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Preamble and Transition to ACC/AHA Guidelines to Reluce Cardiovascular Risk

The goals of the American College of Cardiology Y@nd the American Heart Association (AHA) are
to prevent cardiovascular (CV) diseases, improeentanagement of people who have these diseases
through professional education and research, anelae guidelines, standards and policies that ptemo
optimal patient care and CV health. Toward thegeablves, the ACC and AHA have collaborated with
the National Heart, Lung, and Blood Institute (NH)LBnd stakeholder and professional organizations t
develop clinical practice guidelines for assessmétV risk, lifestyle modifications to reduce Cik,

and management of blood cholesterol, overweightodresity in adults.

In 2008, the NHLBI initiated these guidelines byggoring rigorous systematic evidence
reviews for each topic by expert panels convenatet@lop critical questions (CQs), interpret the
evidence and craft recommendations. In responetd011 report of the Institute of Medicine on the
development of trustworthy clinical guidelines (thhe NHLBI Advisory Council (NHLBAC)
recommended that the NHLBI focus specifically oviewing the highest quality evidence and partner
with other organizations to develop recommendat{@r3). Accordingly, in June 2013 the NHLBI
initiated collaboration with the ACC and AHA to vkowith other organizations to complete and publish
the 4 guidelines noted above and make them avaitalthe widest possible constituency. Recognizing
that the expert panels did not consider evidengermk2011 (except as specified in the methodology),
the ACC, AHA, and collaborating societies plan &gin updating these guidelines starting in 2014

The joint ACC/AHA Task Force on Practice Guideliff@ask Force) appointed a subcommittee
to shepherd this transition, communicate the ratmand expectations to the writing panels and
partnering organizations and expeditiously pulifiehdocuments. The ACC/AHA and partner
organizations recruited a limited number of expeviewers for fiduciary examination of content,
recognizing that each document had undergone exéepser review by representatives of the NHLBAC,
key Federal agencies and scientific experts. Eattmg/panel responded to comments from these
reviewers. Clarifications were incorporated whegwprapriate, but there were no substantive changes a
the bulk of the content was undisputed.

Although the Task Force led the final developmédrihese prevention guidelines, they differ
from other ACC/AHA guidelines. First, as oppose@ioextensive compendium of clinical information,
these documents are significantly more limiteddope and focus on selected CQs in each topic, lmased
the highest quality evidence available. Recommenwsitvere derived from randomized trials, meta-
analyses, and observational studies evaluatedufdityy and were not formulated when sufficient
evidence was not available. Second, the text acaoyipg each recommendation is succinct,

summarizing the evidence for each question. TheHaulel Reports include more detailed information
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about the evidence statements that serves as stsefbarecommendations. Third, the format of the

recommendations differs from other ACC/AHA guidekn Each recommendation has been mapped from
the NHLBI grading format to the ACC/AHA Class of éenmendation/Level of Evidence (COR/LOE)

construct (Table 1) and is expressed in both fantddcause of the inherent differences in grading

systems and the clinical questions driving the mroendations, alignment between the NHLBI and

ACC/AHA formats is in some cases imperfect. Exptenmes of these variations are noted in the

recommendation tables, where applicable.

Table 1. Applying Classification of Recommendatiorand Level of

Evidence

LEVEL A

Multiple populations
evaluated*

or meta-analyses

LEVEL B

Limited populations
evaluated*

Data derived from a
single randomized trial
or nonrandomized studies

LEVEL C

evaluated*

ESTIMATE OF CERTAINTY (PRECISION) OF TREATMENT EFFECT

or standard of care

Suggested phrases for
writing recommendations

Data derived from multiple
randomized clinical trials

Very limited populations

Only consensus opinion
of experts, case studies,

should

is recommended

is indicated

is useful/effective/beneficial

SIZE OF TREATMENT EFFECT

CLASS lla

Benefit >> Risk
Additional studies with
focused objectives needed
IT IS REASONABLE to per-
form procedure/administer
treatment

= Recommendation in favor
of treatment or procedure
being useful/effective

m Some conflicting evidence
from multiple randomized
trials or meta-analyses

= Recommendation in favor
of treatment or procedure
being useful/effective

m Some conflicting
evidence from single
randomized trial or
nonrandomized studies

= Recommendation in favor
of treatment or procedure
being useful/effective

m Only diverging expert
opinion, case studies,

or standard of care

is reasonable
can be useful/effective/beneficial

is probably recommended
or indicated

Comparative
effectiveness phrases’

treatment/strategy A is
recommended/indicated in
preference to treatment B
treatment A should be chosen
over treatment B

treatment/strategy A is probably
recommended/indicated in
preference to treatment B

itis reasonable to choose
treatment A over treatment B

may/might be considered
may/might be reasonable

usefulness/effectiveness is
unknown/unclear/uncertain
or not well established

COR IIt: COR IlI:
No Benefit Harm

is not patentially
recommended harmful

is not indicated
should not be
performed/
administered/
other

is not useful/
beneficiall
effective

causes harm
associated with
excess morbid-
ity/mortality

should not be
performed/
administered/
other

A recommendation with Level of Evidence B or C doesimply that the recommendation is weak. Many
important clinical questions addressed in the diridse do not lend themselves to clinical trialseBwhen
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randomized trials are unavailable, there may berg ¢lear clinical consensus that a particulardesherapy is
useful or effective.

*Data available from clinical trials or registriabout the usefulness/efficacy in different subpafiohs, such as
sex, age, history of diabetes, history of prior oamlial infarction, history of heart failure, andgs aspirin use.
tFor comparative effectiveness recommendationsédland lla; Level of Evidence A and B only), sasdthat
support the use of comparator verbs should invdikect comparisons of the treatments or stratdugérsg
evaluated.

In consultation with NHLBI, the policies adopted e writing panels to manage relationships
of authors with industry and other entities (RW# autlined in the methods section of each panmirte
These policies were in effect when this effort bega2008 and throughout the writing process and
voting on recommendations, until the process wassterred to ACC/AHA in 2013. In the interest of
transparency, the ACC/AHA requested that panelaatiresubmit RWI disclosures as of July 2013.
Relationships relevant to this guideline are disetbin Appendix 5. None of the ACC/AHA expert
reviewers had relevant RWI (Appendix 6).

Systematic evidence reports and accompanying suyrtialales were developed by the expert
panels and NHLBI. The guideline was reviewed byARC/AHA Task Force and approved by the ACC
Board of Trustees, the AHA Science Advisory and i@omting Committee, and the governing bodies of
partnering organizations. In addition, ACC/AHA sbugndorsement by other stakeholders, including
professional organizations. It is the hope of thiing panels, stakeholders, professional orgaiunat
NHLBI, and the Task Force that the guidelines garner the widest possible readership for the lienef
of patients, providers and the public health.

Guidelines attempt to define practices that meznt#eds of patients in most circumstances and
are not a replacement for clinical judgment. Thanalte decision about care of a particular patuast
be made by the healthcare provider and patiemglm of the circumstances presented by that patfent
a result, situations might arise in which deviasidrom these guidelines may be appropriate. These
considerations notwithstanding, in caring for muatients, clinicians can employ the recommendations

confidently to reduce the risks of atherosclerotiodiovascular disease (ASCVD) events.

See Tables 2 and 3 for an explanation of the NHeEBbmmendation grading methodology.

Table 2. NHLBI Grading the Strength of Recommendaibns
Grade Strength of Recommendation*

Strong recommendation

A
There is high certainty based on evidence thah¢héenefitt is substantial.

Moderate recommendation

B There is moderate certainty based on evidencdhbatet benefit is moderate to substantial, pr
there is high certainty that the net benefit is arate.
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Weak recommendation
There is at least moderate certainty based on esidihat there is a small net benefit.

Recommendation against

There is at least moderate certainty based on es@that it has no net benefit or that
risks/harms outweigh benefits.

Expert opinion (“There is insufficient evidenceesidence is unclear or conflicting, but this i
what the Work Group recommends.”)

Net benefit is unclear. Balance of benefits andrizatannot be determined because of no
evidence, insufficient evidence, unclear evidenceonflicting evidence, but the Work Groug
thought it was important to provide clinical guidarand make a recommendation. Further
research is recommended in this area.

No recommendation for or against (“There is ingiéfint evidence or evidence is unclear or
conflicting.”)

Net benefit is unclear. Balance of benefits andrisacannot be determined because of no

evidence, insufficient evidence, unclear evidenceonflicting evidence, and the Work Group

thought no recommendation should be made. Furdéserarch is recommended in this area.

]

*In most cases, the strength of the recommendationild be closely aligned with the quality of tividence;
however, under some circumstances, there may realsons for making recommendations that arelosely
aligned with the quality of the evidence (e.g.p8tf recommendation when the evidence quality isaeraid, like
smoking cessation to reduce CVD risk or orderinge&@ as part of the initial diagnostic work-up #opatient
presenting with possible MI). Those situations $tidne limited and the rationale explained cleashthe Work

Group.

TNet benefit is defined as benefits minus risksfisaof the service/intervention.

CVD indicates cardiovascular risk; ECG, electrogagtaphy; Ml, myocardial infarction; and NHLBI, Nahal
Heart, Lung, and Blood Institute.

Table 3. Quality Rating the Strength of Evidence

Type of Evidence Quality Rating*
» Well-designed, well-executedt RCTSs that adequatgdyesent populations to High
which the results are applied and directly assHeste on health outcomes.
» MAs of such studies.
Highly certain about the estimate of effect. Furttesearch is unlikely to change
our confidence in the estimate of effect.
» RCTs with minor limitations affecting confidenae br applicability of, the Moderate

results.

» Well-designed, well-executed nonrandomized coreacbfitudies§ and well-
designed, well-executed observational stuflies
* MAs of such studies.

Moderately certain about the estimate of effecttitar research may have an
impact on our confidence in the estimate of effaat may change the estimate.
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RCTs with major limitations.

» Nonrandomized controlled studies and observatisnalies with major
limitations affecting confidence in, or applicabjlbf, the results.
Uncontrolled clinical observations without an apgiate comparison group
(e.g., case series, case reports).

» Physiological studies in humans.

* MAs of such studies.

Low

Low certainty about the estimate of effect. Furttesearch is likely to have an
impact on our confidence in the estimate of eféaut is likely to change the
estimate.

