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Health  care  scenario:   42yo  male  with 
dizziness,  profuse  sweating 



42yo  male  with  cardiac  arrest  due 
to  acute  myocardial  infarction  (MI) 



Anoxic  brain i njury
Expired  after  10  days  in  hospital 



    
    

     

         

  

   

   

       

     

42yo  male  with  fatal,  early-onset  MI 

MI risk factors prior to event 

Total cholesterol 198 mg/dl 
LDL cholesterol 124 mg/dl 

HDL cholesterol 40 mg/dl 

Triglycerides 170 mg/dl 

Blood pressure 122/78
 

Body mass index 26
 

Non-smoker
 

No type 2 diabetes
 

Family history: father with MI at 54
 



ACC/AHA10y  ASCVD  risk  calculator  typically 
used  for  statin allocation decision: 

1.7%  (‘low-risk’) 



   
 

  
     

   

Why  is  the  ACC/AHA  pooled  cohort  equation 
not useful in  young  people? 

Model almost entirely
 
driven by ‘age’
 

In population, older you 

are, more likely you are to
 

have a heart attack!
 



  

Health  care  scenario 

What  is  predicted? Risk  for  heart  attack
 

Intended target  population Men/women <  55yo
 

How Gene variant(s)
 

For  what  purpose Statin initiation at  early  age
 

Janssens, Martens, Prediction Research Manual 
http://www.cecilejanssens.org/wp-
content/uploads/2018/01/PredictionManual2.0.pdf 

http://www.cecilejanssens.org/wp


   

   
  

For  early-onset  disease, stratifying  individuals 
based on  inborn  DNA  variation  an  option 

Most diseases inherited component
 

Stratify individuals based on 

inherited DNA variation
 



       

Inherited  component  to  early  heart  attack 

Polygenic
 

Monogenic
 

MI at age < 55 Age onset at MI
 



Traditional  approach:
Genetic  prediction  focuses  on  rare,  monogenic mutations 
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Traditional approach:
Genetic prediction focuses on rare, monogenic mutations

Heart attack
3x increased 

risk 

↑
Cholesterol

Familial 
hypercholesterolemia

0.4% of the population
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Traditional approach:
Genetic prediction focuses on rare, monogenic mutations

Identify this risk group early in life
Target statin intervention



Testing for familial hypercholesterolemia mutations:
CDC Tier 1 Genomics Application



Question: Can we identify additional patients 
with a polygenic risk model?



Concept: polygenic risk scores

‘N’ 
polymorphisms

0, 1, or 2 copies 
of the risk allele

Score ranging 
from 0 to 2N 

for each person

Kathiresan, N Engl J Med (2008)
Ripatti, Lancet (2010) 
Khera, N Engl J Med (2016)



Polygenic risk scores:  move from top SNPs 
to a genome-wide set of 6.6M for prediction

Khera*, Chaffin*, 
bioRxiv 2017

Amit V. Khera



Hypothesis: a polygenic score including a genome-
wide set of SNPs can identify individuals with risk 

equivalent to a monogenic mutation

Step 1
Training data set:  

effect sizes for
6.6 million variants 
from genome-wide 
association study

Cases
N = 60K

Controls
N = 120K

Khera*, Chaffin*, bioRxiv (2017)

Genotypes: from arrays + imputation



Hypothesis: a polygenic score including a genome-
wide set of SNPs can identify individuals with risk 

equivalent to a monogenic mutation

Step 2
Validation 

Dataset:  ~125K

Cases
N = 4K

Controls
N = 120K

Genotypes: from arrays + imputation

Cases
N = 60K

Controls
N = 120K

Step 1
Training data set:  

effect sizes for
6.6 million variants 
from genome-wide 
association study

Khera*, Chaffin*, bioRxiv (2017)



Hypothesis: a polygenic score including a genome-
wide set of SNPs can identify individuals with risk 

equivalent to a monogenic mutation

Step 2
Validation 

Dataset:  ~125K

Cases
N = 4K

Controls
N = 120K

Cases
N = 60K

Controls
N = 120K

Step 1
Training data set:  

effect sizes for
6.6 million variants 
from genome-wide 
association study

Step 3
Testing 

Dataset:  ~300K

Cases
N = 8.7K

Controls
N = 288K

Genotypes: from arrays + imputation

Khera*, Chaffin*, bioRxiv (2017)



A new quantitative metric of 
genetic liability to heart attack

Polygenic score of 
6.6 million common variants

Polygenic score of 
6.6 million common variants
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>20-fold risk gradient across percentile bins of score
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Genome-wide polygenic score: 
little correlation with 

currently measured MI risk factors
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Using polygenic model, can we identify
group with risk for MI equivalent to 

monogenic mutations?

