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The polycystic ovary syndrome (PCOS) is associated with
insulin resistance and abnormal glucose tolerance. Iron
overload may lead also to insulin resistance and diabetes.
Serum ferritin levels are increased in PCOS, especially
when glucose tolerance is abnormal, suggesting mild iron
overload. Factors contributing to potential iron overloadin
PCOS include the iron sparing effect of chronic menstrual
dysfunction, insulin resistance, and a decrease in hepcidin
leading to increased iron absorption. Enhancement of
erythropoiesis by androgen excess is unlikely, because
soluble transferrin receptor levels are not increased in
PCOS. Future venues of research should address the
long-term effects of PCOS treatment on iron overload
and, conversely, the possible effects of iron lowering
strategies on the glucose tolerance of patients with PCOS.

The polycystic ovary syndrome

The polycystic ovary syndrome (PCOS) is a frequent an-
drogen excess disorder that, aside from cosmetic and re-
productive consequences, is associated with obesity,
visceral adiposity, insulin resistance, and disorders of
glucose tolerance [1-4]. These associations may be
explained by the existence of a vicious circle in PCOS
patients, whereby androgen excess favoring the abdominal
deposition of fat, further facilitates androgen secretion by
their ovaries and adrenals [5].

The association of hemochromatosis or iron overload
(see Glossary) with insulin resistance, abnormal glucose
tolerance, and diabetes has been known for decades [6].
Yet, milder grades of iron excess may influence glucose
tolerance in the absence of severe grades of iron overload as
those present in hemochromatosis [7]. This article puts
forth an opinion based on recent evidence that in some
patients mild iron overload might be associated with
PCOS, and discusses the possible clinical and therapeutic
consequences of this association.

Iron metabolism in humans

Iron is essential for human life: functions of iron and
development of iron sparing mechanisms during
evolution as survival advantage.

Iron is a trace mineral oligoelement, essential for human
life [8]. Iron is a part of heme, and heme proteins have
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diverse biological functions including the transportation of
diatomic gases, chemical catalysis, diatomic gas detection,
and electron transfer [8]. Therefore, iron is essential for
many physiological processes in humans, including elec-
tron transport in the Krebs cycle and oxygen transport to
tissues [8]. In humans, the iron content of the body is
tightly regulated by modulating intestinal absorption,
and very little iron is lost from the body in the absence
of menstruation or blood loss from other sources, pregnan-
cy, or lactation [8].

Iron deficiency is a common cause of infant and mater-
nal mortality and is a risk factor for low birth weight,
preterm delivery, and infant developmental delays [9].
Hence, common genetic variants that favor iron accumu-
lation within the body and might provide a survival ad-
vantage during times of environmental stress and famine,
may induce iron overload when these stressors are no
longer present [10,11].

Interestingly, PCOS and associated metabolic condi-
tions such as insulin resistance and obesity may also

Glossary

Ferritin: cellular storage protein for iron, is also an acute phase protein and,
hence, serves as a clinical marker of body iron content after significant
inflammation has been excluded.

Haptoglobin: forms soluble complexes with hemoglobin after processes of
intravascular hemolysis, ameliorating the generation of oxygen reactive
species and oxidative stress that might follow the liberation of free iron into
the circulation.

Hemochromatosis: also called iron overload, is a disorder that results in too
much iron being absorbed from the gastrointestinal tract. Patients with
hemochromatosis have hyperferritinemia.

Hepcidin: hormone that acts as the main negative regulator of iron metabolism
by inducing the internalization and degradation of the iron transporter
ferroportin, thereby reducing intestinal absorption of iron and inhibiting the
release of iron from macrophages.

