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Polygenic risk scores

Are they ready for clinical implementation?
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Definitions (Genotyping - SNP)

~40M – 50M SNPs in human genome





Regional distribution - Lactose intolerance SNPs



Heritability



Linkage disequilibrium (LD)



Genome-wide association studies



OR= 1.15
Beta= ln(OR)=0.137



Mendelian disorder

rs398122990





Polygenic



Addendum: PRS, GRS etc

Wand et al., Nature, 2021



Who has a higher risk to suffer from stroke or MI within the next 10 years?

female, 27 yo male, 78 yo, diabetic,
hypertensive, smoker



Who has a higher risk to to suffer from stroke or MI within the next 10 
years?



Computing individual probability
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Computing individual probability
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Computing individual probability
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Jean Calment at age 113



Most individuals have a moderate number of risk alleles

Malik et al. Stroke 2014



PRS calculation
- Step 1:

- Take SNP effects satisfying certain criteria (p-value cutoff, LD 
independence) from GWAS from discovery cohort for a certain phenotype
with associated effect size

- SNP list:
- SNP1 (A)
- SNP2 (T)
- …
- …
- …
- …
- …
- …
- …
- …

0.84
0.21
0.31



- Step 2:
- For each individual in INDEPENDENT target population, calculate risk

score by summing number of alleles, weighted by effect size and dividing
through number of alleles:

- Individual 1: SNP1 (AA), SNP2 (TC): 0.156
- Individual 2: SNP1 (TT), SNP2 (TT): 0.175
- Individual 3: SNP1 (AT), SNP2 (CC): 0.03425

- Result: Risk score of each individual – centered at 0, normal distribution



Sexton et al., Int J Genomics, 2018



- Step 3:
- Does the overall „score“ associate with biomarker, incidence, 
case/control status etc. in the idenpendent cohort?  

linear regression (for continuous traits), logistic regression (for case/control
analysis), Cox regression (for time to event analysis)

Model:
Outcome ~ PRS + covariates

Outcome measures: AUC, c-index, variance explained (R2), p-value of
association



Wand et al., Nature, 2021



One of the first high impact PRS on schizophrenia

Purcell et al., Nature, 2009





Practical considerations

- Many methods are available that compute PRS directly from GWAS 
summary statistics



PRS catalogue



Cardiovascular disease (Kathiresan, Inouye)



Integrated GRS - metaGRS

Wand et al., Nature, 2021



metaGRS (Abraham)

Abraham*, Malik* et al., Nature Communications, 2020



Abraham*, Malik* et al., Nature Communications, 2020



Comparison to lifestyle

A B

Rutten-Jacobs, Larsson, Malik et al., BMJ, 2018



Rutten-Jacobs, Larsson, Malik et al., BMJ, 2018





Which risk is higher? Monogenic vs. Polygenic

Khera et al., Nature Genetics, 2018
Fahed et al. Nature Communications, 2020



ODYSSEY OUTCOMES – secondary prevention after MI with PCSK9 
inhibitor on top of statins

Damask et al., Circulation, 2019



Transethnic considerations







Clinical implementations





Khera et al., Cell, 2019



What does the future look like?



Pros
 „First risk factor“

 Identify population at high risk from birth – targeted intervention
(statins etc.)

 High polygenic risk better predictor than most „conventional risk
factors“

 PRS additional risk factor in constructing clinical scores etc.

 Effect sizes similar to monogenic mutations

 Genotyping of SNPs is cheap(ish)

Lewis et al., Genome Biol, 2020



Cons
 Small improvement in general prediction of events (AUC, c-index)

 Not so applicable for general population

 Not (completely) transferrable to other ethnicites

 „just another risk factor“

 Based on „common SNPs“ (MAF>1%)

 Large GWAS studies needed to derive PRS (nowadays not a huge
problem)

 Methodological: Overestimation of effect sizes (winner‘s curse) when
using only a handful of SNPs

 Not independent of other „classical“ risk factors



Summary
 Genotyping is useful to identify very high risk population – this

population will be very small (2%-5%)

 For these individuals, PRS is as detrimental as monogenic mutation

 For others, not very useful, hardly can discriminate

 Also: Not useful for non-Europeans or even mixed ancestry

 Primary prevention: Identify high risk individuals – e.g. start treatment
at borderline LDL levels

 Secondary prevention: Individuals with high PRS might benefit
guiding the intensity of preventive therapies against recurrent events.
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