 



What if we label top 5% tail of distribution as 
‘carriers’ and remainder as ‘non-carriers’?
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Top 5% of polygenic MI score: 
risk equivalent to monogenic mutations
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In UK Biobank, top 5% of polygenic score 
risk equivalent to monogenic mutations

but what about external validation?
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2,081 Early-onset MI patients | 3,761 Controls

MI Cases:
• VIRGO: Patients

hospitalized across US with 
first MI at age ≤ 55 years 

Controls:
• MESA: Multiethnic

population free of 
cardiovascular disease



Contributions of monogenic and polygenic 
models to early MI

100 patients with 
myocardial 
infarction

Khera*, Chaffin*, under review



Monogenic familial hypercholesterolemia mutation 
identified in 1.7% patients -> 3.8-fold increased risk

100 patients with 
myocardial 
infarction

Monogenic

à Risk

3.8-fold

Khera*, Chaffin*, under review



Carriers of familial hypercholesterolemia mutations
can be distinguished by high LDL cholesterol 
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High polygenic score identified in 17% of 
patients and confers a 3.7-fold increase in risk

100 patients with 
myocardial 
infarction

à Risk

Monogenic 3.8-fold

High polygenic 3.7-fold

Khera*, Chaffin*, under review



High polygenic score individuals can NOT be 
distinguished by high LDL cholesterol 
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High polygenic score individuals can NOT be 
distinguished by clinical risk factors

Some traditional risk factors are slightly elevated, 
but not enough to be useful



Polygenic score identifies 10x than 
monogenic mutations 

Monogenic Polygenic

Prevalence among 
early MI cases

1.7% 17%

Odd ratio for MI 3.8 3.7

Mode of detection ↑ LDL cholesterol Currently
UNAWARE

Mechanism of risk apoB lipoproteins ‘Gemish’



Monogenic, polygenic contributions to early MI

Monogenic Polygenic

Prevalence among 
early MI cases

Odd ratio for MI

1.7%

3.8

17%

3.7

Mode of detection ↑ LDL cholesterol Currently
UNAWARE

Mechanism of risk apoB lipoproteins ‘Gemish’

Intervention
Lifestyle

Medications ?



Is polygenic risk for MI modifiable? 
Yes

Lifestyle

↓48%

Khera, N Engl J Med (2016)

Medicines

↓44%

Mega*, Stitziel*, Lancet (2015)
Natarajan, Circulation (2017)



Do those at high polygenic risk derive greater 
benefit from statin therapy?

Determined polygenic risk score for participants of
three statin RCTs to prevent first heart attack

The new england  
journal of medicine
established in 1812 november 20, 2008 vol. 359 no. 21

Rosuvastatin to Prevent Vascular Events in Men and Women 
with Elevated C-Reactive Protein
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Background
Increased levels of the inflammatory biomarker high-sensitivity C-reactive protein 
predict cardiovascular events. Since statins lower levels of high-sensitivity C-reactive 
protein as well as cholesterol, we hypothesized that people with elevated high-sensi-
tivity C-reactive protein levels but without hyperlipidemia might benefit from statin 
treatment.

Methods
We randomly assigned 17,802 apparently healthy men and women with low-density 
lipoprotein (LDL) cholesterol levels of less than 130 mg per deciliter (3.4 mmol per 
liter) and high-sensitivity C-reactive protein levels of 2.0 mg per liter or higher to 
rosuvastatin, 20 mg daily, or placebo and followed them for the occurrence of the 
combined primary end point of myocardial infarction, stroke, arterial revascular-
ization, hospitalization for unstable angina, or death from cardiovascular causes.

Results
The trial was stopped after a median follow-up of 1.9 years (maximum, 5.0). Rosu-
vastatin reduced LDL cholesterol levels by 50% and high-sensitivity C-reactive protein 
levels by 37%. The rates of the primary end point were 0.77 and 1.36 per 100 per-
son-years of follow-up in the rosuvastatin and placebo groups, respectively (hazard 
ratio for rosuvastatin, 0.56; 95% confidence interval [CI], 0.46 to 0.69; P<0.00001), with 
corresponding rates of 0.17 and 0.37 for myocardial infarction (hazard ratio, 0.46; 95% 
CI, 0.30 to 0.70; P=0.0002), 0.18 and 0.34 for stroke (hazard ratio, 0.52; 95% CI, 0.34 to 
0.79; P=0.002), 0.41 and 0.77 for revascularization or unstable angina (hazard ratio, 
0.53; 95% CI, 0.40 to 0.70; P<0.00001), 0.45 and 0.85 for the combined end point of 
myocardial infarction, stroke, or death from cardiovascular causes (hazard ratio, 0.53; 
95% CI, 0.40 to 0.69; P<0.00001), and 1.00 and 1.25 for death from any cause (hazard 
ratio, 0.80; 95% CI, 0.67 to 0.97; P=0.02). Consistent effects were observed in all sub-
groups evaluated. The rosuvastatin group did not have a significant increase in myopa-
thy or cancer but did have a higher incidence of physician-reported diabetes.