Human hemochromatosis protein (HFE): protein that forms complexes with
transferrin receptor and reduces the release of iron from TfR-diferric
transferrin complexes within the endosome. Mutations in HFE gene are
responsible for most cases of hereditary hemochromatosis.
Hyperferritinemia: indicates high serum ferritin levels found in genetic and
acquired conditions, that may or may not be associated with iron overload.
Patients with hyperferritinemia do not necessarily have hemochromatosis.
Iron: trace element essential for human life, participates in many reactions
because of its ability to cycle from ferrous to ferric forms. Free iron is highly
toxic because of the potential for generating free radicals by Fenton reaction.
Transferrin: iron transporter in the circulation, may bind one or two ferric ions.
Transferrin receptor (TfR): binds diferric transferrin in a complex that enters the
cell by endocytosis. A soluble form (sTfR) is released into the circulation when
the receptor is not bound to diferric transferrin, and serves as a marker of the
rate of erythropoiesis.

Transferrin saturation: ratio of plasma iron to transferrin (usually between 20%
and 50%), increases as a function of iron burden.
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provide selective advantage during evolution [12]. The
increase in assertive behavior resulting from increased
androgen secretion might be advantageous during times
of environmental stress [12]. The subfertility of women
with PCOS could increase the interval between pregnan-
cies, decreasing the birth rate and favoring maternal and
infant survival [13]. Furthermore, insulin resistance
played a central role in the combination of thrifty geno-
types and phenotypes that favored survival during times of
environmental stress or food shortage [14]. Insulin resis-
tance increases glucose availability for brain metabolism.
It also increases salt and water retention, sympathic tone
and blood pressure, increases coagulability, and decreases
fibrinolysis. These are defensive mechanisms against trau-
ma and bleeding. But more importantly, insulin resistance
favors obesity, protecting against starvation, and obesity
contributes to a proinflammatory state through the secre-
tion of several cytokines, contributing to the defense
against infection, and possibly to the development of func-
tional hyperandrogenism and PCOS [12]. From this evolu-
tionary perspective, it would be no surprise if PCOS or
insulin resistance were associated with genetic or acquired
iron sparing mechanisms.
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Iron metabolism and its molecular genetics
Iron metabolism is summarized in Figure 1. Absorption of
iron in the duodenum is the critical step in the regulation of
iron metabolism, because the body has no effective means
of excreting iron [8]. Dietary iron comes in heme (fish, meat
and poultry) and non-heme (vegetable) forms, the former
showing higher bioavailability than the latter [15]. Dietary
sources contain mostly ferric iron (Fe®*) that is converted
to ferrous iron (Fe?*) during absorption. Non-heme iron is
transported across the intestinal epithelium by the diva-
lent metal transporter 1 (DMT1), whereas the mechanisms
involved in the absorption of heme iron are less clear [15].
Ferrous iron is then transported across the basolateral
membrane by ferroportin, oxidized to ferric iron by hephas-
tin, and loaded into transferrin [15]. Mutations in the
ferroportin gene cause rare forms of autosomal dominant
hereditary hemochromatosis [15]. Iron absorption
increases when iron stores are reduced, in the presence
of hypoxia or in situations of increased erythropoiesis [15].
Hepcidin is a circulating protein secreted by the liver in
response to increased body iron levels, inflammation, and
infection. Hepcidin acts as the main negative regulator of
iron absorption in villous enterocytes and also inhibits the
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Figure 1. Schematic representation of iron metabolism. Iron is absorbed in the duodenum. Non-heme iron enters using the divalent metal transporter 1 (DMT1), whereas
the mechanisms used by heme iron in humans are unclear. Ferrous iron is then transformed in ferric ion by hephastin and exported by ferroportin into the circulation bound
to transferrin (Tf). Diferric Tf is imported into sites of storage and used by a specific receptor (TfR). In the liver, iron is stored as ferric ion into ferritin, and is released by
ferroportin and ceruloplasmin bound to Tf, as needed. In the bone marrow, iron is used by erythroid precursors to synthesize hemoglobin. Iron is recycled by macrophages,
especially in the spleen. In macrophages, iron may accumulate as hemosiderin or released back into the circulation by ferroportin and ceruloplasmin. Hepcidin, a hormone
synthesized by the liver, acts as the main negative regulator of iron absorption in the duodenum and of iron release by macrophages. Iron is lost in very small quantities in
feces, but menstruation, pregnancy, and lactation may cause important iron loss in women.
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release of iron from macrophages. The effects of hepcidin
are mediated by the internalization of the iron transporter
ferroportin, that is then degraded by lysosomes [15]. Con-
stitutive overexpression of hepcidin results in severe iron
deficiency anemia at birth and, conversely, inactivating
mutations in hepcidin results in a rare form of juvenile
hemochromatosis [15]. Mutations in hemojuvelin, a regu-
lator of hepcidin secretion, are responsible for the common
form of juvenile hemochromatosis [15].

