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In this issue of HEPATOLOGY, Failla et al. show that patients
with genetic hemochromatosis have significant eccentric hy-
pertrophy of the radial artery although none of them have
arterial hypertension or evidence of cardiovascular disease.1
The investigators suggest that the structural arterial changes
may be accompanied by functional changes in arterial disten-
sion (stiffening). The structural alterations were largely re-
verted by iron depletion; similarly, artery wall stiffening im-
proved, although the initial abnormality was not significant.
The investigators conclude that in patients with hemochro-
matosis, arterial wall thickness is increased before the onset of
cardiovascular complications. They did not study potential
mechanisms by which iron overload could cause these arterial
changes. They did review recent literature, which explores the
association between iron and atherosclerosis.

The investigators chose to study arterial alterations in
hemochromatosis as a “human model” of the effect of marked
iron overload on cardiovascular disease and atherosclerosis. If
iron excess contributes to the atherosclerotic process, compli-
cations of atherosclerosis should be an early and prominent
clinical feature in hemochromatosis. The finding that iron
overload leads to marked eccentric hypertrophy of middle-
sized arteries in advance of other apparent cardiovascular dis-
ease supports this hypothesis. For hepatologists, and in par-
ticular for physicians and scientists who work in the field of
hemochromatosis and iron overload, the data reported by
Failla et al. are astonishing and beg the question whether (and
if so why) we have overlooked such an association for more
than a century.

Indeed it has become trendy to speculate about the hazards
of iron excess, rather than the hazards of iron deficiency,
which were a major focus during centuries of limited nutri-
tional iron supply. Today, in significant parts of the industri-
alized world, particularly in men, iron excess is found more
often than iron deficiency.2 The potential link between iron
and atherosclerosis has attracted increasing attention in re-
cent years as shown by the number of published studies (Fig.
1). The “Oxidative Stress Theory” suggests that the produc-
tion of tissue-damaging free radicals is an essential compo-
nent in the pathogenesis of numerous chronic diseases and
that iron may help to catalyze the reactions producing free
radicals.

Excessive iron may promote cardiomyopathy, arthropathy,
infection, fibrosis, and diabetes mellitus, as well as some ma-
lignant, endocrine, and neurodegenerative disorders (for re-
view see Weinberg3). Almost all of the disorders associated
with iron loading are manifest in genetic hemochromatosis in
which iron stores are markedly increased over a long period of
time. Recent discussion has focused on the question whether
slight iron excess (in subjects without genetic hemochroma-
tosis) contributes to the two diseases that cause most deaths,
i.e., atherosclerosis and neoplasia. Obviously hemochromato-
sis is an optimal situation in which to study such a potential
association. There are several reports that construct links be-
tween iron and atherosclerosis or cancer including the current
report by Failla et al. All of these articles begin with statements
indicating that “genetic hemochromatosis (is) associated with
increased cardiovascular morbidity and mortality.” Although
literally this is true, it is misleading in the present context.
There is overwhelming evidence that cardiomyopathy occurs
more frequently in patients with hemochromatosis than in
normal controls. However, there is also overwhelming evi-
dence that this cardiomyopathy is not caused by coronary
artery disease, but by iron-mediated damage to cardiomyo-
cytes. Coronary artery disease, other forms of ischemic heart
disease, stroke, and peripheral artery disease are not increased
in hemochromatosis. They may even be less frequent than in
control populations as assessed by large, partly prospective
cohort studies, epidemiologic studies, and autopsy studies.
Although Failla et al. mention that “older pathology reports
on hereditary hemochromatosis” do not provide evidence of
changes in large- and middle-size arteries4,5 it should be noted
that more recent, large, prospective clinical and epidemio-
logic studies also support the view that atherosclerosis is not
prominent in genetic hemochromatosis. Virtually all large co-
hort studies have shown beyond any doubt that atherosclero-
sis, coronary artery disease, stroke, and peripheral artery dis-
ease are rare clinical features and infrequent causes of death in
genetic hemochromatosis.6-10