*In some cases, other evidence, such as large-alboe case series (e.g., jumping from airplandalbstructures),
can represent high or moderate quality evidencsudi cases, the rationale for the evidence ratiwgption should
be explained by the Work Group and clearly judtifie

tWell-designed, well-executed refers to studies div@ctly address the question, use adequate raizdton,
blinding, allocation concealment, are adequatelygred, use ITT analyses, and have high follow-tgsta
FLimitations include concerns with the design areoaition of a study that result in decreased cenfié in the
true estimate of the effect. Examples of such &tions include, but are not limited to: inadequatedomization,
lack of blinding of study participants or outconssassors, inadequate power, outcomes of interesibar
prespecified or the primary outcomes, low followsages, or findings based on subgroup analysesti&hthe
limitations are considered minor or major is bagedhe number and severity of flaws in design @cexion. Rules
for determining whether the limitations are consédieminor or major and how they will affect ratiafthe
individual studies will be developed collaborativelith the methodology team.

8Nonrandomized controlled studies refer to intetienstudies where assignment to intervention amdparison
groups is not random (e.g., quasi-experimentalystiesign)

|| Observational studies include prospective and sptctive cohort, case-control, and cross sectitndies.

ITT indicates intention-to-treat; MA, meta-analysisid RCT, randomized controlled trial.
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1. Introduction

1.1. Organization of the Work Group

The Risk Assessment Work Group (Work Group) waspmsad of 11 members and 5 ex-officio
members, including internists, cardiologists, emthadogists, and experts in CV epidemiology,

biostatistics, healthcare management and econoamdsguideline development.

1.2. Document Review and Approval
A formal peer review process, which included 12ezkpeviewers and representatives of Federal

agencies, was initially completed under the auspdéehe NHLBI. This document was also reviewed by
3 expert reviewers nominated by the ACC and the Aifhn the management of the guideline
transitioned to the ACC/AHA. The ACC and AHA Reviens' RWI information is published in this
document (R

This document was approved for publication by tbeegning bodies of the ACC and AHA and
endorsed by the American Association of Cardiovias@nd Pulmonary Rehabilitation, American
Society for Preventive Cardiology, American SocietyHypertension, Association of Black
Cardiologists, National Lipid Association, PrevestiCardiovascular Nurses Association, and

WomenHeart: The National Coalition for Women withdit Disease.

1.3. Charge to the Work Group
The Work Group was 1 of 3 work groups appointedngyNHLBI to develop its own recommendations

and provide cross-cutting input to 3 Expert Paf@isipdating guidelines on blood cholesterol, blood
pressure (BP), and overweight/obesity.

The Work Group was asked to examine the sciemifidence on risk assessment for initial ASCVD
events, and to develop an approach for risk assggdhmat could be used in practice and used ortedap
by the risk factor panels (cholesterol, hypertemsamd obesity) in their guidelines and algorithms.
Specifically, the Work Group was charged with k&as

1. To develop or recommend an approach to quantitakeassessment that could be used to guide

care; and

2. To pose and address a small number of questioggguid be critical to refining and adopting

risk assessment in clinical practice using systemaview methodology.

1.4. Methodology and Evidence Review
This guideline is based on the Full Work Group Repaich is provided as a supplement to the

guideline (http://jaccjacc.cardiosource.com/acc udoents/2013_FPR_S5_Risk_Assesment.pdf). The
Full Work Group Report contains background and timltl material related to content, methodology,

evidence synthesis, rationale, and referencessasupported by the NHLBI Systematic Evidence Review
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which can be found at (http://www.nhlbi.nih.gov/delines/cvd_adult/risk_assessment/). These
documents also describe the process for the dewelapof novel, comprehensive multivariable risk
equations for the prediction of 10-year risk fovelepment of ASCVD in nonHispanic African-
American and nonHispanic White men and women frOno479 years of age. These equations were
developed from several long-standing populatioredamhort studies funded by the NHLBI. Ten-year
risk was defined as the risk of developing a #®SICVD event, defined as nonfatal myocardial infiarct
or coronary heart disease (CHD) death, or fataloorfatal stroke, over a 10-year period among people
free from ASCVD at the beginning of the period.

In addition, through evaluation of evidence devetbghrough systematic reviews of the
literature, the Work Group addressed the follow2ngQs:

CQ1: “What is the evidence regarding reclassificatn or contribution to risk assessment when
high-sensitivity C-reactive protein (s-CRP), apolipoprotein B (ApoB), glomerular filtration ra te
(GFR), microalbuminuria, family history, cardiorespiratory fithess, ankle-brachial index (ABI),
carotid intima-media thickness (CIMT), or coronary artery calcium (CAC) score are
considered in addition to the variables that are irthe traditional risk scores?”

CQ2: “Are models constructed to assess the long-ter (=15 years or lifetime) risk for a first
cardiovascular disease (CVD) event in adults effage in assessing variation in long-term risk
among adults at low and/or intermediate short-ternrisk, whether analyzed separately or
combined?”

The evidence and recommendations in the guidetioesfon the large proportion of the adult
population without clinical signs or symptoms of @%D, who merit evaluation for the primary
prevention of ASCVD. They do not apply to thoselwdtinically-manifest ASCVD, who require
secondary prevention approaches, or to highly-ssdgeatient subgroups, such as those with symptoms
suggestive of CVD who require diagnostic strategidiser than risk assessment. Furthermore, these
recommendations were not developed for use in Bpsabgroups of asymptomatic individuals at
unusually high risk, such as those with geneticédliermined extreme values of traditional risk dest

(e.g., patients with familial hypercholesterolemia)

2. Risk Assessment: Recommendations

Table 4. Summary of Recommendations for Risk Assasgnt

NHLBI
Recommendations NHLBI Grade Evidence ACCIAHA ACCIAHA
COR LOE
Statements

1. The race- and sex-specific Pooled Cohort
Equations* to predict 10-year risk for a firs|
hard ASCVD event should be used in B (Moderate) N/A I B (4-8)
nonHispanic African Americans and
nonHispanic Whites, 40 to 79 years of ag€
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. Use of the sex-specific Pooled Cohort
Equations for nonHispanic Whites may be E (Expert
considered when estimating risk in patient o inign) Appendix 2 Ib C
from populations other than African P CQ2/ES1
Americans and nonHispanic Whites.
. If, after quantitative risk assessment, a ris
based treatment decision is uncertain,
assessment of 1 or more of the following— E (Expert .
family history, hs-CRP, CAC score, or Opinion) Appendix 1 lIbt B (9-17)
ABI—may be considered to inform
treatment decision making.
. The contribution to risk assessment for a N (No
first ASCVD event using ApoB, CKD, Recommendationn  Appendix 1 N/A N/A
albuminuria, or cardiorespiratory fitness is )
. For or Against)
uncertain at present.
. CIMT is not recommended for routine
measurement in clinical practice for risk N (No B
: Recommendatior]  Appendix 1
assessment for a first ASCVD event. For or Against) (12,16,18)
6. It is reasonable to assess traditional ASCV,
risk factorst every 4 to 6 years in adults 20
79 years of age who are free from ASCVD Appendix 2
and to estimate 10-year ASCVD risk every B (Moderate) CQ2/ES7 12 Eide20)
to 6 years in adults 40 to 79 years of age
without ASCVD.
7. Assessing 30-year or lifetime ASCVD risk Appendix 2
based on traditional risk factorst may be CQ2/ES2,
considered in adults 20 to 59 years of age CQ2/ES3, _
without ASCVD and who are not at high C (Weak) CQ2/ES4, s ©lataz)
short-term risk. CQ2/ESS5,
CQ2/ES6

A downloadable spreadsheet enabling estimatio®gfehr and lifetime risk for ASCVD and a web-based
calculator are available at http://my.americanhesagfcvriskcalculator and http://www.cardiosoureg/ecience-
and-quality/practice-guidelines-and-quality-stam$d2013-prevention-guideline-tools.aspx.

*Derived from the ARIC study (8), CHS (5), CARDIAuwsly (23), Framingham original and offspring cokd#,6).
tBased on new evidence reviewed during ACC/AHA tpadé evidence.
tAge, sex, total and HDL—cholesterol, systolic B&e of antihypertensive therapy, diabetes, anégptismoking.

ABI indicates ankle-brachial index; ACC, Americanliége of Cardiology; AHA, American Heart Assocati
ApoB, Apolipoprotein B; ASCVD, atherosclerotic cardascular disease; BP, blood pressure; CAC, coyosudery
calcium;; CKD, chronic kidney disease; CIMT, cadatitima-media thickness; COR, Class of Recommeaiaiat
CQ, critical question, ES, evidence statement; HDLkigh-density lipoprotein cholesterol; hs-CRRyHi
sensitivity C-reactive protein; LOE, Level of Evitee; and NHLBI, National Heart, Lung, and Bloodtiige.

3. Approach to Risk Assessment

In addressing its charge, the Work Group recognilzedheed for a risk assessment approach that was
based on the types of data that primary care peosidould easily collect and that could be implet@gn
in routine clinical practice. After deliberatiomg Work Group endorsed the existing and widely
employed paradigm of matching the intensity of praive efforts with the individual’'s absolute risk
(24,25). The Work Group acknowledges that nonéefrisk assessment tools or novel risk markers

examined in the present document have been forreadlijuated in randomized controlled trials of
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screening strategies with clinical events as ouerilevertheless, this approach balances an
understanding of an individual's absolute risk@rD and potential treatment benefits against the
potential absolute risks for harm from therapy.ndgiis framework, treatment can be targeted tegho
most likely to benefit without undue risk for harimthe context of a “risk discussion.” A risk dission
could include the assessment of the patient’sfasRSCVD, and potential benefits, negative aspects
risks, and patient preferences regarding initiatibrelevant preventive therapies.

By its nature, such an approach requires a platformeliable quantitative estimation of absolute
risk based upon data from representative populatonples. It is important to note that risk estiorats
based on group averages that are then applieditodnal patients in practice. This process is atedly
imperfect; no one has 10% or 20% of a heart attiackg a 10-year period. Individuals with the same
estimated risk will either have or not have theng\a# interest, and only those patients who ardimisd
to have an event can have their event preventeddogpy. The criticism of the risk estimation agwio
to treatment-decision making also applies to ther@tive, and much less efficient approach, otkimeg
the patient’s characteristics against numerouscantplex inclusion and exclusion criteria for a
potentially large number of pertinent trials. Oalgmall fraction of trial participants have eveaisg
only a fraction of these events are prevented bsathy. Using either approach, the clinician mugtyap
the average results obtained from groups of patienthe individual patient in practice.

Given the modification and adoption of the FramigaghlO-year risk score for CHD risk
assessment by the “Third Report of the Nationall€terol Education Program Expert Panel on
Diagnosis, Evaluation, and Treatment of High Bl@itblesterol in Adults (Adult Treatment Panel IIl)”
(25), and the uptake of this algorithm by pracsites across the United States, the Work Grouprbbga
discussing the value of retaining this algorithmcollaboration with other NHLBI panels, the Work
Group decided not to use this algorithm in its 288@mmendations, because of its derivation in an
exclusively White sample population and the limisedpe of the outcome (in determining CHD alone).
Rather, the Work Group derived risk equations frmmmunity-based cohorts that are broadly
representative of the U.S. population of Whites Afrccan Americans, and focused on estimation it fi
hard ASCVD events (defined as first occurrenceanffatal myocardial infarction or CHD death, or fata
or nonfatal stroke) as the outcome of interest ise# was deemed to be of greater relevance to bot
patients and providers. The focus on hard ASCViherathan CHD alone, is also consistent with
evidence reviewed in a statement from the AHA/Acemi Stroke Association calling for the inclusion of
ischemic stroke in the outcome of interest for ChdB assessment (26).

