger issue for prevention and
motivation. Ten-year CHD risk assessment from the NHLBI’s Framingham Heart Study using gender,
age, systolic blood pressure, treatment for hypertension, smoking, total cholesterol, and HDL
cholesterol can be accessed through www.framinghamheartstudy.org. In this analysis, diabetes
already puts a person in the very high risk category for CHD of > 20% over 10 years. This is the
standard model as recommended by the third Adult Treatment Panel of the National Cholesterol
Education Program (see Expert Panel, JAMA 2001).
In summary, there are certain aspects of risk assessment which require further attention. In the
evaluation of a risk model, one should ask the following questions: 1) What is the predictive
accuracy of a risk factor model (i.e. how good is the discrimination, or the ability of the model to
really function for risk assessment); 2) Do the models work in other groups (not just the groups in
which they were developed); 3) What are the cost of risk prediction using a new biomarker; and
4) What is the safety aspect, i.e. is screening for the biomarker safe for the patient?
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Development of the Reynolds Risk Score
in Men and women
Nancy R. Cook, ScD
Brigham and Women’s Hospital
Boston, MA, USA

The current risk prediction models leave room
for improvement.

The Framingham Risk Score has been widely used in the cardiovascular field, but there is always
the question whether new biomarkers can contribute to risk prediction. Studies have been published
which indicate that all CHD cases have at least one risk factor, but most control subjects also have
at least one major risk factors (only 19% have no risk factors in the control group), indicating that
this risk factor model is not very specific. Such data suggested to us that the current risk prediction
models leave room for improvement.
The goal of the Reynolds Risk Score was to come up with a better fitting model by comparing new
emerging risk factors to the traditional risk factor variables using data from the Women’s Health
Study. The first round of analyses generated the so-called “best fitting model” which included:
hemoglobin A1C (only in the diabetics as there was no effect in the non-diabetics), apolipoprotein
(apoA1) and apoB (these variables were stronger predictors than the HDL-C and LDL-C), and new
variables like C-reactive protein (CRP), family history of premature myocardial infarction (MI), and the
interaction of lipoprotein(a) or Lp(a) and apoB (elevated Lp(a) was important when apoB values were
greater than 100 mg/dL). Next, the “best fitting model” was simplified to make it more accessible,
creating the clinically relevant model also known as the Reynolds Risk Score (see P Ridker et al.,
JAMA 2007). This model included all variables used for the Framingham model, plus family history
of CHD prior to age 60 and CRP.
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A similar model has also been developed for men (see Ridker et al., Circulation 2008). The Reynolds
Risk Score was evaluated on the basis of the aspects of discrimination and calibration. First of all,
discrimination is the ability to correctly separate two outcome classes, cases versus non-cases, the
most popular measure of which is the C statistic or the area under the ROC curve. Calibration, on
the other hand, shows how close the predicted probabilities compare to the actual outcomes, the
most popular measure of which is the reclassification calibration test based on the HosmerLemeshow statistic. When comparing the Framingham Risk Score versus the Reynolds Risk Score
in the Women’s Health Study, the Framingham variables showed a lack of fit, i.e. the observed and
the expected were significantly different, while the Reynolds Risk score showed a better fit. Using
the Physicians Health Study data a Reynolds Risk Score was developed for men, again leading to
an improved fit over the traditional variables. The Reynolds Risk Score for both men and women
can be accessed at www.reynoldsriskscore.org. This risk score includes gender, age, systolic blood
pressure, diabetes, smoking, total cholesterol, HDL cholesterol, C-reactive protein, and family
history of premature CHD.
In conclusion, model evaluation should depend on its purpose. The C statistic may not the best
measure to evaluate the model and other predictive values need to be taken in account. Calibration
is more important for risk prediction and reclassification and can directly compare models in the
important categories. Ultimately one should use cost effectiveness to determine the clinical utility
and the value of screening.
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Statistical Issues in Risk Reduction
Ralph D’Agostino, PhD
Boston University
Boston, MA, USA

Most variables are tremendously statistically
significant, but do not add to the overall
performance of the risk factor model.

Cardiovascular risk estimation is a multi-factorial process which develops over time, assessing the
value of a risk factor at one point in time and following that variable for the development of
cardiovascular disease at a later point in time. Multiple risk factors can be combined to form a
so-called risk score. Framingham has presented these risk scores in the early 60’s in the paper by
Dr. W. Kannel (see Kannel, et al, Ann Int Med 1961), and since then a number of risk functions have
been developed. The general acceptance of the risk score, however, came in the 1980’s with the
coronary heart disease risk score such as that presented by Dr. Wilson (see Wilson et al, Circulation
1998).
Despite the growing popularity there are a number of important aspects to bear in mind when
dealing with risk scores. First of all, one should consider the population at risk. Most risk scores are
developed for people free of CHD and risk profiles are different for someone who has had a heart
attack than for someone from the general population. Next, one should keep the endpoint in mind.
As an example, the Framingham risk score was calculated for general CHD. Using this score for
hard CHD will overestimate the risk. Also keep in mind the follow-up time. A 10-year risk prediction
requires a follow-up time longer than 10 years for accurate prediction. Age is also an important
factor since risk factors have a different profile at higher age. The Framingham risk score for instance
is developed for individuals with an average age between 35-74 years. The risk score is not going to
work very well when used in the elderly since they have a different risk profile (see Expert Panel et al,
JAMA 2001).
For mathematical risk predictions the Cox proportional hazard model is the most commonly used
model. Risk models are tested on the bases of: 1) significance (are the risk factors in the model
really important?); 2) discrimination (can you separate those who develop disease from those who
do not); and 3) calibration (is the probability right, i.e. comparing the predicted probability versus the
observed probability). When testing these models a number of statistical issues have arisen. The
first issue was if one can take the Framingham risk score or other function and transfer it to a
different population without it losing its function? In other words, is the relative risk the same, is the
discrimination as good, and is the level of calibration the same as in the original population? To
address this question, the Framingham function was compared to one derived from the

