
L i n k  to  o r i g i n a L  a rt i c L e

Much of the literature on genome-wide 
association (GWA) studies is based on the 
premise that an important proportion of 
common diseases is heritable, and that this 
proportion is likely to be due to detect-
able genetic variants (Missing heritability 
and strategies for finding the underlying 
causes of complex disease. Nature Rev. 

Genet. 11, 446–450 (2010))1,2. There is a 
wide gap between the population varia-
tion in disease explained by the results 
of GWA studies (usually less than 10%) 
and estimates of heritability (often more 
than 50%). However, population variation 
should not be confused with the propor-
tion of disease explained by an exposure or 

trait3. For example, phenylketonuria (PKU) 
can be avoided either by removing the 
PKU gene mutations from the population 
or by a low dietary phenylalanine. Thus, 
100% of cases would be prevented either 
by removing the mutation or by adopting a 
low phenylalanine diet. In a population in 
which everyone has a high phenylalanine 
diet, the condition will appear to be 100% 
genetic; in a population in which everyone 
has the mutation, the condition will appear 
to be 100% environmental. Thus, the 
genetic and environmental components are 
inseparable. In fact, as we learn more about 
a particular disease, it is inevitable that the 
attributable proportions for different risk 
factors will sum to more than 100% (see 
examples in TABLE 1), whereas the propor-
tions of population variation cannot add 
up to more than 100%.
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Table 1 | attributable risks in the population*

Exposure Genetic variant Attributable risk

Relative risk % cases 
exposed

Relative risk % cases 
exposed

Exposure Genetic 
variant

10.0 90% 10.0 90% 81% 81%

90% 0% 81% 0%

50% 50% 45% 45%

80% 20% 72% 18%

90% 2.0 90% 81% 45%

90% 0% 81% 0%

50% 50% 45% 25%

80% 20% 72% 10%

20% 80% 18% 40%

*Attributable risks in the population as a function of relative risk and proportion of exposed cases, under the 
assumption of a linear combination of genes and environment. The attributable risk is based on Miettinen’s 
formula for case–control studies.

CorrespondenCe

nATUre revIeWs | GEnEtics   www.nature.com/reviews/genetics

© 20  Macmillan Publishers Limited. All rights reserved10

http://www.nature.com/nrg/journal/v11/n6/abs/nrg2809.html
mailto:p.vineis@imperial.ac.uk

	Missing heritability in genome-wide association study research
	References




