
Abstract

Classification and diagnosis of iron overload
ALBERTO PIPERNO

Istituto di Scienze Biomediche, Azienda Ospedaliera S. Gerardo, Divisione di Medicina 1, Monza, Italy

Haematologica 1998; 83:447-455 decision making and problem solving

Correspondence: Dr. Alberto Piperno, Istituto di Scienze Biomediche
S. Gerardo, Divisione di Medicina 1, via Donizetti 106, 20052 Monza,
Italy.
Phone: international +39-39-2333361 • Fax: international +39-39-
322274 • E-mail: alberto.piperno@unimi.it

Background and Objective. Iron overload is the result
of many disorders and could lead to the development
of organ damage and increased mortality. The recent
description of new conditions associated with iron
overload and the identification of the genetic defect
of hereditary hemochromatosis prompted us to review
this subject and to redefine the diagnostic criteria of
iron overload disorders. 

Evidence and Information sources. The material exam-
ined in the present review includes articles published
in the journals covered by the Science Citation Index®

and Medline®. The author has been working in the field
of iron overload diseases for several years and has
contributed ten of the papers cited in the references.

State of the art and Perpectives. Iron overload can be
classified on the basis of different criteria: route of
access of iron within the organism, predominant tis-
sue site of iron accumulation and cause of the over-
load. Excess iron can gain access by the enteral
route, the parenteral route, and placental route dur-
ing fetal life. The different distribution of iron within
parenchymal or reticuloendothelial storage areas indi-
cates different pathogenetic mechanisms of iron
accumulation and has relevant implications in terms
of organ damage and prognosis of the patients. Iron
overload may be either primary, resulting from a
deregulation of intestinal iron absorption as in hemo-
chromatosis or secondary to other congenital or
acquired conditions. Diagnosis of iron overload can
be suspected on the basis of clinical data, high trans-
ferrin saturation and/or serum ferritin values. How-
ever, several hyperferritinemic conditions are not
related to iron overload, but may imply severe disor-
ders (inflammations, neoplasia) or a deregulation of
ferritin synthesis (hereditary hyperferritinemia-
cataract syndrome), and iron overload secondary to
aceruloplasminemia, and the recently described dys-
metabolic-associated liver iron overload syndrome,
are characterized by low or normal transferrin satura-
tion levels. Liver biopsy is still very useful in the diag-
nostic approach to iron overload disorders, by defin-
ing the amount and the distribution of iron within the
liver. The analysis of HFE gene mutations (C282Y and
H63D) is a simple and strong tool in the diagnostic
work out of iron overload conditions. 
©1998, Ferrata Storti Foundation
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Iron overload is the result of many disorders and
could lead to the development of organ damage
and increased mortality. The recent description

of new conditions associated with iron overload and
the identification of the genetic defect of hereditary
hemochromatosis prompted us to review this subject
and to redefine the diagnostic criteria of iron over-
load disorders.

Classification of iron overload
Iron overload is the result of many disorders and

could lead per se to the development of organ dam-
age and increased mortality. In humans total body
iron stores is maintained normally within the range
of 200-1500 mg (in men, the normal concentration
of iron in the storage pool is 13 mg/Kg and in
women 5 mg/kg) by adequate adjustment of intesti-
nal iron absorption, since no excretory mechanisms
exist.1-4 In normal individuals, feedback mechanisms
inhibit iron absorption as storage iron increases.1

Each condition that induces an increased net entry
of iron within the body inevitably leads to iron over-
load.2 Iron overload could be defined as an increase
of storage iron, regardless of the presence or absence
of tissue damage. It can be classified on the basis of
different criteria: route of access of iron within the
organism, predominant tissue site of iron accumu-
lation and cause of the overload.

Route of access of iron
Excess iron can gain access to the organism in

three ways: the enteral route, through absorption of
dietary heme and non-heme iron, the parenteral
route, through transfusions or injections of iron-con-
taining compounds, and placental route during fetal
life (Table 1). 