Numerous multivariable risk scores/equations haenlderived and published (Appendix 3, and
for more details, the Full Work Group Report Suppdat

(http://jaccjacc.cardiosource.com/acc_document@2BPR_S5 Risk Assesment.pdf). As part of its
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deliberations, the Work Group considered previopsiglished risk scores with validation in NHLBI
cohort data as 1 possible approach. However, a @uoflpersistent concerns with existing risk equi
were identifiedncluding nonrepresentative or historically dateguylations, limited ethnic diversity,
narrowly defined endpoints, endpoints influenceglywider preferences (e.g., revascularizations}, a
endpoints with poor reliability (e.g., angina arehh failure [HF]). Given the inherent limitatioof
existing scores, the Work Group judged that a nskvscore was needed to address some of the
deficiencies of existing scores, such as utiliangppulation sample that approaches, to the degree
possible, the ideal sample for algorithm developnaewl closely represents the U.S. population.

Data are sparse regarding usage and impact oftaesak scores in clinical practice in primary
prevention settings (27). Two systematic revieveseal on few studies, support the conclusion thkt ri
assessment, combined with counseling, is assoaidtedavorable but modest changes in patient
knowledge and intention to change, and with pravidescribing behavior and risk factor control
(28,29). No data are available on hard event outsoifihe Work Group specifically calls for research
this area (Section 8).

The Work Group notes that the “2009 ACCF/AHA Periance Measures for the Primary
Prevention of CVD” specifically recommended usglobal CVD risk estimation in clinical practice
(30). Likewise, the U.S. Preventive Services TasicE& recommendations for aspirin (31), NHLBI Adult
Treatment Panel Ill recommendations (25), and Eeand32) and Canadian (33,34) guidelines for
primary prevention of CVD, among others, have etiommended the use of absolute risk assessment for
decision making about the intensity of lifestylelagsharmacological preventive interventions. Riskres
have been implemented in practice through papemgcsheets, and increasingly through websites and
downloadable applications. The electronic medieabrd can be adapted to estimate absolute risks
automatically using patient data and published &ojs, and it is anticipated that risk estimati@mng

this technology will become a mainstream applicatdthe current and future risk algorithms.

4. Development of New Pooled Cohort ASCVD Risk Equi@ns
Having made the decision to develop new equatioestimate the 10-year risk for developing a first

ASCVD event, the Work Group used the best availdata from community-based cohorts of adults,
with adjudicated endpoints for CHD death, nonfatgbcardial infarction, and fatal or nonfatal stroke
Cohorts that included African-American or White tmapants with at least 12 years of follow-up were
included. Data from other race/ethnic groups wesefficient, precluding their inclusion in the flna
analyses. The final pooled cohorts included paaicts from several large, racially and geograplyical
diverse, modern NHLBI-sponsored cohort studiedutiog the ARIC (Atherosclerosis Risk in
Communities) study (8), Cardiovascular Health St(}yand the CARDIA (Coronary Artery Risk
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Development in Young Adults) study (7), combinedhvéapplicable data from the Framingham Original
and Offspring Study cohorts (4,6).

The Work Group used state-of-the-art statisticeihrads to derive and internally validate the Pooled
Cohort Equations, which provide sex-and race-sjgeeiftimates of the 10-year risk for ASCVD for
African-American and White men and women 40 to &8rg of age. The variables that statistically merit
inclusion in the risk assessment equations aretaige,and HDL-cholesterol, systolic BP (including
treated or untreated status), diabetes, and cisnewking status.

An expanded description of the derivation and \alah of the Pooled Cohort Equations, as well as
the means for implementing them in clinical prastiare provided in Appendix 4. Additional details a
provided in the Full Report of the Work Group
(http://jaccjacc.cardiosource.com/acc_document82BPR_S5_Risk Assessment.pdf). A specific
clinical vignette is also provided as an exampléppendix 4. In the clinical vignette, the 10-yesk is
calculated for a patient 55 years of age who isrssmoker without diabetes, and with total cholester
213 mg/dL, HDL—cholesterol 50 mg/dL, and untreatgstolic BP 120 mm Hg. Using these values in the
Pooled Cohort Equations, the predicted 10-year AB@¥ks are 2.1% for White women, 3.0% for
African-American women, 5.3% for White men, and%.fbr African-American men.

Numerous other potential risk markers were considléor inclusion in the Pooled Cohort Equations,
but for many there was no additional utility demoaied upon their inclusion; for others, data were
insufficient at the present time to determine tlaelditional value. The equations were also assessed
external validation studies using data from otheilable cohorts. Other than the Framingham CHR ris
score (and its derivative ATP-III risk assessmenfile) and the European SCORE (System for Cardiac
Operative Risk Evaluation) algorithm for CVD deatiese equations have been subjected to more
rigorous validation than other currently availabtpiations, and they are the only risk assessment
equations that include significant numbers of AfricAmericans and focus on estimation of 10-ye&r ris
for the clinically relevant endpoint of ASCVD. Théork Group specifically calls for further reseatoh
develop similar equations applicable to other etlgnoups, to validate the utility of the Pooled Gih
Equations in diverse primary prevention settingsl to assess the potential benefit of novel riskkera
when added to these equations, so that the eqaatiay be modified or expanded over time as new data

become available.

4.1. Recommendations for Assessment of 10-Year Rifk a First Hard ASCVD Event
Recommendation 1.
The race- and sex-specific Pooled Cohort Equatiopsedict 10-year risk for a first hard ASCVD* ete

should be used in nonHispanic African Americans mmaHispanic Whites, 40 to 79 years of age.
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(Grade B, Moderate); ACC/AHA CORI, LOE B

Recommendation 2.
Use of the sex-specific Pooled Cohort EquationsfarHispanic Whites may be considered when
estimating risk in patients from populations ottiem African Americans and nonHispanic Whites.

(Grade E, Expert Opinion); ACC/AHA CORI1b, LOE C

A downloadable spreadsheet enabling estimatio®ofehr and lifetime risk for ASCVD and a web-based
calculator are available at http://my.americanhesgfcvriskcalculator and http://www.cardiosoureg/ecience-
and-quality/practice-guidelines-and-quality-stam$d2013-prevention-guideline-tools.aspx.

*Ten-year risk was defined as the risk of develgparfirst ASCVD event, defined as nonfatal myocalrififarction
or CHD death, or fatal or nonfatal stroke, oveQaygar period among people free from ASCVD at tbgitning of
the period.

5. Implications for Risk Assessment

A range of estimated 10-year risk for a first hABICVD event is illustrated in the Full Work Group
Report Supplement (Tables 8-11), across a broagerafrisk factor burdens for selected combinatiains
the risk factors in sex-race groups (African-Aman@nd White women and men)
(http://jaccjacc.cardiosource.com/acc_document82BPR_S5_Risk_Assesment.pdfpe estimated
risks are specific to defined combinations of tils& factors, and demonstrate how they vary oveoad
spectrum of potential profiles. Risk factor levidat are more adverse than those shown in thekestab
should always be associated with a higher estintégkdFor example, if a given risk factor combinat
indicates an estimated 10-year risk for hard AS@fB%, but a patient has a higher level of systBic
or total cholesterol, or a lower level of high-dépsipoprotein cholesterol, than shown for thall cdnen
the estimated risk would b€8%. Because the estimated probabilities can becosiable when
approaching the limits of the sample data, the piglbabilities are truncated at 1% and 30%. The
proportion of the U.S. adult population, 40 to &ass of age, in selected strata of estimated 10riséa
for hard ASCVD events, are shown overall and byasekrace in Table 5. When compared with
nonHispanic Whites, estimated 10-year risk for A®OY generally lower in Hispanic-American and
Asian-American populations and higher in Americadin populations (35,36); hence, the lack of
ethnic-specific risk algorithms are an importanp gaour efforts to understand and prevent ASCVD in
these populations. While the development of algorg specific to these race/ethnic groups is
encouraged, in the interim, providers may consigéng the equations for nonHispanic Whites for ¢hes
patients. When doing so, it is important to rementbat the estimated risks may be over-estimates,

especially for Hispanic- and Asian-Americans.
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Table 5. Distribution of Estimated 10-Year Risk fora First Hard ASCVD Event in the CVD-Free, Nonpregrant U.S. Population 40 to 79
Years of Age, by Sex, and Race*

Predicted 10-Year Risk for Hard ASCVD Event

<2.5% 2.5%—4.9% 5.0%-7.4% 7.5%-9.9% | 10.0%-14.9% | 15.0%-19.9% >20.0%

Total % (95% CIl)| 33.4(31.2-35.5) 21.0 (19.4-22.7) 12.7 (11.4-14.07.4 (6.5-8.3) 8.9 (8.1-9.6) 6.3 (5.6-7.1 10.2 {2150)
n 33,534,000 21,151,000 12,766,00( 7,470,000 8,900,00 6,380,000 10,300,000

Sex

Men % (95% CI)| 17.4 (15.2-19.7) 22.7 (20.3-25.1) 15.6(13.8-17.49.1 (8.5-11.6)| 12.1(10.7-13.5)8.8 (7.4-10.2) | 13.3(12.1-14.4)
n 8,386,000 10,950,000 7,511,000 4,847,000 5,849,000 4,248,000 6,388,000

Women % (95% CIl)| 48.0(44.8-51.3) | 19.5(17.3-21.6) 10.0(8.3-11|8) .0 (3.8-6.2) 5.9 (5.1-6.7) 4.1 (3.4-4.7 7.5 (6.8)8
n 25,148,000 10,200,000 5,256,000 2,622,000 3,091,000 2,131,000 3,912,000

Race

White

Men % (95% CIl)| 18.0(15.0-21.1) 22.4 (19.4-25.3) 15.7 (13.3-18.19.0 (8.2-11.8)] 11.7 (9.9-13.5) 8.7 (7.0-10.4) 133,3-14.9
n 6,467,000 8,016,000 5,616,000 3,584,00( 4,189,000 ,1123000 4,870,000

Women % (95% CIl)| 47.1(43.0-51.1) 20.4 (17.7-23.0) 10.7 (8.6-12.8) .1 (3.6-6.7) 5.5 (4.6-6.5) 4.1 (3.4-4.9 7.1(5.9)8
n 18,175,000 7,863,000 4,136,000 1,984,000 2,132,000 1,596,000 2,725,000