Conclusions
In this trial of apparently healthy persons without hyperlipidemia but with elevated 
high-sensitivity C-reactive protein levels, rosuvastatin significantly reduced the in-
cidence of major cardiovascular events. (ClinicalTrials.gov number, NCT00239681.)
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Evaluate clinical benefit of statin therapy in 
genetic risk subgroups:

High genetic risk versus all others

Mega*, Stitziel*, Lancet (2015) 

Natarajan*, Young*, Circulation (2017) 



Among those at high polygenic risk, 
statins confer greater benefit 

(to prevent first MI)
Pradeep Nataraja

RRR = 24% RRR = 44%

n

Natarajan*, Young*, Circulation (2017) 



Approach works for other common diseases . . . 
including those without monogenic risk factors

% of 
population

at >3-fold risk
Atrial fibrillation 6.1%

Diabetes 3.5%

Inflammatory Bowel 3.2%

Breast cancer 1.5%



Why much better prediction now? 

•

•

•

Larger genome-wide association studies, more precise 
effect estimate for each variant 

Better computational methods to create genome-wide 
polygenic scores

Larger cohorts to validate and test genome-wide 
polygenic scores (e.g., UK Biobank, 500K participants 
with GWAS data)



Conclusions:

•

•

•

Now possible to score polygenic component to any 
complex trait (from genotyping array data, simultaneous for 
many diseases, at birth)

Those in extremes of score:  at risk for disease approaching 
or exceeding monogenic mutations

For MI, top 5% tail of polygenic score equivalent risk to 
monogenic mutations and this risk modifiable by lifestyle, 
statin



If we care about screening for monogenic MI 
mutation (Tier 1 CDC), we should 
also consider polygenic risk score

What is predicted? Risk for heart attack

Intended target population Men/women < 55yo

How? Genome-wide polygenic 
score (top 5%)

For what purpose? Statin initiation at early age


	Genome-wide polygenic scores for commondiseases identify individuals with riskequivalent to monogenic mutations. 
	Health  care  scenario:   42yo  male  with dizziness,  profuse  sweating 
	42yo  male  with  cardiac  arrest  due to  acute  myocardial  infarction  (MI) 
	Anoxic  brain i njuryExpired  after  10  days  in  hospital 
	42yo  male  with  fatal,  early-onset  MI 
	ACC/AHA10y  ASCVD  risk  calculator  typically used  for  statin allocation decision: 1.7%  (‘low-risk’) 
	Why  is  the  ACC/AHA  pooled  cohort  equation not useful in  young  people? 
	Health  care  scenario 
	For  early-onset  disease, stratifying  individuals based on  inborn  DNA  variation  an  option 
	Inherited  component  to  early  heart  attack 
	Traditional approach:Genetic prediction focuses on rare, monogenicmutations
	Testing for familial hypercholesterolemia mutations:CDC Tier 1 Genomics Application
	Question: Can we identify additional patients with a polygenic risk model?
	Concept: polygenic risk scores
	Polygenic risk scores:  move from top SNPs to a genome-wide set of 6.6M for prediction
	Hypothesis: a polygenic score including a genome-wide set of SNPs can identify individuals with risk equivalentto a monogenic mutation
	A new quantitative metric of genetic liability to heart attack
	>20-fold risk gradient across percentile bins of score
	Genome-wide polygenic score: little correlationwith currently measured MI risk factors
	Using polygenic model, can we identifygroup with risk for MI equivalent to monogenic mutations?
	What if we label top 5% tail of distribution as ‘carriers’ and remainder as ‘non-carriers’?
	Top 5% of polygenic MI score: risk equivalent to monogenic mutations
	In UK Biobank, top 5% of polygenic score risk equivalent to monogenic mutationsbut what about external validation?
	2,081 Early-onset MI patients | 3,761 Controls
	Contributions of monogenic and polygenic models to early MI
	Monogenic familial hypercholesterolemia mutation identified in 1.7% patients -> 3.8-fold increased risk
	Carriers of familial hypercholesterolemia mutationscan be distinguished by high LDL cholesterol 
	High polygenic score identified in 17% of patients and confers a 3.7-fold increase in risk
	High polygenic score individuals can NOTbe distinguished by high LDL cholesterol 
	High polygenic score individuals can NOTbe distinguished by clinical risk factors
	Polygenic score identifies 10x than monogenic mutations 
	Monogenic, polygenic contributions to early MI
	Is polygenic risk for MI modifiable? Yes
	Do those at high polygenic risk derive greater benefit from statintherapy?
	Evaluate clinical benefit of statin therapy in genetic risk subgroups:High genetic risk versus all others
	Among those at high polygenic risk, statins confer greater benefit (to prevent first MI)
	Approach works for other common diseases. . . including those without monogenic risk factors
	Why much better prediction now? 
	Conclusions:
	If we care about screening for monogenic MI mutation (Tier 1 CDC), we should also consider polygenic risk score


