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Polygenic Risk Scores: Going Where?



Monogenic Complex/multifactorial

Mutations Variations 
(single nucleotide polymorphisms; SNPs)



10 SNPs

Each 0,1,2 risk 
alleles

Total 20 risk alleles

Unweighted score

Range : 0 – 20

Weighted score

Range: 0 – 2.7
(namely 2*0.12 + 2*0.11  + …. + 
2*0.09 = 2.7)

Dunlop et al. Gut 2013



First mentions of genetic information, susceptibility for 
common diseases, not yet polygenic models

1999

1998

1999



Early skeptical views

2000

2001



1999



• First mention of risk distributions
• Fitted on cancer data from relatives 

of BC patients 
• No mention of individual variants or 

how to build polygenic risk models

2002



• Comprehensive framework

• Key: Disorder & Setting: 
What is predicted in whom, 
for what purpose?

• Assessment changes if 
setting changes (different 
population or purpose)

ACCE model: evaluating genetic tests

Haddow & Palomaki, Human Genome Epidemiology, 2003

2003



2003



• First study to show how multiple 
genes can be combined to predict 
risk, using regression analysis

• Focused on posterior risk for carriers 
of one or more multiple risk alleles

• (very strong per-allele effects by  today’s 
standards (RR 1.5-3.5))

2003



• Evaluation of test performance 
should include all people, also 
noncarriers of risk alleles

• Proposed using Area under the 
Receiver Operating Curve (AUC)

2004



2005



GWAS Discoveries
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2006

Higher AUC requires a few variants, not too rare, with stronger effects
(say, per allele OR > 1.5)



How to get high AUC: 
common variants with strong effects

Hypertriglyceridemia

AUC = 0.80

APOA5 19WW 7.36

APOA5 -1131CC 5.57

APOE non-e3 2.14

GCKR TT 2.11

TRIB1 AA 2.02

TBL2 CC 2.81

GALNT2 GG 2.10

Type 2 diabetes

AUC = 0.60

TCF7L2 1.36

KCNJ11 1.25

CDKN2A/2B 1.21

PPARG 1.21

ADAM30 1.15

CDNK2A/2B 1.13

IGF2BP2 1.12

FTO 1.11

CDKAL1 1.11

SLC3OA8 1.10

TSPAN8 1.09

CDC123 1.10

WFS1 1.07

TCF2 1.07

ADAMTS9 1.05

HHEX-IDE 1.02

THADA 1.04

JAZF1 1.00

Lango et al Diabetes 2008; Wang et al. Hum Mol Genet 2008



Type 2 diabetes

Lango et al Diabetes 2008

AUC = 0.76AUC = 0.60

AMD

Seddon et al. IOVS 2009

TreatDon’t treat TreatDon’t treat

AUC = degree of separation between risk distributions of affected
and unaffected individuals—nothing more, nothing less



From risk distributions to ROC/AUC: transforming axes

Janssens & Martens, Int J Epidemiol 2020



Intended use: Increasing efficiency of healthcare

2008



2008



2018



Janssens & Joyner, Clin Chem 2019



Polygenic risk scores using weights that can’t be observed?

= 0.000001285

Per allele OR: 1.000001285

Most SNPs had weights lower than 
0.00001

Khera et al. 
Nat Genet 2018

The SMALLEST per allele odds 
ratio that can be CALCULATED 
from UK Biobank SNP data







Moving forward



Predictive analytics
from simple risk scores to 
complex algorithms using 
artificial intelligence can 

make these decisions 
using (gen)omic and other

make
decisions about 

screening, prevention, 
diagnosis, and treatment

often based on incomplete 
and uncertain information

Doctors 

Data



Essential questions for prediction research: intended use (Why?)

time → t0

Disease
Recurrence

Treatment response
Side effects

…

(Clinical) risk factors
and/or

Polygenic risk score

What?When?How?In whom?

Make a prediction model
Don’t just put variables in a model in data you have available



Validity of PRS

1. Independent effects?

2. Estimation of weights: how?

3. Millions of SNPs: really?



Accuracy of SNP weights

Scott et al: 
n ~ 150,000

23andMe
n ~ 1,500,000

• Even with large n, weights may differ between samples

• Calibration of PRS in intended population crucial but often forgotten

Source: 23andMe 2019



Prediction of atrial fibrillation 

Lubitz et al. Circulation 2017

Clinical risk
factors

+ PRS of 
719 SNPs

MDCS 0.75 0.76

MESA 0.80 0.80

PREVEND 0.76 0.80

PROSPER 0.62 0.63

BioVU 0.67 0.67

AUC



When do variants contribute to risk?

• Replication of SNP in independent data?

• Statistical significance?

• When its weight is high enough to change risks:



Better prediction studies: focus on intended use

Highest AUC is not the goal, clinical utility is; small ΔAUC may be statistically 
significant, but not change medical decisions or stratification of risk groups



Combining mutations and PRS

Nice, but:

• Do we know how these risks are calculated?

• Are they validated? Calibrated? How confident are we about accurate risks in the tails?

• Do people value this level of precision? What is the utility?



Personalized medicine: When? And when not?

1. Variability in ‘outcome’, with some 
outcomes worth avoiding, e.g.,

Treatment: works in most, not/less in some
Adverse reactions: none in most, severe in some

2. Predictability of variability
Treatment effects: in whom does it not work?
Adverse reactions: who has adverse reactions?

3. Incentive to alternative strategy
If expected smaller treatment effect: 
If expected adverse reactions: 

Alternative treatment available?
Is withholding treatment an option?



Personalized Medicine?

One Size Fits AllOne Size Has to Fit  All

No

Precision Medicine

Alternatives?

Variability

Predictability

Yes

Yes

Yes No

No

1. Is there variability in the outcome that is worth preventing?
Treatment: works in most, not/less in some
Adverse reactions: none in most, severe in some
Prognosis: good for most, unfavorable in some

2. Can we predict who will experience poor outcome?
In whom will treatment not work?
Who will experience adverse reactions?
Who has poor prognosis?

3. Are there alternative interventions?
Are alternative treatments available?
Is withholding treatment an option?



How data improves
personalized Medicine? Variability

Predictability

Evidence-informed medicine 
& shared decision making

Yes

Yes

Yes No

Precision Medicine

Incentives?

One Size Fits All

No agreement about  
preferred outcome

No

No

No or depending on 
treatment preferences

No or not good 
enough



Confidence interval:

• Predicting for observations in the 
study sample

• Uncertainty due to random error

‘Prediction interval’:

• Predicting for new observations, 
outside the study sample

• Uncertainty due to random + 
nonrandom error

See for discussion on PI: https://twitter.com/cecilejanssens

Don’t overpromise



Data x Model → Prediction

Making prediction more accurate means improving quality of data and model

DNA sequencing

Increasingly cheaper 
and more accurate

Modeling disease 
pathways beyond PRS

Non-genetic data

What to measure, 
when, and how?

(Easy) (Hard) (Very hard)


