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	Project Title
	Genetic assessment of neuropsychiatric and metabolic comorbidities among autoimmune disease patients

	Tentative Lead Investigator (first author)
	TBD

	Tentative Senior Author (last author)
	Lynn Petukhova

	All other authors 
	Madeline Richey, Maurine Tong, Krzysztof Kiryluk, George Hripcsak, Chunhua Weng, Paul S. Appelbaum, Wendy K. Chung, any additional eMERGE authors interested in participating

	Sites Involved
	We propose a network-wide study (all sites invited to participate). The analyses will be led by Columbia University.

	Background / Significance
	It is well established that having one autoimmune disease increases risk for others and that there is a biological basis underlying these comorbidities.  However, far fewer studies have investigated risk of diseases that are not typically thought to be immune mediated, such as neuropsychiatric and metabolic disorders, within the context of autoimmunity.  Some notable exceptions include epidemiological studies that have established links between psoriasis and obesity, lupus and neuropsychiatric disorders, and rheumatoid arthritis and heart disease.  A large-scale study of ICDs codes in EHR at Columbia University Medical Center (CUMC) revealed that such associations are pervasive across many autoimmune diseases. What remains unclear from such studies is the causal structure underlying these co-occurrences and if confounding or bias is contributing to the associations observed in epidemiological studies.  Importantly, EHR linked to genetic data permits rapid and cost-efficient exploration of causal order, confounding and bias with the use of genetically predicted risk scores of comorbid conditions.

Mendelian randomization is an analytic method developed to provide causal effect estimates unbiased by confounders, and may also be used to infer causal order between an exposure and an outcome.  Briefly, genetic markers that are associated with the exposure and not with confounders are used as an instrumental variable to test for association between the exposure and outcome.  Recently, an extension of this method has been deployed in GWAS to investigate comorbidities that previously had been identified in epidemiological studies. Within this context, the underlying assumption is that SNPs found to be associated with one condition capture information about disease mechanisms that are shared with a second (comorbid) condition. Therefore, risk alleles from SNPs that genetically define a shared disease mechanism should be enriched also in a cohort ascertained on the comorbid condition.

The CUMC ICD study identified associations between autoimmune diseases and neuropsychiatric disorders, including depression, migraine, epilepsy, bipolar disorder, ADHD, Schizophrenia, Alzheimer’s disease and alcoholism.  Metabolic disturbances were suggested by increased co-occurrences among autoimmune patients for disorders of lipid, mineral, carbohydrate and amino acid metabolism, as well as type 2 diabetes and associated conditions.  A recent survey of GWAS results have identified 1997 SNPs that are associated with one or more of these conditions, as well as BMI and insulin resistance, which may be used to create up to 18 instruments to test for a biological basis to comorbidities.
The goal of this study is to leverage data in eMERGE to perform Mendelian randomization studies with genetic risk scores for neuropsychiatric and metabolic disorders to test for comorbidities with autoimmune disease.  Understanding the biological basis of connections between metabolism, neuropsychiatric disease, and autoimmunity could have profound implications for our understanding of human physiology and alter disease management practices.

	Outline of Project
	The project will be conducted in several stages:

1. EMERGE autoimmunity and inflammation phenotypes and sub-phenotypes will be completed, implemented and validated prior to this study 

2. Mendelian randomization analyses will be performed utilizing all genotype risk scores described in Background/Significance.

3. Manuscript preparation and submission

	Desired

Variables (essential for analysis

indicated by *)
	Implementation of standardized Columbia EMERGE phenotypes related to autoimmunity and inflammation across all sites with available GWAS datasets: 

· Autoimmunity phenotype (Columbia EMERGE III)*

· Comorbid condition ICD code.

· Age, sex, race/ethnicity, type of ascertainment (if disease-driven)*

	Desired data
	· Standardized autoimmunity/inflammation phenotypes.
· Imputed genotype data from all EMERGE sites for a subset of SNPs included in our instruments to assess genetically defined comorbidities across neuropsychiatric and metabolic disorders.

	Planned Statistical Analyses
	Genetic risk scores (GRS) for up to 18 neuropsychiatric or metabolic diseases or traits will be calculated using SNPs reported at genome-wide significance (https://www.ebi.ac.uk/gwas/search), weighting each SNP by its effect estimate.  These risk scores will be derived from individual level genotype data for 1997 requested SNPs. GRS will be tested for association with the autoimmune and inflammatory disease types as defined by the Columbia EMERGE III phenotype with linear regression (Lawlor et al., 2008).


	Ethical considerations
	There are no additional risks involved. The EMR and genomic data will be stored at a secured location in the CUMC data storage system. No data will be shared with unauthorized third parties. Patient identity will not be compromised by the proposed analysis. We will also abide by the EMERGE guidelines in this regard.


	Target Journal
	TBD

	Milestones**
	Implementation of Mendelian randomization analyses: 2017

Draft of manuscript to authors: 2018

First submission: by the end of 2018




** This section should include:  Timeline for completion of project, including approval, project duration, first and second draft of the paper and submission. 
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