9

XV International Symposium on Atherosclerosis

Satellite Symposium: Risk Factors for Atherosclerosis

Atherosclerosis Risk in Communities Study (ARIC) data set and showed that the relative risk for the
Framingham Risk Score were comparable the those from the ARIC study in a subgroup of white
men. On the other hand, the Framingham function dramatically over-predicts when used on the
Honolulu Heart Study data set. Thus it is not calibrated correctly for the Honolulu Heart Study data
and therefore must be recalibrated to provide a better fit. As an additional example, recalibration of
the Framingham function also improved performance in the Chinese Multi-provincial Cohort Study
(see Liu et al., JAMA 2004). Moreover work in this population also indicated that between 1984 and
1999 CHD risk in China increased significantly because increased total cholesterol, presumably due
to dietary changes (see Critchley et al., Circulation 2004).
Another important statistical question is: how to deal with a new risk factor? When you add a
variable or a genetic score to an existing risk model, what does that new variable add in terms of
significance, discrimination, and calibration? Most variables are tremendously statistically significant,
but do not add to the overall performance of the risk factor model. An alternative method is to
re-estimate the probability with the new variable and count the individuals who move in the right
direction in terms of risk.
A final question is how we should express risk, noting that someone's long-term risk will be much
more dramatic that the 10-year risk. The long-term risk score was developed based on a 30-year
risk score. One can have a good short-term CHD risk, but a dramatic 30-year CHD risk. Therefore
scoring systems can be used in an inverted way and translate risk to something called “heart age” -telling a patient who is 30 years old, that based on the present risk factors, this person has the
heart of a 36-year old. We have now developed a 30-year scoring system to calculate CHD risk
based on the Framingham data (see Pencina et al., Circulation 2009).
In summary, risk predictions have evolved and risk models can be transported to different populations
via calibration. Furthermore, there are now multiple new methods for handling new risk factors and
incorporating them into the model for traditional risk prediction.
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Novel Risk Factors
HDL as a Risk Factor
Arnold von Eckardstein, MD
Institute of Clinical Chemistry
University of Zurich
Zurich, Switzerland

It is still unclear if HDL is a causal risk factor,
and if HDL can be used as a treatment target.

It should be noted that the Prospective Cardiovascular Muenster (PROCAM) Study has also
generated a risk algorithm which uses the same parameters as the Reynolds Risk Score, except
that it incorporates triglyceride values instead of CRP (see Assmann et al., Eur J Clin Invest 2007).

The PROCAM risk score can be accessed at www.chd-taskforce.com. While low HDL-C is an
important CHD risk in Framingham, the Reynolds Risk Score, and PROCAM, the question is
whether should it be a target for therapy? Since there are no intervention studies demonstrating
that direct intervention into HDL protects against CHD (the effects of HDL intervention drugs are too
broad for that purpose), it remains an open question if low HDL is a causal risk factor for CHD?
Observational studies have shown that low HDL is associated with increased risk for CHD; however,
in the high HDL-C groups there is not always reduced risk. It should be noted that people with low
HDL tend to have one or more of the other risk factors and the properties of HDL as a risk factor
are modulated by the absence or presence of other risk factors.
Thus, it is still unclear if HDL is a causal risk factor, and if HDL can be used as a treatment target.
This is because the data from human and animal studies are conflicting or inconsistent. Furthermore
it is difficult to draw any conclusions from the data derived from HDL drug and lifestyle intervention
studies because these also tend to affect the other risk factors, especially triglycerides.
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Another point of concern is that measuring HDL-cholesterol does not tell you anything about the
functioning of the HDL particle itself. The composition of HDL is very heterogeneous and is associated
with different functions and effects, creating a need for better tools to characterize the HDL
subclasses for risk prediction. This is illustrated by a recent report which suggests that the HDL
particle number, instead of HDL size, was the most predictive variable for CVD risk (see Van der
Steeg et al., J Am Coll Cardiol 2008).
In summary, the cholesterol content in HDL is only a rough estimation of particle size and number.
HDL can vary in size and composition and this can make a big difference for the functioning for
HDL. New data suggest that HDL particle number is more important than HDL-C and HDL size in
CVD risk prediction, because it is not confounded by the components of the metabolic syndrome.
Furthermore, there is a direct need for better biomarkers which truly reflect the functioning of the
HDL particles and which can be used in risk prediction models.
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Biomarkers for Risk Assessment in the ARIC Study
Christie M. Ballantyne, MD
Baylor College of Medicine
Houston, TX, USA

The total/HDL cholesterol ratio is difficult to
beat as a risk marker.