Transferrin is the major transporter of iron in the
circulation, and may bind one or two ferric ions. The
saturation of transferrin increases in situations when iron
supply exceeds iron demands, and decreases in iron defi-
ciency [15]. Iron enters cells in sites of use and storage by
endocytosis, in a process that requires the binding of
transferrin to the transferrin receptor (TfR). A soluble
form (sTfR) is released into the circulation when the re-
ceptor is not bound to diferric transferrin. sTfR levels
correlate directly with the rate of erythropoiesis [15].

The protein that stores iron in cells is ferritin, and its
circulating levels serve as a marker for body iron stores
[15]. The synthesis of TfR and ferritin is regulated recip-
rocally at the post-transcriptional level and depends on the
cellular iron status [15]. Accordingly, in iron overload,
ferritin increases to permit adequate iron storage and
TfR decreases to minimize iron uptake. The opposite is
observed in iron deficiency [15].

Finally, TfR is associated in a complex with the human
hemochromatosis (HFE) protein, encoded by the HFE gene
[15]. The C282Y and H63D mutations in the HFE gene are
responsible for most cases of hereditary hemochromatosis
[11]. The HFE-TfR complex competes for diferric transfer-
rin and reduces the release of iron from TfR-diferric
transferrin complexes within the endosome [11]. The
HFE C282Y mutation prevents HFE to appear on the cell
membrane, and the H63D mutation reduces the affinity of
HFE for TfR [11]. Although how HFE mutations increase
the intestinal absorption of iron is unclear [11], the HFE-
TfR complex may influence hepcidin, as hemochromatosis
patients showing HFE mutations have decreased hepcidin
levels that do not respond to an oral iron challenge [16].
Also, in epithelial cells of the crypts of the duodenum, the
HFE-TfR complex modulates the iron-absorbing function
that the cell will have after migration to the tip of the villus
[8]. Furthermore, HFE also binds TfR2, which is believed
to sense transferrin saturation and, when mutated, causes
type 3 hereditary hemochromatosis (a non-HFE form of
hemochromatosis) [15].

HFE mutations might have provided survival advan-
tage during evolution [10,11]. Carriers of the C282Y mu-
tation might have a moderate increase in intestinal iron
absorption protecting them from iron deficiency anemia,
although this has not been fully demonstrated [17]. Fur-
thermore HFE mutations also result into low concentra-
tions of iron in macrophages, and this provides an
advantage against infective microorganisms such as Sal-
monella typhi and Mycobacterium tuberculosis that require
iron-rich macrophages for their virulence and replication
[17]. These selective advantages may explain the high
frequencies of carriers of HFE mutations among Cauca-
sians [11].
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Clinical disorders resulting from iron overload
Whether resulting from hereditary hemochromatosis or
from other causes such as chronic ineffective erythropoie-
sis or hematologic disorders requiring repeated blood
transfusions, severe iron overload, if left untreated, may
lead over the course of years to the insidious development
of fatigue, liver fibrosis and cirrhosis, diabetes, skin pig-
mentation, hypogonadism and hypothyroidism, arthropa-
thy, cardiomyopathy, and cardiac arrythmias [11].
Although a detailed review of the management of hemo-
chromatosis and other iron overload disorders is beyond
the scope of this article, it must be highlighted that nowa-
days screening strategies allow a diagnosis of hemochro-
matosis at early stages, and that treatment by repeated
phlebotomies or iron-chelating agents may prevent the
development of irreversible organ damage [11].

