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Outline

• Historical context for “big data” and computers in cardiovascular medicine

• Contemporary evidence for cardiovascular clinical care

• Precision health and precision medicine: broad concepts

• Examples of precision health/medicine in cardiology
– Extreme data collection (phenotype, genotype, and beyond)
– Data mining in FH
– Mobile technology for data collection, aggregation, analysis
– Precision in traditional epidemiology research
– (Very large) Pragmatic clinical trials
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“Chronic, multifactorial 
disease problems can be 

studied, but not by the 
methods of the present or 

past.  If one wishes to create 
useful information… 

computer technology must 
be exploited.”

—Eugene Stead, MD

(1908-2005)
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The Doctor and the Computer

“In summary, the Seattle project represents an implementation of an 
approach that illustrates how doctors and patients can gain from carefully 

collected and computerized clinical experience. Predictions were that 
many such projects would be flourishing by 1980. The time course has 

been slower because of the difficulty of characterizing the complexity of 
chronic illness rather than because of problems with computer technology. 
In the future, data banks will provide a reference library for each patient 
with chronic disease. Proper interpretation and use of computerized data 

will depend as much on wise doctors as any other source of data in the 
past.”

ROBERT M. CALIFF, MD

ROBERT A. ROSATI, MD

Duke University Medical Center

THE  WESTERN JOURNAL OF MEDICINE  

October 1981
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Califf et al. Health Affairs. 2007;26:62-74. 
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—Adapted from Granger CB and McMurray JJV. JACC 
2006;48:434.

Reduction in deaths

Therapy Indication # pts Relative Absolute C/E

Aspirin MI 18,773 23% 2.4% +++++

Fibrinolytics MI 58,000 18% 1.8% ++++

Beta blocker MI 28,970 13% 1.3% ++++

ACE inhibitor MI 101,000 6.5% .6% +

Aspirin 2nd prev 54,360 15% 1.2% +++++

Beta blocker 2nd prev 20,312 21% 2.1% ++++

Statins 2nd prev 17,617 23% 2.7% ++++

ACE inhibitor 2nd prev 9,297 17% 1.9% ++++

ACE inhibitor CHF 7,105 23% 6.1% +++++

Beta blocker CHF 12,385 26% 4% +++++

Spironolactone CHF 1,663 30% 11% +++++
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Six Medical Therapies Proven to 
Reduce Death in CV Disease
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“Datafication”

• Render virtually 
anything into data

• “Like other 
infrastructural 
advances it will bring 
fundamental changes 
… different  mindset”

• OK to re-use data

• N = All

Mayer-Schonberger V, Cukier K, Houghton Mifflin, 2013
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The “Tapestry” of Data

Weber GM et al. JAMA 2014;311:2479-80.
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Quality of Care:
Institute of Medicine (IOM) Definition

Timely: Rapid identification and treatment

Effective: with right drugs / procedures

Equitable: in all eligible pts

Safe: at right dose and / or done right

Cost-effective: avoiding over-treatment

Patient centered:  But considering the risks and benefits for the 

individual patient
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Moving Towards Precision Health

Health care today Precision Health tomorrow

after-the-fact  predictive and preventive

one-size-fits-all  personalized

fragmented  patient-centered

uninvolved  participatory

low value  preeminent
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BASELINE STUDY
A COLLABORATION AMONG DUKE, STANFORD, 

AND GOOGLE TO DEVELOP AN INTEGRATED 
UNDERSTANDING OF HUMAN HEALTH
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Study Goals

BASELINE

Create a deep 
biomedical 
information

structure 

Develop a 
comprehensive 
understanding 
of health and 
disease state 

transitions 

Extensively 
characterize 

participants at 
baseline and 

serially 
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Overall Objectives

Characterize human systems 
biology by

measuring multiple systems
simultaneously and 

longitudinally

Define normal values for a 
given parameter in the 

context of the other 
measured parameters

Predict meaningful, 
patient-focused outcomes

Validate wearable human 
monitoring devices 

Yield multi-dimensional 
characterizations to generate 

testable hypotheses
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Study Cohorts

The study will enroll and characterize cancer and cardiovascular 
disease risk cohorts who are at specific points along the 

continuum of disease state and risk at inception

Cohort Cancer Cardiovascular Disease

Cohort 1 Low Risk Low Risk

Cohort 2 High Risk High Risk

Cohort 3
High Risk for 
Recurrence

High Risk for Recurrence
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Assessments