A large autopsy study examined the prevalence of coronary
artery disease in patients with hemochromatosis and multior-
gan hemosiderosis from a registry of nearly 48,000 autopsies
performed at The Johns Hopkins Hospital (Baltimore, MD)
between 1889 and 1992.11 In a 2:1 control-case ratio, 82 con-
trols matched by age, race, and sex were compared with 41
cases with iron overload. Pathologic description of the coro-
nary arteries was carefully recorded as advanced or severe in
12% of iron-overload cases compared with 38% of controls
(P 5 .01). The prevalence of three-vessel disease assessed by
postmortem coronary arteriography was 11.1% in iron-over-
load cases compared with 33.3% in controls (P 5 .04). The
odds ratio of coronary artery disease with iron overload was
0.18 (95% confidence interval: 0.04-0.73). The investigators
cautiously concluded that iron overload resulting from hemo-
chromatosis or multiorgan hemosiderosis is not associated
with an increased prevalence of coronary artery disease.11 The
data even suggest that coronary artery disease may be less
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frequent and less severe in iron overload syndromes when
compared with control subjects. In addition, there are several
autopsy studies in patients with hemochromatosis who died
from cardiac causes. These deaths were almost exclusively
caused by cardiomyopathy with normal coronary arteries (lit-
erature in von Herbay et al.12).

As correctly cited by Failla et al., peripheral artery disease is
uncommon in patients with genetic hemochromatosis and
insulin-dependent diabetes.13,14 These studies show that even
in the presence of strong risk factors for atherosclerosis, such
as insulin-dependent diabetes mellitus, iron overload does not
promote peripheral artery disease.

A recent study searched Multiple-Cause Mortality Files
compiled by the National Center for Health Statistics for the
years 1979 to 1992 for all records listing hemochromatosis.15

These data were used to calculate age-adjusted and age-spe-
cific mortality rates, identify medical conditions associated
with a known diagnosis of hemochromatosis at death, and
calculate proportionate mortality ratios for these medical con-
ditions. As expected from previous studies, the association of
cardiomyopathy and hemochromatosis was increased about
4.8-fold over the expected ratio. However, deaths in which
other cardiac disorders were present, including acute myocar-
dial infarction, other ischemic heart disease, old myocardial
infarction, angina pectoris, and other chronic ischemic heart
disease, were not higher than expected in patients with hemo-
chromatosis but tended to be lower in patients who died with
hemochromatosis.15

Failla et al. mention some experimental evidence that iron
may contribute to the atherosclerotic plaque formation and
human studies that have reported a correlation between iron
stores and the risk of coronary disease or atherosclerosis.16,17

Along these lines, Sullivan suggested that iron depletion pro-
tects against ischemic heart disease and argued that the differ-
ence in the incidence of heart disease between men and
women may be caused by differences in their iron stores.18

The maximal gender difference in serum ferritin level is
reached at approximately 45 years of age and is about 300%.
The maximal gender difference in heart disease is also reached
at approximately 45 years and is also about 300%.19 The iron
hypothesis could explain the gender difference in coronary
disease as well as the low prevalence of coronary disease in
regions with a high prevalence of iron deficiency.18 However,
iron deficiency may be only one consequence of a globally
insufficient diet, which limits atherogenesis for other reasons.

The iron hypothesis could also explain the protective effect of
medication that causes gastrointestinal blood loss, e.g., aspi-
rin, or inhibits iron absorption, e.g., cholestyramine, and the
risk of an increasing effect of oral contraceptives, which are
known to decrease menstrual blood loss (for review and liter-
ature see de Valk and Marx20). If the iron hypothesis is true,
easy and effective ways to reduce the risk of cardiovascular
events would be through blood donation and abolition of iron
fortification of food and multivitamin preparations.20 If such
an iron hypothesis is true, coronary heart disease should be a
prominent feature of hemochromatosis and other forms of
severe iron overload.

Some epidemiologic studies (mainly from Finland) support
the hypothesis that high iron levels or iron stores (usually
serum iron or ferritin were measured) and heterozygous pres-
ence of the hemochromatosis gene Cys282Tyr mutation are
associated with an increased risk of myocardial infarc-
tion.16,17,21-26 As also mentioned by Failla et al., asymptomatic
carotid atherosclerosis assessed by duplex sonography has
been linked to high iron stores.16 Lowering of iron stores
reduced, and iron accumulation increased, cardiovascular
risk.26 The latter results, although intriguing, could not be
confirmed by further studies measuring carotid intima-media
thickness as an indicator for early asymptomatic atheroscle-
rosis.27,28

The vast majority of recent epidemiologic data, including
results from prospective, cross-sectional, case-control and au-
topsy studies, have failed to support the original hypothesis
that high body iron stores or heterozygosity for the
Cys282Tyr mutation of HFE increase the risk of coronary
heart disease, myocardial infarction, or atherosclerosis.29-48 In
the First National Health and Nutrition Examination Survey
Epidemiologic Follow-up Study, serum iron levels and trans-
ferrin saturation were not related to myocardial infarc-
tion.37,38 Sempos et al. even found an inverse association be-
tween transferrin saturation and coronary heart disease.39

Regnstrom et al. studied serum ferritin levels and serum iron
levels in 94 young male survivors of myocardial infarction 4 to
6 months after the event.40 They found no differences in fer-
ritin levels in myocardial infarction patients compared with
healthy controls and the patients had even lower serum iron
levels.

