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Genetic Risk Score 

A breakthrough in Cardiology 

prevention 

Dr. Amal Rizk ,

Professor of  Clinical Pathology

Critical care department , Cairo University 

THE HUMAN GENOME

COMPLETED APRIL 2003

NUMBER OF NUCLEOTIDES (BASES) 3.2 Billion

GENES Estimated 20,000
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99.5% of the DNA sequences  in the 
human genome are  identical

Human DNAVariation

Evidence indicates the single  nucleotide 
polymorphisms  (SNP) account for 80% of  
human variation, including  predisposition 
to disease

Human DNA Variation

Genetic Risk Score 

The number of SNPs in the  

human genome is constant  
at 3.5 million

Human DNA Variation is Primarilydue

to SNPs

Genetic Risk Score 
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üDNA is copied every few days and

reconstituted with an error rate of 1
base pair per billion generated

ü94% of the errors result in substitutions of  

single nucleotides which is responsible  

for the 3.5 million Single Nucleotide  

Polymorphisms (SNPs) per human  

genome

Nat Gen 2012;44:1161-5 JACC 2013:61;2029-37

Origin of Human DNA Variation

Genetic Risk Score 

Despite the low error rate, of  

one base pair per 1 billion, it  

leads to a mutation rate of 1.2  

x 10-8 resulting in ~40 to 60  

new mutations per individual  

per generation

Nat Gen 2012;44:1161 -5 JACC 2013:61;2029-37

Origin of Human DNA Variation

Genetic Risk Score 
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In a human population  

of 7 billion, there are over  

300 billion new mutations  

in the current generation

JACC 2013:61;2029-37

Human DNAVariation

Genetic Risk Score 

õ 9p21 genetic risk variant is extremely common  
with one or two copiesoccurring

õ in 75% of the population

õ 9p21 risk allele is estimated to be present

õ in 4.5 billion people

õ Homozygotes carry increased risk of 50% for CAD  

Heterozygotes carry increased risk of 25% for CAD

9p21:First Genetic Risk Factor for CAD 2007

McPherson R, et al. Science 2007:316(5830);1488 ï1491  

Helgadottir A, et al. Science 2007:316(5846);1491-3

Genetic Risk Score 
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Coronary ARtery DIsease  
Genome-wide Replication And

Meta Analysis

CARDIoGRAMplusC4D

International Consortium for Genome-

Wide Association Studies of CAD

Genetic Risk Score 

University of Ottawa Heart Institute  

Stanford University

University of Pennsylvania  

University of Schleswig -Holstein  

Cambridge University  

University of Utah

Harvard University  

University of Leicester  

Boston University

University of Massachusetts  

University of Texas

Iceland (deCODE Genetics)

CARDIoGRAM International Consortium

Genetic Risk Score 
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The largest  

collaboration  

undertaken in the  

history of  

cardiology

CARDIoGRAM

Genetic Risk Score 

õDiscovery Population:

õReplication Population:

CARDIoGRAMplusC4D

194,527

15,613

TOTAL: 210,140

Nature Genetics 2013 Jan;45(1):25 -33
Genetic Risk Score 
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58 genetic risk variants for CAD  

of genome -wide significance  

have been discovered

and replicated in

independent populations

Assimes TL, Roberts R. JACC 2016, Dec.  
Nature Genetics Jan2013;45(1):25-33

Genetics of Coronary Artery Disease

and Myocardial Infarction

Genetic Risk Score 

What have we learned from  
genetic risk factors?

Genetic Risk Score 
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GWAS proved there is a  
genetic predisposition  

to CAD and other  
common diseases

Genetics of Coronary Artery Disease

and Myocardial Infarction

Genetic Risk Score 

1. They are common with 50% of the variants  

occurring in 50% of the population

2. 30% occur in 75% of the population

3. Each mediates minimal risk averaging 17%  

increased relative risk for CAD

4. 80 % are in nonprotein coding DNA

Genetic Risk Variants for Coronary

Artery Disease

Genetic Risk Score 
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Risk is proportional to the  

number of genetic risk  

variants, rather than a  

specific risk variant

Nature Genetics Jan 2013;45(1):25 -33

Genetic Risk of Coronary Artery

Disease and Myocardial Infarction

Genetic Risk Score 

Two thirds of genetic risk  
variants for CAD  

mediate their risk  

through unknown  
mechanisms.

Genetics of Coronary Artery Disease

and Myocardial Infarction

Genetic Risk Score 
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Has management of  

CAD been influenced  

by genetic variants?

Genetic Risk of Coronary Artery Disease

and Myocardial Infarction

Genetic Risk Score 

ü 41% - 58% reduction in LDL-C levels

ü No significant side effects

Stein. NEJM 2012;366:1108-18
Genetic Risk Score 
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Interventions such as statins, niacin,  

exercise, alcohol and fibrates that  

increase plasma HDL-C also tend to  

decrease plasma LDL-C

Plasma HDL-C is Associated with Risk of

Myocardial Infarction and CAD

Genetic Risk Score Genetic Risk Score 
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In this study 27 of the known

genetic variants for CAD

were genotyped and analyzed  

in a sample size of 48,421  
selected from clinical trials

Clinical Application of Genetic

Variants for CAD

Genetic Risk Score 

Population Genotyped  

Primary prevention clinical trial  

JUPITER

ASCOT

Secondary prevention clinical trial
CARE  

PROVE-IT-TIMI 22

Community cohort

Malmo diet and cancer study

Clinical Application of Genetic

Variants for CAD

Genetic Risk Score 
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Traditional risk factors
adjusted for in the analysis:

Age

Sex

Smoking  

Hypertension

FAMILY HISTORY

HDL and LDL cholesterol  

Diabetes

Race

Clinical Application of Genetic Variants for

CAD to Predict Cardiac Events

Genetic Risk Score 

Genetic Risk Score Delineates Categories

of Low to High Risk

Genetic Risk Score 
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Genetic Risk Variants Predict Response to

Statin Therapy in Each Risk Group

Genetic Risk Score 

Genetic Score Prevention of Primary Event

(number to treat)

Low risk  

Intermediate risk  

High risk

66

42

25

Genetic Risk Variants Can Be Used to  

Select CAD Candidates Who Will Receive  

the Greatest Therapeutic Benefit

Genetic Risk Score 
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GRS predicted cardiac events  

independently of clinical risk  

factors (FRS) and were  

significantly more  

discriminating than FRS (p-

0.001)
Goldstein , et al. Genetic Epidemiology 2015, 39:439-445

Genetic Risk Score to Predict Cardiac Events

Genetic Risk Score 

Framingham Risk Score is  

based on age dependent  

factors: age, cholesterol, BP

Genetic Risk Score, based on  

DNA variants, is independent of  

age and other clinical factors

Primary Prevention of CAD

Genetic Risk Score 
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Genetic Risk Score 

Genetic Risk, Adherence to a Healthy

Lifestyle, and Coronary Disease

ÅSample size of 55,685

ÅHealthy lifestyle ðno smoking, no obesity, regularphysical

activity and healthydiet

ÅPopulation was genotyped for 50 genetic variants provento  

be associated with risk for CAD

ÅGenetic risk score (GRS) derived from these variants was  

used to stratify participants into high, medium or lowrisk

Khera AV, et al. NEJM 2016. doi: 10.1056/NEJMoa1605086

Genetic Risk Score 
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Genetic Risk, Adherence to a Healthy

Lifestyle, and Coronary Disease

Khera AV, et al. NEJM 2016.doi:10.1056/NEJMoa1605086

Stratification of risk for cardiac events by  

the genetic risk score was confirmed to be  

independent of conventional risk factors

Genetic Risk Score 

Genetic Risk, Adherence to a Healthy

Lifestyle, and Coronary Disease

Khera AV, et al. NEJM 2016. doi:10.1056/NEJMoa1605086

A 50% lower incidence of cardiac events  

was observed in those individuals withhigh  

GRS and a favorablelifestyle

Genetic Risk Score 
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Genetic Risk, Adherence to a Healthy

Lifestyle, and Coronary Disease

This study shows lifestyle can modify  

genetic risk and eliminates the myth that  

whatever is in your genes is fixed and  

cannot bemodified

Khera AV, et al. NEJM 2016. doi:10.1056/NEJMoa1605086
Genetic Risk Score 

Genetic Risk Score based on  

DNA variants will be the same  

at birth as at death

DNA does not change in  

ones life time

Primary Prevention of CAD

Genetic Risk Score 
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EVIDENCE INVESTIGATOR

Low/Medium throughput.

Runs protein and nucleic acid arrays

EVIDENCE

High throughput 

batch analyser

FDA 510k cleared

EVIDENCE EVOLUTION

High throughput  random access 
analyser

Biochip Array Technology

Genetic Risk Score 

Nine ready-to-use biochips are arranged into a 
biochip carrier, enabling analysis of 9 patient 
samples simultaneously per carrier

Each biochip contains a 
multi -analyte array, providing quantitative 
analysis of all analytes within each patient 
sample 

The Biochip Carrier

Genetic Risk Score 
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Cardiac Risk prediction Array 

( SNP Genotyping) 

Genetic Risk Score 

Why test for Cardiac SNPs?

- Current CHD risk assessment tools (PROCAM and 
Framingham) take no account of genetic predisposition 

- Cooper et al reported only 14% of CHD events during a ten 
year period were predicted by using algorithmic tools.

- Genome Wide Association Studies (GWAS) have identified 
genetic variants associated with CHD. 

Genetic Risk Score 
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Cardiac disease in Egypt?

Genetic Risk Score 

Cardiac Risk Prediction Array

Detects an important SNP which predicts 
Èɯ×ÈÛÐÌÕÛɀÚɯÙÌÚ×ÖÕÚÌɯÛÖɯÚÛÈÛÐÕɯÛÏÌÙÈ×ÐÌÚȮɯ
therefore avoiding unnecessary statin 
induced effects. 

Individuals who are homozygous 
(frequency=0.13) for the
risk allele are 17 times more likely to 
suffer from statin -induced myopathy 
when treated with high doses of 
simvastatin.

Genetic Risk Score 
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Familial Hypercholesterolemia 

( FH Array ) 

Genetic Risk Score 

FH diagnosis

500,000 Egypt? Not testing

Genetic Risk Score 
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Familial Hypercholesterolemia 
(FH) Array

A 40-plex panel identifying 
~80%of FH causing mutations 
in the UK/Eire population

Genetic Risk Score 

FH Mutation Coverage

Genetic Risk Score 
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Conclusion ïóOwing to  severe under diagnosis and under treatment of FH, there is an 

urgent worldwide need for diagnostic screening, together with early and aggressive 

treatment of this extremely high risk conditionô

Genetic Risk Score 

Utilizing the Genetic Risk  

Score to detect CAD risk will  

represent a paradigm shift in  

primary prevention of CAD

Conclusion :

Genetic Risk Score 
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Now in 2017the evolution of Genetic
variants panels for screening of
Genetic Risk Score (GRS) for
different diseases ( Cardiac Risk
prediction & FH ) enables the start of
a new era of Preventive Medicine in
Egypt

Take Home Message :

Genetic Risk Score 