In the Atherosclerosis Risk in Communities (ARIC) study, 98% of the women in the age category
45-64 years had a low risk (i.e. less than 10%) according to the Framingham Risk Score. Although
women get disease later, from a clinical point of view it is difficult not to look at these individuals and
try to identify who will develop CHD in the future. Impaired fasting glucose, for instance, is useful for
risk assessment and management. Furthermore the data on diabetes prevention with lifestyle
modification is very strong, and therefore guidelines should look at both CHD and diabetes risk.
Diabetes via lifestyle modification is perhaps the most preventable healthcare challenges at the
moment. In addition to subclinical atherosclerosis, which has proven to be a strong risk marker for
cardiovascular disease, the question is how strong is the data for novel risk markers like Lp(a),
non-HDL, apoB, total LDL particle number, lipoprotein associated phospholipase A2 (LpPLA2),
and CRP for the use in risk management and risk assessment.
With regard to Lp(a), levels are determined by the number of kringle 4-like repeats within the apo(a)
protein on the surface of the Lp(a) particle. Those who have a lower number of these repeats have
higher Lp(a) concentrations. A high Lp(a) concentration has been associated with an increased risk
for CHD events. The data for Lp(a) is quite strong indicating that Lp(a) is a risk factor and a risk
marker for CHD and stroke.
The next question is which to use, non-HDL, apoB, or LDL-particles. Historically, LDL cholesterol
has been measured as a surrogate for the amount of LDL lipoprotein particle in the circulation.
Since HDL cholesterol is “good” and the rest is “bad,” the Helsinki Heart Study mentioned 30 years
ago the need to look at HDL-C versus non-HDL-C as markers of good and bad cholesterol. There
is much enthusiasm about measuring apoB; however, in the ARIC study this was not supported,
thus questioning if an apoB measure is necessary. Univariate analysis showed an association for
apoB, but apoB was not that impressive as a marker in the fully adjusted model. Furthermore,
questions are raised on the direct LDL measure. In general non-HDL makes more sense than direct
LDL and overall, the total/HDL cholesterol ratio is difficult to beat as a risk marker because this ratio
is driven by the non-HDL cholesterol versus the HDL cholesterol. Clinically it is important to note
which variable has the strongest associations with the outcomes and in that respect, both non-HDL
and apoB showed a strong association with the outcome. However, note that while statins reduce
LDL-cholesterol, they do not affect apoB levels as much. It is currently unknown what the apoB
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target value should be for on treatment on statins to get the greatest risk reduction. The overall
standpoint right now is that non-HDL, apoB, or LDL-particles are better than LDL cholesterol for
risk assessment and for assessing optimal lipid therapy. The question remains whether to measure
apoB and LDL particles, or is non-HDL cholesterol sufficient?
Finally, LpPLA2 is an enzyme associated with LDL. Information on LpPLA2 and CHD risk has been
well summarized (see Davidson et al, Am J Cardiol 2008). In the ARIC study there was an association
between LpPLA2 with stroke in conjunction with CRP. These findings have been validated in
prospective studies showing strong associations of LpPLA2 with disease outcome. The next question
however is what do you do when a patient has a high value of LpPLA2? The only way to address
this question is to conduct a clinical trial and currently there is a large outcome study being conducted
investigating whether an LpPLA2 inhibitor actually reduces cardiovascular events.
In conclusion, with regard to novel biomarkers, the only biomarker we have data available for is
CRP: patients with high CRP will benefit from statin therapy, even if LDL is not elevated -- this was
proven in a clinical trial (see Ridker et al. Lancet 2009). There are no comparable data available for
the other markers. Lp(a) is emerging a risk marker, but more data are needed. LpPLA2 is not clear
if it can be used in risk assessment, because no clinical trials have targeted this specific question
(see Davidson et al., Am J Cardiol 2008).
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Approaches for Discovery of New Biomarkers
Which May Assist In the Prevention of
Cardiovascular Disease
Daniel Levy, MD
Framinghan Heart Study
National Heart, Lung, and Blood Institute
Framingham, MA, and Bethesda, MD, USA

The future of biomarker discovery will be
technology driven...