African

American

Men % (95% CI) 1.4 (0.3-2.6) 23.9(19.9-28.0) 20.6 (17.0-24.2)1.8 (8.8-14.8)| 17.4 (14.3-20.p)11.1 (8.2-13.9)] 13.8 (11.0-16.[7)
n 60,000 1,008,000 866,000 495,000 731,000 466,000 3,068

Women % (95% CI)| 36.5 (32.4-40.6) 18.7 (15.6-21.8) 10.9 (8.6-13.2) .5 (6.0-7.9) 9.4 (7.2-11.7 5.7 (4.2-7.2 12.3 {9%0)
n 1,921,000 985,000 572,000 339,000 496,000 300,000 45,0080

Hispanic

Men % (95% CI)| 24.0(19.8-28.1) 22.1(17.9-26.2) 13.2(10.8-15.60.6 (8.1-13.0)] 11.4 (9.9-12.9) 6.2 (4.6-7.9) 1®.8-15.7)
n 1,303,000 1,200,000 718,000 574,000 619,000 339,000 683,000

Women % (95% Cl)| 59.4 (54.3-64.4) 14.5 (11.5-17.5) 7.5 (5.4-9.6) 2.5-6.4) 4.9 (3.4-6.5) 3.0 (2.0-3.9 6.3 (4.737.9
n 3,293,000 803,000 418,000 248,000 273,000 164,000 47,080

Others

Men % (95% CI)| 20.8(10.8-30.7) 27.1(18.0-36.3) 11.6(4.9-18.2).2 (0.6-13.8) | 11.5(4.5-18.6) 12.3(5.9-18|8) B4{15.8)
n 555,000 726,000 310,000 193,000 309,000 330,000 ,0261

Women % (95% CI)| 59.8 (50.2-69.3) 18.6 (10.8-26.5) 4.4 (0-8.7 DBB) 6.4 (2.1-10.7) 2.4 (0.4-4.5 6.7 (2.3-11.0)
n 1,757,000 548,000 128,000 49,000 188,000 71,000 ,0005
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*Data derived by applying the Pooled Cohort Equatito the National Health and Nutrition Examinasi®urveys, 2007-2010l€5,367, weighted to
100,542,000 U.S. population)

ASCVD indicates atherosclerotic cardiovascular akse CVD, cardiovascular disease; and U.S., UStatks.
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6. CQs and Systematic Evidence Review
6.1. Critical Question 1

“What is the evidence regarding reclassification orcontribution to risk assessment when hs-
CRP, ApoB, GFR, microalbuminuria, family history, cardiorespiratory fitness, ABI, CAC, or
CIMT are considered in addition to the variables that are in the traditional risk scores?”

The concept of matching the intensity of risk factmnagement to the estimated risk for CVD has been
well established since the'2Bethesda Conference in 1996 (24). As a consequeigespread attention
has focused on the accuracy and reliability of aiskessment. Claims that a minority of the riskxgD
can be explained by the major traditional risk éast or that most patients presenting with CHD hawe
elevated traditional risk factors, have been dg@na(37,38). Nonetheless, the desire to improvstieg
quantitative risk estimation tools has helped itmstate and maintain interest in the search for nelw
markers for CVD which might further enhance riskessment.

CQ1 was developed to address whether newer riskarsahave been identified that actually
improve risk assessment enough to warrant route@sorement in clinical practice. This question
applies to risk assessment in the general popuolatiat is, the typical asymptomatic adult in roati
clinical practice. This question does not addreélssrchighly selected patient subgroups, such asetho
with symptoms suggestive of CVD.

CQ1 was addressed using 2 independent approadtstsirthe process of developing the
Pooled Cohort Equations, the additional risk megkisted in CQ1 were tested for inclusion in thedel
if they were available in the databases and coaldvaluated on the basis of at least 10 yeardlofifo
up. A review of meta-analyses and systematic revigublished before September 19, 2013 was
conducted in 2 stages. In the first stage, metéys@a and systematic reviews published before April
2011 were identified and reviewed. In a secondestagnducted to update the evidence base before
publication, additional meta-analyses and systematiews published before September 19, 2013 were
identified and reviewed using the same criteridiagpn the first stage. The reliance on publishezta-
analyses to evaluate novel biomarkers is a consesvapproach that helps avoid the influence of
positive publication bias that can occur earlyne eévaluation of a novel association and assuatsti
relied on a mature body of eviden@9).

Members of the Work Group proposed an initialdshovel risk markers for inclusion in CQ1
which was then prioritized during several roundslis€ussion. In selecting the final list, the W@koup
gave priority to factors that have engendered sulisi discussion in the scientific community ahdtt
could be reasonably considered as potentially iidsagor widespread population use by primary care

providers in routine clinical settings in the UnitStates. These deliberations considered avatlghilbst,
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assay reliability, and risks of the test or dowesin testing. The final list of new risk markerd&o
evaluated included several blood and urine biomarka-CRR ApoB, creatinine [or estimated GFR],
and microalbuminuria), several measures of sulweirCV disease (CAC, CIMT, and ABI), family
history, and cardiorespiratory fithess. Other ngaikntial screening tools may be the subject ofréu
guideline updates. When considering the utilitynarporating these new risk factors into routiis& r
assessment, guidance published by Hlatky @i@Iwas considered. Special attention was givehdo
additional value these markers contributed to aséessment in terms of discrimination, calibration,

reclassification, and cost-effectiveness, in thaetext of any potential harm.

6.1.1. Summary of Systematic Reviews and Meta-Analgs for CQ1
Thirteen systematic review articles or meta-anayset the inclusion/exclusion criteria (9-18,41-43)

Publication dates ranged from 2008 to 2013. Thek/@oup reviewed the 13 systematic reviews and
meta-analyses and created a table to list theifikeings (Appendix 1). None of these markers heesb
evaluated as a screening test in randomized ctadrlalswith clinical events as outcomes. On the basis
of current evidence, it is the opinion of the W@ioup that assessments of family history of preneatu
CVD, and measurement b§-CRP CAC, and ABI show some promise for clinical ayilamong the

novel risk markers, based on limited data. Taljpeo¥ides expert opinion regarding thresholds of¢he
measures that may be considered for clinical datisiaking.

The Work Group notes that the review by Peters. €18) provides evidence to support the
contention that assessing CAC is likely to be tlstuseful of the current approaches to improvisig r
assessment among individuals found to be at indiaterisk after formal risk assessment. Furtheemnor
the Work Group recognizes that the “2010 ACCF/AHAdgline for assessment of cardiovascular risk in
asymptomatic adults” made recommendations regakdi@ testing (44). However, the Work Group
notes that the outcomes in the studies revieweddbgrs et al. (16) and by Greenland et al. (44gwer
CHD outcomes, not hard ASCVD events that includeake; hence, uncertainty remains regarding the
contribution of assessing CAC to estimating 10-yes of first hard ASCVD events after formal risk
assessment using the new Pooled Cohort Equatiarnthiefmore, issues of cost and radiation exposure
related to measuring CAC were discussed resultirspme uncertainty regarding potential risks ofenor
widespread screening, which resulted in a decisidhe current guideline to make assessment of GAC
Class IIb recommendation among individuals for wrensk-based treatment decision is uncertain after
formal risk estimation. The Work Group notes tling Class 1lb recommendation is consistent with the
recommendations in the 2010 ACCF/AHA guideline (#t)patients with a 10-year CHD risk of <10%,
as well as for many other patients, because abilier risk threshold (7.5% 10-year risk for a finstrd
ASCVD event) adopted by the “2013 ACC/AHA guidelimre the treatment of blood cholesterol to
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reduce atherosclerotic cardiovascular risk in @&iditir recommending initiation of statin therapy fo
ASCVD risk reduction.

Furthermore, it was noted that measuring ApoB, ralburia, GFR, or cardiorespiratory fitness is
of uncertain value. Finally, the Work Group juddbdt the evidence provided by Den Ruijter et a)) {8
combination with the concerns about measuremenitypaovided sufficient rationale to recommend
against measuring CIMT in routine clinical practioerisk assessment for a first ASCVD event. Iy a
the 9 markers considered in this report is asseasgglected patients, the use of the informatioguide

treatment decisions will require sound cliniciadgment and should be based on shared decision gnakin

Table 6. Expert Opinion Thresholds for use of Optioal Screening Tests When Risk-Based
Decisions Regarding Initiation of Pharmacological fierapy are Uncertain Following Quantitative
Risk Assessment

Measure Support Revising Risk Assessment Do Not Support Revising Risk
Upward Assessment

Family history of Male <55 years of age Occurrences at older ages only (if any)

premature CVD Female <65 years of age
(1*' degree relative)

hs-CRP >2 mg/L <2 mg/L

CAC score >300 Agatston units or75" percentile for | <300 Agatston units and <75 percentile for
age, sex, and ethnicity* age, sex, and ethnicity*

ABI <0.9 >0.9

*For additional information, see http://www.mesdhilorg/CACReference.aspx.

ABI indicates ankle-brachial index; CAC, coronarteay calcium; CVD, cardiovascular disease; an€CR$?, high-
sensitivity C-reactive protein.

6.1.2. Recommendations for CQ1: Use of Newer Riskadrkers After Quantitative Risk Assessment
Recommendation 1lf, after quantitative risk assessment, a risk-tdseatment decision is uncertain,
assessment of 1 or more of the following—familytdrg, hs-CRP, CAC score, or ABl—may be
considered to inform treatment decision making.

(Grade E, Expert Opinion); ACC/AHA CORI1b, LOE B

Recommendation 2CIMT is not recommended for routine measuremeuatiirical practice for risk
assessment for a first ASCVD event.

(Grade N, No Recommendation For or Against); ACC/AHA Class11: No Benefit, LOE B
» Based on new evidence reviewed during ACC/AHA update of the evidence.

Recommendation 3The contribution to risk assessment for a first ABCGevent using ApoB, chronic
kidney disease, albuminuria, or cardiorespirat@ness is uncertain at present.

(Grade N, No Recommendation For or Against)
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6.2. Critical Question 2

“Are models constructed to assess the long-terre15 years or lifetime) risk for a first CVD
event in adults effective in assessing variation llong-term risk among adults at low and/or
intermediate short-term risk, whether analyzed sepeately or combined?”

