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1. Introduction

In their review of the iron hypothesis [1–3], Sempos and
Looker [4] conclude that “the data donot support the hy-
pothesis that body iron stores are a risk factor for CHD.”
However, in a recent review on the same subject, de Valk
and Marx [5] draw the opposite conclusion, i.e. that “strong
epidemiological evidence is available that iron is an impor-
tant factor in the process of atherosclerosis.” At the least,
this extreme incompatibility of opinion about the meaning
of the data suggests that treating the debate on the iron
hypothesis as “an example of the use of nutritional epide-
miology” [4] is premature. In my view, the disagreement
resolves in favor of the iron hypothesis if misconceptions in
the discussion by Sempos and Looker [4] are remedied.

2. Getting the hypothesis right

A key problem is that the authors argue against the
wrong hypothesis. Sempos and Looker [4] do not present an
accurate statement of the hypothesis. According to them, “in
1981 Dr. Jerome Sullivan proposed that body iron stores are
directly or positively related to CHD risk, i.e. the higher
your body iron stores the greater your CHD risk.” This
statement of the hypothesis colors their presentation. The
strongest statement of the hypothesis is that iron depletion
protects against ischemic heart disease. This form of the
hypothesis does not attempt to define precisely the relation-
ship between stored iron and disease. The findings that led
me to propose the iron hypothesis do not permit an accurate
prediction of the form of the relationship between stored
iron level and disease. To hypothesize that iron depletion is
a protective factor, leaves unspecified the precise epidemi-
ological behavior of ferritin as a risk factor. I discussed
these issues in detail in a 1992 paper [6] that was over-
looked by Sempos and Looker [4]:

“The epidemiological findings and the accumulating data
on the protective effects of deferoxamine in myocardial
injury are consistent with the iron depletion hypothesis. The
hypothesis implies that ferritin is a risk factor for IHD but
does not precisely define the epidemiological behavior of
ferritin as a risk factor. The hypothesis focuses on protective
effects of iron depletion, a state in which there is essentially
no ferritin present. The hypothesis does not, and with avail-
able data, cannot adequately address the quantitative aspects
of the relationship between ferritin and incidence of IHD.
The strength of serum ferritin as a risk factor for IHD may
vary considerably over its clinically observed range.

“The unresolved question involves the amount of iron
required for promotion of IHD. Perhaps the key protective
factor is the maintenance of iron depletion. Nearly maximal
promotion of IHD may require relatively small amounts of
storage iron. After iron sufficiency is achieved, further in-
crements may be associated with progressively less added
risk per additional mg of storage iron. If this is the case,
serum ferritin would behave as a strong risk factor, but only
over the extreme low end of its observed range. This implies
that iron repletion or iron sufficiency exerts a permissive
effect in the development of IHD. So long as iron depletion,
or near iron depletion, is maintained the other risk factors
may not promote IHD. . . .

“Above the extreme low end of its observed range, serum
ferritin may also be a significant, though weaker, risk factor.
Clearly there are many more iron-replete men and post-
menopausal women without clinical evidence of IHD than
with. If iron depletion is protective and if the other risk
factors promote disease only in iron-replete subjects, serum
ferritin may appear to be a risk factor only insofar as it is a
marker for the number of years a given subject has been iron
replete.

“These considerations should be kept in mind in future
epidemiological work on iron and heart disease. Care should
be taken to design studies that do not overlook effects of
iron depletion. A study of only iron replete subjects would
not be expected to reveal protective effects of iron deple-
tion. . . .”
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Sempos and Looker [4] present a “straw man” version of
the hypothesis. Upon cursory analysis, the hypothesis that
iron depletion protects against CHD looks similar to the
authors’ version: “the higher your body iron stores the
greater the risk of CHD” [4]. However, this alternative
rendering of the idea has major implications for study de-
sign. Studies, such as many of those cited [4], that include
few or no iron depleted subjects cannot test the protective
effects of iron depletion as noted previously [6].

The studies reviewed by Sempos and Looker [4] on the
epidemiological relationship between serum ferritin and risk
are compatible with the core hypothesis. The findings col-
lectively suggest that, in some circumstances but not in
others, there is a relationship between serum ferritin and risk
evenamong iron replete subjects.Counting the number of
papers that report either an effect or no effect, and then
treating each paper as a vote for or against the hypothesis is
not an adequate approach to the determination of fact. Some
studies have failed to find a relationship, though other pa-
pers have demonstrated an effect even with a population
composed almost entirely of iron replete subjects. Taken
together, these studies are compatible with a complex rela-
tionship between serum ferritin and risk. The variability in
the findings may reflect the presence of unknown modifying
factors that influence the dependence of risk on stored iron.
However, the studies on serum ferritin and risk do not
directly address the core hypothesis which concerns iron
depletion and risk.

