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Using Clinical Decision Rules 
in CVD Prevention
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Clinical Decision Rules

ÅWhat do we use them for?

-Diagnosis, prognosis, treatment decisions

ÅWhy do we need them?

-Signs and symptoms rarely pathognomonic

-Risk factors (almost) never deterministic

-Need prior probability for test/treat decisions (Bayes)
ÅTest or treat all? None? Some?

-Enrich the pool for cost-effective treatment

-Patients and clinicians are very poor at estimating 
risk/probability and net benefit of therapy
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Treatment Thresholds
Finding net benefit
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Net 
benefit

Net 
harm

Risk of disease

Risk of adverse 
Event from Rx

Marginal
benefit

Threshold of 
treatment benefit

Where does your 
patient fall? 

And how do you 
know?



Why Do We Estimate Risk?

ÅClinical/academic interest

-Understand mechanisms of disease

-Prognosis: assess comparative risks for 
different diseases or death

-Identify risk factors/novel targets for therapy

-Assess relative contributions of risk factors to 
disease incidence

-Compare risks of disease with potential  
benefits and harms of therapies



Patients substantially overestimate and 
underestimate risk

Å1557 primary care patients asked to estimate risk 

on a continuous scale of 0% to 100%

Frijling, Patient Educ Couns, 2004 7

ÅMean absolute differences between 
perceived and actual predicted 10-year 
risk were:
Å22.9% (95% CI 21.8ς24.0%) for MI
Å24.6% (23.4ς25.8%) for stroke



Physicians overestimate and 
underestimate risk

Å79 physicians at all levels at 3 university hospitals

ÅSurveyed re: 12 primary prevention scenarios

-Overestimation (MD estimate >1.5x actual risk)

-Underestimation (MD estimate <0.67x actual risk)

ÅOnly 24% of physicians' risk estimates were accurate

-Physicians overestimated absolute risk 32% to 92%           
of the time

-Physicians made larger errors in patient scenarios 
involving patients with high total or LDL-c levels

Pignone, BMC Health Srvcs Res  2003 8



Why Do We Estimate AbsoluteRisk?

ÅRelative risk is poorly understood by clinicians and 
patients

-Problem of the referent group

ÅUnderstand absolute risk for prognosis

ÅImprove communication and motivate lifestyle 
change/adherence to therapy

ÅIdentify treatment-eligible individuals at sufficiently 
high risk to merit treatment and expect net cost-
effective benefit

ÅDirectly compare benefits/harms of therapy



Cholesterol 

Treatment 

Trialists

ÅAllows identification of patients at 

sufficient risk to merit treatment with 

higher likelihood of net individual and 

societal benefit

ÅAllows direct comparison of potential 

benefits and harms from drug therapy

CTT, Lancet 2012

BPLTTC, Lancet 2014

Lloyd-Jones et al., Circ and JACC 2019

Rationale for Absolute Risk Estimation

Blood Pressure 

Lowering 

Treatment Trialists



Karmali et al., Cochrane Reviews 2017

Lloyd-Jones et al., Circ and JACC 2019

Evidence Base for Risk Estimation

ÅProviding CVD risk score data had 
statistically significant but 
modest effects on: 
ÅInitiation/intensification of BP and cholesterol medications

ÅLevels of CVD risk factors

ÅEstimated 10-year CVD risk at follow-up

ÅHarm very unlikely

ÅUse of validated, quantitative risk assessment scores appears to be 
appropriate, safe, and moderately efficacious in helping to control 
Ǌƛǎƪ ŦŀŎǘƻǊǎ Χ ǿƛǘƘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ǾŀƭǳŜ ǘƻ ƛƳǇǊƻǾŜ 
decision-making. 

Å(Especially true if therapy is expensive - early statins, early PCSK9i)



What is Probability and How Do We 
Estimate It?

ÅProbability (likelihood) is a measure or estimation of 
how likely it is that something will happen or that a 
statement is true (Wikipedia)

ÅMost often, we return to y = mx + b, where
y = outcome or diagnosis
x = predictor variable(s)
m = weight for each predictor variable
b = intercept (underlying disease risk)

ÅTransform relative hazards/odds ratios into absolute 
probabilities
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How Do We Know if a Risk Score 
ά²ƻǊƪǎέΚ



How Do We Measure the Performance of 
a Screening/Risk Prediction Test?