A number of studies have noted that younger mgnd@yly <50 years of age) and most women have low
(e.g., <5% or <10%) predicted 10-year risks for CldBd more broad CVD outcomes, despite the
presence of significant risk factor burden (45,4&wever, extensive epidemiological, pathologieald
basic science data indicate that the developmeatthefosclerosis, the precursor of ASCVD, occues ov
decades and is related to long-term and cumulatipesure to causal, modifiable risk factors. Tlaus,

life course perspective to risk assessment andceptien must be considered, especially among younger
individuals. The primary value of risk factor meesuent and quantitative long-term risk estimation i
younger adults is 2-fold: first, to identify risk individuals with extreme values of risk factoesy,

familial hypercholesterolemia); second, to providk information and context regarding the potdntia
benefits of lifestyle modification. When posing C@2e Work Group did not anticipate that long-teym
lifetime risk would replace 10-year risk assessnaarthe foundation for absolute risk assessment and
clinical decision-making. Rather, longer term réskimates, if found to be useful, could provide
adjunctive information for risk communication.

CQ2 was developed to assess the utility of longrind lifetime risk assessment as an adjunct to
short-term (10-year) risk assessment. It was razedrthat there is little “disconnect” regarding
approaches to prevention when the 10-year risknagti is high (e.g., >10% predicted 10-year riskg¢hs
patients merit intensive prevention efforts anduthide considered for drug therapy to reduce orifpod
adverse levels of causal risk factors. CQ2 wasssldor evaluation to determine whether quantigatir
semi-quantitative long-term risk assessment woubdige differential information that could be usefu
risk communication, specifically to patients estiethto be at lower short-term risk. However, it is
unclear what the long-term predicted and obsengéd for CHD and CVD are among individuals who
are at low predicted 10-year risk. CQ2 was desigaadentify studies that assessed both short{@mgt
term risk, particularly focusing on those studieat tprovide long-term outcomes data for groups
predicted to be at low 10-year risk. If a suffidigdarge proportion of the population is at higimg-term
risk despite being at low short-term risk, theroiporating long-term risk assessment into routlivéoal
practice might have value for informing risk corsagions with patients and guiding therapeutic tifies

counseling and other aspects of care.

6.2.1. Summary of Evidence for CQ2
Ten studies that met inclusion/exclusion criterexevidentified by the systematic review performed i

April, 2011, and were examined (19-22,47-52). Rughion dates ranged from 1999 to 2009. All of the
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studies were observational. On the basis of theskes, 7 evidence statements were adopted (Appendi
2).

Multiple sources provided consistent evidence rdiggrthe associations of traditional risk
factors with events occurring during both shortrtemd long-term follow up. The important associadio
are best represented and understood in the carftexdltivariable risk equations that reliably predi
absolute risk for ASCVD events. In addition, mosthese risk factors are both causal and modifiable
indicating their central clinical importance for 88D prevention efforts. Given the additional eviden
suggesting improved risk prediction using updatedoal covariates, the Work Group makes the

following recommendations.
6.2.2. Recommendations for CQ2: Long-Term Risk Assement

Recommendation 11t is reasonable to assess traditional ASCVD réltdrs every 4 to 6 years in adults
20 to 79 year of age who are free from ASCVD arioinede 10-year ASCVD risk every 4 to 6 years in
adults 40 to 79 years of age who are free from ABCV

(Grade B, Moderate); ACC/AHA CORIla, LOE B

Recommendation 2 Assessing 30-year or lifetime ASCVD risk basedraditional risk factors may be
considered in adults 20 to 59 years of age whdraesfrom ASCVD and who are not at high short-term
risk.

(Grade C, Weak); ACC/AHA CORIIb, LOE C

A downloadable spreadsheet enabling estimatioofehr and lifetime risk for ASCVD and a web-based
calculator are available at http://my.americanhegagfcvriskcalculatoand http://www.cardiosource.org/science-
and-quality/practice-guidelines-and-quality-stantsd2013-prevention-guideline-tools.aspx.

tAge, sex, total and HDL—cholesterol, systolic B&e of antihypertensive therapy, diabetes, aneéntsmoking.

Evidence was not found regarding the utility oétime risk assessment for guiding pharmacologic
therapy decisions, and the Work Group judged thrag-term and lifetime risk information may be used
more appropriately at this time to motivate thetdjedifestyle change in younger individuals. This
perspective influenced the choice of age 20 astdming point for long-term risk assessment, despi
threshold of age 40 for short-term 10-year ASC\Ek assessment.

Long-term and lifetime risk estimation may be leahiable for individuals who are found to be
at high short-term (10-year) risk based on multatde equations in whom decisions regarding
prevention efforts may be clear. However, an undading of long-term risk may provide a means for
encouraging adherence to lifestyle or pharmacotdgieerapies, especially for patients who mightehav

difficulty understanding the importance of theiogkterm risk. Likewise, for older individuals, titose
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with limited life expectancy, clinical considerat®should dictate the intensity of risk assessraedt

prevention efforts.

7. Implementation Considerations for Risk Assessmén
A suggested approach for incorporating these reaamdations into clinical practice is shown in Figure

1. For patients 20 to 79 years of age who areffoee clinical ASCVD, the first step is to assessCA®
risk factors. Whereas it is reasonable to asse€VASisk factors in younger and older individuals,
limitations in available data prevented the develept of robust risk assessment algorithms in these
populations. Hence, for patients outside this agge, providers should refer to applicable clinical
practice guidelines (i.e., pediatric (53) and a@ulnary prevention guidelines (54,55)). Risk asa@nt
should be repeated every 4 to 6 years in personsavéhfound to be at low 10-year risk (<7.5%).
Beginning at age 40, formal estimation of the aligol0-year risk for ASCVD is recommended. Long-
term or lifetime risk estimation is recommendeddbipersons who are between 20 to 39 years of age
and for those between 40 to 59 years of age whdetegmined to be at low 10-year risk (<7.5%). As
shown in Figure 1, all patients should receive igpple risk information and appropriate lifestyle
counseling. The 10-year risk estimates providethbynew Pooled Cohort Equations differ from those
generated by the Adult Treatment Panel Il algoniin several respects (25) as discussed in dattiki
Full Work Group Report
(http://jaccjacc.cardiosource.com/acc_document82BPR_S5_Risk_Assesment.pdf). To summarize,
based on the risk estimation algorithm recommengefidult Treatment Panel I, approximately 31.9%
of the ASCVD-free, nonpregnant U.S. population lestw40 and 79 years of age have a 10-year risk of a
first hard CHD event of at least 10% or have diebeBased on the new Pooled Cohort Equations
described here, approximately 32.9% have a 10+y&aof a first hard ASCVD of at least 7.5%. The
outcomes and thresholds of these 2 approachesff@rewnt, but the overlap of these 2 means forrde§
high-risk groups is substantial, at roughly 75%nblheless, these important differences make simple
linear conversions imprecise. We recommend thdthezae organizations convert to these new Pooled
Cohort Equations as soon as practical (AppendiR4ownloadable spreadsheet enabling estimation of
10-year and lifetime risk for ASCVD and a web-basaltulator are available at
http://my.americanheart.org/cvriskcalculator antg:wvww.cardiosource.org/science-and-quality/picact

guidelines-and-quality-standards/2013-preventioiatgjine-tools.aspx
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Figure 1. Implementation of Risk Assessment Work Gsup Recommendations

¢ \
: i ] See 2011 AHA/ACC Secondary
Does tgﬁnﬁggfﬂg%a\\;gfx's'tmg Yes -P{ Prevention Guideline and 2013
’ J L Adult Prevention Guidelines y
T
No
+ ( See 2012 NHLBI Pediatric CV
] Risk Reduction Guidelines and
Is the patient <20 y or >79 y of age”? Yes > é%}g’eﬁﬁggzpre"em'°"
e Blood Cholesterol
| L ° Obesity )
No

v

" , A ( Communicate risk data and
Assess traditional risk factors every Elevated refer to 2013 Adult Prevention
4-6 y in patients 20-79 y of age; 10-y risk p| Guidelines:
estimate 10-y risk in those 40-79 y of (27.5%) e Blood Cholesterol
age using Pooled Cohort Equations .
J L ° Obesity )

Low 10-y risk (<7.5%)

Assess 30-y or lifetime risk in those
20-59 y of age; Communicate risk
data regardless of age and refer to

AHA/ACC Lifestyle Guideline

ACC indicates American College of Cardiology; AHAmerican Heart Association; and ASCVD, atherosclero
cardiovascular disease.

8. Evidence Gaps and Future Research Needs

The Work Group strongly recommends continued redetar fill gaps in knowledge regarding short- and
long-term ASCVD risk assessment and outcomes iraedl/ethnic groups, across the age spectrum, and
in women and men. Future research should includbyses of short- and long-term risk in diverse
groups; optimal communication of ASCVD risk infortiaa; utility of short-and long-term risk
assessment for motivating behavioral change andradbe to therapy; utility of short-and long-teiigkr
assessment for influencing risk factor levels divdaal outcomes; utility of differential informatn
conveyed by short- and long-term risk assessmadtyglity of novel risk markers in short- and leng

term risk assessment.

9. Conclusions
The Work Group’s approach to risk assessment reptes step forward in ASCVD prevention that is

large enough to justify the challenges inhereritiplementing a new approach, rather than stayirly wi
the CHD risk assessment approach recommended psiyid he final recommendations are summarized
in Table 4 and Figure 1. Two major advantagesisfapproach are the ability to estimate risk for a
broader based ASCVD outcome that is more relewaatitiitional segments of the population, including

women and African Americans, and the ability tovide risk estimates specific to African Americans.
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Promoting lifetime risk estimation may representdditional step forward in supporting lifestyle
behavior change counseling efforts. Periodic updatif the guidelines should address numerous issues

related to risk assessment.
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Appendix 1. Evidence Statements for CQ1

ES
Number

Author/Group

Factor

Evidence Statement/Conclusion

USPSTF (9)

hs-CRP

“Strong evidence indicates@RR is associated with CHD events. Moderate, stavdi evidence
suggests that adding CRP to risk prediction moaielsng initially intermediate-risk persons improvis&
stratification.”

“Few studies directly assessed the effect of CREstireclassification in intermediate-risk persdns

hs-CRP was associated with risk and results in seciassification in intermediate-risk persons, ibut
was not clear whether this reclassification led twet improvement in prediction. Values of receiver
operating curvé-statistics, measures of discrimination, are meetioout not reported; hence, no

evidence on discrimination, calibration, net resification index or cost-effectiveness was provided

Reports some impact on reclassification, probaligdest (pp. 488—491).

Helfand et al., 2009
(12)

hs-CRP, CAC,
CIMT, ABI

With respect to risk assessment for major CHD atlithors concluded that, “The current evidence dogq
support the routine use of any of the 9 risk fexfor further risk stratification of intermediatisk
persons.” The nine risk factors examined were: RRGCAC score as measured by electron-beam
computed tomography, lipoprotein (a) level, homaoeiye level, leukocyte count, fasting blood glugose
periodontal disease, ABI, and CIMT.

hs-CRP was associated with CHD and led to somagsification. The authors cite the JUPITER reguolt
support the conclusion that hs-CRP testing maysleéuliin intermediate-risk patients to drive statin
therapy. The Work Group recognizes that more reioeintidual study results have been published.
Updated systematic reviews addressing discriminatialibration, reclassification, and cost issuethe
context of the newer ASCVD risk assessment modgigsed in this document are needed.

