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reamble

t is essential that the medical profession play a central role
n critically evaluating the evidence related to drugs, devices,
nd procedures for the detection, management, or preven-
ion of disease. Properly applied, rigorous, expert analysis of
he available data documenting absolute and relative bene-
ts and risks of these therapies and procedures can improve
he effectiveness of care, optimize patient outcomes, and
avorably affect the cost of care by focusing resources on the
ost effective strategies. One important use of such data is

he production of clinical practice guidelines that, in turn,
an provide a foundation for a variety of other applications,

uch as performance measures, appropriate use criteria,
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linical decision support tools, and quality improvement
ools.

The American College of Cardiology Foundation
ACCF) and the American Heart Association (AHA) have
ointly engaged in the production of guidelines in the area of
ardiovascular disease since 1980. The ACCF/AHA Task
orce on Practice Guidelines (Task Force) is charged with
eveloping, updating, and revising practice guidelines for
ardiovascular diseases and procedures, and the Task Force
irects and oversees this effort. Writing committees are
harged with assessing the evidence as an independent
roup of authors to develop, update, or revise recommen-
ations for clinical practice.
Experts in the subject under consideration have been

elected from both organizations to examine subject-specific
ata and write guidelines in partnership with representatives
rom other medical practitioner and specialty groups. Writ-
ng committees are specifically charged to perform a formal
iterature review; weigh the strength of evidence for or
gainst particular tests, treatments, or procedures; and
nclude estimates of expected health outcomes where data
xist. Patient-specific modifiers, comorbidities, and issues of
atient preference that may influence the choice of tests or
herapies are considered. When available, information from
tudies on cost is considered, but data on efficacy and clinical
utcomes constitute the primary basis for recommendations
n these guidelines.

In analyzing the data and developing recommendations
nd supporting text, the writing committee used evidence-
ased methodologies developed by the Task Force that are
escribed elsewhere (1). The committee reviewed and
anked evidence supporting current recommendations, with
he weight of evidence ranked as Level A if the data were
erived from multiple randomized clinical trials or meta-
nalyses. The committee ranked available evidence as Level
when data were derived from a single randomized trial or

onrandomized studies. Evidence was ranked as Level C
hen the primary source of the recommendation was

onsensus opinion, case studies, or standard of care. In the
arrative portions of these guidelines, evidence is generally
resented in chronological order of development. Studies
re identified as observational, retrospective, prospective, or
andomized when appropriate. For certain conditions for
hich inadequate data are available, recommendations are
ased on expert consensus and clinical experience and
anked as Level C. An example is the use of penicillin for
neumococcal pneumonia, where there are no randomized
rials and treatment is based on clinical experience. When
ecommendations at Level C are supported by historical
linical data, appropriate references (including clinical re-
iews) are cited if available. For issues where sparse data are
vailable, a survey of current practice among the clinicians
n the writing committee was the basis for Level C
ecommendations and no references are cited. The schema
or Classification of Recommendations (COR) and Level of

vidence (LOE) is summarized in Table 1, which also t

content.onlinejacDownloaded from 
llustrates how the grading system provides an estimate of
he size as well as the certainty of the treatment effect. A
ew addition to the ACCF/AHA methodology is a sepa-
ation of the Class III recommendations to delineate
hether the recommendation is determined to be of “no
enefit” or associated with “harm” to the patient. In addi-
ion, in view of the increasing number of comparative
ffectiveness studies, comparator verbs and suggested
hrases for writing recommendations for the comparative
ffectiveness of one treatment/strategy with respect to an-
ther for COR I and IIa, LOE A or B only, have been
dded.

