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Complex vs single gene 

diseases





Quality 
Control

MACH-IMPUTE

90M 1KG Project-300M TopMed

Association testing





Polygenic Risk Score

• Large GWAS studies 

 robust genetic variants 

associated with complex traits/diseases

• Cumulative effect of genetic variants in relation to 

trait/disease polygenic risk score



Risk prediction 

• Risk prediction is  

widely used for  

clinical practice e.g.

in cardiology

• Various risk scores  

have so far been  

developed
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What has changed?

• 2005-2007: Initial GWAS for complex diseases

• 2008-2010: Proof of concept for polygenic risk 

scores but limited utility

• 2010-2018: Common variants explain majority of 

disease heritability

• 2018: Ability to identify clinically meaningful 

increases in risk



• Large GWAS increases precision for effect 

estimates

• Algorithms to combine large sets of variants

• Large biobanks for validation and testing



Huge data resources



Unravelling the genetic 

architecture of BP

1st HTN 

GWAS 

BP & HTN 

GWAS

ICBP 

GWAS

Back-to-back 

BP GWAS

Our study:

1M GWAS

2007

2009
2011

2016

2018

UKB+other

ER GWAS

2017

no signals
10 signals

16 signals
122 signals

~150  signals

Evangelou E et al. Nat Genet; 50(10):1412-1425



Analysis
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Systolic BP Diastolic BP Pulse Pressure

Adjust for medication use: +15 mmHg and 10mmHg to mean SBP and DBP

PP=SBP-DBP

Secondary analyses of identified signals 

Two-stage analysis

Follow-up SNPs with P < 1 × 10-6 for any BP trait

(with concordant direction of effect for UKB vs ICBP)

Independent Replication meta-analysis

→ Lookups of sentinel SNPs 

in MVP (N=220,520) and EGCUT (N=28,742)

→ combined meta-analysis (N=1,006,863)

(i) genome-wide significant (P < 5 × 10-8) in combined meta

(ii) P < 0.01 in replication meta-analysis

(iii) concordant direction of effect discovery vs replication

One-stage analysis

Follow-up SNPs with P < 5 × 10-9 for any BP trait

(with concordant direction of effect for UKB vs ICBP)

→ UKB-ICBP Internal Replication

of sentinel SNPs

(i) P < 0.01 in UKB GWAS

(ii) P < 0.01 in ICBP GWAS meta-analysis



Summary results

• 535 novel loci identified

• 92 loci replicated for first time within 2-stage design

• Support for all 274 previously published loci

• 163 independent secondary signals from conditional 

analysis

•
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Now, over 1,000 independent BP signals



Polygenic Risk Scores
We calculated wPRS combining all novel and published BP loci 

in UKB (N~390K) and an independent cohort (Airwave: N~14K) 

Increase of 12.85 mmHg (P<1x10-300)

OR=3.34 for HTN (P<1x10-300) 

In unrelated UKB samples

Increased risk (OR=1.52; P=7.7x10-6) of all cardiovascular 

(CVD) outcomes in UKB HES data

Risks for SBP, HTN and CVD were calculated comparing top vs bottom 10% of GRS
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Risk prediction for CVD in general 

populations

Prevention strategies currently based on 

well established risk prediction models



Genetic risk prediction in CVD

• We now know hundreds of genetic variants that 
influence disease risk

• Can they be useful in disease risk prediction?



PRS and pooled cohorts equation 





⛹

️
Aim: To investigate the extent to which lifestyle factors could offset the 

effect of an adverse BP genetic profile and its effect on CVD risk





Raha Pazoki. Circulation. Genetic Predisposition to High Blood 

Pressure and Lifestyle Factors, Volume: 137, Issue: 7, Pages: 653-

661, DOI: (10.1161/CIRCULATIONAHA.117.030898) 
© 2017 American Heart Association, Inc.

30%, 31% AND 33% 

modification benefit 

between favorable and 

unfavorable lifestyle at 

low, intermediate and high 

genetic risk





Transferability of PRS in 

other ancestries



PRS by reported race before and after 

adjustment for population structure



Power of PRS analysis increases with 
GWAS sample size

PGC-MDD1: N=18k
max variance explained = 0.08%, 

p=0.018

PGC-MDD2: N=163k
max variance explained =0.46%,

p= 5.01e-08
Colodro-Conde L, 

Couvy-Duchesne B, et al, (2017)  
Molecular Psychiatry



Preliminary work
• Application of European-based PRS to other 

populations

• Methods for PRS derived from multivariate analysis

• PRS for various traits and diseases

• We proposed first GRS for melanoma

• PRS and lifestyle factors

• Drug-related PRS/Network-related PRS



Protein-Protein Interaction of the 

1575 PSORS-interacting genes



Polygenic risk scores in disease 

risk prediction 

 Genetic variants are set at birth 
attractive predictors of disease

 No measurement error, early 
information, inexpensive and easily 
obtained

 Association with disease often 
modest, limited predictive power

 Only useful when there are preventive 
strategies/ screening/treatment

 Non-modifiable

Risk 
communicati

on

Treatment 
strategies

Screening
Raise 

awareness
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