Enteral route
Hereditary hemochromatosis (HHC) leads to

absorption of excess dietary iron. Besides the recent
discovery of the genetic defect in HHC, the patho-
genic mechanism leading to inappropriately high iron
absorption in this disorder is still undefined.4,5 The
excess of daily iron uptake is not large, but over time,
due to the absence of iron excretory pathways in
humans, substantial body overload develops.4 In
juvenile hemochromatosis, iron absorption is also
increased, but the genetic as well as the biochemical
defect of this kind of hemochromatosis is still



unknown.6 Ineffective erythropoiesis is associated with
increased uptake of dietary iron, presumably in
response to the increased demand from an expanded
pool of erythrocyte precursors.1-3,7 However, in most of
such disorders transfusion therapy is needed; in that
case the contribution of increased enteral absorption
to iron overload is relatively small. Iron absorption is
increased in the hemolytic state, although a signifi-
cant iron overload (in the absence of over-transfu-
sions) is commonly evident only when heterozygosity
for HHC or ineffective erythropoiesis coexists.7-11 A
puzzling finding is the apparent relationship between
splenectomy and increased absorption and accumu-
lation of iron in hemolytic patients.11-13 Increased
dietary iron from traditional beer brewed in steel
drums has been regarded as the sole cause of iron
overload in African populations, but recent data sug-
gest that a genetically determined defect in the regu-
lation of iron absorption exists in these patients and
that this defect is necessary for the development of
iron overload.14-16 According to the model presented
in that study, heterozygotes for the iron-loading locus
develop iron overload only in the face of high dietary
iron, but homozygotes may become iron-loaded with-
out increased dietary iron.16

Similarly, increased iron absorption has been
regarded as a cause of liver iron overload in chronic
hepatic disorders17-20 (see below). However, it is pos-
sible that the coexistence with heterozygous HHC may
further increase iron absorption in these patients.17,20

Iron absorption is increased in the hypotransfer-
rinemic mouse,21 probably as the result of the iron
deficient erythropoiesis. Although not proved, this
probably occurs also in congenital hypotransferrine-
mia in humans. In systemic hemosiderosis associated
with aceruloplasminemia,22,23 the cause of iron over-
load does not primarily depend on defective regula-
tion of iron absorption, but it is likely that the mech-
anisms that normally inhibit iron absorption as iron
storage increases do not operate in this rare disease,
due to the low serum iron levels secondary to the
impaired iron release from cells to plasma. However,
functional studies on iron metabolism in this human
hereditary disorder have not yet been reported.

Cases of iron overload induced by prolonged oral
administration of iron-containing compounds are
exceptionally rare24 and are probably the results of
an interaction with other genetically or acquired dis-
orders able to increase intestinal iron absorption.

Parenteral route
Transfused blood is disposed through the macro-

phages of the reticuloendothelial (RE) system, which
breaks down the hemoglobin of ingested erythro-
cytes.25 Thus, large amounts of iron accumulate as
clumps of hemosiderin within the RE cells and excess
iron, by some means, makes its way into the extra-
cellular fluid and in the plasma until the capacity of
apotransferrin to take up iron becomes saturated. At

this point excess iron is delivered to the hepatocytes
and other parenchymas leading to the development
of organ damage.1,2

Iron overload from parenteral administration of
iron compounds is rare and is the result of inaccurate
determination of body iron stores.26

Placental route
Throughout pregnancy, iron is taken up from

maternal plasma by trophoblasts and transferred
into the fetoplacental circulation.27 This process is
thought to accelerate during the last trimester. In the
fetus, the hepatocyte is the main site of storage iron.
Thus, based on the tests used in adults, the term
infant is markedly iron overloaded and iron stores
may even increase within the first post-natal weeks.27

It is then difficult to dissect whether systemic or liver
diseases that develop during fetal or neonatal life are
merely superimposed on an otherwise physiological
iron overload status or they are the result of excess
transplacental delivery of iron. Perinatal or neonatal
hemochromatosis is a syndrome of severe idiopath-
ic liver disease of fetal onset associated with marked
hepatic and extra hepatic siderosis that is not a vari-
ant of HHC.28 It has been argued that this disease is
due to abnormal iron handling in the throphoblast
and fetal liver, but no specific defect has yet been
identified.27,28

Sites of iron accumulation
Parenchymal vs. RE iron overload
The different distribution of iron within parenchy-

mal or RE storage areas indicates different patho-
genetic mechanisms of iron accumulation and has
relevant implications for organ damage and progno-
sis of the patients (Table 1). In fact, organ damage is
related to the amount of iron present in the parenchy-
mal cells, whereas iron within RE cells appears to be
relatively innocuous.1,7 Liver parenchymal iron over-
load is usually the result of excessive iron absorption
by the enteral route, such as in HHC and anemias
with ineffective erythropoiesis (iron loading anemias),
but may also reflect enhanced internal redistribution
of transfused erythrocyte iron recycled from the RE
cells, as observed in the more advanced stage of
transfusional iron overload.1,2,4,7 In hypotrasferrine-
mic mice as well as in congenital hypotransferrine-
mia, tissue iron distribution is almost identical to that
seen in HHC. There is no accumulation of iron in
macrophages either in bone marrow or spleen.21 This
indicates that transferrin is not required for the recy-
cling of iron by macrophages and that any condi-
tions, genetic or environmental, that lowers plasma
apotransferrin levels (e.g. advanced liver cirrhosis)
will result in increased parenchymal iron uptake and
eventual tissue damage.17,19,21