The Task Force on Practice Guidelines makes every effort
o avoid actual, potential, or perceived conflicts of interest
hat may arise as a result of industry relationships or
ersonal interests among the writing committee. Specifi-
ally, all members of the writing committee, as well as peer
eviewers of the document, are asked to disclose ALL
elevant relationships and those existing 24 months before
nitiation of the writing effort. All guideline recommenda-
ions require a confidential vote by the writing committee
nd must be approved by a consensus of the members
oting. Members who were recused from voting are noted
n the title page of this document and in Appendix 1.
embers must recuse themselves from voting on any

ecommendation to which their relationship with industry
nd other entities (RWI) applies. Any writing committee
ember who develops a new RWI during his or her tenure

s required to notify guideline staff in writing. These
tatements are reviewed by the Task Force on Practice
uidelines and all members during each conference call and
eeting of the writing committee and are updated as

hanges occur. For detailed information about guideline
olicies and procedures, please refer to the ACCF/AHA
ethodology and policies manual (1). Authors’ and peer

eviewers’ RWI pertinent to this guideline are disclosed in
ppendixes 1 and 2, respectively. In addition, to ensure

omplete transparency, writing committee members’ com-
rehensive disclosure information—including RWI not perti-
ent to this document—is available online as a supplement
o this document. Disclosure information for the ACCF/
HA Task Force on Practice Guidelines is available online

t www.cardiosource.org/ACC/About-ACC/Leadership/
uidelines-and-Documents-Task-Forces.aspx. The work

f the writing committee was supported exclusively by the
CCF and AHA without commercial support. Writing

roup members volunteered their time for this effort.
The ACCF/AHA practice guidelines address patient

opulations (and health care providers) residing in North
merica. As such, drugs that are not currently available in
orth America are discussed in the text without a specific

lass of recommendation. For studies performed in large
umbers of subjects outside of North America, each writing
ommittee reviews the potential impact of different practice
atterns and patient populations on the treatment effect and

he relevance to the ACCF/AHA target population to
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etermine whether the findings should inform a specific
ecommendation.

The ACCF/AHA practice guidelines are intended to
ssist healthcare providers in clinical decision making by
escribing a range of generally acceptable approaches to the
iagnosis, management, and prevention of specific diseases
r conditions. These practice guidelines represent a consen-
us of expert opinion after a thorough and systematic review
f the available current scientific evidence and are intended
o improve patient care. The guidelines attempt to define
ractices that meet the needs of most patients in most
ituations. The ultimate judgment regarding care of a

able 1. Applying Classification of Recommendations and Leve

■ 

Data available from clinical trials or registries about the usefulness/efficacy in different subpop
ailure, and prior aspirin use. A recommendation with Level of Evidence B or C does not imply th
end themselves to clinical trials. Even though randomized trials are not available, there may be

†For comparative effectiveness recommendations (Class I and IIa; Level of Evidence A and
reatments or strategies being evaluated.
articular patient must be made by the healthcare provider r
content.onlinejacDownloaded from 
nd patient in light of all the circumstances presented by
hat patient. Thus, there are circumstances in which devi-
tions from these guidelines may be appropriate. Clinical
ecision making should consider the quality and availability
f expertise in the area where care is provided. When these
uidelines are used as the basis for regulatory or payer
ecisions, the goal should be improvement in quality of care.
he Task Force recognizes that situations arise in which

dditional data are needed to better inform patient care;
hese areas will be identified within each respective guide-
ine when appropriate.

Prescribed courses of treatment in accordance with these

vidence

, such as gender, age, history of diabetes, history of prior myocardial infarction, history of heart
ecommendation is weak. Many important clinical questions addressed in the guidelines do not
clear clinical consensus that a particular test or therapy is useful or effective.

, studies that support the use of comparator verbs should involve direct comparisons of the
l of E

ulations
at the r
a very
ecommendations are effective only if they are followed.
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ecause lack of patient understanding and adherence may
dversely affect outcomes, physicians and other healthcare
roviders should make every effort to engage the patient’s
ctive participation in prescribed medical regimens and
ifestyles.

The guidelines will be reviewed annually by the Task
orce and considered current until they are updated, revised,
r withdrawn from distribution. The executive summary
nd recommendations are published in the Journal of the
merican College of Cardiology, Circulation, and the Journal of
ardiovascular Computed Tomography.

