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“Welcome to the Genomics Era”
NEJM 2003;349:996

The Diploid Genome Sequence of an 
Individual Human
PLoS Biology, Sept 3, 2007

1953 Double Helix

Newborn Screening 

GWAS
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“What do you do with a gene when you find one?
“Vision for Medicine in the 21st Century”

Predictive PreemptivePersonalized

“I predict that comprehensive, genomics-based health care will       
become the norm with individualized preventive medicine and 
early detection of illnesses” (E. Zerhouni, 2006)
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‘‘A hunt for genes has A hunt for genes has 
found that people of found that people of 
Northern European Northern European 
descent have DNA that descent have DNA that 
raises their risk for heart raises their risk for heart 
diseasedisease…….  .  DECODE DECODE 
plans to bundle this plans to bundle this 
discovery with other discovery with other 
genetic variants into a genetic variants into a 
DNADNA--based test for based test for 
gauging inherited risk of gauging inherited risk of 
heart attacksheart attacks””. The . The 
company said in a company said in a 
statementstatement’’

Reuters, May 3, 2007Reuters, May 3, 2007

Science May 3, 2007

Science May 3, 2007

Public Health Challenge 1:
Premature Translation
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Population level Questions are Important for 
Using Genetic Information in Practice 

How many people have this genetic variant?How many people have this genetic variant?
Is prevalence different in subgroups of the population?Is prevalence different in subgroups of the population?
How much of the population burden of disease does it How much of the population burden of disease does it 
explain?explain?
Does the variant interact with other genes and modifiable Does the variant interact with other genes and modifiable 
risk factors?risk factors?
Can we construct a risk profile related to genetic and Can we construct a risk profile related to genetic and 
environmental factors?environmental factors?
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Genetic Testing as a Public Health Issue

How good is the genetic 
test?
What are the benefits? 
What are the harms?
How can we ensure quality 
testing and access?
How can we educate 
providers and consumers?
Information on appropriate 
use to providers, policy 
makers and the public
Monitoring use and 
evaluating health impact
Addressing complex social 
issues
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Public Health Challenge 2:
”Lost in Translation”
C. Lenfant NEJM 2003;349:868

< 33% of patients with< 33% of patients with
coronary artery coronary artery 
disease are disease are 
prescribed aspirinprescribed aspirin

““Let's be realistic:Let's be realistic: If If 
we didn't do it with we didn't do it with 
aspirin,  how can aspirin,  how can 
we expect to do itwe expect to do it

with DNA?with DNA?””
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Who needs genomics research when it is 
obvious what we need to do to prevent 

common diseases?

““If a minor fraction of the If a minor fraction of the 
billions spent on billions spent on 
technological research technological research 
were spent instead on were spent instead on 
simpler things like, yes, simpler things like, yes, 
early health education to early health education to 
improve diet and promote improve diet and promote 
exercise, the benefits exercise, the benefits 
could grossly dwarf even could grossly dwarf even 
the greatest plausible the greatest plausible 
genetic successesgenetic successes””

A Buchanan et al. IJE A Buchanan et al. IJE 
20062006
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“Sick Individuals and Sick Populations”
G Rose (1986)

Population approach vs. high risk Population approach vs. high risk 
approachapproach

““Realistically, many diseases will long Realistically, many diseases will long 
continue to call for both approaches, and continue to call for both approaches, and 
fortunately competition between them is fortunately competition between them is 
usually unnecessary" usually unnecessary" 

Copyright 2007, Muin Khoury, mkhoury@cdc.gov



Can Genomics Heal the “Schism” between 
Medicine and Public Health?

MedicineMedicine

Health careHealth care

IndividualsIndividuals

TreatmentTreatment

Biomedical researchBiomedical research

GenesGenes

Public HealthPublic Health

HealthHealth

PopulationsPopulations

PreventionPrevention

Behavioral/Social/PolicyBehavioral/Social/Policy

EnvironmentEnvironment

Khoury MJ et al. Am J Prev Med 2007
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Employers 
and Business

improve health through improve health through 
a population focusa population focus

Communities

The Media

Health Care
Delivery System

Academia

Governmental 
Public Health
Infrastructure

Actors in the Public Health System  (IOM, 2002)
“Public Health” as “Population Health”
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Employers 
and Business

Using Genome-based
Knowledge for  

Population Health

Communities

The Media

Health Care
Delivery System

Academia

Governmental 
Public Health
Infrastructure

“Can Public Health and Medicine Partner in
the Public Interest?”