Omics
- Genomics

- Epigenomics
-Transcriptomics
- Metabolomics
- Microbiome

Immune Status

EMR History
Family Tree
Surveys

Imaging
-

Echocardiography
- Coronary CT
- Whole Body 

MRI 

Physical Exam

Standard Lab 
Tests
- Blood work
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Framingham Heart Study

The nation’s longest-
running heart research 

program

Jackson Heart Study 
The largest research 

effort focused on 
African-Americans
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360 °

Molecular 
Markers

Genome

Gene 
expression

Molecular 
pathways

Phenotype

Patient characteristics

Lab values

Clinical history

Heart disease
High blood 
pressure
Diabetes

Cholesterol
Blood sugar

Cardiac proteins

Age
Gender
Race

Ethnicity

Deeper knowledge and understanding of 
an individual’s CV health and treatment 

response across ethnicities 

Look at Cardiovascular 
Health

Phenotypic 
Extremes

Genetic and 
Epigenetic 

Determinants 
of Disease





The FIND FH™ Initiative 
Finding Undiagnosed Familial Hypercholesterolemia Patients in the U.S.

Joshua W. Knowles, MD, PhD
Stanford University and the FH Foundation 
knowlej@stanford.edu

Kelly D. Myers
The FH Foundation
KM@theFHfoundation.org



FIND FH®
A multiyear screening and engagement initiative to identify 
and encourage the diagnosis and treatment of FH 

HCP & 
Individual 

Engagement

EHR
Algorithm

Lab & Claims 
Algorithm

Lab & Claims Data Mining

• Healthcare Encounter Data on 89 Million 
Americans with Cardiovascular Disease

• Data from a significant majority of clinical 
practices

EHR Data Mining

• Comprehensive EHR data from two 
academic centers 

• Expanding to key integrated health systems 

HCP & Individual Engagement

• Multichannel tools to engage health 
systems and individual HCPs 

• Tools for clinicians and individuals with FH

The
FH Foundation 



• Goal:
– Identify high-probability FH patients on a national scale

• Challenges:
– “True Positive” FH patients are not known in national claims/lab 

data
• No ICD9 code for FH
• Family History not available in claims data

– FH is a heterogeneous condition

• Approach: 
– Build a machine learning model using True Positive and True 

Negative patients and validate with Stanford and UPenn
– The resulting machine learning model can predict probable FH 

patients from national claims/data

FIND FH® Lab & Claims Algorithm 
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Health Technology



25



26



27



28



29

496 participants

949 participants

259 participants

370 participants

617 participants

400 participants
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MyHeart Counts

Prior reference studies
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Asian American 
Health – Learning 

from Diversity 
Latha Palaniappan, MD, MS



United States

5.8
%

1 in 17 are 
Asian
15%1 in 7 are 
Asian

Asian Population by County

50 100 500 1,000

5,000 10,000 50,000100,000500,000+
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Japanese

ChineseAsian Indian

Korean Vietnamese

Filipino
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Holland AT, Wong EC, Lauderdale DS, Palaniappan LP. Annals of Epidemiology. 2011;21(8):608-14. PMID: 21737048.

Coronary Artery Disease, Disaggregated Asians:

OR: M      W

1.
02

1.121.77 0.78 1.47 0.72 0.691.26 0.72 1.66 0.76 0.34 1.780.
92

Asian Indian Filipino KoreanVietnameseChinese JapaneseAll Asian
NHW
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High LDL-C Prevalence (OR)

Frank et al. Circulation. 2014;129:570-9.

Asian Indian Filipino Korean VietnameseChinese Japanese

NHW

Adjusted for: Age, BMI, 
Primary Insurance, and 
Smoking Status 

1.3
1

1.16 0.87 0.94 1.661.71 1.251.31 0.
82

1.15 1.841.68
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SSATHI
Stanford South Asian 
Translational Heart 
Initiative

“Discover & Deliver Evidence-based, Ethnic-specific, 
Personalized, Comprehensive Cardiac Care”
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• 3 visit, 6 month program

• Precisely Define - Personal Cardiovascular Risk:

TRADITIONAL: Lipids, HTN, DM, Obesity, Tobacco, Family History

NON-TRADITIONAL: Inflammation, Pre-Diabetes, Insulin Resistance,              
Body Composition 

• Aggressively Reduce Each Individual’s Personalized Risk 
Profile:

– Lifestyle Goals

– Dietary Goals

– Early Follow-up for Goal Re-Assessment and Re-Focusing

Precision Medicine Approach 
to South Asian Heart Health:
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iPSC Modeling of Insulin Hyposecretion

Pancreatic beta cells
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Current State of Clinical Trials

“As large trials became popular…the original simplicity was 

lost…leading to increasingly complex trials.  The unintended 

consequence has been to threaten the very existence of RCTs, given 

the operational complexities and insuring costs.  An ideal opportunity 

would be to embed randomization in the EMR… introducing 

randomization into registries sponsored by societies.” 

