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How can we make rational decisions 
with molecular data?



Amos Tversky Daniel Kahneman

probabilities utilities
rational decisions

… but we often stray



big data can help us 
compute missing probabilities 
and inform rational decisions 

across demographic groups that are  
underrepresented in past studies 



Manrai et al., New England Journal of Medicine, 2016



• Heart failure
• Arrhythmias
• Obstructed blood flow
• Infective endocarditis
• Sudden cardiac death

Maron et al., Circulation 1995

Hypertrophic Cardiomyopathy (HCM)



Maron et al., JAMA 2002



Anja A.T. Geisterfer-Lowrance★, Susan Kass†, Gary Tanigawa†, Hans-Peter Vosberg‡, 
William McKenna§, Christine E. Seidman★, J.G. Seidman†





http://personalizedmedicine.partners.org/

Clinical features of HCM

http://personalizedmedicine.partners.org/


Duzkale et al. Clinical Genetics 2013.

Current scale for reporting variants
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Challenge Question #1

What are the chances that a son inherits his father’s 
HCM pathogenic mutation in MYBPC3 (Chr. 11)?

(a) 100%
(b) 50%
(c) 25%
(d) 0.2% (general population prevalence)
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When do variant classifications change?



“pathogenic/disease causing” mutations in 84 
cardiomyopathy genes

measure genotype frequency

NHLBI ESP (4300 EAs, 2203 AAs)



HCM Prevalence = 1:500 
HCM Inheritance = Autosomal Dominant

NHLBI ESP NHLBI ESP



Manrai et al., New England Journal of Medicine, 2016



classified as pathogenic  
2005-2007



Manrai et al., New England Journal of Medicine, 2016

All P/LP misclassifications in patients of 
African or unspecified ancestry



Manrai et al., New England Journal of Medicine, 2016



Studies took place around the world but not in Africa



TNNI3,	
  P82S MYBPC3,	
  G278E

Niimura et al. 2002 Richard et al. 2003

"Patients were recruited in France, and 

most of them were of European origin.” 

100 controls

No ethnicity information provided, but 

three separate populations 

85 controls
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Manrai et al., New England Journal of Medicine, 2016

Including African American controls would have 
ruled out pathogenicity



TNNT2 K247R

Manrai et al., New England Journal of Medicine, 2016



Manrai et al., New England Journal of Medicine, 2016



Manrai et al., New England Journal of Medicine, 2016
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Figure Legend:



Maron et al. JAMA Cardiology. 2016.



Maron. Heart. 2005.



Semsarian. JACC. 2015.







P defines meaningful G

G defines meaningful P???



Engel et al.. JAMA Cardiology. 2016.

The 
‘Normal 
Big 
Athlete’



Challenge Question #2

Causes of left ventricular hypertrophy other than 
hypertrophic cardiomyopathy (HCM) include:

(a) Systemic hypertension
(b) Athletic conditioning
(c) Aortic valve stenosis
(d) a and b
(e) a, b, and c



P = G + E



Patel and Manrai. PSB. 2015.



HCM is one test of many

Screenshot taken April 22, 2015



Challenge Question #3
If a test to detect a disease whose prevalence is 1/1000 
has a false positive rate of 5 percent, what is the chance 
that a person found to have a positive result actually has 
the disease, assuming you know nothing about the 
person’s symptoms or signs?

(a) 100%
(b) 95%
(c) 50%
(d) 25%
(e) 2%



Formal approach: Bayes’ Rule



Intuitive approach

1000 people

999 healthy

1 disease

(prevalence = 
1/1000)

~949 true negatives

~50 false positives

(false positive 
rate = 5%)

1 true positive

0 false negatives

PPV � 
1 in 51



Reconciling with Bayes

1000 people

999 healthy

1 disease

~949 true negatives

~50 false positives

1 true positive

0 false negatives

PPV � 
1 in 51



Manrai&et&al.&JAMA$Internal$Medicine.&2014$



“true	
  posi3ve	
  rate”	
  =	
  1	
  –	
  “false	
  posi3ve	
  rate”	
  
Specificity	
  =	
  1	
  –	
  “false	
  posi3ve	
  rate”	
  

	
  	
  95%	
  specificity	
  is	
  “very	
  good”	
  
Prevalence	
  influences	
  the	
  quality	
  of	
  a	
  test	
  

Posi3ve	
  test	
  makes	
  the	
  disease	
  less	
  likely	
  (8	
  
respondents)	
  
Even	
  a	
  completely	
  random	
  posi3ve	
  test	
  result	
  will	
  not	
  
decrease	
  PPV	
  below	
  prevalence	
  

Common Mistakes





Bustamante, De La Vega, Burchard. Nature. 2011.



Popejoy & Fullerton. Nature. 2016.



Popejoy & Fullerton. Nature. 2016.



Summary
• We identified common (benign) genetic variants misclassified 

(as pathogenic) exclusively in African Americans 

• This creates the potential for healthcare disparities due to 
genomic misdiagnosis 

• Variants vetted in diverse control populations can help prevent 
false positives 

• Statistics over calculus for rational decision making

http://probasketballtalk.nbcsports.com/
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