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4. Rationale:

Alterations in iron metabolism, either deficiency or overload, have been associated with damage
to the cardiovascular system.” Increases in body iron store are associated with oxidation of low
density lipoprotein cholesterol®, oxidative stress, endothelial dysfunction and acceleration of
atherosclerosis.® Likewise, iron deficiency has been related to oxidative stress® and
inflammation,” although the relationship with cardiovascular disease remains controversial.

It is acknowledged that severe iron overload secondary to hemochromatosis may lead to heart
failure,’ 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.” Additionally, some authors suggest that iron overload can increase the risk of
coronary heart disease even in the absence of hemochromatosis. This relationship is supported
by the known association between iron storage and cardiovascular risk factors, especially type 2
diabetes® and metabolic syndrome.®*° Nevertheless, the majority of epidemiological studies have
failed to confirm a relationship between iron overload and coronary disease or stroke.'**?
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."*'* Iron deficiency is associated with an ominous prognosis in patients
with heart failure™ and a study on elderly population showed that iron deficiency was
independently associated with cardiovascular mortality."® However, some authors have
speculated that iron deficiency can protect against cardiovascular disease.'®

In the United States, the prevalence of iron deficiency is estimated of 11% in women and 1% in
men® 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:*°
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.

7.a. Will the data be used for non-CVD analysis in this manuscript? Yes X No



b. If Yes, is the author aware that the file ICTDERO03 must be used to exclude persons
with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA
analysis RES DNA = “CVD Research” would be used? ~__Yes __ No
(This file ICTDERO3 has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript? Yes X No

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the file ICTDERO3 must be used to exclude those with value
RES_DNA = “No use/storage DNA”? Yes No

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC
Study manuscript proposals and has found no overlap between this proposal and
previously approved manuscript proposals either published or still in active status.
ARIC Investigators have access to the publications lists under the Study Members Area of
the web site at: http://www.cscc.unc.edu/ARIC/search.php

_X_Yes No

10. What are the most related manuscript proposals in ARIC (authors are encouraged to
contact lead authors of these proposals for comments on the new proposal or
collaboration)?

1- Hemochromatosis gene polymorphism and incident CHD. Manuscript #599

Rasmussen ML, Folsom AR, Catellier DJ, Tsai MY, Garg U, Eckfeldt JH. A prospective study
of coronary heart disease and the hemochromatosis gene (HFE) C282Y mutation: the
Atherosclerosis Risk in Communities (ARIC) study. Atherosclerosis. 2001 Feb 15;154(3):739-
46.

2- Association of plasma ferritin and incident diabetes. Manuscript # 946

A prospective study of plasma ferritin level and incident diabetes: the Atherosclerosis Risk in
Communities (ARIC) Study. Jehn ML, Guallar E, Clark JM, Couper D, Duncan BB, Ballantyne
CM, Hoogeveen RC, Harris ZL, Pankow JS. Am J Epidemiol. 2007 May 1;165(9):1047-54.

3- Moore M, Folsom AR, Barnes RW, Eckfeldt JH. No association between serum ferritin and
asymptomatic carotid atherosclerosis. The Atherosclerosis Risk in Communities (ARIC)
Study. Am J Epidemiol. 1995 Apr 15;141(8):719-23.


http://www.cscc.unc.edu/ARIC/search.php
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/17284722
http://www-ncbi-nlm-nih-gov.ezp-prod1.hul.harvard.edu/pubmed/17284722

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any
ancillary study data?
_ X __Yes ___No
11.b. If yes, is the proposal
A. primarily the result of an ancillary study (list number* )
_X_  B.primarily based on ARIC data with ancillary data playing a minor role
(usually control variables; list number(s)* #946)

*ancillary studies are listed by number at http://www.cscc.unc.edu/aric/forms/

12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the
approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public
has access to the published results of NIH funded research. It is your responsibility to upload
manuscripts to PUBMED Central whenever the journal does not and be in compliance with
this policy. Four files about the public access policy from http://publicaccess.nih.gov/ are
posted in http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms.
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals
automatically upload articles to Pubmed central.

References:

1. Tuomainen TP, Punnonen K, Nyyssonen K, Salonen JT. Association between body iron
stores and the risk of acute myocardial infarction in men. Circulation. 1998;97:1461-1466.

