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Pytha;  Delphic oracle sitting atop her tripod, circa 330 BC

2 |     © 2011 Kaiser Foundation Health Plan, Inc. For internal use only.



Outline

▪ Limitations of current Risk Estimator for ASCVD  

▪ Leveraging Kaiser Permanente data and future 
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Clinical Prediction Models for Cardiovascular Disease 
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What Makes a Good Prediction Model?

▪ An ideal but probably unrealistic model will correctly identify every 
patient who will develop an event vs those who will not, and will not 
misclassify any patients. 

▪ The extent to which any model comes close to achieving this goal can 
be characterized by the 2 related properties of discrimination and 
calibration

5 |     © 2011 Kaiser Foundation Health Plan, Inc. For internal use only.



6 |     © 2011 Kaiser Foundation Health Plan, Inc. For internal use only.

▪ An important step forward. 

▪ Estimates risk for both heart disease and stroke.

▪ Provides estimates applicable to black/African-

Americans. 

▪ This equation was developed from several prospective 

U.S.-based cohorts of enrolled volunteers, primarily 

conducted in the 1990s, with limited ethnic diversity and 

age range. 
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• 4227 MESA participants aged 50-74 yrs without diabetes

• AHA-ACC-ASCVD overestimated risk 86% in men and 67% in women.
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• The pooled cohort equations have now been found to overpredict

the rate of CVD in at least 7 external validation cohorts. 

• Use of statins, revascularizations, or under-ascertainment could not 

explain the extent of overestimation in the WHS. 

• Recalibration of the pooled cohort equations using available 

contemporary data sets might provide a solution to this problem.



Critique on studies critiquing the new Risk 
Estimator
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• Individuals in all these cohorts were either screened for 

participation in, or enrolled in, clinical trials, with the very real 

potential for healthy volunteer effects

• Some risk factor levels were self-reported in ranges, rather than 

directly measured, leading to concerns about imprecision.

• Cohorts might have been subject to some downstream initiation 

of statins.



Kaiser Permanente Northern California (KPNC)

• Large integrated healthcare delivery system currently 
providing comprehensive care to >4 million members in 
Northern and Central California

• Broad sociodemographic diversity and highly 
representative of local and statewide population





Eligible members in 2008 with available information to calculate ACC/AHA ASCVD 
risk score for primary prevention
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Comparison of Observed vs Expected in Subgroups



Comparison of Observed vs Expected in Subgroups by Sex 
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Comparison of Observed vs Expected in Subgroups by Ethnicities
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Discrimination

▪ How well the model differentiates those at higher risk of having an 
event from those at lower risk. 

▪ Address the extent to which a model predicts a higher probability of 
having an event among patients who will vs those who will not have 
an event.
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Calibration 

▪ Considered the most important property of a model

▪ A model informs clinicians how similar the predicted absolute risk is to 
the true (observed) risk in groups of patients classified in different risk 
strata. 

▪ Poorly calibrated models will underestimate or overestimate the 
outcome of interest. 

▪ Assessing calibration involves comparing predicted and observed risk 
at different levels
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Calibration and Discrimination of ASCVD Risk Equation
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20 September 6, 2018

Poor calibration with moderate discrimination (C statistic: 0.68 to 0.74) were observed in sex, 

racial/ethnic, and socioeconomic status subgroups (and in sensitivity analyses among patients receiving 

statins for primary prevention).

Calibration and Discrimination of ASCVD Risk Equation



Evidence to recalibrate the Risk Equation, 
especially given the individual and public 
health implications of wide spread application. 



#1 “Most Talked About Article From 2016” in the 

cardiovascular community per the Journal of the 

American College of Cardiology .

“According to metrics and qualitative data compiled by 

Altmetric, this research received the most media and 

social media attention throughout the world last year.”



“It’s such an enormous burden to put millions of people on statins,” 

says Rana. “We think there is room for improvement in this.”



24 September 6, 2018

Many have called for a transformation, a challenge to the field to 

demonstrate that the digital revolution and “big data” analytics 

can be leveraged, to make risk prediction more organic, 

iterative, and contemporary .. Rana et al.  take the first step 

toward such a transformation.



NEXT STEP … 

25 September 6, 2018



Using ACC/AHA Risk Estimator development approach, can we 

recalibrate and validate a more accurate ASCVD risk estimator in 

contemporary multiethnic population?