-Sensitivity/specifity/predict
ive value

-Discrimination

ÅArea under the ROC 
curve (AUC; C statistic)

ÅDiscrimination slope

-Calibration

ÅHosmer/Lemeshowand 
GND tests

-Informativenesscriteria

ÅAIC, BIC

-Likelihood ratios (LR+ and 
LR-)

-Brier score

-Reclassification (NRI, IDI)

We should use:



Example ςRisk Prediction and Clinical Decision 
Making in Primary Prevention of ASCVD
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2019 ACC/AHA Guideline on the Primary Prevention of 
Cardiovascular Disease: Executive Summary

Endorsed by the American Association of Cardiovascular and Pulmonary 
Rehabilitation, the American Geriatric Society, the American Society of Preventive 

Cardiology, and the Preventive Cardiovascular Nurses Association 

© American College of Cardiology Foundation and American Heart Association



Current Paradigm for CVD Prevention

Åά¢ƘŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǇǊŜǾŜƴǘƛƻƴ ŜŦŦƻǊǘǎ ǎƘƻǳƭŘ ƳŀǘŎƘ ǘƘŜ 
ŀōǎƻƭǳǘŜ Ǌƛǎƪ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘέ
-Those at low risk should receive appropriate lifestyle 

counseling to remain so as long as possible
-Those at high risk should alter lifestyle and receive early 

evidence-based drug therapy
-¢ƘƻǎŜ ŀǘ άƛƴǘŜǊƳŜŘƛŀǘŜ Ǌƛǎƪέ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ŦǳǊǘƘŜǊ 

testing to further risk stratify for net benefit of drugs

ÅThis latter implies sequential testing (Bayesian 
framework) which fits well with medical decision 
making



Scaling the Net Benefits

ÅInterventions with similar relative risk reductions 
across risk strata (like statins) provide the greatest 
absolute risk reduction in those with the highest 
pretreatment risk 
ÅThus, determination of absolute risk and expected 
absolute risk reduction is necessary to adequately 
assess the risk-benefit ratio of an intervention for an 
individual patient as well as for health policy
ÅAnd we should weigh the expected benefit against 
potential harms, to understand net benefit

Smith S Circ 2004;109:3112 33



What About Diabetes Risk with Statins?



2017 ACC/AHA Hypertension Guidelines



2018 AHA/ACC/Multi-Specialty Cholesterol Guidelines



Lloyd-Jones et al. Circulation 2019; JACC 2019



Approach to Risk Assessment in 1o Prevention: CPR

Estimate Absolute 10-year ASCVD Risk

Low Risk
0 - <5%

High Risk
җ20%

Intermediate Risk 
7.5% - <20%

If uncertainty or patient indecision remains, 
consider CAC score 

and revise decision based on results 

Lifestyle
anddrug therapy

Lifestyle
modification

Borderline Risk 
5% - <7.5%

Clinician-patient discussion considering 
risk-enhancing factors and net benefit of therapy

Calculate

Personalize

Reclassify



C = Calculate: Estimate 10-Year and Lifetime Risks

Estimate Absolute 10-year ASCVD Risk

Low Risk
0 - <5%

High Risk
җ20%

Intermediate Risk 
7.5% - <20%

If uncertainty or patient indecision remains, 
consider CAC score 

and revise decision based on results 

Lifestyle
anddrug therapy

Lifestyle
modification

Borderline Risk 
5% - <7.5%

Clinician-patient discussion considering 
risk-enhancing factors and net benefit of therapy



C = Calculate: Tools for Risk Estimation

ÅPooled Cohort Equations ςApp or Online (or 
EHR programmable)

ÅACC ASCVD Risk Estimator Plus (online/app)
-http://tools.acc.org/ASCVD-Risk-Estimator-

Plus/#!/calculate/estimate/

ÅAHA ASCVD Risk Calculator (online/app)
-http://static.heart.org/riskcalc/app/index.html#!/baseline-

risk

http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/
http://static.heart.org/riskcalc/app/index.html#!/baseline-risk


ASCVD Risk Estimator Plus



ASCVD Risk Estimator Plus



External Validation: REGARDS*

*5-year follow up

Muntner et al, JAMA 2014

Total sample



External Validation: REGARDS*

*5-year follow up

Muntner et al, JAMA 2014

Medicare-linked sample



Performance of Pooled Cohort Equations in 
Diverse Population Samples: Predictable

45

Over-
Estimate

Risk

Under-
Estimate

Risk

HIV,

Inflammatory/

Rheum dz 

Low risk, 

high SES,

medicated

populations

Broad US

Population

(REGARDS, 

DHS)