3. Confirmation of the hypothesis versus identification
of possible mechanisms

The authors ignore the distinction between studies de-
signed to answer the question “Does iron depletion protect
(by whatever mechanism)?” and those studies that look for
a role of iron in one proposed mechanism. As an example of
this point consider studies on iron and atherosclerosis. Some
studies see a role for iron, others do not. There has not been
a definitive clinical study addressing the question “Does
iron depletion protect against atherosclerosis?” However,
even a conclusive finding that iron depletion had no role
whatsoever in protecting againstatherosclerosiswould not
invalidate the hypothesis that iron depletion protects against
ischemic heart disease.Atherosclerosis and ischemic heart
disease are not synonymous terms. Iron depleted persons
may have lower rates of myocardial infarction despite sig-
nificant atherosclerosis because of a direct protective effect
of iron depletion against ischemic myocardial injury. Evi-
dence against one mechanism does not invalidate the central
hypothesis. Sempos and Looker should consider this crucial
distinction.

In their discussion of how iron might promote athero-
sclerosis, the authors focus excessively on one potential
mechanism: catalysis of LDL oxidation by iron. There may
well be other mechanisms by which iron promotes athero-

sclerosis that do not directly involve LDL, including, for
example, a role for iron in promoting vascular smooth
muscle cell proliferation [6].

4. Appropriate measures of stored iron

Comments by Sempos and Looker [4] on the value of
various measurements of iron status to assess the stored iron
level are misleading. They note correctly that “less direct
and sensitive measures of body iron stores [than serum
ferritin] are serum iron, total iron binding capacity (TIBC),
and transferrin saturation (TS)” [4]. However they do not
point out that these measures other than serum ferritin are
essentially without merit in designing observational studies
to evaluate the iron hypothesis. Serum iron, TIBC and TS as
single measurements or taken together cannot reliably dif-
ferentiate iron depletion from either iron deficiency or ane-
mia of chronic disorders. In otherwise healthy subjects with
iron depletion, as distinct from iron deficiency, these mea-
sures of iron status are typically within normal limits. Low
values for serum iron and TS and high values for TIBC are
generally not seen in iron depletion but only in frank iron
deficiency. There is a gray zone between iron depletion and
what everyone would agree is iron deficiency in which some
lowering of serum iron and TS with an increase in TIBC
may be observed in otherwise healthy subjects. However, in
anemia of chronic disorders, serum iron is often low in the
presence ofelevatedstored iron.

Using one or more of these measurements as the sole
criterion for detecting iron depletion will miss many iron
depleted subjects with normal values for serum iron, TIBC
and TS while at the same time misclassify as iron depleted
those with elevated iron stores associated with anemia of
chronic disorders. These issues were presented in the 1992
paper cited above [6]:

“An additional caveat for future epidemiological inves-
tigations concerns the study of spontaneously iron depleted
subjects. . . . Inaffluent societies there are few causes of iron
depletion in completely healthy adult subjects. Menstrual
blood loss and regular frequent blood donation are by far the
most common causes in Western countries. Middle-aged
men with low ferritin are unusual. In this group low ferritin
is often an important sign of poor health. Low ferritins can
be associated with chronic occult blood loss, chronic mal-
absorption or the chronic use of certain drugs. A study of
IHD incidence in spontaneously iron depleted subjects
might be invalid because of high prevalences of these dis-
orders, especially if all cause mortality is one of the end
points of interest.”

Uncomplicated iron deficiency can lower serum iron and
TS and raise TIBC. But some of these changes also occur in
the wide range of conditions associated with anemia of
chronic disorders. As noted above [6], studies of spontane-
ously iron deficient subjects have a built in bias toward
finding an association of low serum iron, low TS and/or
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high TIBC with higher mortality. This is because, in the
industrialized countries, spontaneously iron deficient per-
sons are likely to be sick, unless they are menstruating
women or regular blood donors. For example, chronic
bleeding from the tumor in a case of colon cancer often
causes severe iron deficiency over time. A case of colon
cancer associated with iron deficiency at the time of
diagnosis in no way supports the conclusion that the iron
deficiency caused the cancer. Rather, the cancer caused
the iron deficiency through chronic blood loss, and the
cancer also caused an increased risk of mortality. To then
attribute the increased mortality to iron deficiency is an
obvious error.

One of the most notable examples of this misconcep-
tion is the study of Corti et al [7], cited prominently by
Sempos and Looker [4]. Corti et al [7] used only serum
iron determination to investigate the role of stored iron in
mortality in elderly patients. Unsurprisingly, they found
that low serum iron is associated with increased mortal-
ity. The result is unremarkable in light of what has been
known about clinical iron metabolism for decades. Corti
et al [7] then drew a conclusion that the association of
low serum iron with mortality in the elderly is evidence
against the iron hypothesis, a non-sequitur. Corti et al [7]
should have been aware of the facts regarding use of
serum iron to measure stored iron, and also the built-in
bias in such a study design toward finding a spurious
causal association between low stored iron and excess
mortality.

