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Risk predictors have led to polar-opposite opinions for decades. 

Reality is in middle ground
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Lifetime risk of disorder

Lifetime risk for someone with an 

affected 1st degree relative

risk ratio
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Evidence for a genetic contribution to psychiatric disorders

Schizo- Bipolar Major          ADHD       Autism Anorexia

phrenia Disorder   Depression               Spectrum Nervosa

Baselmans et al (2020) Biological Psychiatry

Heritability:        70%           70%        35%          75%          80%           55%      Proportion of variation attributable 

to genetic factors
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Wray et al (2020) From Basic Science to clinical application of polygenic risk scores. JAMA Psychiatry

Polygenic risk scores

2008

“The value from predicting individual disease risk from multiple 

associated variants could be reaped long before the causal 

mechanism of each is determined.”

• What constitutes a polygenic risk score for an individual?

• What does the variation in polygenic risk scores between 

individuals look like?

This understanding needed to answer key questions, e.g.:

• Will someone with family history have a high polygenic risk score?

• Can someone without family history have a high polygenic risk 

score?
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Polygenic disease for an individual
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900 DNA polymorphisms associated with disease risk

RV =risk variant

Frequency of risk variant at each site: 0.1

Average person 900*2*0.1 = 180 risk variant

Mean +/- 3SD:   142 to 218

SNP: Single nucleotide polymorphism

SNV: Single nucleotide variant

81%      18%       1%

CC CT TT

Genetic variation in 

the population

e.g. risk allele T

Frequency 0.1
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Polygenic disease for individuals

6

900 sites

RV =risk variant

Frequency of 

risk variant at 

each site: 0.1

Heritability 0.7

Lifetime risk 

0.01

Average 

person has

900*2*0.1

= 180 risk 

variant

Mean +/- 3SD:

142 to 218
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Polygenic score
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“True” polygenic score

Not all variants captured on

genotyping arrays 

All “factors”

All genetic factors

All genetic factors associated with 
common DNA variants

Genetic factors associated with 
common DNA variants that contribute 

to risk that we measure well 

ℎ𝑒𝑟𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝑆𝑁𝑃 − 𝑏𝑎𝑠𝑒𝑑 ℎ𝑒𝑟𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦

𝑅2
Discovery 
GWAS sample size

Factors contributing to variation between people

Polygenic scores cannot be highly accurate predictors of phenotypes
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Khera et al (2018) Genome-wide polygenic scores for common diseases identify 

individuals with risk equivalent to monogenic mutations. Nature Genetics Torkamani et al, Nat Rev Genetics, 2018

1 in 9Top 1%

1 in 21

1 in 46

1 in 61

Different views of the same data

Polygenic risk score
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Risk stratification
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Polygenic risk 
scores alone

Polygenic risk scores plus all 
conventional risk factors

Within sex probability of 

ranking case higher than 

control (like AUC)

Inouye et al (2018) Genomic risk prediction of CAD in 480K adults. JACC

Combine PRS with conventional risk predictors
Coronary Artery Disease



Polygenic risk score applications
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Around the world:UK
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https://www.closer.ac.uk/wp-content/uploads/Andrew-Roddam.pdf



Polygenic risk score: other applications
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Schizophrenia polygenic risk prediction
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Top percentile vs bottom 

percentile: 

40-fold difference

Coronary artery disease

14-fold difference

~10% variation in liability 

AUC 0.73

Low PRS HighPRS

No Disease

Disease

Low PRS HighPRS

No 

Disease



Polygenic risk score applications in psychiatry
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158 young adults presenting with symptoms at a 
youth mental health clinic

1528 community samples random ascertainment

Schizophrenia Depression

Height Body mass index Type 2 diabetes

Bipolar Disorder
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Will people withOUT known family history have high PRS?

Maybe, and that’s important!

Family history

CC CC
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CT CT CT TTCC CT TT

100

%
100

%

CC

100

%
50

%
50

%

TT TT



CRICOS code 00025B

Children (Parents: 171 & 189)

16

Children of 

these parents 

Mean: 180

+/-3SD: 153-207

Population

Mean: 180

+/-3SD: 142-218

No family 

history, but by 

chance 

segregation of 

alleles has high 

genetic risk

Genetic variance 

within the family
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PRS in the clinically high risk

• 764 people with psychosis high risk at baseline

• 595 with follow-up

• 238 EUR, 357 non-EUR

• 84 converted to psychosis diagnosis (33 & 51)

• 279 unaffected

2019
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• Polygenic scores are biomarkers not diagnostic tests

• Polygenic risk scores will be evaluated in many common diseases 

and disorders in next 5-10 years

• Context of population screening

• Combined with non-genetic risk factors

• In psychiatry

• Need to evaluate use of polygenic risk scores in the context of 

young people presenting with symptoms

• 40-fold difference between top and bottom percentile can 

provide very powerful experimental design

• Collect the samples today to allow the experimental designs of 

tomorrow

Robotic cellular phenotyping
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