Alice K. Jacobs, MD, FACC, FAHA
Chair, ACCF/AHA Task Force on Practice Guidelines

. Introduction

.1. Methodology and Evidence Review

he recommendations listed in this document are, when-
ver possible, evidence based. An extensive evidence review
as conducted for the period beginning March 2008

hrough April 2010. Searches were limited to studies,
eviews, and other evidence conducted in human subjects
nd published in English. Key search words included, but
ere not limited to, African Americans, Asian Americans,

lbuminuria, asymptomatic, asymptomatic screening and bra-
hial artery reactivity, atherosclerosis imaging, atrial fibrilla-
ion, brachial artery testing for atherosclerosis, calibration,
ardiac tomography, compliance, carotid intima-media thickness
IMT), coronary calcium, coronary computed tomography an-
iography (CCTA), C-reactive protein (CRP), detection of
ubclinical atherosclerosis, discrimination, endothelial function,
amily history, flow-mediated dilation, genetics, genetic screen-
ng, guidelines, Hispanic Americans, hemoglobin A, glycosy-
ated, meta-analysis, Mexican Americans, myocardial perfusion
maging (MPI), noninvasive testing, noninvasive testing and
ype 2 diabetes, outcomes, patient compliance, peripheral arterial
onometry (PAT), peripheral tonometry and atherosclerosis,
ipoprotein-associated phospholipase A2, primary prevention of
oronary artery disease (CAD), proteinuria, cardiovascular risk,
isk scoring, receiver operating characteristics (ROC) curve,
creening for brachial artery reactivity, stress echocardiography,
ubclinical atherosclerosis, subclinical and Framingham, sub-
linical and Multi-Ethnic Study of Atherosclerosis (MESA),
nd type 2 diabetes. Additionally, the writing committee
eviewed documents related to the subject matter previously
ublished by the ACCF and AHA, American Diabetes
ssociation (ADA), European Society of Cardiology, and

he Joint National Committee on Prevention, Detection,
valuation, and Treatment of High Blood Pressure (JNC)
. References selected and published in this document are
epresentative and not all-inclusive.

To provide clinicians with a comprehensive set of data,
henever deemed appropriate or when published in the

rticle, data from the clinical trial will be used to calculate

he absolute risk difference and number needed to treat or S

content.onlinejacDownloaded from 
arm; data related to the relative treatment effects will also
e provided, such as odds ratio (OR), relative risk (RR),
azard ratio (HR), or incidence rate ratio (IRR), along with
onfidence interval (CI) when available.

The focus of this guideline is the initial assessment of the
pparently healthy adult for risk of developing cardiovascu-
ar events associated with atherosclerotic vascular disease.
he goal of this early assessment of cardiovascular risk in an

symptomatic individual is to provide the foundation for
argeted preventive efforts based on that individual’s pre-
icted risk. It is based on the long-standing concept of
argeting the intensity of drug treatment interventions to
he severity of the patient’s risk (2). This clinical approach
erves as a complement to the population approach to
revention of cardiovascular disease (CVD), in which
opulation-wide strategies are used regardless of an individ-
al’s risk.
This guideline pertains to initial assessment of cardiovas-

ular risk in the asymptomatic adult. Although there is no
lear age cut point for defining the onset of risk for CVD,
levated risk factor levels and subclinical abnormalities can
e detected in adolescents as well as young adults. To
aximize the benefits of prevention-oriented interventions,

specially those involving lifestyle changes, the writing
ommittee advises that these guidelines be applied in
symptomatic persons beginning at age 20. The writing
ommittee recognizes that the decision about a starting
oint is an arbitrary one.
This document specifically excludes from consideration

atients with a diagnosis of CVD or a coronary event, for
xample, angina or anginal equivalent, myocardial infarction
MI), or revascularization with percutaneous coronary in-
ervention or coronary artery bypass graft surgery. It also
xcludes testing for patients with known peripheral artery
isease (PAD) and cerebral vascular disease. This guideline
s not intended to replace other sources of information on
ardiovascular risk assessment in specific disease groups or
igher-risk groups such as those with known hypertension
r diabetes who are receiving treatment.

