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            Key Points

                	
                  Meta-analysis of genome-wide association studies has contributed to the discovery of most of the recently identified genetic risk factors for complex diseases.

                
	
                  Common meta-analytical approaches have been successfully applied; however, novel methods have been proposed that may have some advantages and disadvantages.

                
	
                  Heterogeneity in meta-analysis can be introduced from various sources and should not be disregarded. Several methods have been proposed that may optimize power in the presence of heterogeneity from known or unknown sources.

                
	
                  Next-generation sequence data will boost the study of rare variants; however, larger sample sizes are required. Several techniques have been developed for the meta-analysis of rare variants. Tools other than P values may be useful for inference.

                
	
                  Scientists will benefit from publicly available data sets and collaboration between consortia that will facilitate a wide range of methodological and applied research.

                


              

Abstract
Meta-analysis of genome-wide association studies (GWASs) has become a popular method for discovering genetic risk variants. Here, we overview both widely applied and newer statistical methods for GWAS meta-analysis, including issues of interpretation and assessment of sources of heterogeneity. We also discuss extensions of these meta-analysis methods to complex data. Where possible, we provide guidelines for researchers who are planning to use these methods. Furthermore, we address special issues that may arise for meta-analysis of sequencing data and rare variants. Finally, we discuss challenges and solutions surrounding the goals of making meta-analysis data publicly available and building powerful consortia.
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                    Figure 1: Stages in a meta-analysis.[image: ]
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Glossary
	Meta-analysis
	
                  A statistical method for the combination of different studies to provide a summary result.

                
	Summary data
	
                  Data that present summary statistics of a population and are used in meta-analysis approaches without granting access to individual-level data.

                
	Imputation
	
                  In genetics, the inference of genotypes of markers that have not been directly genotyped by making use of information from haplotype reference panels such as the HapMap or the 1000 Genomes panels.

                
	Genome-wide significance
	
                  The significance threshold for rejecting the null hypothesis in genome-wide association studies.

                
	Minor allele frequency
	
                  (MAF). The frequency of the less common allele of a polymorphic locus. It has a value that lies between 0 and 0.5 and can vary between populations.

                
	Hardyâ€“Weinberg equilibrium
	
                  A principle stating that the genetic variation in a population will remain constant from one generation to the next in the absence of disturbing factors.

                
	Bayesian approaches
	
                  Fully probabilistic methods for describing models, parameters and data. They are so called because extensive use is made of Bayes' theorem to compute the probability distribution of model parameters given the experimental data.

                
	Bonferroni correction
	
                  A method to counteract the problem of multiple comparisons. It is the simplest and most conservative approach to control for type I error.

                
	Type I error
	
                  The probability of rejecting the null hypothesis when it is true. For genetic association studies, type I errors reflect false-positive findings of associations between allele or genotype and disease.

                
	Linkage disequilibrium
	
                  The nonrandom association of alleles of different linked polymorphisms in a population.

                
	Population stratification
	
                  The presence of several population subgroups that show limited interbreeding. When such subgroups differ both in allele frequency and in disease prevalence, this can lead to erroneous results in association studies.

                
	Principal components
	
                  A composite variable that summarizes the variation across a larger number of variables, each represented by a column of a matrix.

                
	Main effects
	
                  The effects of a variable assuming no dependency or conditionality of other variables.

                
	Bivariate meta-analysis
	
                  Joint synthesis of two phenotypes by using their correlation.

                
	Asymptotic assumptions
	
                  When the sample size in a data set grows indefinitely, then the distribution of the estimators becomes approximately normal.

                
	2 Ã— 2 tables
	
                  A 2 Ã— 2 table that describes the cross-classification of data that are divided into two groups with two categories in each.

                
	Collapsing approach
	
                  Statistical methods for association analysis in which multiple low-frequency or rare variants are collapsing into a single locus.

                
	Lambda inflation factor
	
                  A metric used in genetic association studies to correct for spurious associations (which may arise owing to population stratification) by estimating the extent of inflation in the statistical evidence and appropriately down-weighting this inflation.
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