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4. Rationale: 

 

Alterations in iron metabolism, either deficiency or overload, have been associated with damage 

to the cardiovascular system.
1
 Increases in body iron store are associated with oxidation of low 

density lipoprotein cholesterol
2
, oxidative stress, endothelial dysfunction and acceleration of 

atherosclerosis.
3
 Likewise, iron deficiency has been related to oxidative stress

4
 and 

inflammation,
5
 although the relationship with cardiovascular disease remains controversial. 

It is acknowledged that severe iron overload secondary to hemochromatosis may lead to heart 

failure,
6
 regardless of the presence of coronary disease. High iron levels lead to iron deposit into 

cardiomyocytes provoking direct cell damage and consequent left ventricular remodeling and 

dysfunction.
7
 Additionally, some authors suggest that iron overload can increase the risk of 

coronary heart disease even in the absence of hemochromatosis.
1
 This relationship is supported 

by the known association between iron storage and cardiovascular risk factors, especially type 2 

diabetes
8
 and metabolic syndrome.

9,10
 Nevertheless, the majority of epidemiological studies have 

failed to confirm a relationship between iron overload and coronary disease or stroke.
11,12

 

Therefore, there are conflicting findings and scarce data in the role of non-hemochromatosis iron 

overload in the incidence of heart failure. 

Similarly, studies about the impact of iron deficiency in cardiovascular disease have provided 

contradictories results.
13,14

 Iron deficiency is associated with an ominous prognosis in patients 

with heart failure
15

 and a study on elderly population showed that iron deficiency was 

independently associated with cardiovascular mortality.
13

 However, some authors have 

speculated that iron deficiency can protect against cardiovascular disease.
16

  

In the United States, the prevalence of iron deficiency is estimated of 11% in women and 1% in 

men
18

 and iron overload related to hemochromatosis of 0.5-1%. In consequence, the 

identification of an association between iron imbalance and cardiovascular disease can have a 

great impact in health care. 

This study aims to evaluate the association between iron status and incidence of cardiovascular 

events (stroke, coronary disease, and heart failure) and death in the population of the ARIC 

study. 

 

5. Main Hypothesis/Study Questions: 

 Iron imbalance, presented either as iron overload or iron deficiency, is associated with a 

higher rate of cardiovascular events (heart failure, stroke, coronary disease) and death. 

 

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). 

 

Study Design and Inclusion/Exclusion Criteria: 

 

We will perform an analysis of iron status based on ferritin serum levels from Visit 1 and 

evaluate the association with stroke, heart failure, coronary disease and death through the period 

until visit 5. The study sample will include all patients who had measured the ferritin level in 

Visit 1 (1987-1989). We will exclude patients with stroke, coronary disease and heart failure 

diagnosed at Visit 1. 

 



Variables to be evaluated  
 

Exposures variables: 

1) Ferritin levels evaluated as continuous variable and categorized on ferritin levels:
19

 

a. Iron defeciency (ferritin≤15 mcg/L) 

b. Normal range (ferritin between 15-200 mcg/L) 

c. Iron overload (ferritin≥200 mcg/L) 

 

Outcome variables:  

Incidence of heart failure, stroke, coronary artery disease (myocardial infarction or angina) and 

death. 

 

Potential covariates:  
Demographic characteristics (age, race, sex, body mass index, ARIC center), cardiovascular risk 

factors (arterial hypertension, dislipidemia, alcohol consumption, smoking status, LDL-C, HDL-

C ), blood pressure, use of antihypertensive medications or statins, glucose, plasma lipid levels 

(i.e. HDL and LDL cholesterol, triglycerides), inflammatory markers (C-reactive protein and 

interleukin-6), creatinine clearance, hemoglobin.  

 

Analytical approach:  
Continuous normally distributed data will be displayed as mean and standard deviation and 

continuous non-normally distributed data will be displayed as median and interquartile range. 

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

exact tests. Continuous data will be compared by Wilcoxon rank sum test, t test, Kruskall-Wallis 

test and 1-way ANOVA followed by Bonferroni test as appropriate. Associations between 

ferritin and cardiovascular events will be evaluated using multivariable logistic regression 

analyses adjusting for the significant covariates. Analysis on the effect of ferritin in the incidence 

of heart failure, stroke, coronary artery disease (myocardial infarction or angina) and death will 

be performed using Cox proportional hazards model. We will create a univariate and a 

multivariate model to identify both the unadjusted and adjusted risk of the outcome of interest. 

The multivariate model will include the potential confounders: age, race, sex, body mass index, 

ARIC center, arterial hypertension, dislipidemia, alcohol consumption, smoking status, C-

reactive protein, interleukin-6, creatinine clearance, and hemoglobin. P-values <0.05 will be 

considered significant. 

 

Limitations: 

 

A limitation of this study is that ferritin is the only marker of iron status and its serum level can 

be influenced by inflammation. To minimize this limitation, inflammatory markers, such as C-

reactive protein and interleukin-6, will be included as covariates in the model for analysis. 

Additionally, the sample is composed by patients without diabetes in visit 1, which limits the 

results for non-diabetes patients. 
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