CAC was associated with CHD and with some reclasgibn, but it is uncertain how much and how
valuable this reclassification is. The documentjutes little evidence regarding discrimination,
calibration, and cost-effectiveness. The Work Gralgp is concerned about radiation and incidental
findings. The Work Group recognizes that more regstividual study results have been published.
Updated systematic reviews addressing discriminatialibration, reclassification, cost, and safesyies
in the context of the newer ASCVD risk assessmendehproposed in this document are needed.

CIMT was associated with CHD, but the document joles little evidence regarding reclassification,
discrimination, calibration, and cost-effectivenelise Work Group also has concerns about measuter]
issues. Standardization of CIMT measurement isjamghallenge. The Work Group recognizes that m
recent individual study results have been publishigiated systematic reviews addressing discrinaing
calibration, reclassification, cost, and measurdart@andardization) issues in the context of theare
ASCVD risk assessment model proposed in this dootiare needed.

L'

nen
pre
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ES Author/Group Factor Evidence Statement/Conclusion
Number

ABI was associated with CHD and some reclassificatbut it is uncertain how much and how valuable
this reclassification is. Evidence suggests sonmorement in discrimination, but the document pdesi
little evidence regarding calibration and cost-etifeeness. The Work Group members are uncertain
whether more recent individual study results haaenbpublished relevant to ABI. Updated systematic
reviews addressing discrimination, calibration]assification, and cost issues in the context efrtawer
ASCVD risk assessment model proposed in this dootiare needed.

3 Emerging Risk hs-CRP “CRP concentration has continuous assoesatidth the risk for coronary heart disease, isofiastroke,
Factors vascular mortality, and death from several canaedslung disease that are each of broadly sinitar s
Collaboration (13) The relevance of CRP to such a range of disordaradlear. Associations with ischaemic vasculezatis

depend considerably on conventional risk factocs@her markers of inflammation.”

hs-CRP is associated with risk for CVD. This analyd not directly assess value in risk predictidio
additional evidence was provided regarding diseration, calibration, reclassification, or cost-

effectiveness.
4 Schnell-Inderst et hs-CRP For MI and cardiovascular mortality, “AddimgtCRP to traditional risk factors improves riskgiction,
al., 2010 (17) but the clinical relevance and cost-effectivenddhie improvement remain unclear.”
Absolute differences i€-statistics between models including and not inclgdis-CRP ranged from 0.0(
to 0.027.

Some evidence was provided to support the costtefémess of hs-CRP testing in some modeling
scenarios, characterized by intermediate- and higble populations and lower cost (generics) statihat
least moderate efficacy.

5 Emerging Risk ApoB This paper provided evidence of rough equivaleri@ssociations of CVD with non-HBIC and ApoB
Factors after multivariable adjustment (including HBC). See Figure 1 for CHD and the text for strokg. B
Collaboration (41) inference, this finding means there would be roeghivalence between ApoB and total cholesterol wit

similar adjustment.

6 Sniderman et al., ApoB ApoB was more strongly related to risk for ASCVItheither non-HDEC or LDL-C in a substitution
2011 (43) model that also included HBIC. No evidence was presented pertinent to an additiodel in which
ApoB might be added to a model that included totallesterol, LDE-C or non-HDI=-C. Additional
models are the type of model of interest to thissfion. By inference, these results may mean thaBA
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ES
Number

Author/Group

Factor

Evidence Statement/Conclusion

is more strongly related to risk than is total esdérol. This paper did not address directly tHeevaf
adding ApoB to a model with traditional risk factoNo information was presented regarding
discrimination, calibration, reclassification, arst. The relative risks evaluated in the meta-aigahyere
adjusted for various sets of covariates in theoueriprimary reports, and the adjustments were plidige
be incomplete. Furthermore, studies of varyingglesiand quality were included, leaving the Work @rd
members concerned regarding the validity of thd@we.

Kodama et al.,
2009 (42)

Cardiorespiratory
fitness

Better cardiorespiratory fitness was associated loitver risk for all-cause mortality and CHD/CVD.
Based on the sensitivity analyses in table 2, emidef association was weaker for CHD/CVD, but stil
significant, when based on studies with more cote@ejustment for other risk factors. The utilify o
assessing cardiorespiratory fitness in risk préahiclvas not assessed (discrimination, calibration,
reclassification and cost).

Ankle Brachial
Index Collaboration|
(11)

ABI

ABI is associated with total CHD risk and leadssignificant reclassification, and the pattefn o
reclassification is different by sex. Among mehe effect is to down-classify high-risk men. Among
women the effect is to up-classify low-risk wom@verall, the FRS, as applied by the investigators,
showed relatively poor discrimination in this metaalysis, withC-statistics of 0.646 (95% CI. 0.643—
0.657) in men and 0.605 (0.590-0.619) in womenrd las an improvement {B+-statistic in both men,
0.655 (0.643-0.666) and women 0.658 (0.644—0.6Ti2nwABI was added to a model with FRS. The
improvement in th€-statistic was greater and significant in womenwveag not significant in men. No
evidence on calibration, net reclassification indaxcost-effectiveness was provided.

Empana, et al, 201
(10)

| Family history of
CHD

“In separate models adjusted for age, gender, taidy sohort, a family history of CHD, BMI, and wais
circumference were all predictors of CHD. When itiadal risk factors were controlled for, familystory
of CHD (p<0.001) and BMI (p=0.03) but not waistatimference (p=0.42) remained associated with
CHD. However, the addition of family history of CH BMI to the traditional risk factors model didtn
improve the discrimination of the model (not shown)

This paper developed a CHD risk prediction algonithased on 4 French population studies, and
evaluated, among other factors, the contributiofawfily history to traditional risk factors. Famihistory
of CHD was defined as the self-report of a myoandifarction (MI) in first degree relatives (patsmand
siblings) in the D.E.S.I.R. and SU.VI.MAX studies a history of Ml before 55 years in men and teefof
65 years in women in parents, siblings, and grarafs in the PRIME study, and as a death due tmMI
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ES Author/Group Factor Evidence Statement/Conclusion
Number

first degree relatives in the Three City study.éNidence on calibration, net reclassification indaxcost-
effectiveness was provided.

10 Moyer et al. 2013 ABI This paper is an updated review of the utibfyassessing ABI for the USPSTF.

(15) “The USPSTF concludes that the current evidenassigficient to assess the balance of benefits and
harms of screening for PAD and CVD risk assessmwéhtthe ABI in adults. (I statement)”

“The USPSTF found no evidence that screening fdrtezatment of PAD in asymptomatic patients leagls
to clinically important benefits. It also reviewt potential benefits of adding the ABI to the FRE
found evidence that this results in some patiesht iéclassification; however, how often the
reclassification is appropriate or whether it resinl improved clinical outcomes is not known.”

The Work Group notes that this review provides sewidence that assessing ABI may improve risk
assessment; however, no evidence was found by$RSUF reviewers pertinent to the question of
whether measuring ABI leads to better patient auga

11. Peters et al. 2012 CIMT, CAC This paper is a systematic review of likerature regarding the contribution to risk assesnt of imaging
(16) for subclinical atherosclerosis.

“Published evidence on the added value of athezossis imaging varies across the different markers,
with limited evidence for FMD and considerable @ride for CIMT, carotid plaque and CAC. The added
predictive value of additional screening may benariily found in asymptomatic individuals at
intermediate cardiovascular risk. Additional resban asymptomatic individuals is needed to qugrké
cost effectiveness and impact of imaging for sutticdil atherosclerosis on cardiovascular risk factor
management and patient outcomes.”

Regarding CIMT:

“The c-statistic of the prediction models withouMT increased from 0.00 to 0.03 when CIMT was
added. In the Atherosclerosis Risk In Communit&RIC) study, addition of CIMT to the prediction
model resulted in an NRI overall of 7.1% (95% (A%.to 10.6%) and an IDI of 0.007 (95% CI 0.004 t(
0.010). The NRI intermediate was 16.7% (95% CI 9t8%2.4%). In contrast, 10 year results from the
Carotid Atherosclerosis Progression Study showatatidition of CIMT to the prediction model resdilte
in an IDI of 0.04% and NRI overall of -1.41%. Ansly of 1574 participants from the Firefighters and

Their Endothelium study showed an NRI overall o624 (p=0.044) and an NRI intermediate of 18.0%
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ES
Number

Author/Group

Factor

Evidence Statement/Conclusion

(p=0.034).”

The Work Group notes that this paper provides sewdence to consider assessing CIMT; however, this

conclusion was not supported by the Den Ruijtéclartdescribed below.

Regarding CAC:

“The c-statistic increased from 0.04 to 0.13 whé&CGvas added to the model. Four recently publishe
studies also reported results on the NRI and/otheOne of these studies comprised a subgroufysisa
of an earlier publication in the total populationimdividuals without indications for statin theyap
Analyses of the MESA study showed that additio€A{C to the conventional prediction model resulteq
in an NRI overall of 25% (95% CI 16% to 34%) and\#Rll intermediate of 55% (95% CI 41% to 69%),
The IDI in the MESA study was 0.026. Results weénglar in the Rotterdam study. Addition of CAC to
the prediction model led to an NRI overall of 14840.01) which was mainly driven by correctly
reclassifying those at intermediate risk accordinthe traditional prediction model. Results frdre t

Heinz Nixdorf Recall study also showed large NRiew CAC was added to the Framingham Risk Score.

Using different thresholds to define the interméalidgsk category (10-20% or 6-20%), the NRI overall
was 22% and 20%, respectively. The NRI intermediate 22% for intermediate risk thresholds of 10-
20% and 31% for intermediate risk thresholds oD&621n addition, the IDI was 0.0152 when the
prediction models with and without CAC were complarEhe NRI overall was 25.1% and the IDI was
0.0167 in individuals from the Heinz Nixdorf Recsilidy without indications for statin therapy.”

The Work Group notes that this paper provides exiddo support the conclusion that assessing CAC
likely to be the most useful approach to improuiisg assessment among individuals found to be at
intermediate risk after formal risk assessmenttifeumore, we note that the outcomes in the studies
reviewed above were CHD, not ASCVD. The Work Grdigzussed concerns about cost, radiation
exposure and the uncertainty of the contributioassfessing CAC to estimating 10-year risk of hard
ASCVD after formal risk assessment.

is

12.

Kashani et al, 2013
(14)

Family history

This paper is an integrative literat review on the contribution of assessing farmi$tory to risk
appraisal.