RE iron overload is the result of enhanced phago-
cytosis of red cells (chronic hemolysis and transfu-
sions) and uptake of iron-containing compound.1,25
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In the liver, iron may accumulate in Kupffer cells
because of phagocytosis of dead iron-laden hepato-
cytes (sideronecrosis) or uptake of ferritin and hemo-
siderin from damaged hepatocytes.17,25,29,30 In inflam-
matory disorders, iron accumulates in macrophages
because of the RE iron block; this disease state is char-
acterized by a low to normal transferrin saturation
and a progressive increase in serum ferritin and mar-
row hemosiderin with time.1,25

In African and African-American iron overload, iron
deposition is similar to that seen in trasfusional iron
overload: iron is deposited equally in the spleen, bone
marrow and both liver parenchymal cells and macro-
phages.14-16 A full explanation of the accumulation
of iron in Kupffer cells and macrophages in this form
of iron overload is still lacking. In both aceruloplas-
minemia, and ascorbic acid deficiency there is an
impaired delivery of iron from iron-storing cells.1,23,25

Ascorbic acid deficiency may occur as a consequence
of massive iron overload and would inhibit either iron
transfer to plasma or entry of iron into ferritin, but
does not influence the total amount of body iron.18,20

By contrast, aceruloplasminemia is the cause of
parenchymal and RE hemosiderosis.22,23 Ceruloplas-
min catalyzes the oxidation of ferrous iron to the fer-
ric form which combines to apotransferrin to form
transferrin. The lack of the ferroxidase activity of ceru-
loplasmin would therefore results in impairment of
iron release that explains both low serum iron levels
and systemic iron accumulation.22,23

Systemic vs. focal iron overload
The most typical and common iron overload dis-

orders, if left untreated, cause progressive iron accu-
mulation in the liver and then in other tissues and
organs leading to a multi-visceral disease.2 However,
as mentioned before, the pattern of body iron distri-
bution may vary in different iron overload disorders.
Gonads and brain are generally preserved from iron
accumulation since they are sheltered from circulat-
ing transferrin.31 Conversely, in aceruloplasminemia,
in which iron overload depends on a defect on cellu-
lar export of iron, brain is a main site of iron accu-
mulation together with liver and pancreas.23 Accord-
ingly, the clinical features are characterized mainly by
progressive dementia, extrapyramidal symptoms,
cerebral ataxia and diabetes mellitus.23

Iron accumulation can be confined to a specific
organ. In several chronic hepatic disorders (alcoholic
liver disease, chronic viral hepatitis, porto-caval
shunts, liver cirrhosis, porphyria cutanea tarda), mild
to severe iron overload is frequent in the liver, both
in parenchyma and RE cells, but iron deposits are
minimal in extra hepatic sites.17,19,30,32,33 In Gaucher’s
disease, there is a marked iron accumulation in
Gaucher’s cells.34 In late stages of Alzheimer’s disease
and other degenerative neurological disorders, exces-
sive amounts of iron have been found in some areas
of the brain, where iron appears to be a component
of neuronal cell death.35 In some rare conditions,
such as idiopathic pulmonary hemosiderosis, renal
hemosiderosis and superficial siderosis of the central
nervous system, iron accumulation is the results of
sequestration and degradation of hemoglobin from
damaged erythrocytes by macrophages because of
inflammatory, hemolytic or hemorrhagic processes
strictly confined to a specific organ.3,36,37

Causes of iron overload
From a general point of view, iron overload can be

classified as primary or secondary depending whether
it results from a primary defect in the regulation of
iron balance or is secondary to other genetic or
acquired disorders. In some cases the specific cause of
iron overload has already been defined, whereas in
others the mechanism leading to iron overload is not
yet elucidated and these iron overload disorders
remain idiopathic.