What is a biomarker? A biomarker is something you measure in relation to disease outcome or in
response to treatment. What is personalized medicine? Personalized medicine is the ability to give
the right drug, to the right patient, in the right dose at the right time, using the information from that
patient to achieve a better outcome. Traditional approaches to biomarker discovery were to first
understand the risk factor contribution to the biology of CHD. This requires a combination of
research from basic science, observational population science, and large scale clinical trials, before
any new strategy for prevention could be initiated on a population scale. The downside of this
approach is that historically it has been slow and there has been poor integration between the
different scientific fields.
The future of biomarker discovery will be technology driven, including genetics and genomics, as
well as proteomic, metabolomics, and lipomics. It will become very important to develop new ways
of dealing with the information generated by these technologies. In other words, bioinformatics and
computational biology approaches must be developed to make use of the enormous amounts of
data being generated by these new technologies. Future strategies will be to integrate all the data
generated by these new technologies into risk prediction models.
As an example of such a strategy is the NHLBI’s SABRe Cardiovascular (CVD) Initiative. The SABRe
CVD initiative’s aim is to characterize the molecular signatures of clinically important diseases,
focusing on risk factors for atherosclerosis and the metabolic syndrome, using high throughput
technology to measure large numbers of biomarkers. Participants are derived from the Framingham
Offspring Cohort, the Third Generation Cohort, and the Omni Minority Cohort. The project consists
of four different components. The first component is the so-called “omic-discovery.” The aim is to
discover new biomarkers via case-control studies, followed by a validation of the promising
biomarkers and replication of the results in other observational settings. The second component is
the development of immunoassay methods that are able to measure 200 different proteins in about
1 mL of serum. The proteins will be selected based on the results of proteomic, GWAS, and gene
expression studies. The third component is gene expression profiling which will look at gene
expression patterns which can be related to gene products (i.e proteins) and disease. The last
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component is to characterize expression of microRNAs, which have important regulatory properties.
The overall goal of SABRe CVD is to integrate genetic variation data with gene expression data and
relate them to circulating biomarkers (proteomics and metabolomics) and to disease outcome. As
mentioned before, a central issue will be to integrate all the information generated by the different
platforms and relate them to the risk factors and disease outcomes. Optimal approaches necessary
to analyze these data do not fully exist yet and the future challenge will be to develop new analytical
techniques to analyze the vast amounts of data generated by these new high throughput
technologies.
In summary, studies of biomarker of atherosclerosis and the metabolic syndrome will provide insights
into the pathogenesis of cardiovascular disease. This will not only promote the development of new
diagnostic tests that will identify high risk individuals early on when treatment approaches are likely
to be most successful -- which falls into the category of personalized medicine -- but these
approaches will also help us understand the biology of health and disease and will speed up the
identification of new therapeutic targets that can be tested and entered into the pipeline for new
drug development for treatment and prevention.
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How Do You Introduce a Novel Biomarker
into Clinical Practice?
Paul Ridker, MD
Brigham and Women’s Hospital
Boston, MA, USA

The biomarker should be cost effective and the
overall accumulated data should be compelling
enough to overcome traditional clinical thinking.

In his landmark paper in 1961, Dr. Kannel changed medical history by identifying hypertension,
diabetes, elevated cholesterol, smoking, and male gender as risk factors for CHD (see Kannel et al.,
Ann Intern Med 1961). The question with regard to biomarkers, however, has always been how to
keep moving forward? Being an independent predictor is one thing, but to change reclassification
and offer something about risk is a more complex story.
What steps are required for the broad clinical acceptance of a novel biomarker? The first important
step or criterion is that there is an accepted, reliable, and reproducible method to measure the
biomarker. This methodology should be widely available and accessible to everyone. The second
criterion is that the novel biomarker should consistently predict risk in multiple and diverse cohorts,
preferably with multiple ethnicities. If there is a strong association of the novel biomarker with
disease outcome, the third step is to determine that the novel biomarker is largely independent of
the established risk factors and to determine whether the novel biomarker reclassifies a substantial
number of individuals who were classified differently according to the classical risk factors. If this is
the case, then the final or fourth step should be the documentation in clinical trials that individuals
identified by the biomarker benefit from treatment which they otherwise wouldn’t have received.
Finally, for successfully introducing a new biomarker in clinical practice, the screening strategy of the
biomarker should be cost effective and the overall accumulated data should be compelling enough
to overcome traditional clinical thinking (i.e. convince clinicians to routinely use the biomarker in
clinical practice). So why work on biomarkers? What is the application of a biomarker, separate from
their use in a biological study? Do we treat on the basis of the Framingham/Reynolds Risk Score or
do we treat on the basis of biomarkers?
To address this question, one can look at role of CRP as a biomarker in the JUPITER trial. The
JUPITER trial was designed to include patients with no diabetes, no CVD, and LDL cholesterol
below 130 mg/dl (which is below the treatment target, so not treated with a statin); however, they
had a CRP above 2 mg/L, which is indicative of an enhanced inflammatory response. These
patients were treated with an aggressive statin and followed over time for hard clinical endpoints.
Overall, the use of rosuvastatin was associated with a 44% reduction in the trial primary endpoint of
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all vascularevents, a 55% reduction in myocardial infarction, a 48% reduction in stroke, and a 46%
reduction in need for angioplasty or bypass surgery (see Ridker et al., New Eng J Med 2008). The
JUPITER trial also showed the greatest reduction in events in those who achieved an LDL-C < 70
mg/dl and a CRP value of < 1.0 mg/L (see Ridker et al., Lancet 2009). These data are consistent
with prior work suggesting that statin therapy is effective by both reducing LDL-C and reducing
inflammation (see Ridker et al, Lancet 2009). Most relevant for primary prevention, JUPITER
prospectively confirms data from the earlier AFCAPS/TexCAPS trial that those with elevated CRP
but low LDL-C have substantive vascular risk and benefit markedly from statin therapy, an issue of
public health importance.
In conclusion, biomarkers can be used to define the right population to study in clinical trials and
get a better understanding of the underlying biology.
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Genetics of CVD Risk Factors
The Genetics of Hypertension
Patricia Monroe, PhD
William Harvey Research Institute
Queen Mary University of London
London, UK

The Wellcome Trust Case Control Consortium
genotyped 2.5 million SNP’s in 2,000 cases with
high blood pressure and 3,000 controls.