.2. Organization of the Writing Committee

he committee was composed of physicians and others
xpert in the field of cardiology. The committee included
epresentatives from the American Society of Echocardiog-
aphy (ASE), American Society of Nuclear Cardiology
ASNC), Society of Atherosclerosis Imaging and Preven-
ion (SAIP), Society for Cardiovascular Angiography and
nterventions (SCAI), Society of Cardiovascular Computed
omography (SCCT), and Society for Cardiovascular
agnetic Resonance (SCMR).

.3. Document Review and Approval

his document was reviewed by 2 outside reviewers nomi-
ated by the ACCF and 2 outside reviewers nominated by
he AHA, as well as 2 reviewers each from ASE, ASNC,

AIP, SCAI, SCCT, and SCMR, and 23 individual con-
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ent reviewers (including members from the Appropriate
se Criteria Task Force, ACCF Cardiac Catheterization
ommittee, ACCF Imaging Council, and ACCF Preven-

ion of Cardiovascular Disease Committee). All reviewer
WI information was collected and distributed to the
riting committee and is published in this document

Appendix 2).
This document was approved for publication by the

overning bodies of the ACCF and AHA and endorsed by
SE, ASNC, SAIP, SCCT, and SCMR.

.4. Magnitude of the Problem of Cardiovascular
isk in Asymptomatic Adults

therosclerotic CVD is the leading cause of death for both
en and women in the United States (3). Risk factors for

he development of atherosclerotic disease are widespread in
he U.S. population. In 2003, approximately 37% of Amer-
can adults reported having �2 risk factors for CVD. Ninety
ercent of patients with coronary heart disease (CHD) have
t least 1 atherosclerotic risk factor (4). Approximately half
f all coronary deaths are not preceded by cardiac symptoms
r diagnoses (5). One aim of this guideline is to provide an
vidence-based approach to risk assessment in an effort to
ower this high burden of coronary deaths in asymptomatic
dults.

CVD was mentioned on the death certificates of 56% of
ecedents in 2005. It was listed as the underlying cause of
eath in 35.3% (864,480) of all deaths (2,448,017) in 2005
r 1 of every 2.8 deaths in the U.S. (6). In every year since
900 (except 1918), CVD accounted for more deaths than
ny other major cause of death in the United States (6). It
s estimated that if all forms of major CVD were eliminated,
ife expectancy would rise by almost 7 years (6). Analyses
uggest that the decrease in U.S. deaths due to CHD from
980 to 2000 was partly attributable (approximately 47%) to
vidence-based medical therapies, and about 44% of the
eduction has been attributed to changes in risk factors in
he population (7). The estimated direct and indirect cost of
VD for 2009 is $475.3 billion (6).
CHD has a long asymptomatic latent period, which

rovides an opportunity for early preventive interventions.
therosclerosis begins in childhood and progresses into

dulthood due to multiple coronary risk factors such as
nfavorable levels of blood lipids, blood pressure, body
eight and body fat, smoking, diabetes, and genetic predis-
osition (8–10). The lifetime risk of CHD and its various
anifestations has been calculated for the Framingham
eart Study population at different ages. In nearly 8000

ersons initially free of clinical evidence of CHD, the
ifetime risk of developing clinically manifest CHD (angina
ectoris, MI, coronary insufficiency, or death from CHD) at
ge 40 was 48.6% for men and 31.7% for women (11). At
ge 70, the lifetime risk of developing CHD was 34.9% for
en and 24.2% for women. The lifetime risk for all CVD
ombined is nearly 2 of every 3 Americans (12). Thus, the 1
content.onlinejacDownloaded from 
roblem is immense, but the preventive opportunity is also
reat.

.5. Assessing the Prognostic Value of Risk
actors and Risk Markers

any risk factors have been proposed as predictors of CHD
13,14). New risk factors or markers are frequently identi-
ed and evaluated as potential additions to standard risk
ssessment strategies. The AHA has published a scientific
tatement on appropriate methods for evaluating the pre-
ictive value of new risk factors or risk markers (15). The
cientific statement endorsed previously published guide-
ines for proper reporting of observational studies in epide-

iology (16) but also went beyond those guidelines to
pecifically address criteria for evaluation of established and
ew risk markers. The current writing committee endorses
his scientific statement and incorporated these principles
nto the assessments for this guideline. The general concepts
nd requirements for new risk marker validation and eval-
ation are briefly reviewed to provide a basis for the
ssessments in this document.