Primary iron overload
The best-known example of primary iron overload is

HHC, in which iron is absorbed in excess because of
increased iron transfer from the enteral cells to the
blood.2,4 Recent advances in molecular genetics, clin-
ical aspects and diagnosis of HHC have been previ-
ously reviewed in this journal.38 A new gene, now called
HFE, has been isolated and two missense mutations,
C282Y and H63D, have been identified.5 Whereas
C282Y mutation in the homozygous state seems
undoubtedly sufficient to cause HHC, some confu-

Table 1. Iron overload disorders divided according to route
of iron access and site of predominant iron deposition.

Route of access Predominant storage areas

RE Parenchyma Both

Enteral Chronic hemolytic Hemochromatosis African iron 
route disorders overload

Iron-loading Chronic hepatic
anemias disorders

Juvenile Ceruloplasmin
hemochromatosis deficiency

Congenital
hypotransferrinemia

Parenteral Transfusional Transfusional
route (early stage)

Iron-containing
compounds

Placental Perinatal
route hemochromatosis 

Chronic hemolytic disorders: hereditary spherocytosis, stomatocytosis, and
pyruvate kinase deficiency (9-11). Iron loading anemias: thalassemia, con-
genital and acquired sideroblastic anemias, congenital and acquired
dyserythropoietic anemias (1,2). Chronic hepatic disorders: alcoholic liver
disease, chronic viral hepatitis, end-stage liver cirrhosis, porto-caval shunts,
porphyria cutanea tarda, non-alcoholic liver steatohepatitis, dysmetabolic-
associated liver iron overload (17,19,48,49).



sion exists regarding the H63D variant.5,38,39 However,
several data prove the relationship of the H63D muta-
tion to the disease and that compound heterozygotes
of this mutation with the C282Y variant are at special
risk for the development of HHC, but with a low pen-
etrance and milder phenotype expression.39

A variable proportion of patients with a HHC phe-
notype did not show any mutation in the HFE gene
in different populations.5,40-42 It is hypothesized that
some of these patients may represent forms of non-
HFE related hemochromatosis in which a primary
defect, different from that observed in HHC, exists.
Accordingly, recent data showed that juvenile hemo-
chromatosis is not linked to HFE gene,6 and that
African iron overload is caused by an interaction
between high dietary iron content and a common
iron-loading gene not linked to the HLA locus.16

These results suggest that defects of other still unde-
fined genes may be responsible for primary derange-
ment of iron metabolism in humans.

Secondary iron overload
This group includes iron overload either due to or

associated with ineffective erythropoiesis, chronic liv-
er diseases, parenteral administration or ingestion of
excessive amounts of iron. In some of these disorders
it is possible, as previously mentioned, that interac-
tions with causes of primary iron overload exist. 

Thalassemia major and sideroblastic anemia are
the two best studied examples of iron overload sec-
ondary to blood transfusions and ineffective ery-
thropoiesis. Because abnormalities in hemoglobin
can decrease erythrocyte life span, the pool of ery-
throcyte precursors is markedly expanded in certain
hemoglobinopathies, leading to increased enteral
absorption of dietary iron.2,3,7

Aggressive transfusion therapy suppresses endoge-
nous erythopoiesis and corrects the severe anemia,
but leads to its own complications, the worst of
which is iron overload.43 Sideroblastic anemias are a
heterogenous group of inherited and acquired
hematopoietic disorders characterized by the associ-
ation of anemia with the presence of non-heme non-
ferritin iron deposits within the mitochondria of ery-
throid precursors in the bone marrow (ringed sidero-
blasts). It has been generally assumed that mito-
chondrial iron deposits are secondary to the failure
of heme synthesis that would lead to ineffective ery-
thopoiesis and increased iron absorption.3,7,44

The main causes of iron overload in chronic hepat-
ic diseases are shown in Table 2. In these cases liver
iron overload is frequent, often mild or moderate,
and iron deposits are usually found in both Kupffer
cells and hepatocytes.2,17,19,30,33 In these circum-
stances, even relatively low amounts of iron may
amplify and propagate the initial toxic effect of alco-
hol and viruses, with rapid acceleration of the fibrot-
ic response in the liver.17 In porphyria cutanea tarda,
liver iron overload is the result of an interaction

between several factors: heavy alcohol intake, chron-
ic viral hepatitis and heterozigosity for the HFE gene
mutations.45,46 Iron overload in end-stage liver cir-
rhosis is a rather frequent condition characterized by
a continuum from slight and spotty iron deposition
to diffuse and marked siderosis.19,47 This post cirrho-
sis siderosis seems to be acquired rather than genet-
ically determined. However, data on HFE gene muta-
tions in these patients are lacking. 