Hypertension is an important risk factor for CHD, stroke, and renal failure, and is the cause of a
significant global disease burden. Hypertension prevalence is increasing, and of the patients who
have their hypertension treated, 60% stay hypertensive despite the fact that they are usually on
more than one hypertension-reducing medication. Therefore there is great need to understand the
etiology of hypertension. Hypertension is a multi-factorial disease of which 50% is thought to be
inherited. There are two genetic approaches to unravel the underlying genetics of this disease (and
multi-factorial diseases in general): the first approach is to study candidate genes at selected gene
loci, while the second approach is to conduct a genome-wide scan study (GWAS), having no
a priori hypothesis and looking at millions of single nucleotide polymorphisms (SNP’s) across the
genome.
One of the promising candidate genes to study in relation to blood pressure is the WNK1 gene. In
the BRIGHT Study, 28 tag SNP’s (these are single SNP’s which are representative for a haplotype
block in the gene of interest) were typed for the WNK1 gene. The SNP’s were considered individual
and as a haplotype. The results of the BRIGHT Study showed that one individual SNP in the WNK1
gene showed to affect blood pressure and this was replicated in a number of other study populations. In addition, the haplotype analysis of this gene revealed a few rare haplotypes which affected
blood pressure, lowering both systolic and diastolic blood pressure; the effects were highly significant.
The second approach is the GWAS, which has been highly successful for the investigations of
complex diseases. In 2007 the Wellcome Trust Case Control Consortium genotyped 2.5 million
SNP’s in 2,000 cases with high blood pressure and 3,000 controls from the BRIGHT Study to see if
any of them were associated with high blood pressure. The results however showed that none of
the SNP’s from the GWAS passed the significance threshold.

19

XV International Symposium on Atherosclerosis

Satellite Symposium: Risk Factors for Atherosclerosis

The lack of finding an association perhaps contributed to the possibility that the relative risks for
blood pressure are much lower than those of other complex diseases. Additionally, blood pressure
is an imprecise phenotype as blood pressure is highly variable and there is potential observer bias in
the measurement itself. As a follow-up to these negative findings a few steps were taken. The first
step was to conduct a blood pressure meta-analysis, followed by more precisely defining the blood
pressure phenotype. The meta-analysis was conducted in the form of the Global Blood Pressure
Consortium with a total sample size of 34,433 individuals, harboring eight candidate SNP’s. One
very good candidate was a SNP in the CYP17A gene, a key enzyme in the metabolism of
glucocorticoids. The results were replicated in the LOLIPOP study and the CYP17A SNP remained
significant.
In summary, eight novel blood pressure loci were identified; however, each individual variant only
explains a very small proportion of the variation in blood pressure. The aggregate effect of having
one or more of these alleles may be very meaningful at the population level to the risk of strokes
and CHD. In addition, these studies come up with new biological mechanisms which can control
blood pressure and all represent therapeutic targets.
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Genetic Analysis of Plasma Lipid Levels
Daniel I. Chasman, PhD
Brigham and Women’s Hopital
Boston, MA, USA

The strongest associations were still found with
the well-known loci, such as the APOE locus
with the LDL-based fractions and the CETP
locus with the HDL-based fractions.

A genome-wide association study was conducted among over 17,000 women from the Women's
Genome Health Study, focusing on the genetic analysis of 22 plasma lipoprotein measures derived
from a combination of conventional assays and nuclear magnetic resonance (NMR)-based
measurements. The Illumina Human Hap 300 dual + platform was used to generate genotype data
for about 317,000 SNP’s covering common variation at the 5% level in samples from European
origin, as well as an additional approximately 30,000 SNP’s with prior demonstrated function or
relevance for cardiovascular disease.
Supplementing conventional assays for plasma lipid fractions, the NMR methodology measures
the concentration of lipoprotein fractions according to class (i.e. LDL, HDL, or VLDL) and size within
each lipoprotein class. This NMR sub-phenotypic gives a better representation of the metabolic
pathways and therefore a better resolution to the genetics and thus potential to more precise
understanding of the disease phenotype.
The results showed 30 hits across the genome (with the level of significance threshold being set at
p-value < 5.10-8) many of which have previously been reported in genome-wide scan studies (GWAS)
or other genetic analysis. Eight of the primary associations mapped to novel loci not previously
described in other genome-wide association studies. The validity of these novel candidate genes
was tested by replication in different study populations being the PROCARDIS Study and the
NHLBI’s Framingham Heart Study. These studies had the same NMR lipoprotein measurements
available as in the Women's Genome Health Study. Each of the previously know loci could be
validated in the PROCARDIS and Framingham study. Of the eight novel loci, six have been validated
and the other two are being confirmed in ongoing studies.
In addition, at a sub-genome-wide level of statistical stringency, associations linked additional
candidate genes to the NMR-based and conventional lipoprotein measures. Among the genome-wide
loci, some of them associated with one specific lipid trait, but most of them showed associations
with a variety of lipoprotein measures. The strongest associations were still found with the
well-known loci, such as the APOE locus with the LDL-based fractions and the CETP locus with
the HDL-based fractions. Combining all the candidate loci could explain up to 17% of the variance
in the traditional and NMR-based lipoprotein fractions.
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New Lessons from Observational Studies and the
Future of Biomarkers
Life Style and Heart Disease Risk - Results from the
INTER HEART Study
Sonia Anand, MD, PhD, FRCPc
McMaster University Hospital
Hamilton, Ontario, CA

A population strategy of prevention is likely to
be most effective in preventing cardiovascular
disease and the global burden.

