
Polygenic Risk Scores 

David Evans 



Polygenic Risk Scores 

 

• For explaining trait heritability and assessing genetic 
overlap between conditions 

– Not very good, better methods exist 

 

• For “Mining the Phenome” 

 

• For individual risk prediction 
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Calculating Genetic Risk Scores 

Unweighted Method 

Weighted Method 

Score = sum(x_i) * log(OR_i) 

x_i = Number of risk alleles (=0,1,2) at SNP i 

OR_i = Estimated OR at SNP i from discovery set 

Score = sum(x_i) 

For each individual: 

For each individual: 

where x_i is the dosage for “risk” allele i 



Using PLINK to Calculate GRS 

SNPA  A  1.95  
SNPB  C  2.04  
SNPC  C  -0.98  
SNPD  C  -0.24 

where myprofile.raw looks like: 

./plink --bfile mydata --score myprofile.raw 

FID Family ID  
IID Individual ID  
PHENO Phenotype for that  
CNT Number of non-missing SNPs used for scoring  
CNT2 The number of named alleles  
SCORE Total score for that individual 

Output looks like: 

By default, if a genotype in the score is missing for a particular individual, 
then the expected value is imputed, i.e. based on the sample allele 
frequency 



Mining the Phenome Using 
Allelic Scores 



GWAS 

• Typically association between one marker at a 
time 
– Implicates biological pathways 
– Implicates modifiable exposures 

 
• Low power 

 
• Invert paradigm to look at relationship between 

allelic scores indexing exposures/intermediates 
and disease 
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Potential Advantages 

• Allelic scores have greater power than single variants 
 

• Can be used to screen potential causal relationships between 
1000s of intermediates/exposures and disease 
– No need to measure intermediate/exposure in disease 

collection of interest 
– Molecular phenotypes 

 
• Can be used to screen relationships between 

intermediate/exposure and 100s of diseases 
– *Extremely* large datasets/consortia 

 
• Where we don’t know the genetic variants underlying the 

exposure/intermediate,  could we use an anonymous 
genome-wide score? 
 



Proof of Principal Study - Method 

• Take results from GWAS meta-analyses 
– BMI (Speliotes et al. 2010) 

– CRP (Dehghan et al. 2009) 

– LDLc (Teslovich et al. 2010) 

 

• Construct allelic scores in ALSPAC kids and mums 

 

• Correlate allelic scores with case control status in 
WTCCC1 



Wellcome Trust Case-Control Consortium 
Genome-Wide Association Across Major Human Diseases 

Type I Diabetes 

Type 2 Diabetes 

Bipolar Disorder 

Crohn’s Disease 

Coronary Heart Disease 

Hypertension 

Rheumatoid Arthritis 

Body Mass Index 

LDLc 

C-Reactive Protein 
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Body Mass Index 
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Intermediate-Disease Association 
WTCCC 



Conclusions 

• Possible to identify potentially causal 
relationships using approach 

 

• In theory could scale the approach up to 
examine thousands of intermediate 
phenotypes 

 

• Genome-wide allelic scores lack specificity 

 





Individual Risk Prediction 



Sex: Male 

Ethnicity: American 

Age: 40 

Case Study: Patient X 



Direct to Consumer Genetic Testing 











Is it Going to Work? / 
Is there anything to be worried 

about? 



Most Variants are of Small Effect 

Janssens & van Duijn (2008) HMG 



What Else Could We Do? 



(from Yang et al. 2003 AJHG) 

(from Janssens et al. 2004 AJHG) 

Genomic Profiling 



Most Individuals Carry a Mixture of 
High and Low Risk Genotypes 

Janssens & van Duijn (2008) HMG 



includes Oz 

Odds ratio for 

schizophrenia by 

polygenic risk score (PRS) 

decile in the Sweden, 

Denmark, and Molecular 

Genetics of Schizophrenia 

(US+Oz) studies. 

Risk alleles and weights were 

derived from ‘leave one out’ 

analyses in which those 

samples were excluded from 

the GWAS meta-analysis. The 

threshold for selecting risk 

alleles was P<0.05. 

“Given the need for measures 

that index liability to 

schizophrenia, the ability to 

stratify individuals by PRS 

offers new opportunities for 

clinical and epidemiological 

research.” 



The Predictive Utility of Genetic 
Variants is Limited By Heritability 

Janssens & van Duijn (2010) Investigative Genetics 



The Predictive Utility of Genetic 
Variants is Limited By Heritability 

Janssens & van Duijn (2010) Investigative Genetics 



The Majority of Heritability for Most 
Diseases is Yet to Be Explained 

Maher (2009) Nature 



Typical AUC Values 

Janssens & van Duijn (2008) HMG 



GWAS’ greatest success:  T1D 



Problems... 

• Almost all the diagnostic utility is driven by 
the HLA 

 

• What is the clinical utility? 

 

• T1D is NOT the complex disease that has the 
highest AUC 

 



Ankylosing Spondylitis 

Auto-immune arthritis resulting in fusion of vertebrae 

Diagnostically useful 

Sensitivity and Specificity about 90% using HLA-B27 

A single SNP can tag HLA-B27 status with ~100% accuracy 



What Else Could We Do? 

Genome-wide Information… 



Genome-wide Prediction? 



Genome-wide Prediction? 



CASES 
1. Type 1 Diabetes 
2. Type 2 Diabetes 
3. Crohn’s Disease 
4. Coronary Heart Disease 
5. Hypertension 
6. Bipolar Disorder 
7. Rheumatoid Arthritis 

 
CONTROLS  
1. UK Controls A (1,500 - 1958 BC) 

Wellcome Trust Case-Control Consortium 
Genome-Wide Association Across Major Human Diseases 

DESIGN 
Collaboration amongst 26 UK disease 
investigators 
2000 cases each from 7 diseases 
 
 
GENOTYPING 
Affymetrix 500k SNPs 
 
 
 
 



Individual Risk Prediction 



Is There A Future? Problems and 
Solutions (?) 

• Individual risk prediction limited by heritability by definition 
– Can we include environmental predictors as well? 
– Only effective if not on causal path 

• The majority of heritability for most traits is yet to be 
explained 
– Getting closer all the time 
– Polygenic / BLUP approaches 

• You often do better by just looking at your parents 
– Including  family information in test 

• Results only relevant for a very small percentage of 
individuals 
– Population screening by WGS? 
– Include family information in the risk calculation? 