However, less pronounced grades of iron overload have
been proposed to play a role in the pathophysiology of other
chronic disorders such as diabetes, heart disease, and cancer
[18]. I will discuss the evidence supporting a participation of
mild iron overload in the pathophysiology of insulin resis-
tance, diabetes, and PCOS in the next sections.

Laboratory markers of iron metabolism

Laboratory markers of iron metabolism include serum iron
and transferrin concentrations, transferrin saturation, fer-
ritin and sTfR levels, and the sTfR/ferritin ratio. In the
absence of confounding factors — inflammation, vitamin C
deficiency, oxidative stress, hepatocyte dysfunction, and
increased cell death — serum ferritin is found in proportion
to the size of cellular iron stores [19], whereas sTIR levels
are directly proportional to the erythropoietic rate. Hence,
the sTfR/ferritin ratio serves as an indicator of the appro-
priateness of cellular iron demands for the total body iron
contents [15].

Definite demonstration of iron overload requires direct
measurement of increased iron concentrations in storage
organs such as the liver [18]. Indirect techniques using
quantitative magnetic resonance imaging or biomagnetic
liver susceptometry have been developed [19]. However,
the invasive nature of the former and the technical com-
plexity of the latter preclude their broad application. Fur-
thermore, the sensitivity of indirect techniques of iron
assessment in measuring lesser grades of iron excess than
those present in genetic or acquired iron overload syn-
dromes remains to be established [19].

Iron overload may result in increased serum iron and
transferrin levels, increased transferrin saturation, in-
creased serum ferritin concentrations, and decreased sTfR
concentrations [11,18,20,21]. Serum ferritin remains es-
sential in assessing iron overload as these assays are
available worldwide, relatively well standardized, and
inexpensive [19]. The clinical utility of circulating hepcidin
as a marker of intestinal iron absorption still needs to be
established [21].

Associations between iron metabolism, intermediate
metabolism, and diabetes

Severe iron overload may result in glucose intolerance and
diabetes [11]. Although the risk for diabetes in subjects
with hemochromatosis is related predominantly to family
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history of diabetes [22], beta cell (B cell) dysfunction sec-
ondary to iron accumulation in the pancreas [22] and
insulin resistance [6,23] are involved in the development
of diabetes in these patients. However, iron influences
glucose metabolism, even in the absence of severe iron
overload.

Mounting epidemiological evidence suggest that, in the
general population, body iron stores and iron intake are
positively associated with the development of disorders of
glucose tolerance, including diabetes [24]. As elegantly
proposed by Fernandez-Real et al. [7], iron and glucose
metabolism maintain a crosstalk based on two-directional
influences: iron influences insulin secretion and sensitivi-
ty, and insulin influences iron metabolism.

On the one hand, iron interferes with insulin’s ability to
inhibit hepatic glucose production, and both the extraction
and metabolism of insulin in the liver are reduced with
increasing hepatic iron stores, leading to systemic hyper-
insulinemia [7]. On the other hand, insulin facilitates iron
uptake and ferritin synthesis in several animal and human
cell lines, in parallel with the effects of insulin on glucose
transport [7].

In addition, both iron and glucose metabolism may be
influenced by third parties such as chronic inflammation
and oxidative stress, which are involved in the pathogene-
sis of many complex metabolic disorders including PCOS
[12,25,26]. Free iron is highly toxic and participates,
through the Fenton reaction, in the formation of free
radicals including hydroxide and superoxide anions, there-
by contributing to oxidative stress [7]. Moreover, inflam-
matory cytokines increase transferrin receptors on the cell
surface favoring iron deposition in tissues, and are as well
intimately involved in the development of obesity-
associated insulin resistance [25].

The causal role of iron for the development of insulin
resistance and diabetes is suggested by the observation
that reduction of iron stores exerts beneficial effects on
insulin resistance and glucose control, because repeated
phlebotomies in diabetic patients with hemochromatosis
may improve metabolic control [22,27].

