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4. Rationale:  
 
 Coronary microvascular dysfunction (CMD) recently has been postulated to be integral 
part of the pathogenesis of HFpEF.1,2 Cellular adhesion molecules (CAMs) including 
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intercellular adhesion molecule (ICAM)-1, vascular cellular adhesion molecule (VCAM)-1, and 
E-selectin are biomarkers of endothelial activation that play an important role in initiation of the 
inflammatory response and the subsequent inflammatory cascade that results in CMD. Their role 
involves the binding and recruitment of leukocytes into the subendothelial space. Leukocytes 
then induce a reactive fibrosis through secretion of transforming growth factor-beta (TGF-β) and 
subsequent conversion of fibroblasts to myofibroblast with enhanced collagen deposition. They 
also promote oxidative stress and reduced nitric oxide bioavailability all thought to contribute to 
CMD.3  
 
Given their role in endothelial activation, CAMs have been implicated in the pathogenesis of 
HFpEF.4–7 Upregulated expression levels of ICAM-1 and E-selectin have been found in 
myocardial tissue of patients with HFpEF as well as murine mouse models of HFpEF.4–6 Higher 
levels of ICAM-1 and E-selectin where independently associated with adverse LV systolic 
indices as well as mediators between BMI, black race and global longitudinal strain.4,7 Despite 
these findings, multiple GWAS using HF as a trait did not find variant associations near genes 
encoding for these proteins.8–11 These studies, however, had heterogenous classifications for HF. 
 
Given the plausible causal relationship between CAMs and HFpEF, we hypothesize that 
polymorphisms affecting gene expression of these proteins would be associated with incident 
HF. Our criteria for SNP selection includes: (1) Genotyped by Affymetrix Genome-Wide Human 
SNP Array 6.0 or Infinium HumanExome BeadChip used in MESA SHARe cohort, (2) Have 
been associated with altered levels of soluble adhesion protein in prior GWAS, (3) reside within 
the aforementioned candidate genes and have a global minor allele frequency greater than 5%, 
and (4) are missense variants. Using these criteria, 3 missense SNPs (rs1799969, rs5491, rs5498) 
were identified in the ICAM1 gene, which have been associated with soluble ICAM (sICAM1) 
and many cardiovascular phenotypes in variable populations.12–18  
 
5. Main Hypothesis/Study Questions: 
Aim: Evaluate the association between candidate SNPs with incident HF and its subtypes 
(HFpEF and HFrEF) in MESA. We aim to validate these associations separately in the ARIC 
cohort. 
 
Hypothesis: SNPs of candidate genes are associated with incident HF and subtypes (HFpEF and 
HFrEF) 
 
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). 
 
Study design: Cohort epidemiology study relating genetic exposure to clinical outcomes 
 
Exposures: 3 SNPs (as genotyped or imputed on the TOPMED panel): rs1799969, rs5491, 
rs5498 

Outcome: Incident HF (HFpEF and HFrEF) 
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Variables of Interest at baseline: age, sex, race, education, height, weight, body mass index 
(BMI), systolic blood pressure, resting heart rate, antihypertensive treatment, diabetes, smoking, 
alcohol, creatinine, estimated glomerular filtration rate (eGFR) by CKD-EPI creatinine based 
equation, total cholesterol, LDL, HDL, OSA, physical activity level, diet, menopause, family 
history of HF, genetic ancestry (PCs). 
 
Exclusions: Missing genetic or covariate data; missing f/u data 
 
Statistical Analysis 
Adjusted associations of each SNP with incident HF and HF subtypes (HFpEF and HFrEF) will 
be assessed using Cox proportional hazard models. We will stratify analyses by race/ethnicity 
group. Covariates will be selected based on known biology or prior associations. The first model 
will adjust for age, sex, and genetic ancestry (principal components). Fixed effect meta-analysis 
will be used to combine results across the race groups, as implemented in METAL. All statistical 
analyses will be performed using R statistical software.   
 
We plan to validate associations of SNPs with incident HF and its subtypes in the ARIC cohort. 
 
Summary/Conclusion 
The proposed study will further investigate the relationship between CAMs and heart failure. 
Finally, it might add support for the importance of coronary microvascular dysfunction in 
HFpEF.  
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