A new syndrome of liver iron overload has been
recently described as generally modest, associated
with increased ferritin, normal transferrin saturation
and presence of metabolic disorders.48 The mecha-
nism leading to parenchymal iron overload in these
patients is still undefined.

Diagnosis of iron overload
Iron overload is suspected when biochemical iron

indices are increased and confirmed by the demon-
stration of increased iron deposits either by liver biop-
sy, magnetic resonance imaging (MRI) and spec-
troscopy or subsequent quantum interference device
(SQUID), or by retrospective evaluation of total iron
removed by phlebotomy.38,43,49 The differential diag-
nosis among the different causes of iron overload
could be difficult and should take into account clin-
ical, biochemical and histological data. The recent
identification of the HFE gene mutations added a
simple and strong tool in the differential diagnostic
strategy of iron overload conditions. Figure 1 illus-
trates a practical approach to the diagnosis of iron
overload disorders.

Biochemical iron indices
Three iron markers can be considered: serum iron,

transferrin saturation and serum ferritin. Serum iron
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Table 2. Causes of iron overload in chronic hepatic disorders.

Related to high
alcohol intake

Related to hepatocyte
damage

Related to chronic
liver failure

Alcohol-induced
increased
iron absorption

Increased ability of
desialylated transferrin
to deliver iron to the
liver

Chronic hemolysis

Ineffective
erythropoiesis

Increased iron and
ferritin release to
extracellular fluid and
plasma

Cytokine-mediated
increased hepato-
cellular iron uptake

Reduced transferrin
synthesis

Spontaneous or
surgically-
constructed porto-
systemic shunts

Chronic hemolysis

Ineffective
erythropoiesis

References: (17,19,30,34,48,61)



has no value per se in the diagnosis of iron overload,
but it remains an obligatory index because it is neces-
sary for measuring transferrin saturation. Approaching
the diagnosis of iron overload disorders, one should
consider that some iron indices might be elevated in
non-iron overloaded situations. Moreover, in some
iron-overload disorders transferrin saturation and
serum ferritin may behave differently in relationship
to the different mechanism leading to iron overload.
Figure 2 schematically shows the different mechanisms
leading to high transferrin saturation and/or serum
ferritin values in iron overload disorders. 

Transferrin saturation
It corresponds to the ratio of serum iron and total-

iron binding capacity. However, in most laborato-
ries, total-iron binding capacity is not directly mea-
sured, but is deduced from serum transferrin con-
centration, after correction for a constant value (mg
of transferrin multiplied by 1.24 or 1.25).27,50 Thus,
there is a need for homogeneity among different lab-
oratories. 

Transferrin saturation is influenced by the same
variations of serum iron (within day and day to day
variability and inflammation), which can limit its clin-
ical usefulness.25 In non-iron overloaded conditions
transferrin saturation might be high in presence of
liver dysfunction, due to increased serum iron
(through hepatocellular necrosis) and decreased

transferrin synthesis (through liver failure).17,19,25

However, with time this condition may be a cause of
hemosiderosis secondary to liver cirrhosis, due to the
increase of non-transferrin bound iron in the plasma
(see first section of the review).19,21 In iron overload sit-
uations transferrin saturation is usually elevated
(> 50%) before serum ferritin increases. It can be low-
ered by ascorbic acid deficiency (iron-excess relat-
ed),18,20 is low in hereditary aceruloplasminemia,23

normal in the recently described iron overload syn-
drome associated with dysmetabolic disorders48 and
in Gaucher’s disease (see below).34

Serum ferritin
It is increased in a number of non-iron overloaded sit-

uations, including infections, acute and chronic
inflammatory disorders, hepatocellular necrosis, alco-
hol abuse (through hepatocellular necrosis and
increased ferritin synthesis), and deregulation of L-fer-
ritin synthesis (hereditary hyperferritinemia-cataract
syndrome).1,2,51 In iron overloaded situations serum fer-
ritin is usually higher than the upper normal limits cor-
rected for sex and age (Table 3) and is most often
associated with high transferrin saturation,2,4 exclud-
ing those situations previously mentioned.18,20,23,34,48