The association of iron stores with disorders of glucose
tolerance is not restricted to patients with severe iron
overload or hemochromatosis: (i) the risk for diabetes is
increased in parallel with an increase in the dietary intake
of heme-iron [28] and insulin sensitivity increases in rela-
tion to low iron status in lacto-ovo vegetarians, compared
with meat eaters [29]; (i1) frequent blood donations improve
insulin sensitivity and are protective against the develop-
ment of diabetes [30]; and (iii) in patients with type 2
diabetes, repeated phlebotomies result in an improvement
in insulin resistance, B cell function, and vascular reactivity
[31,32]. Taken together, these findings suggest that iron
depletion might prove useful for the prevention and treat-
ment of type 2 diabetes and conditions in which insulin
resistance plays a pathophysiological role [7].

Is there a link between iron overload and PCOS?
Evidence supporting the existence of mild iron overload
in PCOS

Considering that abdominal adiposity and insulin resis-
tance play a major role in the pathogenesis of PCOS [5], the
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possibility that mild iron overload might also be associated
with PCOS has been recently explored. The presence of
hyperferritinemia in PCOS patients, in the absence of
confounding factors such as inflammation or infection,
suggests increased body iron stores in these women. How-
ever, definite proof of iron overload is lacking because
direct assessment of liver iron concentrations has not been
conducted in these women owing to ethical constraints.

Serum ferritin levels were found to be increased in
overweight and obese patients with PCOS, compared with
their control counterparts, in a study with 121 premeno-
pausal women subjects, including 78 patients with PCOS
and 43 controls (matched for body mass index and grade of
obesity). This increase was independent of changes in
serum high sensitivity C-reactive protein concentrations,
indicating that chronic inflammation is not decisive for the
increase observed in ferritin levels. Moreover, these wom-
en were young and did not have neoplastic, inflammatory,
or infectious disorders or other confounding factors that
might increase their ferritin concentrations. Of note, se-
rum ferritin levels were markedly increased in both
patients and controls presenting with abnormalities of
glucose tolerance.

A subsequent, extended study of 149 women with PCOS
and 108 controls confirmed these findings [33]. Patients
with PCOS showed increased ferritin concentrations com-
pared to controls, as did premenopausal women with ab-
normal glucose tolerance, compared to those presenting
with normal glucose tolerance [33]. These increases in
ferritin levels occurred both in non-obese and obese wom-
en, and obesity did not influence serum ferritin concentra-
tions after controlling for both PCOS and glucose tolerance
(Figure S1) [33].

Several molecules involved in iron metabolism have
been identified as potential biomarkers for PCOS. Using
two different proteomic techniques, Matharoo-Ball et al.
[34] identified haptoglobin « and B chains, among four
other potential biomarkers, as circulating a biomarker of
PCOS. Haptoglobin is a circulating acute phase response
protein that forms soluble complexes with hemoglobin,
during intravascular hemolysis, ameliorating the genera-
tion of oxygen reactive species and oxidative stress that
might follow the liberation of free iron into the circulation
from the rupture of red blood cells [35].

Two separate studies have confirmed the involvement of
haptoglobin in the pathogenesis of PCOS. First, a common
polymorphism in the gene encoding the o chain of hapto-
globin results in the existence of two different alleles, Hp’
and Hp? [36]. The Hp?/Hp” genotype reduces plasma hap-
toglobin levels, decreases its hemoglobin-binding capacity
and antioxidant properties and the secretion of anti-
inflammatory cytokines, while increasing immunological
reactivity [37]. PCOS is associated with Hp? suggesting
that the antioxidant and anti-inflammatory properties of
haptoglobin may be reduced in these patients [38]. Second,
a nontargeted proteomic approach that examined the plas-
ma of patients with PCOS and controls found that hapto-
globin B-chain and «2-macroglobulin proteins were
decreased only in the plasma of patients with PCOS,
whereas transferrin was overabundant in these women
[39]. A decrease in haptoglobin may contribute to the



oxidative stress seen in PCOS patients [40], whereas an
increase in transferrin would be the expected response, if
iron overload is present in patients with PCOS. Moreover,
it must be highlighted that a2-macroglobulin is the hepci-
din high-affinity transporter in the circulation, and, be-
cause a2-macroglobulin rapidly targets ligands to cells via
receptor-mediated endocytosis, the binding of hepcidin
to «2-macroglobulin may influence its functions [41].
Therefore, both targeted and nontargeted experimental
approaches suggest that abnormalities in iron metabolism
might somehow be linked to PCOS.