2. Heinecke JW. Oxidants and antioxidants in the pathogenesis of atherosclerosis: implications
for the oxidized low density lipoprotein hypothesis. Atherosclerosis. 1998;141:1-15.

3. Gudjoncik A, Guenancia C, Zeller M, Cottin Y, Vergely C, Rochette L. Iron, oxidative
stress, and redox signaling in the cardiovascular system. Mol Nutr Food Res. 2014;58:1721—
1738.

4. Yoo J-H, Maeng H-Y, Sun Y-K, Kim Y-A, Park D-W, Park TS, Lee ST, Choi J-R. Oxidative
status in iron-deficiency anemia. J Clin Lab Anal. 2009;23:319-323.

5. FanY, Wang J, Wei L, He B, Wang C, Wang B. Iron deficiency activates pro-inflammatory
signaling in macrophages and foam cells via the p38 MAPK-NF-«B pathway. Int J Cardiol.
2011;152:49-55.

6. Gujja P, Rosing DR, Tripodi DJ, Shizukuda Y. Iron overload cardiomyopathy: better
understanding of an increasing disorder. J Am Coll Cardiol. 2010;56:1001-1012.


http://www.cscc.unc.edu/aric/forms/
http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Murphy CJ, Oudit GY. Iron-overload cardiomyopathy: pathophysiology, diagnosis, and
treatment. J Card Fail. 2010;16:888-900.

Aregbesola A, Voutilainen S, Virtanen JK, Mursu J, Tuomainen T-P. Body iron stores and
the risk of type 2 diabetes in middle-aged men. Eur J Endocrinol Eur Fed Endocr Soc.
2013;169:247-253.

Ramakrishnan U, Kuklina E, Stein AD. Iron stores and cardiovascular disease risk factors in
women of reproductive age in the United States. Am J Clin Nutr. 2002;76:1256-1260.

Abril-Ulloa V, Flores-Mateo G, Sola-Alberich R, Manuel-y-Keenoy B, Arija V. Ferritin
levels and risk of metabolic syndrome: meta-analysis of observational studies. BMC Public
Health. 2014;14:483.

Knuiman MW, Divitini ML, Olynyk JK, Cullen DJ, Bartholomew HC. Serum ferritin and
cardiovascular disease: a 17-year follow-up study in Busselton, Western Australia. Am J
Epidemiol. 2003;158:144-149.

Sempos CT, Looker AC, Gillum RE, McGee DL, Vuong CV, Johnson CL. Serum ferritin
and death from all causes and cardiovascular disease: the NHANES Il Mortality Study.
National Health and Nutrition Examination Study. Ann Epidemiol. 2000;10:441-448.

Hsu H-S, Li C-I, Liu C-S, Lin C-C, Huang K-C, Li T-C, Huang H-Y, Lin W-Y. Iron
deficiency is associated with increased risk for cardiovascular disease and all-cause mortality
in the elderly living in long-term care facilities. Nutr Burbank Los Angel Cty Calif.
2013;29:737-743.

Corti MC, Guralnik JM, Salive ME, Ferrucci L, Pahor M, Wallace RB, Hennekens CH.
Serum iron level, coronary artery disease, and all-cause mortality in older men and women.
Am J Cardiol. 1997;79:120-127.

Rangel I, Goncalves A, de Sousa C, Leite S, Campelo M, Martins E, Amorim S, Moura B,
Silva Cardoso J, Maciel MJ. Iron deficiency status irrespective of anemia: a predictor of
unfavorable outcome in chronic heart failure patients. Cardiology. 2014;128:320-326.

Sullivan JL. Iron and the sex difference in heart disease risk. Lancet. 1981;1:1293-1294.

Punnonen K, Irjala K, Rajamaki A. Serum transferrin receptor and its ratio to serum ferritin
in the diagnosis of iron deficiency. Blood. 1997;89:1052-1057.

Looker AC, Dallman PR, Carroll MD, Gunter EW, Johnson CL. Prevalence of iron
deficiency in the United States. JAMA. 1997;277:973-976.

Available at www.who.int/nutrition/publications. Accessed November 25, 2014.



http://www.who.int/nutrition/publications