In sum, recent literature does not support the hypothesis
that iron contributes to atherosclerosis to a major degree al-
though further prospective studies are required to elucidate
this association. There is overwhelming evidence that athero-
sclerosis, coronary artery disease, stroke, and peripheral ar-
tery disease are neither prominent clinical features nor fre-
quent causes of death in genetic hemochromatosis. In view of
this solid background, the new and provocative findings of
Failla et al. are difficult to reconcile. The investigators them-
selves admit problems fitting their data to the well-known and
well-studied clinical features of hemochromatosis. Only fur-
ther studies will be able to resolve this apparent paradox. It
must also be kept in mind that many populations have a high
prevalence of the hemochromatosis gene Cys282Tyr muta-
tion, which is a relatively young mutation (probably less than
2,000 years old). If iron excess, even of a minor degree, is so
dangerous in contributing to atherosclerosis and cancer, it is
difficult to explain the extraordinary evolutionary advantage
to HFE heterozygotes.

FIG. 1. Number of articles (in the English language) dealing with the link
of iron and atherosclerosis published during the last 20 years. Publications
were assessed as “PubMed” hits when the topics “iron” and “atherosclerosis”
were examined via the Internet on June 22, 2000.
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eyer G. Long term survival in patients with hereditary hemochromatosis.
Gastroenterology 1996;110:1107-1109.

11. Miller M, Hutchins GM. Hemochromatosis, multiorgan hemosiderosis,
and coronary artery disease. JAMA 1994;272:231-233.

12. von Herbay A, Niederau C, Pelichowska M, Reinecke P, Perings C, Vester
E, Strohmeyer G, et al. Kardiomyopathie als Todesursache bei genetis-
cher Hämochromatose. Z Gastroenterol 1996;34:178-182.

13. Miller M, Hutchins GM. Haemochromatosis, multiorgan hemosiderosis
and coronary artery disease. JAMA 1994;272:231-233.

14. Passa P, Rousselie F, Gauville C, Canivet J. Retinopathy and plasma
growth hormone levels in idiopathic haemochromatosis with diabetes.
Diabetes 1977;26:113-120.

15. Yang Q, Sharo, McDonnell M, Muin MPH, Cono JKJ, Parrish RG. Hemo-
chromatosis-associated mortality in the United States from 1979 to 1992:
an analysis of multiple-cause mortality data. Ann Int Med 1998;129:946-
953.

16. Kiechl S, Aichner F, Gerstenbrand F, Egger G, Mair A, Rungger G, Spo-
gler F, et al. Body iron stores and presence of carotid atherosclerosis:
results from the Bruneck Study. Arterioscler Thromb 1994;14:1625-
1630.

17. Salonen JT, Nyyssonen K, Korpela H, Tuomilehto J, Seppanen R, Salonen
R. High stored iron levels are associated with excess risk of myocardial
infarction in eastern Finnish men. Circulation 1992;86:803-811.

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

19. Sullivan JL. Iron, hematocrit, and the sex difference in heart disease. Arch
Pathol Lab Med 1993;117:966-967.

20. de Valk B, Marx JJM. Iron, atherosclerosis, and ischemic heart disease.
Arch Intern Med 1999;159:1542-1548.

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

22. MacDonald HB. High stored iron levels are associated with excess risk of
myocardial infarction in eastern Finnish men. Circulation 1993;87:2063-
2064.

24. Morrison HI, Semenciw RM, Mao Y, Wigle DT. Serum iron and risk of
fatal acute myocardial infarction. Epidemiology 1994;5:243-246.

23. Tuomainen TP, Kontula K, Nyyssonen K, Lakka TA, Helio T, Salonen JT.
Increased risk of acute myocardial infarction in carriers of the hemochro-

matosis gene Cys282Tyr mutation: a prospective cohort study in men in
eastern Finland. Circulation 1999;100:1274-1279.

25. Roest M, van der Schouw YT, de Valk B, Marx JJ, Tempelman MJ, de
Groot PG, Sixma JJ, et al. Heterozygosity for a hereditary hemochroma-
tosis gene is associated with cardiovascular death in women. Circulation
1999;100:1274-1279.

26. Kiechl S, Willeit J, Egger G, Poewe W, Oberhollenzer F. Body iron stores
and the risk of carotid atherosclerosis: prospective results from the
Bruneck Study. Circulation 1997;96:3300-3307.