Potential contributors to iron overload in PCOS
Several, non-mutually exclusive mechanisms exist that
might participate in the mild iron overload present in
some patients with PCOS.

Stimulation of erythropoiesis by androgen excess Andro-
gens stimulate erythropoiesis [42], and increased erythro-
poiesis in a major stimulus for the intestinal absorption of
iron overcoming any inhibitory influence [8]. Although
some patients with PCOS present with increased ferritin
concentrations, their sTfR levels are not increased and
their sTfR/ferritin ratios are adequately decreased. These
findings make it unlikely that androgen-dependent en-
hancement of erythropoiesis participated in the mild iron
overload of these hyperandrogenic women [43].

Iron sparing effects of chronic oligomenorrhea The oligo-
ovulation of PCOS frequently results in chronic oligome-
norrhea or even in periods of amenorrhea. Regular men-
strual losses are one of the few mechanisms by which the
female body losses iron in significant quantities. Hence, the
iron sparing effects of chronic oligomenorrhea might con-
tribute to the increased iron stores found in some individ-
uals with PCOS [44]. In the studies discussed above, serum
ferritin levels were shown to increase in a fashion parallel
to the severity of menstrual dysfunction [33,43,44], and
menstrual dysfunction is among the major determinants of
serum ferritin concentrations in premenopausal women
(Figure S2) [33].

Association with the C282Y and H63D variants in HFE
The possibility that variants related to iron metabolism
and genetic variants involved in the pathogenesis of PCOS
could have cosegregated in pedigrees surviving during
periods of environmental stress, also exists. PCOS is com-
mon in women homozygous for HFE C282Y mutations, and
these women may develop earlier age-of-onset hemochro-
matosis phenotypes compared to women homozygous for
C282Y but without androgen excess [45]. However, in the
general population no association among PCOS and the
HFE (C282Y and H63D variants [46] has been found to
date, yet the HFE H63D variant was among the major
determinants of serum ferritin concentrations in premen-
opausal women, irrespective of PCOS status (Figure S2)
[33].

Insulin resistance Insulin resistance is common in
PCOS patients [5], and compensatory hyperinsulinemia
may facilitate iron uptake by different tissues [7]. Recent
data support this hypothesis and show that insulin sensi-
tivity is inversely related to ferritin concentrations in
premenopausal women, and that women with abnormal
glucose tolerance have increased ferritin levels [33,43,44].
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Increased intestinal absorption Although direct assess-
ment of iron absorption has not been performed in women
with PCOS, the decreased hepcidin levels of patients with
PCOS suggest a reduced inhibitory effect on ferroportin
that might result in increase intestinal absorption of iron
and a decreased iron release from macrophages in these
women [47]. Moreover, their ferritin/hepcidin ratio is in-
creased inappropriately [47]. These abnormalities increase
as a function of the severity of menstrual dysfunction, in
parallel to a decrease in insulin sensitivity and an increase
in serum androgen levels [47]. In conceptual agreement,
testosterone administration to men suppresses hepcidin
[48]. As a whole, these results may suggest that decreased
hepcidin may be the mechanism by which insulin resis-
tance and androgen excess associate with iron overload in
PCOS patients.

In summary, the iron sparing effects of reduced men-
strual losses and a decrease in serum hepcidin concentra-
tions (influenced by insulin resistance and androgen
excess) that may increase iron absorption and decrease
iron release from macrophages, might lead to mild iron
overload in some women with PCOS (Figure 2).