(The authors suggest that my citation of a study on iron
and cancer [2] endorses the use of the lesser measurements
as valid indicators of stored iron burden. This is a misread-
ing of my comments. In the paper in question [2], I made a
brief allusion to work on iron and other disorders, such as
cancer and infectious diseases. My citation of a study that
used one of the lesser measures of iron status was intended
to give the reader an introduction to the large literature on
iron and cancer.)

5. Cardiovascular disease and inherited iron overload

Sempos and Looker [4] note the lack of proof that full
blown hemochromatosis is associated with ischemic heart
disease and conclude that this is evidence against the iron
hypothesis. In fact, no properly designed study has exam-
ined this issue. However, recently two studies were jointly
published showing that an increase in cardiovascular events
is significantly associated with heterozygosity for the most
common known genetic polymorphism for hemochromato-
sis [8,9]. Association between carrier status and cardiovas-
cular events rebuts the criticism of the iron hypothesis on
this point. The implications of the new findings with regard
to this criticism have been reviewed in detail in an accom-
panying editorial [3].

6. Cardiovascular disease and dietary iron

Iron depletion can occur despite high iron intake. As with
a bank account, the balance cannot be determined only from
the deposits, withdrawals must also be considered. Any
form of chronic blood loss, e.g. aspirin use, menstruation, or
blood donation, may cumulatively cause iron withdrawals
in excess of iron deposits. Extremely high intakes of iron
can cause an increase in stored iron in people and in exper-
imental animals. However, among most people in the iron
replete countries, the association of iron intake and the
amount of stored iron in the body is tenuous. Very little of
the dietary iron consumed is absorbed. Iron intake is woe-
fully inadequate as a sole indicator of the presence of iron
depletion or iron deficiency. On the other hand, the heme
iron component of total iron intake may correlate better with
both stored iron burden and mortality from myocardial
infarction [10], an effect compatible with the iron hypoth-
esis. Dietary iron intake is only relevant to the iron hypoth-
esis to the extent that it affects iron storage levels. The
discussion of dietary iron and heart disease [4] does not
address these important distinctions.

7. Supportive studies not cited

Sempos and Looker [4] do not cite many recent studies
(including references 11–42) that provide experimental or
observational support for various aspects of the iron hypoth-
esis. In particular, the direct effect of iron as a promoter of
ischemic myocardial injury is not presented by these au-
thors. In my view, the totality of evidence now available
favors the iron hypothesis.

8. Support or invalidate?

A key deficiency of the Sempos and Looker [4] brief is
that they do not address the question of whether or not the
findings prove the iron hypothesis wrong. In fact, even the
incomplete data reviewed by these authors remain entirely
consistent with the iron hypothesis. “The data donot sup-
port” [4] is not the same conclusion as “the data invalidate.”
The data, in fact, do not invalidate the hypothesis. Nothing
in the available data rules out a protective effect of iron
depletion strong enough to explain the low rate of myocar-
dial infarction in menstruating women [1–3].

9. Conclusions

The iron hypothesis has not been proved wrong in nearly
20 years of observation, experimentation and sometimes
rancorous debate. The literature cited by Sempos and
Looker [4] is consistent with the idea and many of the cited
papers as well as a multitude of uncited studies provide
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strong support for it [1–3,5,11–42]. At issue in this debate
is a robust, unrefuted hypothesis with broad explanatory
power that offers the possibility of low risk, low cost pre-
ventive therapy against the leading cause of death in the
industrialized countries. Sempos and Looker [4] seem ready
to reject the hypothesis on the basis of flawed studies, while
at the same time opposing a prospective, randomized trial to
properly test the hypothesis. Their urging that no large scale
randomized trial be done [4] may delay a definitive test of
primary prevention of ischemic heart disease by iron deple-
tion. A trial of secondary prevention in patients with estab-
lished peripheral vascular disease has been initiated [43].
Preliminary findings appear compatible with a significant
decrease in cardiovascular events in phlebotomized patients
[43].

Every area of biomedical science requires careful think-
ing and attention to detail, however, we have a particularly
heavy burden to take pains in the investigation of our
leading cause of death. Superficial analysis may lead to
delay in implementing a new preventive therapy. Each day
of delay could potentially take thousands of lives.

Even in the absence of properly completed trial, physi-
cians have an obligation to use medical judgment [3]. On
the basis of the existing data, many physicians may con-
clude that it is prudent to help patients lower their stored
iron burden. The risk/benefit ratio appears to be favorable.
On the risk side of the equation, iron depletion is a benign
condition and iron removal by phlebotomy under medical
supervision is safe. The potential benefit of lowering the risk
from our leading cause of death is large in relation to the
minimal risk of stored iron removal.
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