“The evidence demonstrates that family historynisrealependent contributor to risk appraisal and
unequivocally supports its incorporation to impr@ageuracy in global CVD risk estimation.”
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ES Author/Group Factor Evidence Statement/Conclusion
Number

The Work Group notes that a variety of endpoinisjaal and subclinical, were included in the reves
papers. No evidence on discrimination, calibratiwet reclassification index, or cost-effectiveness

provided.
13. Den Ruijter et al, CIMT This paper is an individual level meta-anadysf “14 population-based cohorts contributing datat5
2012 (18) 828 individuals. During a median follow-up of 1laye, 4007 first-time myocardial infarctions or &&e
occurred.”

“We first refitted the risk factors of the FRS atheén extended the model with common CIMT
measurements to estimate the absolute 10-yeartaslevelop a first-time myocardial infarction droke
in both models. The C statistic of both models siaslar (0.757; 95% CI, 0.749-0.764; and 0.759; 95%
Cl, 0.752-0.766). The net reclassification improestrwith the addition of common CIMT was small
(0.8%; 95% ClI, 0.1%-1.6%). In those at intermediétk, the net reclassification improvement wa$3.6
in all individuals (95% ClI, 2.7%-4.6%) and no difeces between men and women.”

“The addition of common CIMT measurements to thé&kias associated with small improvement in 1p-
year risk prediction of first-time myocardial infdion or stroke, but this improvement is unlikedytte of
clinical importance.”

The Work Group judged this paper to provide thergjest evidence available regarding the potential
value of CIMT to risk assessment. The Work Growgo dlas concerns about measurement issues.
Standardization of CIMT measurement is a majorlehgk.

ABI indicates ankle-brachial index; ApoB, apolipof#in B; BMI, body mass index; ASCVD, atheroscleraardiovascular disease; CVD, cardiovascular
disease; CAC, coronary artery calcium; CHD, corgiiezart disease; CIMT, carotid intima-media thicdg)eES, evidence statement; FRS, Framingham Risk
Score; HDL-C, high-density lipoprotein cholestetd;CRP, high-sensitivity C-reactive protein; JUBR;, Justification for the Use of Statins in Primary
Prevention: An Intervention Trial Evaluating Rosstain; LDL—C, low-density lipoprotein cholesterMj, myocardial infarction; and USPSTF, United 8tat
Preventive Services Task Force.
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Appendix 2. Evidence Statements for CQ2

Evidence Statement References

1. We found no evidence assessing variations in lengror lifetime risk for CVD outcomes among persah®w or intermediate
short-term risk in race/ethnic groups other thanHispanic Whites in the United States and Europe.

Strength of Evidence: None

2. ASCVD risk factors measured in young and midatied adults, considered singly or jointly, gengrate associated with short-
term €10 years), long-tern®(5 years), and lifetime risk for ASCVD.

(20,21,47,48,51,52)
Strength of Evidence: Low (for diabetes and metabolic syndrome) to Mate(for BMI, cholesterol, systolic BP, and smoRing

3. Multivariable short-term (10-year) CHD risk pigttbn models underestimate absolute lifetime f@kCHD, but may stratify
relative lifetime risk for CHD in women and oldeem*

Strength of Evidence: Low (22)

*CHD is defined as all manifestations of CHD, orGi8D death/nonfatal MI.

4. Long-term (30-year) risk equations based orittoachl ASCVD risk factors* provide more accurategiction of long-term
ASCVDT risk than do extrapolations of short-terrfi-{fear) risk equations among individuals 20 to B8rg of age free from
ASCVD.

Strength of Evidence: Low (20)
*Age, sex, total and HDL-C, systolic BP, use ofilaypertensive therapy, diabetes, current smoking

TCHD death, nonfatal Ml, or fatal/nonfatal stroke;all ASCVD

5. The presence and severity of selected traditidS8&VD risk factors* stratify absolute levels dfetime risk for ASCVDT among
nonHispanic White adults 45 to 50 years of age aigofree of ASCVD and not at high short-term risk.

Strength of Evidence: Low (21)

*Risk factors were considered in 5 mutually exchasstrata encompassing the full spectrum of rigklie as follows: 1»2 major
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risk factors (defined as total cholester@40 mg/dL or treated, systolic BR60 or diastolic B®100 mm Hg or treated, or diabetes,
or current smoking)lifetime risk for ASCVD >50%; 2) 1 major risk fagtonly, lifetime risk for ASCVD 39% to 50%; 3)1
elevated risk factors (defined as untreated tdtalesterol 200 to 239 mg/dL, or untreated syst®ic140 to 159 mm Hg or diastol
BP 90 to 99 mm Hg, and no diabetes and no curreaking), lifetime risk for ASCVD 39% to 46%; 4) * more risk factors at
nonoptimal levels (untreated total cholesterol 8099 mg/dL, or untreated systolic BP 120 to 138 Hyg or diastolic BP 80 to 89
mm Hg, and no diabetes and no current smoking}jrife risk for ASCVD 27% to 36%; and 5) all optinteels of risk factors
(defined as untreated total cholesterol <180 mgddhid, untreated BP <120/<80 mm Hg, and no diabatesno current smoking),
lifetimes risk for ASCVD <10%.

g

TCHD death, MI, coronary insufficiency, anginaafatonfatal atherothrombotic stroke, claudicatiotiher CVD death

6. Long-term ¥15 years) risk prediction models based on seldcéelitional ASCVD risk factors* predict CHD deatlitivgood
discrimination and calibration, and better in wontieein men, in U.S. nonHispanic White populations.

Strength of Evidence: Low (50)

*Age, sex, total cholesterol, systolic BP, diabes#soking

7. Measuring and updating ASCVD risk factors evety 6 years improves short- and long-term riskijmtéon.

Strength of Evidence: Moderate (19,20)

ASCVD indicates atherosclerotic cardiovascular akse BMI, body mass index; BP, blood pressure; Cé¢tibpnary heart disease; CVD, cardiovascular déseas
CQ, critical question; HDL-C, high-density lipopeot cholesterol; IDI, improvement index; MI, myodaal infarction; NRI, net reclassification indexAB,
peripheral artery disease; and --, none.
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Appendix 3. Characteristics of Previously PublishedRisk Scores and Current Pooled Cohort Equations
(Including Data Sources, Covariates, and OQutcomes)

Downloaded From: http://content.onlingjacc.org/ on 11/14/2013

Cardiovascular Disease Events
| Hard CHD
. . . Total CHD
Risk Score Risk Factors/Covariates Included ;
St Pub- .
udy Jicati Family | Body Coron- Unsta- | Myo- Car-
Study and Data ication Total | LDL- | HDL- Systolic| BP Dia- Smok- Hx Mass ary Angina ble cardial | CHD Stroke | diac
Group Region Source Year Age Sex Chol Chol Chol CRP BP Rx betes |HbA1c* | ing CVDt | Index | Social | Region JRevasc | Pectoris |Angina | Infarct | Death | Stroke | Death [ Failure |TIA
Framing | Framing- | EAF, 1998
(?Hag rl\]/laAn?USA EAM X X X X X X X X X X X X
(56)
ATP Il Framing- | EAF, 2001
(25) ham EAM X X X X X X X X X
MA, USA
Framing- | Framing- | EAF, 2008
ham ham EAM X X X X X X X X X X X X X
Global MA, USA
(57)
PRO- Muen- EM 2002
CAM ster, X X X X X X X X X
(58) Germany
QRISK | QRESE | EF,EM | 2007
(59) AR.CH' X X X X X X X X X x* X X X X X X X X X
United
Kingdom
Reyn- Phys EAF 2008
olds Health X X X X X X X X X X X X
Men (60) | Study
USA
Reyn- Wo- EAM 2007
olds men's
Women | Health X X X X X X X X X X X X X
(61) Study
USA
EURO- |12 EF,EM [ 2003
SCORE | cohorts X X X X X X X X X
(62) Europe
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Cardiovascular Disease Events

| Hard CHD
. . . Total CHD
Risk Score Risk Factors/Covariates Included ;
Study I_Pu‘l_)- Family | Body Coron- Unsta- | Myo- Car-
Study and Data ication Total | LDL- | HDL- Systolic| BP Dia- Smok- Hx Mass ary Angina ble cardial | CHD Stroke | diac
Group Region Source Year Age Sex Chol Chol Chol CRP BP Rx betes |HbA1c* | ing CVDt | Index | Social | Region JRevasc | Pectoris | Angina | Infarct | Death | Stroke | Death [ Failure |TIA

Pooled | CARDIA, | EAF,
Cohort | Framing- | EAM

(current) { ham, AAF, X X X X X X X X X X X X
ARIC, AAM
CHS,US
A

Risk calculators noted above include hyperlinkéhtorespective webpage.

"Only among those with diabetes
tDefinitions of a positive family history vary
tMeasure of social deprivation

AAF indicates African-American females; AAM, AfrinaAmerican males; ASCVD, atherosclerotic cardioutecdisease; BP, blood pressure; Chol,
cholesterol; CHD, coronary heart disease; CRP &Ctiee protein; CVD, cardiovascular disease; EFppean females; EM, European males; EAF, European
American females; EAM, European American males; B@Aemoglobin Alc; Hx, history; Revasc, revasdaédion; and TIA, transient ischemic attack.
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Appendix 4. Development and Steps for Implementatioof the ASCVD Pooled Cohort
Risk Equations

Prior experience with the development of the Fraginiom Heart Study 10-ye@&HD risk prediction
equations (25,56), and the more recent Framingtgredrgeneral CVD risk prediction equations (63),
were used as a basis for developing the new P&abodrt Risk Equations. To expand the utility and
generalizability of the new equations, extensiviadeere used from several large, racially and
geographically diverse, modern NHLBI-sponsored cosiudies, including the ARIC (Atherosclerosis
Risk in Communities) study (8), Cardiovascular ke&tudy (5), and the CARDIA (Coronary Artery
Risk Development in Young Adults) study (7), congdrwith applicable data from the Framingham
Original and Offspring Study cohorts (4,6).