Clinical implications

Mild iron overload as a risk factor for the development of
disorders of glucose tolerance in premenopausal women In
the data discussed above, controls and patients with PCOS
presenting with abnormalities of glucose tolerance,
showed, as a group, increased serum ferritin levels
[33,43,44]. Having a serum ferritin level above the median
of the population carries a 2.4 odds ratio of having abnor-
mal glucose tolerance [33]. Separate analyses indicate that
serum ferritin levels are associated with an imbalance
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Figure 2. Potential contributors to mild iron overload in polycystic ovary syndrome
(PCOS). PCOS is characterized by oligo-ovulation and androgen excess, and
associates abdominal adiposity and/or insulin resistance frequently. Oligo-
ovulation may result in oligomenorrhea and/or amenorrhea reducing iron loss.
Androgen excess may enhance erythropoiesis and, together with insulin
resistance, may decrease hepcidin secretion thereby increasing iron absorption.
Of these potential mechanisms, data in humans support the association of reduced
menstrual losses and decreased hepcidin concentrations with the mild iron
overload of PCOS, whereas erythropoiesis does not appear to be enhanced by
androgen excess.

513



between insulin resistance and secretion, only in women
without androgen excess [49]. These findings suggest a
causal role of iron overload in the development of abnor-
malities in glucose tolerance; however, this association
could also be spurious, because women with increased
ferritin were those with the worse insulin resistance and
the higher androgen levels [33,43,44].

Effects of short-term therapeutic intervention on iron
overload in patients with PCOS A randomized clinical trial
comparing the insulin sensitizer metformin with an anti-
androgenic contraceptive pill for 6 months showed that it
was insulin sensitization, and not the resultant menstrual
regularity, the short-term therapeutic strategy that de-
creased serum ferritin levels in these women [50]. These
treatments showed no statistically significant changes in
hepcidin levels, yet the increased ferritin/hepcidin ratio
normalized after 6 months on contraceptive pills suggest-
ing that amelioration of androgen excess might have ben-
eficial effects on iron metabolism [47].

Future venues for research Further intervention studies
are needed before implying causality to the association of
increased ferritin levels and abnormal glucose tolerance in
women (Box 1). Perhaps, the most needed step is evaluat-
ing if iron-lowering strategies improve indexes of insulin
sensitivity and ameliorate disorders of glucose tolerance in
premenopausal women with mildly increased iron stores
(including those with PCOS). However, the long-term
effects on iron stores of strategies directed toward amelio-
ration of insulin resistance, menstrual dysfunction, and
androgen excess in patients with PCOS have also not been
established to date, and these data are definitely needed
for a better understanding of the mechanism underlying
the relationship between iron overload, insulin resistance,
and androgen excess.

Concluding remarks and future perspectives

Several lines of evidence suggest a role of increased body
iron stores in the development of insulin resistance and
disorders of glucose tolerance in premenopausal women,
especially in women with PCOS. Decreased hepcidin con-
centrations are associated with insulin resistance and pos-
sibly androgen excess in patients with PCOS, and therefore
increased iron absorption, enhanced by the iron sparing
effect of chronic menstrual dysfunction, might play a role
in the development of mild iron overload in these women. On
the contrary, a putative enhancement of erythropoiesis by
androgen excess is an unlikely contributor. Because mild
iron overload confers a risk for the development of abnormal

Box 1. Outstanding questions

Chronic oligomenorrhea, insulin resistance, and possibly androgen

excess may contribute to mild iron overload in patients with PCOS,

and iron excess might contribute to the development of abnorm-
alities of glucose tolerance in these women. However, further
research is needed to answer outstanding questions:

e Do therapeutic strategies for PCOS such as lifestyle modification,
oral contraceptive pills or insulin sensitizers ameliorate the iron
burden of these women on the long term?

e Will iron lowering therapies such as bloodletting improve insulin
resistance and glucose metabolism in women with PCOS
presenting with increased body iron stores?
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glucose tolerance in these women, the possible role of iron-
lowering strategies in the prevention and treatment of these
metabolic abnormalities warrants further research in this
area.
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