Well Calibrated

Patient-Clinician Discussion

Estimated 10-y ASCVD Risk



P = Personalize: Refine Risk for Individual Patients

Estimate Absolute 10-year ASCVD Risk

Low Risk
0 - <5%

High Risk
җ20%

Intermediate Risk 
7.5% - <20%

If uncertainty or patient indecision remains, 
consider CAC score 

and revise decision based on results 

Lifestyle
anddrug therapy

Lifestyle
modification

Borderline Risk 
5% - <7.5%

Clinician-patient discussion considering 
risk-enhancing factors and net benefit of therapy



Risk-Enhancing Factors for ClinicianςPatient Risk Discussion

¶ Family history of premature ASCVD; (males, age <55 y; females, age <65 y)

¶ Primary hypercholesterolemia(LDL-C, 160-189 mg/dL[4.1- 4.8 mmol/L]; non-HDL-C 190-219 mg/dL[4.9-5.6 

mmol/L])*

¶ Metabolic syndrome(increased waist circumference, elevated triglycerides [>175 mg/dL], elevated blood pressure, 

elevated glucose, and low HDL-C [<40 mg/dLin men; <50 in women mg/dL] are factors; tally of 3 makes the 

diagnosis)

¶ Chronic kidney disease(eGFR15-59 mL/min/1.73 m2 with or without albuminuria, not treated with dialysis or 

kidney transplantation)

¶ Chronic inflammatory conditionssuch as psoriasis, RA, or HIV/AIDS

¶ History of premature menopause (before age 40 y) and history of pregnancy-associated conditions that increase 

later ASCVD risk such as pre-eclampsia

¶ High-risk race/ethnicities(e.g. South Asian ancestry)

¶ Lipid/biomarkers: Associated with increased ASCVD risk

-Persistently* elevated, primary hypertriglyceridemia ( ²175mg/dL); 

-If measured:

o Elevated high-sensitivity C-reactive proteinόҗнΦл ƳƎκ[

o Elevated Lp(a)A relative indication for its measurement is family history of premature ASCVD.An Lpόŀύ җ рл 

mg/dLƻǊ җмнр nmol/L constitutes a risk enhancing factor especially at higher levels of Lp(a)

o Elevated apoB²130 mg/dL-! ǊŜƭŀǘƛǾŜ ƛƴŘƛŎŀǘƛƻƴ ŦƻǊ ƛǘǎ ƳŜŀǎǳǊŜƳŜƴǘ ǿƻǳƭŘ ōŜ ǘǊƛƎƭȅŎŜǊƛŘŜ җ нлл ƳƎκdL. A 

ƭŜǾŜƭ җ мол ƳƎκdLcorresponds to an LDL-C >160 mg/dLand constitutes a risk enhancing factor

o ABI (ABI)<0.9

P = Personalize: Refine Risk for Individual Patients



R = Reclassify Risk in Selected Patients

Estimate Absolute 10-year ASCVD Risk

Low Risk
0 - <5%

High Risk
җ20%

Intermediate Risk 
7.5% - <20%

If uncertainty or patient indecision remains, 
consider CAC score 

and revise decision based on results 

Lifestyle
anddrug therapy

Lifestyle
modification

Borderline Risk 
5% - <7.5%

Clinician-patient discussion considering 
risk-enhancing factors and net benefit of therapy



Coronary Artery Calcification
Powerful Marker of Plaque Burden



Screening for Coronary Calcium
MESA Study (Detrano, NEJM 2008)

RF-Adj HR

6.84

7.08
3.89

1.0 (ref)



ROC Curves Showing Area Under Curve for 
Incident CHD: MESA

Yeboah J. JAMA 2012;
308:788-95.

FRS =
0.623

+ CAC =
0.784

NOTE: Reasonably 
large increase in 
AUC with CAC



NRI for Incident CHD with Addition of Novel 
Risk Marker to FRS: MESA

Yeboah J. JAMA 2012;308:788-95

NRI for FRS + CAC = 0.659



Nasir et al., MESA Study, 
JACC 2015

Example: MESA Study

7.5% 10-year risk
Threshold for considering statin

Reclassification of Risk by CAC



10-year risk 
5% - <7.5% or 7.5% - <20%

Below Threshold for Statin Benefit
Consider avoiding or 

postponing drug therapy.*

Above Threshold for Statin Benefit 
Recommend statin therapy.

