







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Reviews Genetics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature reviews genetics

	review articles

	
                                    article


    
        
        
            
            
                
                    	Review Article
	Published: October 2009



                    Bayesian statistical methods for genetic association studies

                    	Matthew Stephens1 & 
	David J. Balding2Â nAff3Â 



                    

                    
                        
    Nature Reviews Genetics

                        volumeÂ 10,Â pages 681â€“690 (2009)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        318 Citations

                    
	
                            4 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Key Points

                	
                  p-values are commonly used as summaries of evidence for association between a genetic variant and phenotype, but they have an important limitation in that they are unable to quantify how confident one should be that a given SNP is truly associated with a phenotype.

                
	
                  Bayesian methods provide an alternative approach to assessing associations. We show that Bayesian analyses are not too difficult and can be rewarding â€” for example, unlike p-values, a Bayesian probability of association is comparable across SNPs and across studies.

                
	
                  For a Bayesian analysis of single-SNP association in a caseâ€“control study, we discuss genetic models that can form an alternative to the null hypothesis of no association, in addition to effect-size distributions for the parameters of these models. An alternative Bayesian analysis derives a posterior distribution for effect size, without reference to a null hypothesis.

                
	
                  We give an example of a multi-SNP Bayesian analysis for fine-scale mapping and discuss Bayesian approaches to multiple testing and meta-analysis.

                
	
                  Broad guidelines are suggested for editors and reviewers of Bayesian analyses.

                


              

Abstract
Bayesian statistical methods have recently made great inroads into many areas of science, and this advance is now extending to the assessment of association between genetic variants and disease or other phenotypes. We review these methods, focusing on single-SNP tests in genome-wide association studies. We discuss the advantages of the Bayesian approach over classical (frequentist) approaches in this setting and provide a tutorial on basic analysis steps, including practical guidelines for appropriate prior specification. We demonstrate the use of Bayesian methods for fine mapping in candidate regions, discuss meta-analyses and provide guidance for refereeing manuscripts that contain Bayesian analyses.
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                    Figure 1: Dependence of the Bayes factor on minor allele count and on the prior standard deviation of the effect size.[image: ]
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Glossary
	Frequentist
	
                  A statistical school of thought in which inferences about unknowns are justified not with reference to probabilities for the inferred value, but on the basis of measures of performance under imaginary repetitions of the procedure that was used to make the inference.

                
	Population association
	
                  Also known as true association. An association between a SNP and a phenotype that is present in the population from which a sample is taken. A population association can arise owing to population structure, but for simplicity we assume here that this possibility has been eliminated (for example, by covariate adjustment) and hence that population associations are caused by a functional SNP, either directly or through linkage disequilibrium.

                
	p-value
	
                  The probability, if the null hypothesis were true, that an imaginary future repetition of the study would generate stronger evidence for association than that actually observed. A p-value is conventionally interpreted as measuring the strength of evidence for association, but there is no simple relationship between a p-value and the probability that the association is genuine.

                
	Power
	
                  For a given population association, the power of a statistical test is the probability that the null hypothesis is rejected under imaginary repetitions of the study.

                
	Bayesian
	
                  A statistical school of thought that holds that inferences about any unknown parameter or hypothesis should be encapsulated in a probability distribution, given the observed data. Computing this posterior probability distribution usually proceeds by specifying a prior distribution that summarizes knowledge about the unknown before the observed data are considered, and then using Bayes' theorem to transform the prior distribution into a posterior distribution.

                
	Meta-analysis
	
                  The combination of the results of multiple scientific studies that address the same, or similar, hypotheses.

                
	Posterior probability of association
	
                  The probability that a SNP is truly associated with a phenotype. The posterior probability of association depends on modelling assumptions that should be made explicit in a careful analysis.

                
	Likelihood ratio
	
                  The ratio of the probabilities of the observed data for two different values of the unknown parameter(s) under a given statistical model.

                
	Odds
	
                  The probability of the occurrence of a particular event (for example, the onset of disease) divided by the probability of the event not occurring. It is often mathematically convenient to transform a probability, which must lie between zero and one, to odds, which can take any positive value.

                
	Bonferroni correction
	
                  When multiple hypotheses are tested, the Bonferroni correction to the overall desired significance level (Î±) is obtained by dividing it by the number of tests (k), so that each hypothesis is rejected if p-value < Î±/k.

                
	False discovery rate
	
                  For a sequence of hypothesis tests, the false discovery rate is the proportion of times H0 is true among those tests for which H0 is rejected.

                
	Odds ratio
	
                  The odds ratio comparing, for example, two genotypes is the odds for individuals with the first genotype divided by the odds for individuals with the second genotype.

                
	Logistic regression
	
                  A regression model for binary outcomes (such as case and control) in which the logarithm of the odds is related linearly to one or more predictors, such as SNP minor allele count(s).

                
	Laplace approximation
	
                  A method for approximating the integral of a (possibly multidimensional) probability density based on replacing that density by a Gaussian probability density with the same mean and varianceâ€“covariance matrix.

                
	Maximum-likelihood estimate
	
                  The maximum-likelihood estimate of an unknown parameter in a statistical model is the value of the parameter that maximizes the probability under the model of the observed data.

                
	Statin
	
                  A class of drugs that is used to lower cholesterol levels in people with, or at risk of, cardiovascular disease.

                
	Genotype imputation method
	
                  A method for estimating ('imputing') the unobserved genotypes of study subjects, both for individuals with missing or unreliable genotypes at a genotyped SNP and for all individuals at an ungenotyped SNP.

                
	Hardyâ€“Weinberg equilibrium
	
                  This holds at a given locus in a given population when the two alleles of individuals in the population are mutually independent.
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