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	Tentative Lead Investigator (first author)
	Rachel Knevel 

	Tentative Senior Author (last author)
	Beth Karlson / Soumya Raychaudhuri

	All other authors 
	TBD

	Sites Involved
	We welcome participation of all sites.

	Background / Significance
	Auto-immune diseases (AID) are complex diseases that are likely caused by a combination of genetic and environmental risks. The majority of these diseases are diagnosed based on clinical observations because the underlying pathology of the AID is unclear.
In the past decades, studies to the association of the genome with individual AID provided new insights into the pathology of AID. In addition, there is growing evidence that complex traits in AID share risk alleles (pleiotropy). Possibly, the clinical heterogeneity that we observe does not reflect pathologic heterogeneity.  
The evident next step is to combine the AID in a PheWAS to find additional genetic associations and to elucidate the pleiotropy and heterogeneity of AID. The opportunity to accomplish this has emerged since the use of EMR-linked genetic data to search across large numbers of phenotypes was validated.1
The aim of our proposed study is to improve the understanding of the pathology of AID by studying genetic associations with a large set of AID, using algorithms to parse EMR data. Subsequently we will discern pleiotropic effects from clinical/genetic heterogeneity. 



	Outline of Project
	The project will undertake several analyses:

0. Selection of AID phenotypes by ICD-9 codes
Cases are defined by the presence of ≥3x ICD-9 codes  of the same AID with ≥ 7 days between the code assignment. 
1. PheWAS (eMERGE imputed SNPS) to AID defined by ICD 9 codes 
a. Genome wide association study of AID categories vs controls and vs each other:
- joint related 

- connective tissue disease

- vasculitis

- neurologic

- skin

- hematologic
- endocrine 

- gastro-intestinal

b. In depth analyses of the top results of 2b as defined by association p-values. Studying the individual AID of the categories that showed significant results.
c. Computed phenotypes using automatic feature extraction programming on codified data
2. Test pleiotropy and heterogeneity 
Combine the genetic risk variants of individual diseases into genetic risk scores (GRS) (e.g. rheumatoid arthritis, systemic lupus erythematosus, type 1 diabetes, ulcerative colitis, Crohn’s disease, multiple sclerosis) and test the presence of the genetic risk variants in other AIDs. 

	Desired

Variables (essential for analysis

indicated by *)
	Genotypes:

· Genome-wide genotypic data with imputed data.

Phenotypes: 
· Primarily: ICD-9 codes and/or PheWAS strings/codes

· Secondarily  (= preferable, if available): treatment, number of visits, age of onset, sex, race, adult onset, childhood onset, site

	Desired data
	Genotypes from eMERGE imputed dataset.
ICD 9 code (presence/absence and frequency)
Demographic variables, treatment data (if available). 

	Planned Statistical Analyses
	0. a. Phenotypes are selected using algorithms based on ICD9 code frequencies plus medication data.
b. For sub analyses (such as disease specific analyses), in case needed and available, more specific algorithms including treatment will be employed.  
1. Three steps of analyses testing association of individual SNPs with
a. phenotypic categories of AID
b. individual AID

c. AID selected with more precise algorithms. 

In case needed multivariable analyses, correcting for confounding factors such as sex will be employed.
Inverse variance weighting meta-analysis (depending on the heterogeneity between the hospital sites). Only significant
2. BUHMBOX (http://software.broadinstitute.org/mpg/buhmbox/)
This tool distinguishes pleiotropy and heterogeneity, by testing whether alleles of disease A are enriched in disease B.

	Ethical considerations
	There are no additional risks involved than the known risk of eMERGE data collection. Informed consent is obtained on all patients to provide blood for DNA analyses. The phenotypic and genetic data will be stored at a secured location in the data storage system at Partners Enterprise Research Information System (ERIS). No data will be shared with unauthorized third parties. Patient’s identity will not be compromised by the proposed analysis. We will also abide by the eMERGE guidelines in this regard.



	Target Journal
	TBD (depending on impact: Nature Genetics / NEJM)


	Milestones**
	Total Duration of the study: 12 months

Phenotype collection: 2 months 

PheWAS analysis: 4 months 

Draft of manuscript to authors:  May 2017
First submission:  August 2017
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