27. Rauramaa R, Vaisanen S, Mercuri M, Rankinen T, Penttila I, Bond MG.
Association of risk factors and body iron status to carotid atherosclerosis
in middle-aged eastern Finnish men. Eur Heart J 1994;15:1020-1027.

28. Moore M, Folsom AR, Barnes RW, Eckfeldt JH. No association between
serum ferritin and asymptomatic carotid atherosclerosis: the Atheroscle-
rosis Risk in Communities (ARIC) Study. Am J Epidemiol 1995;141:719-
723.

29. Sempos CT, Looker AC, Gillum RF. Iron and heart disease: the epidemi-
ologic data. Nutr Rev 1996;54:73-84.

30. Manttari M, Manninen V, Huttunen JK, Paloso T, Ehnholm C, Heinonen
OP, Frick MH. Serum ferritin and ceruloplasmin as coronary risk factors.
Eur Heart J 1994;15:1599-1603.

31. Frey GH, Krider DW. Serum ferritin and myocardial infarct. W V Med J
1994;90:13-15.

32. Stampfer MJ, Grodstein F, Rosenberg I, Willett W, Hennekens C. A
prospective study of plasma ferritin and risk of myocardial infarction in
US physicians [Abstract]. Circulation 1993;87:688.

33. Solymoss BC, Marcil M, Gilfix BM, Gelinas F, Poitras AM, Campeau L.
The place of ferritin among risk factors associated with coronary artery
disease. Coron Artery Dis 1994;5:231-235.

34. Baer DM, Tekawa IS, Hurley LB. Iron stores are not associated with acute
myocardial infarction. Circulation 1994;89:2915-2918.

35. Magnusson MK, Sigfusson N, Sigvaldason H, Johannesson GM, Magnus-
son S, Thorgeirsson G. Low iron-binding capacity as a risk factor for
myocardial infarction. Circulation 1994;89:102-108.

36. Sullivan JL. Low iron-binding capacity: an independent heart disease risk
factor? Circulation 1994;89:2947-2948.

37. Liao Y, Cooper RS, McGee DL. Iron status and coronary heart disease:
negative findings from the NHANES I Epidemiologic Follow-up Study.
Am J Epidemiol 1994;139:704-712.

38. Gillum RF, Sempos CT, Makuc DM, Looker AC, Chien C, Ingram DD.
Serum transferrin saturation, stroke incidence, and mortality in women
and men: the NHANES I Epidemiologic Follow-up Study. Am J Epide-
miol 1996;144:59-68.

39. Sempos CT, Looker AC, Gillum RF, Makuc DM. Body iron stores and the
risk of coronary heart disease. N Engl J Med 1994;330:1119-1124.

40. Regnstrom J, Tornvall P, Kallner A, Nilsson J, Hamsten A. Stored iron
levels and myocardial infarction at young age. Atherosclerosis 1994;106:
123-125.

41. Annichino-Bizzacchi JM, Saad ST, Arruda VR, Ramires JA, Siqueira LH,
Chiaparini LC, Mansur AP, et al. C282Y mutation in the HLA-H gene is
not a risk factor for patients with myocardial infarction. J Cardiovasc Risk
2000;7:37-40.

42. Calado RT, Franco RF, Pazin-Filho A, Simoes MV, Marin-Neto JA, Zago
MA. Related HFE gene mutations in coronary atherothrombotic disease.
Braz J Med Biol Res 2000;33:301-306.

43. Franco RF, Zago MA, Trip MD, ten Cate H, van den Ende A, Prins MH,
Kastelein JJ, et al. Prevalence of hereditary haemochromatosis in prema-
ture atherosclerotic vascular disease. Br J Haematol 1998;102:1172-
1175.

44. Battiloro E, Ombres D, Pascale E, D’Ambrosio E, Verna R, Arca M. Hae-
mochromatosis gene mutations and risk of coronary artery disease. Eur J
Hum Genet 2000;8:389-392.

45. Nassar BA, Zayed EM, Title LM. Relation of HFE gene mutations, high
iron stores and early onset coronary artery disease. Can J Cardiol 1998:
14:215-220.

46. Baer DM, Tekawa IS, Hurley LB. Iron stores are not associated with acute
myocardial infarction. Circulation 1994;89:2915-2918.

47. Liao Y, Cooper RS, McGee DL. Iron status and coronary heart disease:
negative findings from the NHANES I epidemiologic follow-up study.
Am J Epidemiol 1994;139:704-712.
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