For any new risk marker to be considered useful for risk
rediction, it must, at the very least, have an independent
tatistical association with risk after accounting for estab-
ished readily available and inexpensive risk markers. This
ndependent statistical association should be based on stud-
es that include large numbers of outcome events. Tradi-
ionally, reports of novel risk markers have only gone this
ar, reporting adjusted HRs with CIs and p values (17).
lthough this level of basic statistical association is often

egarded by researchers as meaningful in prediction of a
articular outcome of interest, the AHA scientific statement
alled for considerably more rigorous assessments that
nclude analysis of the calibration, discrimination, and
eclassification of the predictive model. Many of the tests
eviewed in this guideline fail to provide these more com-
rehensive measures of test evaluation, and for this reason,
any tests that are statistically associated with clinical

utcomes cannot be judged to be useful beyond a standard
isk assessment profile. In the absence of this evidence of
additive predictive information,” the writing committee
enerally concluded that a new risk marker was not ready for
outine use in risk assessment.

Calibration and discrimination are 2 separate concepts
hat do not necessarily track with each other. Calibration
efers to the ability to correctly predict the proportion of
ubjects within any given group who will experience disease
vents. Among patients predicted to be at higher risk, there
ill be a higher number of events, whereas among patients

dentified as being at lower risk, there will be fewer events.
or example, if a diagnostic test or a multivariable model
plits patients into 3 groups with predicted risks of 5%, 10%,
nd 15% within each group, calibration would be considered
ood if in a separate group of cohorts with similar predicted
isks, the actual rates of events were close to 5%, 10%, and

5%. Calibration is best presented by displaying observed
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ersus expected event rates across quantiles of predicted risk
or models that do and do not include the new risk marker.

Discrimination is a different concept that refers to the
robability of a diagnostic test or a risk prediction instru-
ent to distinguish between patients who are at higher

ompared with lower risk. For example, a clinician sees 2
andom patients, 1 of whom is ultimately destined to
xperience a clinical event. A diagnostic test or risk model
iscriminates well if it usually correctly predicts which of the
subjects is at higher risk for an event. Mathematically this

s described by calculating a C index or C statistic, param-
ters that are analogous to the area under the ROC curve.
hese statistics define the probability that a randomly

elected person from the “affected group” will have a higher
est score than a randomly selected person from the “non-
ffected group.” A test with no discrimination would have a

statistic of 0.50 and a perfect test would have a C statistic
f 1.0. Throughout this document, C statistic information is
ited where available.

As an example of a risk marker that improves discrimi-
ation, MESA investigators found that the addition of
oronary artery calcium (CAC) scores to standard risk
actors improved the area under the ROC curve from 0.77
o 0.82 (p�0.001) (18). In contrast, a score based on 9 genes
hat code for cholesterol levels added no predictive value
ver established risk factors and family history (19). Simi-
arly, a study comparing the predictive capacity of conven-
ional and newer biomarkers for prediction of cardiovascular
vents derived a C statistic of 0.760 for coronary events for
he conventional risk factor model. Adding a number of
ewer biomarkers changed the C statistic by only 0.009
p�0.08) (20). Small changes such as these in the C statistic
uggest limited or rather modest improvement in risk
iscrimination with additional risk markers.
Some investigators have called for evaluating the num-

er of subjects reclassified into other risk categories based
n models that include the new risk marker (21). For
xample, in a model of cardiovascular risk in a large
ohort of healthy women, the addition of CRP resulted
n reclassification of a large proportion of subjects who
ere thought to be at intermediate risk based on standard

