Addressing the missing data issue in multi-phenotype genome-wide association studies
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Multi-phenotype genome-wide association studies (MP-GWAS) play an important role in improving the power for locus discovery. However, joint analysis of multiple phenotypes increases the proportion of missingness, leading to inefficiency of the standardly implemented complete case (CC) analysis. We investigated the properties of conditional imputation, multiple imputation (MI), expectation-maximisation (EM), and EM+MI within the MP-GWAS framework, and compared them with the full data and CC analyses. We simulated genetic data for 5,000 individuals using Hapgen2, and highly (r=0.64) and moderately correlated (r=0.33) phenotypes (three/nine/30/120) for these individuals in R. We randomly chose common (minor allele frequency, MAF=0.157), low-frequency (MAF=0.0208) and rare (MAF=0.0016) variants to be significantly (P<5×10-8) associated with the simulated phenotypes. We considered different proportions of missing data (1/2.5/5/10/20/30/40/50%) under the three mechanisms: missing completely at random (MCAR), missing at random (MAR), and missing not at random (MNAR). The resulting betas and SEs from the analyses regressing each SNP on the linear combination of the phenotypes, after applying the selected missing data methods, were compared to the true values from the full data analysis. These analyses showed that the estimates from MI/EM/EM+MI were the least biased, followed by those from conditional imputation, even under the scenario of MNAR, although MI assumes at least MAR. The performance of CC analysis worsened with higher number of phenotypes, although other approaches were not influenced neither by the number of phenotypes nor by the differences in phenotype correlations or MAF. In summary, MI/EM/EM+MI are recommended over the commonly applied CC analysis.

