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Why Do We Study Human Genomics?

1. Teaches us a little bit about who we are

and where we came from…

2. The biology of disease and 

novel therapeutic strategies…

3. Prediction…



Some editorial comments about GRS/PRS:

1. They are not new.
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Original Contribution

Prediction of Coronary Heart Disease Risk using a Genetic Risk 

Score: The Atherosclerosis Risk in Communities Study



Steps of Genetic Risk Scores

1. Selection of SNPs from discovery studies 

(usually large GWAS).

a. Independent sentinel SNPs

b. p-value threshold

2. Building/Calculating the GRS/PRS

a. Weighted vs Unweighted

b. Parameter estimation

3. Estimation of an individuals risk of disease

a. Relative

b. Absolute



Strong Methodologic Underpinnings

1. Parameter estimation

Shrinkage (take into account other info)

2.Relative risk to absolute risk

3. Evaluation



GWAS of CHD

Large-scale association analysis identifies 
13 new susceptibility loci for coronary 
artery disease.
Schunkert, et al.
Nature Genet 43, 333 (2011)

Genome-Wide Association Study of Coronary 
Heart Disease and Its Risk Factors in 8,090 
African Americans: The NHLBI CARe Project
Lettre et al. 2011. Plos Genetics

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3119261/figure/F1/


9p21 SNP rs10757274 and CHD Risk 
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Genetic Risk Score Cut Points
Whites in ARIC
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• GRS ranges from minus 10 to plus 10

• High-GRS group comprises 18% of the ARIC population

• The HRR for CHD was 2.1 for the high GRS group compared to the low GRS group

Whites: 10,373



Predictive Ability of Risk Scores
Blacks

 AUC AUC  P value 

CHD Risk Score only 0.7588   

Add GRS  0.7719 0.013 Significant 

Remove Hypertension 0.6988 0.06 Significant 

Remove LDL 0.7578 0.001 Not significant 

Add CRP 0.7608 0.002 Not significant 
 

 

Individual risk factors do not cause large changes in the 

area under the CHD Risk Score ROC curve
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Some editorial comments about GRS/PRS:

2. So, why now?

A. We have genes (maybe?)…… B. …now do something 
with them.



Chatterjee et al. Nat Rev Genet 17: 392

Putting the Pieces Together



Example Patient #1  

• Female, age 57, taking hypertension medications

• LDL-C of 150 mg/dL

• 10-year CHD risk of 15%

• According to ATP III, “intermediate high” category

• The addition of 9p21 genotype (GG) for this women 
puts her 10–year risk at 21%

• Recommend initiating drug therapy at >130 mg/dL, 
with a goal of <100 mg/dL



ATP III Guidelines 

ATP III  classification using ACRS + 9p21 allele

ATP III    

classification 

using ACRS 

alone

High Mid-high Mid Low

CHD and CHD risk 

equivalents

10-year risk >20%

LDL-C goal <100 mg/dL

High 1,870 (372)

18.69%

1760 (360) 109 (12)

3.95%*

0 0

Multiple (2+) risk factors

10-year risk 10–20%

LDL-C goal <130 mg/dL

Mid-high 2,049 (219)

20.48%

217 (27)

10.59%*

1,701 (179) 131 (13)

6.39%*

0

Multiple (2+) risk factors

10-year risk <10%

LDL-C goal <130 mg/dL

Mid 1,737 (80)

17.36%

0 179 (17)

10.31%*

1,558 (63) 0

0–1 risk factor

10-year risk <10%

LDL-C goal <160 mg/dL

Low 4,349 (107)

43.47%

0 0 0 4,349 

(107)

Total 10,004 (778)

(100%)

1,977

(19.76%)

1989

(19.88%)

1,689

(16.88%)

4,349

(43.47%)

* Percentage of people re-classified. (Number of events on 10 years of follow-up.)



Genes, Environments and Time
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Genes & Life Style & Risk

A 50 Locus GRS Smoking, BMI, Exercise, Diet
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Genes & Life Style & Risk

Data from Khera et al, (NEJM)



AD Rates by ApoE and GRS



Early Genotype-Directed
Primary Prevention Clinical Trials



Performance of GRS/PRS across ancestry 

groups

1. Selection of SNPs from large GWAS. 

Different SNPs

2. Building/Calculating the GRS/PRS

Different parameter estimates

3. Estimation of an individuals 

risk of disease

Different absolute 

risk equations and inputs

From Martin et al, Nature Genetics, 51: 584.



“PRS are of burgeoning interest to the clinical community”

Sposito et al.  Curr Med Res Opin. Engel et al. BMC Hlth Serv Res
Sheridan and Crespo. BMC Hlth Serv Res

1. Risk score use was dependent on several factors, including IT 
support, clinical relevance for daily practice, rotation of staff and 
workload. 
2. The scores were seen as valuable support systems in improving 
uniformity in treatment practices, educating interns, conducting 
research and quantifying a practitioner’s own risk assessment.

1. No evidence of harm.
2. No evidence of improved endpoint outcomes
3. Evidence of improved risk factor control.

1. 34% report regular use of risk scores.
2. Use correlates with increased use of prescribed meds.



Some editorial comments about GRS/PRS:

3. But what is their future?

?



Time to take a Deep Dive into Healthcare! 

1. Hierarchical Conditional Categories (HCC).

2. Determines per member per month 

for CMS and many ACO plans.

3. How’s it calculated? You guessed it…….



But Don’t Despair: Dive into the Deep End! 

1. Hierarchical Conditional Categories.

2. Determines per member per month 

for CMS and many ACO plans.

3. It is based on risk scores, which are then

used to calculate a risk adjustment factor.

4. The RAF is used to estimate prospective

health care costs which turn into 

monthly payments.



Incomplete



Inputs into the Risk Score Modeling

Uses ICD-10 codes



Inputs into the Risk Score Modeling

Add genes here





Summary

1. Mendelian and common disease gene 

discovery are supporting the foundation 

of GRS/PRS.

2. They are likely a useful research tool,

including clinical trials, but their application to

healthcare is questionable.

3. Human genomics needs to engage in 

implementation science focused on real-world

healthcare settings