isk markers alone (22). One problem with this approach
s that not all reclassification is necessarily clinically
seful. If a patient is deemed to be at intermediate risk
nd is then reclassified as being at high or low risk, the
linician might find that information helpful. It may not
e known, however, whether or not these reclassifications
re correct for individual subjects. Pencina and colleagues
ntroduced 2 new approaches, namely “net reclassification
mprovement” and “integrated with classification im-
rovement,” which provide quantitative estimates of cor-
ect reclassifications (23). Correct reclassifications are
ssociated with higher predicted risks for cases and lower

redicted risks for noncases. a

content.onlinejacDownloaded from 
.6. Usefulness in Motivating Patients or
uiding Therapy

n 1996 the American College of Cardiology Bethesda
onference reviewed the concept of risk stratification, an

pproach that is now standard for identifying the appropri-
te degree of therapeutic or preventive interventions (2).
atients deemed to be at low risk for clinical events are
nlikely to gain substantial benefits from pharmaceutical
nterventions and therefore might best be managed with
ifestyle modifications. Conversely, patients deemed to be at
igh risk for events are more likely to benefit from phar-
acologic interventions and therefore are appropriate can-

idates for intensive risk factor modification efforts. Among
atients at intermediate risk, further testing may be indi-
ated to refine risks and assess the need for treatment.
lthough this model is attractive and has been shown to be

ppropriate in certain situations, there is no definitive
vidence that it directly leads to improved patient outcomes.
urther research is clearly needed, and it is appropriate to
oint out that the risk stratification paradigm has not been
ubjected to rigorous evaluation by randomized trials. In-
eed, the impact of various risk assessment modalities on
atient outcomes is rarely studied and not well documented
n the few studies that have been conducted (24).

.7. Economic Evaluation of Novel Risk Markers

he progressively rising costs of medical care have increased
nterest in documenting the economic effects of new tests
nd therapies. The most basic goal is to estimate the
conomic consequences of a decision to order a new test.
he ultimate goal is to determine whether performing the

est provides sufficient value to justify its use.
A complete economic evaluation of the test has to

ccount for all the subsequent costs induced by ordering the
est, not just the cost of the test itself. The results of the test
hould change subsequent clinical management, which
ight include ordering follow-up tests, starting or stopping

rug therapy, or using a device or procedure. The costs of
hese subsequent clinical management choices must be
ncluded in an “intention-to-test” analysis of the economic
onsequences of the initial decision to use the test. Ideally,
he analysis should be extended to account for clinical events
hat are either averted or caused as a result of the strategy
ased on performing the test.
An example of the economic consequences of testing will

llustrate the importance of these principles. Suppose a
atient with diabetes who has no cardiac symptoms under-
oes a computed tomography (CT) coronary angiogram,
hich reveals obstructive CAD but also leads to contrast-

nduced nephropathy. Further suppose this patient has a
ollow-up invasive coronary angiogram, undergoes insertion
f a coronary stent, and is treated for renal insufficiency. The
osts of all these “downstream events” should be included in
ny economic assessment of the use of CCTA because they

ll resulted from the initial decision to perform the test.
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ote that the total costs of a “test strategy” may greatly
xceed the cost of the initial test itself.

The cost of any medical intervention has to be placed in
he context of the clinical benefits that the intervention
rovides. In the example of the patient with diabetes,
erhaps the aggressive use of coronary revascularization
ctually extended life expectancy. Cost-effectiveness analysis
rovides a formal framework with which to compare the
linical effectiveness of an intervention (measured in
atient-centered outcomes such as length of life or quality of

ife) with the cost of that intervention. Cost-effectiveness
nalysis has been most commonly applied to the evaluation
f new medical therapies that directly improve clinical
utcomes (e.g., use of bypass surgery to treat CAD).
iagnostic tests do not improve clinical outcomes directly,

owever, and do so only indirectly by changing clinical
anagement decisions, which in turn may improve clinical

utcomes. Thus, determining the cost-effectiveness of a
iagnostic test depends on how effectively the information is
sed and can be evaluated only in the context of available
reatments and how effective those treatments are. A test
hat provides accurate risk information about an untreatable
isease is unlikely to be cost-effective simply because clinical
utcomes cannot be improved by its use.
In general, testing strategies such as those assessed in this

ocument have not included evaluations of the cost and
ost-effectiveness of the tests. Therefore, although this
eneral guidance is offered to the reader as a caveat, the
riting committee was generally unable to find evidence to

upport the cost-effectiveness of any of the tests and testing
pproaches discussed here. Where exceptions were identi-
ed, cost-related information is included. In addition, for
he uncommon examples for which clinical outcomes of
esting strategies were assessed, the writing committee
ncluded that evidence in the assessment of the value of the
isk assessment test.

