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4. Rationale: text is modified from the CHS manuscript proposal submitted by Sina 

Gharib, the first author.  

 

ARIC participated in the CHARGE Consortium meta-analysis of genome wide 

association studies (GWAS) of lung function
1
. More recently, the CHARGE and 

SpiroMeta consortia have published large-scale GWAS meta-analyses of lung function
2
 

and airflow obstruction
3
. We propose to use these datasets to test our hypothesis that a 

pathway-based approach can increase the number of biologically plausible candidate 

SNPs for these clinically relevant phenotypes. 

 

Genome wide association studies have the potential to elucidate the genetic 

underpinnings of complex phenotypes in a comprehensive and unbiased manner
4
. 

Although a powerful approach, GWAS suffer from a number of limitations
4
. A key issue 

is identification of relatively limited SNPs that associate with the phenotype of interest 

because of rigorous statistical thresholds. These strict criteria are implemented, in part, to 

account for the large number of SNPs that are assessed simultaneously in genome-wide 

studies.  

 

We propose to circumvent some of these limitations by exploiting known biological 

functions and relationships of gene products to expand the pool of putative candidates. 

The rationale for this approach is straightforward: since complex diseases are the result of 

perturbations in biological pathways, genetic variation in more than one member of a 

given process will increase the likelihood that the pathway is causally linked to the 

disease. This hypothesis implies that less strict statistical cutoffs can be used if SNPs in 

multiple gene members of a biological process associate with the phenotype of interest.  

 

We would like to acknowledge that this approach has several limitations. First of all, our 

analysis must be limited to SNPs that map to loci of known genes (or within a defined 

region around them). Furthermore, polymorphisms in a given gene may not alter its 

expression level (at the mRNA or protein level). Finally, our assumption that multiple 

members of a biological module can have genetic variations may occur infrequently, 

thereby limiting the utility of our methods. 

 

However, there are a number of attractive features in a “pathway-centric” approach to 

GWAS. Incorporating known relationships among genes that also fulfill statistical criteria 

for association with a disease brings substantial biological relevance to an otherwise 

purely statistical decision on selecting putative candidates. Importantly, a pathway-based 

analysis may provide a much more meaningful benchmark for comparing multiple 

GWAS by focusing on “enriched” biological modules common to related phenotypes or 

across different populations.  

 

Ultimately, associating biological pathways with disease phenotypes has the potential to 

expand the pool of candidate genes used for biomarker analysis, provide mechanistic 

insights into the pathophysiology of complex disorders, and identify logical targets for 

therapeutic interventions. 

 



 

 

5. Main Hypothesis/Study Questions: 

Integrating biological knowledge with genome-wide association studies expands the 

number of lung function-associated candidate SNPs and may identify mechanistic 

pathways.  

 

 

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). 

 

The inputs for the pathway analysis are the meta-analyzed GWAS results for FEV1 and 

FEV1/FVC across the CHARGE cohorts that participated in the combined meta-analysis 

with the SpiroMeta consortium (2). Although that paper meta-analyzed across all 

CHARGE and SpiroMeta cohorts in this paper we propose a replication approach. We 

will meta-analyze the CHARGE cohorts and will perform pathway analysis on them.  We 

will then repeat in the SpiroMeta cohorts. We will then look at top pathways from the 

overlap. We will use airflow obstruction jointly meta-analyzed across both consortia as a 

secondary analysis. We provide more detail below.  

 

We will begin by simplifying the complex structure of this dataset. As part of the 

completed lung function meta-analyses, the CHS dataset has already undergone standard 

statistical analyses including phenotype modeling, genotype analysis (e.g., determination 

of Hardy-Weinberg equilibrium, imputation), and phenotype-genotype association (e.g., 

modeling of residuals to determine effect estimates, standard errors, P-values). Therefore, 

no additional analyses at the genotype-phenotype level will be needed. 

 

 

The procedure described below will be applied separately to the following pulmonary 

phenotypes:  

a. FEV1. 

b. FEV1/FVC. 

c. Airflow obstruction, defined as FEV1 and FEV1/FVC below the lower limit of 

normal
7
; this analysis will be performed in all participants and in subsets of 

subjects based on smoking status. 

 

We will begin by simplifying the complex structure of this dataset. Genotyped and 

imputed SNVs from lung function GWAS (n ≈ 2.510
6
) will be mapped to genes if 

within a 100 kb distance (upstream or downstream). For a given SNV, if multiple genes 

are located within this range, the closest gene will be selected and assigned the 

association P-value. Since multiple SNVs can map to the same gene, a SNV label 

permutation will be used to reduce biases caused by larger loci having disproportionately 

higher number of SNVs. Log-transformed association P-values (–log10[P]) will be used 

to rank order the resulting gene list (~17,700 genes) and calculate gene set enrichment 



scores (ES). Approximately 2,000 gene sets will be obtained from the Molecular 

Signatures Database (http://www.broadinstitute.org/gsea/msigdb) (8,9). The gene sets 

will be limited to curated pathways derived from multiple resources such as KEGG, 

BioCarta, REACTOME, and functional annotations extracted from the Gene Ontology 

database. A modified version of GSEA procedure will be performed using SNV label 

permutation analysis to generate a distribution of ES and adjust for multiple testing using 

false discovery rate (FDR). Significant enrichment of gene sets will be determined at 

FDR < 5%. 

 

Step-wise validation of functional enrichment analysis. A two-step approach will be 

taken to independently validate enriched pathways associated with lung function. The i-

GSEA4GWAS algorithm will be initially applied to the CHARGE pulmonary function 

GWAS and enriched gene sets will be identified if they meet an FDR < 5% for either 

FEV1 or FEV1/FVC. Next, the same procedure will beimplemented in the SpiroMeta 

consortium GWAS for FEV1 and FEV1/FVC. We will restrict further analysis to those 

enriched pathways in CHARGE (FDR < 5%) that are also significantly enriched in 

SpiroMeta (FDR < 5%).    

 

Cluster analysis. Two-way unsupervised hierarchical clustering will be performed on 

enriched pathways based on the membership profile of gene sets and their associated 

genes’ log-transformed P-values (–log10[P]) using Pearson’s correlation metric (10).  

 

Literature mining. We will use PubMatrix (11) an online multiplex comparison tool for 

querying “search” and “modifier” terms within NCBI’s PubMed database, to index 

published literature on the role of enriched gene sets and their associated gene members 

in influencing lung function. The search terms are either pathway-associated gene 

symbols (n = 3878) or pathway names (n = 131), and the modifier term is “pulmonary 

function”. 

 

  

http://www.broadinstitute.org/gsea/msigdb
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