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4. Rationale:  

 

Genome-wide Association Studies (GWASs) for complex diseases often collect data on 

multiple correlated endo-phenotypes. The standard approach to analyze these phenotypes 

is to perform single-trait analyses separately and report the findings for each individual 

trait. van der Sluis et al. (2013) demonstrated several alternative models which would 

benefit from a joint analysis. Blair et al. (2013) illustrated the comorbidity between 

Mendelian disorders and different complex disorders, which indicates that there may be 

common genetic variants affecting several of these complex traits. Thus, multivariate 

analysis of these correlated phenotypes can improve the power to detect genetic variants.  

Several methods are developed to model correlated phenotypes, but they are 

computationally very intensive, especially when we are dealing with GWAS data (Kent 

Jr, 2009). Multivariate analysis of variance (MANOVA) can perform such association 

analysis at a GWAS level, but the behavior of MANOVA under different trait models has 

not been carefully investigated. Here we investigate the performance of MANOVA under 

various alternative trait models and propose a new method, USAT, that can analyze the 

joint association of a genetic variant with multiple traits. 

 

5. Main Hypothesis/Study Questions: 

 

Analyzing multiple disease-related phenotypes could potentially increase power to detect 

association of SNPs/genes with a disease. Moreover this joint analysis could reveal some 

pleiotropic genes involved in the biological development of the disease. The overall 

objective of this proposal is to study the performance of MANOVA in detecting 

association under different multiple trait models. We also intend to develop a novel 

method and software for studying association between genes and multiple correlated 

phenotypes. We intend to jointly model multiple disease (type 2 diabetes)-related 

phenotypes to study pleiotropic effect as well as to increase the power to detect 

association of SNPs with the disease. We intend to perform our analysis using the 

Caucasian population of ARIC cohort and compare our findings with the single SNP 

association findings for the disease.  

 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Variables/measurements from the ARIC main study database to be analyzed:   

 

Diabetes-related quantitative traits (fasting glucose, fasting insulin, 2-hr glucose) at visit 

4, demographic factors (age, gender, race/ethnicity); other diabetes risk factors (BMI, 

waist circumference) at visit 4; genotypes already generated using Affymetrix 6.0 array 

for ongoing GWAS projects. The diabetes status at visit 4 will be used to screen out 

diabetic individuals. 

 



Design and analysis: 

 

We propose to investigate the marginal effects of SNPs on type 2 diabetes related 

quantitative traits in the Atherosclerosis Risk in Communities (ARIC) Study. We will 

perform single SNP analysis with multiple correlated type 2 diabetes-related phenotypes.  

 

The traditional methods for multivariate modeling impose significant computational 

challenges. Here we compare five approaches such as minimum p-value method (minP), 

multivariate analysis of variance (MANOVA),  Fisher’s combination of p-values, Trait 

based association test (TATES), Sum of Squared Score (SSU) test through extensive 

simulation studies. We propose computationally efficient ways of applying these methods 

to study the effects of single genetic variant on multiple traits and show under what 

scenarios we gain power by modeling these traits simultaneously.  
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