Consider CAC measurement 
If performed:

Engage patient in discussion 
regarding net benefit of statin 

therapy

CAC = 0

Decision for No Drug 
Therapy

Decision for Drug 
Therapy

CAC 1 ς99 and <75th

%ile for age/sex race
/!/ җ млл ƻǊ җтрth

%ile for age/sex/race

Subclinical atherosclerosis present; risk estimate 
similar. Repeat clinician-patient discussion with new 

information. Consider statin therapy now or postpone 
statin and consider repeat CAC in 5 years

Decision

Patient Undecided or Clinical Uncertainty Regarding 
Net Benefit of Statin Therapy

See ACC/AHA 2018 Guideline 
for Cholesterol Management

Consider risk-enhancing 
factors

*Clinicians and patients may not wish to postpone therapy in patients with a CAC score of 0 and diabetes mellitus, heavy current cigarette 
smoking, or strong family history of premature ASCVD.

R = Reclassify Risk in Selected Patients



Approach to Risk Assessment in 1o Prevention: CPR

Estimate Absolute 10-year ASCVD Risk

Low Risk
0 - <5%

High Risk
җ20%

Intermediate Risk 
7.5% - <20%

If uncertainty or patient indecision remains, 
consider CAC score 

and revise decision based on results 

Lifestyle
anddrug therapy

Lifestyle
modification

Borderline Risk 
5% - <7.5%

Clinician-patient discussion considering 
risk-enhancing factors and net benefit of therapy

Calculate

Personalize

Reclassify



Machine Learning
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Circ Res

2017



ÅPerformance of 

ML models with

shotgun 

phenotypes

ÅBetter than 

sequential 

testing?

Circ Res

2017



Å¢ǊǳŜΣ ōǳǘΧ

ÅFixed vs 

flexible 

treatment

threshold

JAHA 2019



Polygenic Risk Scores
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Polygenic Risk Scoring

ÅGWAS-based risk scores offered no additional utility

ÅNewer whole-genome genotyping techniques may 
allow for comprehensive polygenic risk assessment 
to include rare variants 

Nature Genetics 2019



Polygenic Risk Scoring

Nature Genetics 2019

ÅLƳǇǊƻǾƛƴƎ ŀōƛƭƛǘȅ ŀǘ ǘƘŜ άƘƛƎƘέ ŜƴŘ ƻŦ Ǌƛǎƪ

ÅBut not high risk

ÅAnd not risk, but prevalence

ÅMore work to do

50 variants 49,310 variants 6,630,150 variants



Newer Directions in Long-Term and 
Competing Risks for CVD
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Rationale: Lifetime Risk Estimation

ÅReliance solelyon estimates of short-term
absolute risk to communicate riskand make 
treatment decisionsis problematic
-Atherosclerosis is a life course disease 
-Any single risk factor can produce cumulative 

damage and high risk if left untreated for years
-Almost all men <50 and women <70 are considered 
ǘƻ ōŜ ŀǘ άƭƻǿέ ǎƘƻǊǘ-term risk regardless of risk factor 
burden

AHA Prevention Conference V, Circulation 2000; Cavanaugh-Hussey, 
Prev Med 2008; Marma, Circ CQO 201064



Rationale: Lifetime Risk Estimation

ÅLifetime risk
-The absolute cumulative risk of an individual 

developing a given disease before death
-Accounts for risk of disease of interest, remaining life 

expectancy, and competing causes of death
-Reflects real-life risks and population burden of disease 

better than Kaplan-Meier cumulative incidence
-Allows for comparison of disease burden now and in 

future
-May provide adjunctive information for individual risk 

assessment



KMCI vs. Lifetime Risk for CHD 
Age 40
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Lifetime Risks for All ASCVD 
Cardiovascular Lifetime Risk Pooling Project
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Compression of Morbidity

Wilkins, JAMA 2012

1.8 y

3.5 y

14 y



BMI and Compression of Morbidity
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Competing Cox Methodology

ÅLets the outcomes compete to be first, rather 
than considering them one at a time
ÅProvides robust estimates of hazards and 
cumulative incidences for multiple endpoints 
simultaneously
-And gives a total cumulative incidence for events 

through the end of follow up



Lifetime Risk for a Cardiovascular Event
Female, Age 45

Female 45 Cumulative incidence comparsion of CVD event by RF level
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Ideal CV Health

4 Major Risk Factors