-Antman E, Harrington RA.  JAMA. 2012;338:1743-4.
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ISCHEMIA Overview
International Study of Comparative Health Effectiveness with 
Medical and Invasive Approaches

 Patients: stable, at least moderate ischemia (core lab)

 Primary Aim: to determine whether an initial invasive 
strategy of cath and revascularization (PCI or CABG) + 
OMT is superior to a conservative strategy of OMT 
alone, with cath reserved for OMT failure

 Composite Primary Endpoint: CV death or MI 

 Major Secondary Endpoint: angina-related QOL

 Sample Size: 8,000

 Follow-up: average  ̴ 4 years

Chair - Judith Hochman,  Co-Chair/PI - David Maron
Co-PIs William Boden, Bruce Ferguson, Robert Harrington, Gregg Stone, David Williams 
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What Is a Quality Clinical Trial?

1. Relevant question being addressed

2. A protocol that is clear, practical, focused

3. Adequate number of events to answer question with confidence

4. In a general practice setting to make results generalizable

5. With proper randomization

6. With reasonable assurance that patients receive (and stay on) 
assigned treatment

7. With reasonably complete follow-up and ascertainment of primary 
outcome (and other key outcomes such as death)

8. With a plan for ongoing measurement, feedback, improvement of 
quality measures during trial conduct

9. With safeguards against bias in determining clinically relevant 
outcomes

10. With protection of rights of research patients

-Slide courtesy LG Berdan
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Engaging the Public in a Truly Large Simple 
Randomized Clinical Trial
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Aspirin Dosing: 

A Patient-Centric Trial Assessing Benefits and Long-term 

Effectiveness (ADAPTABLE) Trial 

PCORnet’s First Pragmatic Clinical Trial



*Enrichment factors

• age > 65 years

• creatinine > 1.5

• diabetes

• known 3-vessel 

coronary artery 

disease

• current cerebro-

vascular disease 

and/or peripheral 

artery disease, 

• known ejection 

fraction <50%

• current smoker

ADAPTABLE Study Design
Patients with known coronary artery disease 

(MI or CAD or Revasc) + ≥1 “enrichment factor”*

Identified through EHR with direct pt. eConsenting in clinics and hospitals 

(CDRNs)

Pts. contacted electronically with trial information and eConsent;

Treatment assignment will be provided directly to patient

ASA 81 mg QD ASA 325 mg QD

Electronic F/U Q 4 months; 

supplemented with EHR/CDM/claims data

Duration: Enrollment over 24 months; 

maximum f/u of 30 months

Primary Endpoint: Composite of all-cause mortality, 

nonfatal MI, nonfatal stroke

Primary Safety Endpoint: Major bleeding complications
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Computable Phenotype

History of CAD

• Past MI 

OR

• Past cath showing 

significant CAD

OR 

• Revascularization 

(PCI/CABG)

At least one 

of the following:

• age > 65 years

• Creatinine > 1.5

• Diabetes 

• Known 3 vessel coronary artery 

disease

• Current cerebrovascular 

disease and/or peripheral artery 

disease

• Known ejection fraction <50% 

• Current smoker 

Getting consent



Endpoint Ascertainment - Centralized Follow-Up
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4 12 16 30

DCRI FOLLOW-UP 
• Patient Reported Outcomes

• Medication use

• Health outcomes

Baseline Data

ADAPTABLE

Enrollee 8 20  ….

OR

CMS and private health plans FOLLOW-UP
• Longitudinal health outcomes

HeH FOLLOW-UP 
• Patient Reported Outcomes

• Medication use

• Health outcomes

PCORNet Coordinating Center FOLLOW-UP 
• Via Common Data Model 

• Longitudinal health outcomes

National Death Index

20,000 CV Patients

(ASA 81mg vs. 325mg)

R



50



51





53

Outline

• Historical context for “big data” and computers in cardiovascular 
medicine

• Contemporary evidence for cardiovascular clinical care

• Precision health and precision medicine: broad concepts

• Examples of precision health/medicine in cardiology
–Extreme data collection (phenotype, genotype and beyond)
–Data mining in FH
–Mobile technology for data collection, aggregation, analysis
–Precision in traditional epidemiology research
– (Very large) Pragmatic clinical trials
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