JM McGinnis.  Health Affairs 2006;25:1044

“…no important health problem will be solved
by clinical care alone, or research alone, 

or by public health alone- But rather by all
public and private sectors working together…..”

JS Marks. Managed Care 2005;14:p11
Supplement on “The Future of Public Health”
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The Emergence of Public 
Health Genomics 

The population health approach The population health approach 
provides the best strategy for the provides the best strategy for the 

appropriate applications of genomics in appropriate applications of genomics in 
health practice in the 21health practice in the 21stst century century 
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What is “Public Health Genomics?”

A multidisciplinary field A multidisciplinary field 
concerned with the concerned with the 
effective and responsible effective and responsible 
translation of genometranslation of genome--
based knowledge and based knowledge and 
technologies to improve technologies to improve 
population healthpopulation health

Focus: Focus: 
PopulationsPopulations
GeneGene--environment environment 
InteractionInteraction
PreventionPrevention
EvidenceEvidence--based based 
applicationsapplications
ELSI integrationELSI integration
Health disparitiesHealth disparities
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T1 T2 T3 T4
From Gene From Health Application From Guideline From Practice
Discovery to to Evidence-based to Health to Health
Health Application   Guideline Practice Impact

Evidence based
Guideline
Development

The Four Phases of Translation For Genomic 
Applications in Population Health

2001-2006
Less than 3% of published genomics research is T2 and beyond 
Only 2 USPSTF evidence based guidelines (BRCA1 & HFE)
Khoury MJ et al. Genet Med 2007 
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Discovery Delivery

A “Population Health” Approach to 
Genomics Translation

T1/T2/T3/T4

Focus on
Prevention

Khoury MJ et al. Am J Prev Med 2007
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Gene-Based Medicine in 2010?
A hypothetical 23 year old patient named John…

ConditionCondition Genes  Genes  RRRR LifetimeLifetime

Prostate Ca      HPC1, 2, 3Prostate Ca      HPC1, 2, 3 0.5          7%0.5          7%
AlzheimerAlzheimer’’s      s      APOE,FAD3,XADAPOE,FAD3,XAD 0.3         10%0.3         10%
Heart disease   APOB,CETP  2.5         70%Heart disease   APOB,CETP  2.5         70%
Colon CancerColon Cancer FCC4,APCFCC4,APC 4.0         23%4.0         23%
Lung CancerLung Cancer NAT2NAT2 6.06.0 40%40%

Collins FC, New Collins FC, New EnglEngl J Med 1999;341:28J Med 1999;341:28--37.37.
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Gene-Based Medicine in 2010?
Prevention Strategies Based on Gene-

Environment Interaction
Increased Risk forIncreased Risk for

Heart diseaseHeart disease

Colon CancerColon Cancer

Lung CancerLung Cancer

Prevention StrategiesPrevention Strategies

Tertiary:Tertiary: Cholesterol Cholesterol 
drugs + Lifestyle drugs + Lifestyle 
changeschanges
SecondarySecondary: Increased : Increased 
surveillance for early surveillance for early 
detectiondetection
PrimaryPrimary: Behavior : Behavior 
modification for modification for 
smoking cessationsmoking cessation
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Discovery Delivery

A “Population Health” Approach to 
Genomics Translation

T1/T2/T3/T4

Focus on
Prevention

Khoury MJ et al.  Am J Prev Med  2007

Public health
Sciences
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Gene-Based Medicine in 2010?
Role of Public Health Sciences

Increased Risk forIncreased Risk for

Heart diseaseHeart disease

Colon CancerColon Cancer

Lung CancerLung Cancer

Public HealthPublic Health

EpidemiologyEpidemiology--Get Get 
the numbers the numbers 
Intervention trialsIntervention trials
Behavioral researchBehavioral research
Delivery researchDelivery research
Outcome ResearchOutcome Research
Economic researchEconomic research
ELSI researchELSI research…….. .. 
Etc..Etc..
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Discovery Delivery