The greatest increase in cardiovascular disease is predicted to occur in developing and low income
countries. The INTER HEART Study (IHS) was set up to understand why different ethnic groups
have different CVD risk factors. For this case-control study, a total of 27,000 people were recruited
from 262 sites from 52 countries around the world, including countries where little or no risk factor
research has been previously conducted.
The first interesting observation from the IHS is that women develop a myocardial infarction (MI) 10
years later than men and this pattern is seen around the world. Some populations, however, develop
MI earlier than other populations. The risk factors are the same, but the number of risk factors is
more frequent and present at younger ages.
In the IHS, the greatest risk factor for acute MI was non-fasting apoB/ ApoA1 ratio (with a populationattributable risk (PAR) of 50%). Other risk factors included smoking (PAR 36%), abdominal obesity
(PAR 20%), and hemoglobin A1C (which was predictive of MI over self-reported diabetes and
hypertension). In addition, fruit and vegetable intake, exercise, and alcohol use were associated with
lower risk for acute MI. The PAR from the multivariate model was around 90%.
Body mass index (BMI) was not predictive for MI when adjusted for abdominal obesity. The waist-hip
ratio (WHR), a measure for central adiposity, on the other hand was a predictor of MI (even when
adjusted for BMI). Interestingly, although a higher waist circumference was associated with a greater
risk for MI, a larger hip circumference was protective factor against MI. There are many theories for
this observation but none of them have been confirmed.
In general, the risk factors are similar in men and women with the exception of hypertension and
diabetes, which is slightly greater in women than in men. Looking across the age groups, the risk
factors give greater odds ratios in younger people than in older, i.e. there is a greater association
with MI when the risk factors are present in young people (see Yusuf et al., Lancet 2004.)
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One of the aspects of the IHS was the ability to compare different regions and different ethnic
groups in terms of the variations in the PAR. Variations in the PAR are expected because the
frequency of the risk factors also varies per region or ethnic group. The IHS, however, demonstrated
that the risk factors for MI are the same across age, groups, gender, and ethnic populations. There
are variations in the PAR for certain variables, but in general the risk factors for MI are the same for
all regions and ethnic groups.
Thus, if the risk factors are ubiquitous within the population, this suggests that a population strategy
of prevention is likely to be most effective in preventing cardiovascular disease and the global burden.
Although we have been well informed by randomized controlled trials how to manage patients with
an established event, the greatest challenge, however, is to have a societal approach to MI
prevention, i.e. how can we change our physical environment as well as the policy environment to
prevent risk factors from ever developing (see Yusuf et al., Lancet 2004).
In summary, CHD is the leading cause death in the world and increasing in low and middle income
populations. Risk factors for CHD, however, are common throughout the populations. Societal and
individual changes with drug treatments, perhaps the Polypill (see next topic), are needed to suppress
the epidemic of CHD. In addition, the IHS data has the potential to come up with region-specific
strategies for CHD prevention.
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The Polypill: From Concept to Reality
Nicholas Wald, FRCP, FRS
Wolfson Institute of Preventative Medicine
University of London
London, UK

The Polypill concept means adopting a simple
population-based approach to preventing CVD.
The Polypill is a single pill that can modify several causal cardiovascular (CVD) risk factors
simultaneously (see Wald and Law, Br Med J 2003). The indication for preventive treatment should
be influenced by a person’s overall risk of CVD, not the level of individual risk factors such as serum
cholesterol and blood pressure. If a decision to offer preventive treatment is made, all reversible risk
factors should be treated where this can be done effectively and safely, not just those judged to be
high. Drugs have side effects and, with most blood pressure lowering drugs, halving the dose of the
blood pressure drug more than halves the reduction in the side effects, but efficacy is only reduced
by about 20%. Using half doses of several drugs from different classes therefore increases the
beneficial effects and decreases the prevalence of side effects. Thus in the prevention of
cardiovascular disease there is benefit in using combination low dose blood pressure lowering
drugs together with a statin at standard dose. There is a therapeutic robustness in having many
drugs in one pill: if one is not effective (for, say, genetic reasons), only a small amount of the risk
reduction is lost, but with mono-therapy this is not the case.