. Approaches to Risk Stratification

.1. General Approach to Risk Stratification

.1.1. Recommendation for Global Risk Scoring

LASS I
. Global risk scores (such as the Framingham Risk Score [FRS]) that

use multiple traditional cardiovascular risk factors should be ob-
tained for risk assessment in all asymptomatic adults without a
clinical history of CHD. These scores are useful for combining
individual risk factor measurements into a single quantitative esti-
mate of risk that can be used to target preventive interventions (25).
(Level of Evidence: B)

.1.1.1. GENERAL DESCRIPTION

rospective epidemological studies have established, pri-
arily in studies of people �40 years of age, that readily
easured and often modifiable risk factors are associated
ith the development of clinical CHD in asymptomatic
ndividuals. There are robust prognostic data for each of the e
content.onlinejacDownloaded from 
classic risk factors,” namely, cigarette smoking, cholesterol
evels, blood pressure levels, and diabetes. Data obtained
rom the Framingham Heart Study and other population-
ased cohorts have demonstrated that age, sex, cigarette
moking, level of low-density lipoprotein (LDL) cholesterol
r total cholesterol, diabetes, and levels of blood pressure
an be combined in predictive models to estimate risk of
atal and nonfatal CHD events (26). Beginning in the
990s, a number of global risk prediction instruments were
ntroduced, based on multivariable models that incorporated
isk factor data and clinical events (25–28). These instru-
ents go beyond simple demographics by taking into

ccount modifiable risk markers that are also appropriate
vidence-based targets for preventive interventions. Table 2
ummarizes a sample of published global risk score
nstruments.

Global risk assessment instruments, such as the FRS, are
onsidered valuable in medical practice because clinicians
nd patients may not otherwise accurately assess risk. In
ome survey studies, clinicians presented with scenarios
ere found to overestimate the likelihood of a future major

linical cardiovascular event (29). Other studies have sug-
ested that physicians may also underestimate risk (30–32).
ailure to use global quantitative risk instruments may result

n physicians inappropriately informing patients that they
re at high risk and inappropriately promoting therapeutic
nterventions of modest or questionable benefit or, alterna-
ively, inadequately emphasizing risk when risk is actually
resent.
Global risk scores, although designed to estimate risk

cross a continuous range from 0% to 100%, have most
ommonly been advocated as a method by which patients
an be categorized in broad terms as “low risk,” “interme-
iate risk,” and “high risk.” In general, patients are deemed
o be high risk if they are found to have a global risk
stimate for hard CHD events of at least 20% over 10 years.
he threshold for dividing low risk from intermediate risk is
ot uniform, with some proposing a lower cutoff value of 6%
isk over 10 years, whereas others use a value of 10% over 10
ears (27,33,34). This document, unless otherwise noted,
ses a lower cutoff value of at least 10% and a higher cutoff
f �20% to designate intermediate risk.
The evidence with regard to global risk scores is most

ppropriate for individuals �40 years of age. It is important
o note that there are limited data from Framingham and
ther long-term observational studies on 10-year risk in
oung adults; consequently, it is difficult to estimate 10-year
isk in young adults. This is due to the fact that 10-year risk
n young adults is very rarely impressively elevated, even in
he face of significant risk factors, and thus there are a
imited number of coronary events for calculating risk. As
oted earlier in this document, the long-term or lifetime
isk may be substantially raised by the presence of risk
actors in young adults. Although the earliest age at which
hese risk scores should be used has not been rigorously

stablished, the application of a particular risk score or test
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