A total of 11,240 White women (who experienced B@2d ASCVD events), 9,098 White men
(1,259 hard ASCVD events), 2,641 African-Americaomen (290 hard ASCVD events), and 1,647
African-American men (238 hard ASCVD events) whd the following criteria were included: 40 to 79
years of age, apparently healthy, and free of gique history of nonfatal myocardial infarction
(recognized or unrecognized), stroke, HF, percutasi€oronary intervention, coronary artery bypass
surgery, or atrial fibrillation. Data from the incled participants were used to develop sex- ared rac
specific equations to predict 10-year risk forratfhard ASCVD event. Due to the growing healthdiear
of HF, the Work Group examined the possibility méluding HF as an outcome. However, study-by-
study ascertainment and adjudication of HF varimtsierably, and therefore HF could not be included
as an outcome. Due to known substantial geograjainiation in use, (Dartmouth Atlas of Healthcare,
http://www.dartmouthatlas.org/) self-selection, ginysician recommendation biases (64), coronary
revascularization was also not included as an @ntlpo

The Pooled Cohort Equations for estimating ASCVDendeveloped from sex- and race-specific
proportional hazards models that included the dates of age, treated or untreated systolic BA leve
total cholesterol and high-density lipoprotein @sbérol levels, current smoking status (Y/N), aistony
of diabetes (Y/N). A variable representing lipidatment was considered, but not retained in tfa fin
model because lipid therapy was relatively uncommahe cohorts and statistical significance was
lacking. Baseline characteristics of the partictpancluded in the equation derivation model am@sh
in the Full Panel Report Data Supplement, as a@lg®f the methods used to derive, evaluate, and
validate (internally and externally) the resultiigk equations and their potential limitationssimmary,
discrimination and calibration of the models weeeywgood. C statistics ranged from a low of 0.713
(African-American men) to a high of 0.818 (Afric&merican women). Calibration chi-square statistics
ranged from a low of 4.86 (nonHispanic White menathigh of 7.25 (African-American women). The

coefficients for the equations for calculating atiraate of an individual's 10-year risk for a fitsdrd
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ASCVD event are provided in Table A, along with mxdes based on a specific risk profile for each
race-sex group. The step-by-step process for eitigndne risk in the specific examples of TablesA i
provided in Table B. These 2 tables are intendaghtible programmers to integrate these equatitms in

electronic health records.

Table A. Equation Parameters of the Pooled Cohort guations for Estimation of 10-Year Risk for
Hard ASCVD* and Specific Examples for Each Race an&ex Group

White African American
Individual - Individual .
Coefficient | Example Coefficient Coefficient Example Coefficient
x Valuet x Valuet
Value Value

Women (Example: 55 years of age with total cholestedd thg/dL, HDL-C 50 mg/dL, untreated systolic BP 120
mm Hg, nonsmoker, and without diabetes)

Ln Age (y) —29.799 4.01 -119.41 17.114 4.01 68.58

Ln Age,
Squared

4.884 16.06 78.44 N/A N/A N/A

Ln Total
Cholesterol 13.540 5.36 72.59 0.940 5.36 5.04
(mg/dL)

Ln AgexLn
Total -3.114 21.48 —-66.91 N/A N/A N/A
Cholesterol

Ln HDL-C
(mg/dL)

Ln AgexLn
HDL-C

-13.578 3.91 -53.12 —18.92( 3.91 —74.01

3.149 15.68 49.37 4.475 15.68 70.15

Log Treated
Systolic BP 2.019 — - 29.291 - -
(mm Hg)

Log AgexLog
Treated Systolic N/A N/A N/A -6.432 - -
BP

Log Untreated
Systolic BP 1.957 4.79 9.37 27.820 4.79 133.19
(mm Hg)

Log AgexLog
Untreated N/A N/A N/A —6.087 19.19 -116.79
Systolic BP

Current Smoker

(1=Yes, 0=No) 7.574 0 0 0.691 0 0

Log
AgexCurrent -1.665 0 0 N/A N/A N/A
Smoker
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Diabetes

(1=Yes, 0=No) 0.661 0 0 0.874 0 0
Individual Sum -29.67 86.16
Mean

(Coefficientx N/A N/A —29.18 N/A N/A 86.61
Value)

Baseline N/A N/A 0.9665 N/A N/A 0.9533
Survival

Estimated 10-Y

Risk for hard N/A N/A 2.1% N/A N/A 3.0%
ASCVD

Men (Example: 55 years of age with total cholesterd &ig/dL, HDL—C 50 mg/dL, untreated systolic BP 12
Hg, nonsmoker, and without diabetes)

Log Age (Y) 12.344 4.01 49.47 2.469 4.01 9.89

Log Total
Cholesterol 11.853 5.36 63.55 0.302 5.36 1.62
(mg/dL)

Log AgexLog
Total -2.664 21.48 -57.24 N/A N/A N/A
Cholesterol

Log HDL-C

(mg/dL) —7.990 3.91 -31.26 -0.307 3.91 ~1.20

Log AgexLog

HDL-C 1.769 15.68 27.73 N/A N/A N/A

Log Treated
Systolic BP 1.797 - - 1.916 - -
(mm Hg)

Log Untreated
Systolic BP 1.764 4.79 8.45 1.809 4.79 8.66
(mm Hg)

Current Smoker

(1=Yes, 0=No) 7.837 0 0 0.549 0 0

Log
AgexCurrent -1.795 0 0 N/A N/A N/A
Smoker

Diabetes

Individual Sum 60.69 18.97

Mean
(Coefficientx N/A N/A 61.18 N/A N/A 19.54
Value)

Baseline

. N/A N/A 0.9144 N/A N/A 0.8954
Survival
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Estimated 10-Y
Risk for hard N/A N/A 5.3% N/A N/A 6.1%
ASCVD

*Defined as first occurrence of nonfatal Ml or CHiBath, or fatal or nonfatal stroke.

tCoefficientxValue: For age, lipids, and BP, dedirges the natural log of the value multiplied by pe@ameter
estimate. When an age interaction is present vgitid or BP, the natural log of age is multipliedthe natural log
of the lipid or BP, and the result is multiplied the parameter estimate. “N/A” indicates that gpcific covariate
was not included in the model for that sex-racaigrd—" indicates that this value was not includedhe example
(e.g., this example used untreated systolic BP{reated systolic BP).

ASCVD indicates atherosclerotic cardiovascular akige BP indicates blood pressure; CHD, congesteagth
disease; HDL-C, high-density lipoprotein cholestevti, myocardial infarction; and N/A, not included

Table B. Estimating an Individual’s 10-Year Risk fa Incident Hard ASCVD

The hypothetical profile provided in Tablgthe “Individual Example Value” column) is identldar each race and
sex group and is based on the overall sample nidenprofile assumes an individual 55 years of &gewhich the
Ln[Age]=4.01), with a total cholesterol of 213 mg/AHDL-C of 50 mg/dL, and an untreated systolic BP of 120
mm Hg. This individual is not a current smoker ao#s not have diabetes. For the equations, thevébn age,
lipids, and systolic BP are log transformed. Intéioms between age and lipids or age and systdliage the
natural log of each variable (e.g., Ln[Age]xLn[TioGholesterol]).

Calculation of the 10-year risk estimate for hai®iQV/D can best be described as a series of stepmdthral log
of age, total cholesterol, HBIC, and systolic BP are first calculated with syist8IP being either a treated or
untreated value. Any appropriate interaction teanesthen calculated. These values are then maettifly the
coefficients from the equation (“Coefficient” colunof Table A) for the specific race-sex group @ thdividual.
The “CoefficientxValue” column in the table provilthe results of the multiplication for the rislofile described
above.

The sum of the “CoefficientxValue” column is thesdaulated for the individual. For the profile shownTable A,
this value is shown as “Individual Sum” for eachea@nd sex group.

The estimated 10-year risk of a first hard ASCVIRmis formally calculated as 1 minus the surviea at 10
years (“Baseline Survival” in Table A), raised ke tpower of the exponent of the “CoefficientxValseim minus
the race and sex specific overall mean “Coeffici®falue” sum; or, in equation form:
4' ~ (IndX'B — MeanX'B)

210
Using White men as an example:

(60.69 - 61.18)

1-0.9144°

equates to a 5.3% probability of a first hard ASC#8nt within 10 years.

ASCVD indicates atherosclerotic cardiovascular age BP, blood pressure; and HDL-C, high-dengigpiiotein
cholesterol.

The Work Group also considered the inclusion ofitaafthl and novel risk markers in the risk equasion

Based on the availability of data across cohortgppticable examination cycles, additional risk keas
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were evaluated for potential inclusion if they imyped model performance using the framework of
Hlatky et al (40). The additional risk markers theagre evaluated included diastolic BP; family higtof
ASCVD; moderate or severe chronic kidney diseasér(ed as an estimated GFR of <60 mL/min per
1.73 n?) (65); and body mass index (continuous or categfriNone of these variables significantly
improved discrimination for 10-year hard ASCVD rigtediction when added to the final base models.
Other risk markersh§-CRP ApoB, microalbuminuria, cardiorespiratory fitne€AC score, CIMT, and
ABI) could not be evaluated in creating this newdeladue to absence of data or lack of inclusioten
appropriate examination cycle of 1 or more of thelies. Therefore, these and the other risk markers
were addressed in CQ1 as potential adjuncts totifatare risk estimation.

Further research using state-of-the art statistezdiniques (including net reclassification
improvement and integrative discrimination indeg)jare needed to examine the utility of novel
biomarkers when added to these new Pooled Cohastas in different populations and patient
subgroups. Randomized clinical trials demonstratii@gutility of screening with novel risk markers
would represent the best evidence for their inolugn future risk assessment algorithms. In theats
of evidence from trials, methodologically rigoroatsservational studies should be conducted to etsmlua

utility.
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A person is deemed to have a significant interesathusiness if the interest represents ownership% of the voting stock or share of the businestyeiatr
ownership 0£$10,000 of the fair market value of the businegiyeror if funds received by the person from thesimess entity exceed 5% of the person’s gross
income for the previous year. Relationships th#texith no financial benefit are also included foe purpose of transparency. Relationships intdiike are
modest unless otherwise noted.

*Significant relationship.

NHLBI indicates National Heart, Lung, and Bloodtihge.

Appendix 6. ACC/AHA Expert Reviewer Relationships Wth Industry and Other Entities

Reviewer Employment Representing Consultant Speaker Ownership/ Personal Expert Witness
Bureau Partnership/ Research
Principal

Ezra A. University of California ACC/AHA None None None None None
Amsterdam (Davis) Medical Center,
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Ralph G. University of California, | ACC/AHA Task None None None None None
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Appendix 7. Abbreviations

ABI = ankle-brachial index

ACC = American College of Cardiology

AHA = American Heart Association

ApoB = apolipoprotein B

ASCVD = atherosclerotic cardiovascular disease
BP = blood pressure

CAC = coronary artery calcium

CHD = coronary heart disease

CIMT = carotid intima-media thickness

COR = class of recommendation

CQ = critical question

CV = cardiovascular

CVD = cardiovascular disease

GFR = glomerular filtration rate

HF = heart failure

hs-CRP = high-sensitivity C-reactive protein

LOE = level of evidence

NHLBI = National Heart, Lung, and Blood Institute
NHLBAC = NHLBI Advisory Council

RWI = relationships of authors with industry antetentities
Task Force = ACC/AHA Task Force on Practice Guidkedi
U.S. = United States
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