The Figure shows the expected effect of a Polypill with 6 components. All components have been
shown in trials to reduce CVD risk except for folic acid, for which the effect is based on epidemiological results and is therefore less certain. A recent trial of a Polypill documented significant
reductions in total cholesterol, LDL cholesterol, and blood pressure (see The Indian Polycap Study,
Lancet 2009).
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How should people be selected for the Polypill? In many countries about 95% of IHD and stroke
deaths occur over the age of 55, so this is a reasonable starting point, or possibly about age 50 if
events are to be caught rather than just deaths. Important causal risk factors such as serum
cholesterol and blood pressure are poor predictors of who will develop CHD events or strokes.
They add little extra discrimination to the use of age alone, which is the most powerful predictor. It is
much simpler to use age alone in screening: the small loss in discrimination is of little consequence
given the efficacy, safety, and potential low cost of the Polypill. The Polypill concept is more than
formulating a tablet or capsule with several components because it encompasses the strategy of
offering it to all healthy people above a certain age to prevent first CHD events and strokes. The
Polypill is unlikely to make people less health conscious and adopt unhealthy behaviors; the well
informed and health conscious are likely to be those who use the Polypill more than others, and
they will not abandon their attitudes to diet, weight, and general health. The public health challenge
is that those in most need, that is people who are overweight, smoke, and eat a poor diet, will be
less likely to take the Polypill. Different Polypills will be needed for primary and secondary prevention
(the former without aspirin because the hazard of bleeding may not be adequately offset by the
anti-clotting benefits in people who have not had an ischemic event. For the present folic acid may
need to be omitted because of its uncertain efficacy). A primary prevention Polypill consisting of 4
components (three blood pressure lowering drugs and a statin) would be affordable and, if offered
to everyone from aged 55, on average 1 in 3 people without a history of CVD or a stroke who took
the Polypill regularly would benefit and each would gain about 11 years of life without a heart attack
or stroke. The Polypill concept means adopting a simple population-based approach to preventing
CVD, similar to a vaccination policy in preventing the complications from infectious diseases.
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What Are the Next Steps for Biomarkers?
Christopher J. O’Donnell, MD, MPH
Framingham Heart Study
National Heart Lung, and Blood Institute
Framingham, MA, and Bethesda, MD, USA

Among the several issues that accompany the
explosion of genetic data generated by the
genome-wide association studies is the need to
discover the biology underlying significant SNP
associations and the need for bioinformatic
capacity and tools to make sense of the vast
amounts of data.

Population studies have lead to the identification of risk factors for CHD. Such information has served
as the basis for randomized controlled trials and later on for intervention strategies. The question is
what the next steps will be for serum-, imaging-, and genetic-biomarkers and where this may be
going in the future.
Studies using electron beam computed tomography (CT) or rapid 64-slice CT (takes 30 seconds)
have shown that the amount of calcium in the heart is a very powerful predictor of future CHD
events and mortality (see studies by Greenfield et al., JAMA 2004, Vliegenthart et al., Circulation
2005, Detrano et al., New Engl J Med 2008, Folsom et al., Arch Int Med 2008, Budoff et al.,
J Am Coll Cardiol 2007, Boyar, J Thorac Imaging 2006, Budoff et al., J Am Coll Card 2009).

Biomarker discovery and clinical validation is a dynamic field and the biomarker evaluation criteria
have been previously reviewed (see Vasan, Circulation 2006). Before moving a novel biomarker
forward into larger studies and clinical practice, there are various criteria to determine whether
confounding has had a role in any of the associations between biomarkers and CVD. In addition, it
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is also essential to investigate whether multi-marker strategies are superior over single marker
strategies. These validations are necessary to determine whether the novel biomarker adds to the
established risk factor algorithm and ultimately changes clinical practice.
Genomics is a new important area in the biomarker field. Parental history is a strong risk factor for
CVD in the NHLBI’s Framingham Heart Study population and the heritability for a number of risk
factors and biomarkers has been estimated to be between 20-50%. Thus genetics is driving a
significant portion of the inter-individual variability in risk.
There has been a true explosion of gene association studies, with one of the more interesting
findings being the strong association of the 9p21 locus with MI, replicated in a number of GWAS
studies. The great variability in the results from candidate gene studies, however, have created
skepticism towards gene association studies and have caused many people not to believe the
candidate gene study data. This has ultimately lead to strong recommendations on replicating
findings from genetic association studies.
Among the several issues that accompany the explosion of genetic data generated by the
genome-wide association studies is the need to discover the biology underlying significant SNP
associations and the need for bioinformatic capacity and tools to make sense of the vast amounts
of data. Furthermore, the need for large sample sizes has led to the formation of multicenter
consortia to combine all the genetic data, because it has been found that one study alone cannot
provide complete data about most biomarkers and risk factors underlying CVD.
The final question is: will genotype data eventually add to the risk factor algorithm? Currently the
genotype risk score does not add information to the standard Framingham risk score and it is not
yet known how the genotypes are going to affect current medical practice. As more data are
gathered, SNP’s may predict as well, or even better than traditional risk factors. At that point, it is
critical to determine how to use these genetic biomarkers for prediction, prevention, and
personalization of medicine.
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Conclusions
Today, many studies are conducted to identify novel biomarkers and the
field is moving quickly in identifying and evaluating those new biomarkers
that will have relevance for prevention of disease in the future.
Biomarker discovery will be driven even more by technology than now is
the case and in the future it will be very important to develop new ways of
dealing with the information generated by these technologies and
develop new strategies to integrate all the data generated by these new
technologies for risk prediction models and personalized medicine.

