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4. Rationale: 

 



Iron overload has been associated with cardiovascular disease. The accumulation of iron inside 

the cell releases free radicals, causing oxidant-mediated cellular injury and development of 

cardiomyopathy,
1
 eventually resulting in HF. Likewise, iron overload can cause peroxidation of 

LDL cholesterol in the arteries leading to atherosclerotic lesions resulting in coronary disease. 

Although hemochromatosis, the main cause of iron overload, might lead to HF
2
 and coronary 

disease,
3
 it is still unclear whether genetic variants that predispose to the development of 

hemochromatosis are associated with cardiovascular consequences as arterial hypertension, and 

cardiac structural and functional changes in the general population. 

Hereditary hemochromatosis is a leading cause of iron overload and is most commonly caused 

by mutations in the HFE (High Fe) gene. Three main variants have been associated with iron 

overload phenotype: rs1800562 (C282Y), rs1799945 (H63D), and rs1800730 (S65C). An 

analysis from the ARIC Study population found that about 37% of the white population were 

carriers or homozygotes for the C282Y or H63D variants. Although the phenotypic penetrance of 

these variants is low, they are associated with higher levels of ferritin or transferrin saturation 

among carriers than non-carriers in the general population.
4
 As ferritin levels, reflecting iron 

stores, are independent predictors of vascular damage,
5
 we hypothesize that HFE genes might be 

associated with a higher incidence of hypertension and changes in cardiac structure and function.  

The ARIC Study has a large bi-racial population with data on HFE mutation and long-term 

follow-up with validated adjudication of incidence of arterial hypertension and also 

echocardiography measures at Visit 5, being a high quality cohort to evaluate the association 

between HFE mutation, incident hypertension, cardiac structure and function and cardiovascular 

disease. 

  

Aim: 

We propose to test the association between genes variants of iron metabolism and risk of arterial 

hypertension, and cardiac structure and function assessed by echocardiography. 

 

5. Main Hypothesis/Study Questions: 

Gene variants that alter iron metabolism are associated with a higher risk of arterial stiffness 

resulting in hypertension, and changes in cardiac structure and function in an elderly population. 

 



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 methodological limitations or challenges if present). 

 

We will include individuals who were tested for HFE gene mutations at Visit 1 and will evaluate 

the association with incident arterial hypertension and arterial stiffness dynamically, across all 

five visits, as well as the association with echocardiographic parameters at Visit 5. We will 

exclude participants without information regarding HFE mutation. 

  

Variables to be evaluated 

Exposures variables: 

rs1800562 (C282Y), rs1799945 (H63D), and rs1800730 (S65C) genotypes 

 

Outcome variables:  

- Incidence of arterial hypertension (Visits 1 to 5), pulse pressure (Visits 1 to 5), pulse 

wave velocity and arterial elastance  

- Left ventricular dimensions, volume, systolic function evaluated by ejection fraction, LV 

diastolic measures, LA dimensions, tissue Doppler and speckle tracking based strain 

(longitudinal, circumferential and radial), RV dimension, volumes, and function. 

- Incident heart failure, coronary disease, stroke, and all cause mortality. 

 

Other covariates: 

- Demographic characteristics (age, race, sex, and ARIC center) 

- Cardiovascular risk factors (diabetes mellitus, dyslipidemia, systolic and diastolic blood 

pressure, body mass index, and smoking status) 

 

Analytical approach: 

Categorical data will be reported as percent frequencies and compared by chi-squared or Fischer 

exact tests. Mean and standard deviation will be used to display continuous normally distributed 

data. Non-normally distributed data will be displayed as median and 25
th

 -75
th

 percentile. The 

association of HFE variants with hypertension will be analyzed using logistic regression models. 

We will create a univariate and a multivariable model to identify both the unadjusted and 



adjusted risk of the outcomes of interest. Incident HF, coronary disease, stroke and death will be 

calculated and presented as events per 1000 person-years at risk. Analysis of genetic variants and 

cardiovascular events and death will be performed using Cox proportional hazards model. We 

will test for interaction for age and sex on the HFE mutation and cardiovascular outcomes. If 

sustained by a significant interaction, we will perform a stratified analysis by age and sex strata. 

We will also test for interaction considering HFE genes as an effect modifier on the association 

between cardiovascular risk factors (such as hypertension, diabetes, and dyslipidemia) and 

cardiovascular events. The association between HFE mutation, measures of arterial stiffness and 

echocardiography outcomes will be analyzed with multivariable linear regression controlling for 

potential confounders as: age, sex, BMI, ARIC center, arterial hypertension, diabetes mellitus, 

dyslipidemia, and smoking status. We will use visit 1 as baseline for this analysis. P-values 

<0.05 will be considered significant. 

 

Limitations: 

The association between HFE mutation and arterial hypertension, echocardiographic parameters, 

and cardiovascular disease will be analyzed without data about iron status, limiting the 

information in terms of phenotypic presentation. 
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