Recalibration of the ACC/AHA ASCVD Risk Estimator for Primary 

Prevention in a Large, Multiethnic Community-Based Population

Alan S. Go, MD, Grace H. Tabada, MPH, Sue Hee Sung, MPH, 

Marc G. Jaffe, MD, Matthew D. Solomon, MD, PhD, Jamal S. Rana, MD, 
PhD

American Heart Association Annual Scientific Sessions 2017 



Final Cohort of Adults with LDL-C 70 to 189 mg/dL and No Pre-existing 

Atherosclerotic Cardiovascular Disease or Exposure to Statin Therapy  

N = 308,088

40-79 Years Old 

Without Diabetes Mellitus

N = 304,260

40-79 years Old 

With Diabetes Mellitus

N = 3,828

Additional exclusions (not mutually exclusive):

· <12 months continuous membership (N = 123,897)

· <12 months continuous pharmacy benefit (N = 162,041)

· <7 years of complete follow-up (N = 436,117)

· Age <40 or >79 years old (N = 363,422)

· Statin used for primary prevention during follow-up 

(N = 105,933)

· Prior ischemic stroke (N = 1117)

· Prior acute myocardial infarction (N = 1070)

· Prior coronary artery bypass surgery (N = 133)

· Prior percutaneous coronary intervention (N = 672)

· No ambulatory systolic blood pressure (N = 133,050)

· Missing total cholesterol (N = 8,110)

· Missing HDL cholesterol (N = 14,057)

· Other lipid-lowering therapy used (N = 14,302)

Adults with LDL-C 70 to 189 mg/dL 

and no prior statin therapy

N=1,090,169

Identification of Eligible Kaiser Permanente Northern California patients



Recalibration Approach

• Split-sample derivation and validation method. 

Eligible adults with 7-year complete follow-up 

randomly split into two equal-sized samples

1. Derive new ASCVD risk estimator

2. Validate new risk estimator performance



Recalibration:  Analytical Steps 

Same variables used in the original ACC/AHA risk estimator: age, systolic blood

pressure (treated and untreated), HDL-C, total cholesterol, DM, Smoking

Tested if interactions between age and each individual variable improved prediction of

outcome by running individual Cox proportional hazard models

Final regression model included all statistically significant interactions

Used coefficients of variables and interactions in final model for recalibrated KPNC

ASCVD risk estimator

Evaluated recalibrated KPNC ASCVD risk estimator vs. ACC/AHA ASCVD risk

estimator



= survival free of event at 7 years

• Applied new derived coefficients to original 

equation:



Derivation Cohort Results (N=151,449)

Improved calibration and discrimination with KPNC ASCVD Risk Estimator in 40-79 y.o. adults 

without diabetes and not taking statins



Validation Cohort Results (N=151,409)

KPNC ASCVD Risk Estimator in 40-79 year-old adults without diabetes and not taking statins



Validation Primary Prevention Cohort Results (N=151,409)

Improved calibration and discrimination of KPNC ASCVD Risk Estimator in 40-79 year-old 

adults without diabetes and not on statins



Validation Cohort Results - Gender

Women (N=93,056)

Men (N=58,353)



Validation Cohort Results – Race/Ethnicity
Non-Hispanic White (N=99,090) Non-Hispanic Black (N=10,173)

Asian/Pacific Islander (N=24,306) Hispanic (N=17,840)



Summary

• Following approach used to derive ACC/AHA ASCVD Risk

Estimator, our recalibrated KPNC ASCVD Risk Estimator is

significantly more accurate for predicting 7-year actual risk of

ASCVD event

▪ ↑ calibration with only modest overestimation

▪ ↑ discrimination vs. ACC/AHA risk estimator

▪ Improved in all gender & race/ethnicity subgroups



FUTURE
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▪ Additional validation underway in other contemporary, real

world primary prevention populations

▪ Recalibrated risk estimator can better assist with shared

decision-making for primary prevention strategies and serve

as platform for future improvement of risk equation
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Decline in age-adjusted mortality rates (% change) from 2000 to 2015 
United States vs. KPNC
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Extremely large data sets that may be analyzed computationally to 

reveal patterns, trends, and associations
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• With the wide availability of data and predictive analytics, developing 

prediction models has never been easier. 

• Big data and predictive analytics have substantial potential to support 

better, more efficient care. 

• The potential of prediction to influence decision making also implies the 

potential for harm, through the dissemination of misinformation. 
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An inadequately prepared physician may make mistakes one patient at 

a time, a faulty algorithm could affect larger numbers of patients.
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THANK YOU