28

Suggested Readings
Assmann G, Schulte H, Cullen P, Seedorf U.
Assessing risk of myocardial infarction and stroke; new data from the Prospective Cardiovascular
Muenster (PROCAM) Study.
Eur J Clin Invest 2007;37:925-32.
Boyar A.
Creating a web application that combines Framingham risk with electron beam CT coronary calcium
score to calculate a new event risk.
J Thorac Imaging 2006;21:91-96.
Budoff MJ, Shaw LJ, Liu ST, Weinstein SR, Mosier TP, Tseng PH, et al.
Long term prognosis associated with coronary calcification: observations from a registry of 25,253 patients.
J Am Coll Cardiol 2007;49:1860-70.
Budoff MJ, Nasir K, McClelland RL, Detrano R, Wong N, Blumenthal RS, et al.
Coronary calcium predicts events even better with absolute calcium score than age, sex, race, ethnic
percentiles.
J Am Coll Card 2009;53:345-52.
Critchley J, Liu J, Zhao D, Wei W, Capewell S.
Explaining the in increase in coronary heart disease mortality in Beijing between 1984 and 1999.
Circulation 2004;110:1236-44.
Davidson MH, Corson MA, Alberts MJ, Anderson JL, Gorelick PB, Jones PH, et al.
Consensus panel recommendation for incorporating lipoprotein-associated phospholipase A2 testing into
cardiovascular disease risk assessment guidelines.
Am J Cardiol 2008;101:51F-57F.
Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR, et al.
Coronary calcification as a predictor of coronary events in 4 racial or ethnic groups.
New Engl J Med 2008;358:1336-45.
Expert Panel.
Executive summary of the 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).
JAMA 2001;285:2486-97.
Folsom AR, Kronmal RA, Detrano RA, Detrano RC, O’Leary DH, Bild DE, et al.
Coronary artery calcification as compared with carotid intimal medial thickness in the prediction of
cardiovascular disease incidence: the Multi-Ethnic Study of Atherosclerosis (MESA).
Arch Int Med 2008;168:1333-39.
Greenland P, LaBree L, Azen SP, Doherty TM, Detrano R.
Coronary calcium score combined with Framingham risk score for risk prediction in asymptomatic
individuals.
JAMA 2004;291:210-15.
Grundy SM, Cleeman JI, Merz CN, Brewer HB Jr, Clark LT, Hunninghake DB, et al.
Implications of recent clinical trials for the National Cholesterol Education Adult Treatment Panel III
guidelines.
Circulation 2004;110:227-39.
Ingelsson E, Schaefer EJ, Contois JH, McNamara JR, Sullivan L, Keyes MJ, et al.
Clinical utilty of different lipid measures for prediction of coronary heart disease in men and women.
JAMA 2007; 298:776-85.
Kannel WB, Dawber TR, Kagan A, Revotskie N, Stokes J 3rd.
Factors of risk in the development of coronary heart disease--six year follow-up experience. The
Framingham Study.
Ann Intern Med 1961;55:33-50.

29

Liu J, Hong Y, D’Agostino RB Sr, Wu Z, Wang W, Sun J, et al.
Predictive value for the Chinese population of the Framingham coronary heart disease risk assessment
tool as compared with the Chinese Multi-Provincial Cohort Study.
JAMA 2004;291:2491-599.
Pencina MJ, D’Agostino RB, Larson MG, Massaro JM, Vasan RS.
Predicting the 30-year risk of cardiovascular disease. The Framingham Study.
Circulation 2009;119:3078-84.
Ridker PM, Buring JE, Rifai N, Cook NR.
Development and validation of improved algorithms for the assessment of globalcardiovascular risk in
women: the Reynolds Risk Score.
JAMA 2007 Feb 14;297(6):611-9.
Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein JJ, et al.
JUPITER Study Group. Rosuvastatin to prevent vascular events in men and women with elevated
C-reactive protein.
N Engl J Med 2008 Nov 20;359(21):2195-207. `Epub 2008 Nov 9.
Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein JJ, et al.:
JUPITER Trial Study Group. Reduction in C reactive protein and LDL cholesterol and cardiovascular event
rates after initiation of rosuvastatin: a prospective study of the JUPITER trial.
Lancet 2009;373:1175-82.
Ridker PM, Paynter NP, Rifai N, Gaziano JM, Cook NR.
C-reactive protein and parental history improve global risk prediction: the Reynolds Risk Score for men.
Circulation 2008;118:2243-51.
The Indian Polycap Study.
Effects of a polypill (Polycap) on risk factors in middle-aged individuals without cardiovascular disease
(TIPS): a phase II, double blind, randomized trial.
Lancet 2009;373: 1341-51.
van der Steeg WA, Holme I, Boekholdt SM, Larson ML, Lindahl, Stroes ES, et al.
High-density lipoprotein cholesterol, high-density lipoprotein particle size, and apolipoprotein
A-I: significance for cardiovascular risk: the IDEAL and EPIC-Norfolk studies.
J Am Coll Cardiol 2008;51:634-42.
Vasan RS.
Biomarkers of cardiovascular disease: molecular basis and practical considerations.
Circulation 2006 May 16;113(19):2335-62.
Vliegenthart R, Oudkerk M, Hofman A, Oei HH, van Dijck W, van Rooij FC, et al.
Coronary calcification improves cardiovascular risk prediction.
Circulation 2005;112:572-77.
Wald NJ, Law MR.
A strategy to reduce cardiovascular disease by more than 80%.
Br Med J 2003;326:1419-20.
Wilson PW, Abbott RD, Castelli WP.
High density lipoprotein cholesterol and mortality. The Framingham Heart Study.
Arteriosclerosis 1988; 8:737-41.
Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB.
Prediction of coronary heart disease using risk factor categories.
Circulation 1998;97:1837-47.
Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Larras F, et al.
Interheart Study Investigators. Effect of potentially modifiable risk factors asscoaited with myocardial
infarction in 52 countries (the INTERHEART Study) case-control study.
Lancet 2004;364:937-52.

30

Risk Factors for
Atherosclerosis

.

Hig hlight s

Supported by in part by
educational grants from