A “Population Health” Approach to 
Genomics Translation 

T1/T2/T3/T4

Focus on
Prevention

Khoury MJ et al. Am J Prev Med  2007

Public health
Sciences

Evidence-
Based knowledge

Synthesis & Guidelines
Development  
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Multiple Genetic Testing by PPARG and CAPN10 SNP 43/44 Does 
Not  Improve the Prediction of Type 2 Diabetes by BMI and FPG
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Discovery Delivery

A “Population Health” Approach to 
Genomics Translation

T1/T2/T3/T4

Focus on
Prevention

Khoury MJ et al. Am J Prev Med  2007

Public health
Sciences

Evidence-
Based knowledge

Synthesis & Guidelines
Development  

Assessment
Policy

Assurance
Evaluation
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Genomics and Public Health Functions 
(Khoury et al, 1996)

Public Health FunctionsPublic Health Functions

AssessmentAssessment

Policy DevelopmentPolicy Development

Assurance Assurance 
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GeneGene
DiscoveryDiscovery

Population Population 
HealthHealth

CDC Public Health Genomics Initiatives

Closing the GapClosing the Gap
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CDC’s National Office of 
Public Health Genomics

VisionVision
To use genomic To use genomic 
knowledge to improve knowledge to improve 
the lives and health of the lives and health of 
all peopleall people

MissionMission
To integrate genomics To integrate genomics 
into public health into public health 
research, policy, and research, policy, and 
programs programs 
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GeneGene
DiscoveryDiscovery

Population Population 
HealthHealth

CDC Public Health Genomics Initiatives

Closing the GapClosing the Gap
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GeneGene
DiscoveryDiscovery

Population Population 
Health Health 

CDC Public Health Genomics Initiatives

Closing the GapClosing the Gap

Evaluation of Evaluation of 

Genomic Genomic 

Applications in Applications in 

Practice & Practice & 
PreventionPrevention

EGAPPEGAPP

Independent nonfederal panel
Commissions  evidence  based evaluations
Makes recommendations
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EGAPP Topics 2007

Proteomic tests for ovarian cancer detection and 
management
Hereditary nonpolyposis colorectal cancer (HNPCC) 
screening
Cyp450 Polymorphisms testing in adults with depression 
UGT1A1 testing in colorectal cancer patients treated with 
Irinotecan
Impact of gene expression profiles on breast cancer 
outcomes
Use of genomic profiling to assess cardiovascular risk 
and identify individualized prevention strategies
Cyp450 testing to predict response to pain Management 
with codeine 
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Centers for Genomics 
and Public Health

_______________________________________________________________

Provide bridge between    
genomics research and practice

• Provide public sector access to 
specialized expertise

• Create networked partnership 
spanning academic and public 
sectors and multiple levels of 
government 
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Integrating Genomics into State 
Public Health Programs

_________________________________________________
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Family History Public Health Initiative

• Family history captures shared genes, behaviors, 
and environment

• Use to target screening, prevention

• CDC tool (6 diseases) & validation study in  
collaboration with NIH, academic centers

• Partnership with US Surgeon General 

Benefit: Tools for Prevention
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Public Health Surveillance of DTC Genetic 
Tests, 2006

Public Health Surveillance of DTC Genetic 
Tests, 2006

0.6%
[0.4% - 0.8%]

-0.9%0.3%Use of DTC Tests 
(% Yes, CI)

14%
[12.7%,14.6%]

19.7%
[17.7%,22%]

7.6%
[6.8%,8.4%]

24.4%    
[22.2%,26.7%] 

Awareness of DTC 
Tests (% Yes, CI)

5250244154991867Total Sample Size

NationalUtahMichiganOregon

CI = 95% Confidence Interval

Goddard K et al. Genetics in Medicine 2006
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Discovery Delivery

A “Population Health” Approach to 
Genomics Translation
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Khoury MJ et al. Am J Prev Med  2007
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