In dysmetabolic associated liver iron overload, serum
ferritin levels overestimate body iron stores.48 Serum
ferritin concentrations are usually related to the
amount of body iron stores, but a variety of condi-
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Figure 1.   Diagram illustrating a practical approach to the differential diagnosis of iron overload disorders.
Legend: 1. iron loading anemias, transfusional iron overload, chronic hemolytic disorders; 2. this level indicate an increased
risk of liver fibrosis, but lower levels do not exclude it; 3. see Table 4)
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tions that may frequently associate with iron overload,
may reduce (ascorbate deficiency), or increase serum
ferritin levels (hepatocellular necrosis either iron-
induced or related to coexistent alcohol abuse or viral
infections), independently of changes of body iron
burden.17,18 In hemochromatosis, ferritin concentra-
tions above 1000 µg/L suggests liver damage (fibrosis
or cirrhosis).29 The same level is associated with an
increasing risk of developing iron-induced complica-
tions in thalassemia major.43

Assessment of iron overload
Liver biopsy
It is still essential in the diagnostic pathway of iron

overload disorders. Liver biopsy ascertains iron over-
load, defines its distribution within the hepatic lob-
ules, provides a semi-quantitative evaluation of iron
excess by different grading systems,29,52 enables the
quantitation of iron by measurement of liver iron
concentration (LIC), and informs on the degree of
tissue iron-dependent damage and associated lesions
(i.e., alcoholism, chronic viral hepatitis, steatosis).
The distribution of iron may vary in different iron
overload disorders and is related to the underlying
mechanisms responsible for iron accumulation (see
also paragraph Site of iron accumulation). Sometimes,
liver iron distribution can be more useful that LIC in
differential diagnosis of iron overload disorders. Non-
homogeneous iron deposition within the liver with-
out intrabiliary iron deposits is the typical pattern of
iron overload associated with alcoholic and post-
hepatitis cirrhosis.19,47 In HHC as well as in iron over-
load secondary to ineffective erythropoiesis, iron is
deposited in the liver in a lobular distribution with a
decreasing periportal-to-pericentral gradient,2,4,29

Figure 2.Schematic representation of the
different causes leading to high transfer-
rin saturation and/or serum ferritin val-
ues increase in iron overload disorders.

Table 3. Upper normal values of serum ferritin corrected for
sex and age (reported from Adams et al.62)

Age Women Men

10-19 years 40 µg/L 100 µg/L

20-29 years 65 µg/L 350 µg/L

30-39 years 80 µg/L 350 µg/L

40-49 years 100 µg/L 350 µg/L

> 50    years 200 µg/L 350 µg/L

 



whereas in transfusional and African iron overload,
iron deposition is panlobular and typically involves
Kupffer cells and portal macrophages.14,15 The upper
normal limit of LIC ranges between 30 to 39 µMol/g
in men and 18 to 28 µMol/g in women, in different
studies.29,30,47 In classical forms of iron overload either
primary o secondary, LIC is generally higher that 90
µMol/g in men and 60 µMol/g in women. The hepat-
ic iron index (HII), defined by Bassett et al.53 as the
LIC to age (years) ratio, has been widely accepted as
a tool for differentiating HHC patients from either
heterozygotes and patients with alcoholic siderosis.
Currently, many authors assume that in the absence
of a cause of secondary iron overload, a HII greater
than 1.9 or 2 is suggestive of HHC. However, this
assumption is questionable when advanced cirrhosis
is present, due to the wide intrahepatic variability of
iron concentrations found in this condition.19

Other methods
The amount of iron removed by venesection (IR) is

a reliable retrospective method for defining the
amount of iron overload, but it gives no further infor-
mation useful for differentiating among various iron

overload disorders. In normal subjects IR is below
1.5 g, whether in major iron overload situations is
generally higher than 5 g.1,2

Many studies show that MRI can reflect the pres-
ence of tissue iron in vivo, but this method has not
been validated as one that provides measurements of
tissue iron that are quantitatively equivalent to those
determined at liver biopsy.43 Conversely, SQUID is a
rapid, safe, reliable and quantitative measurement of
liver iron overload, but the instrumentation for this
technique is scarcely available. However, none of
these techniques provide information regarding iron
distribution and histological findings.

Molecular analysis of HFE gene
In the presence of increased biochemical iron

indices, once that major causes of secondary iron
overload has been excluded, searching for the two
HFE gene mutations should be the next and simplest
diagnostic step. Homozygosity for the C282Y muta-
tion is generally associated with expressed HHC with
few exceptions.5,39,41,42 Table 4 shows the relationship
between HFE genotypes and phenotypes, as deduced
from data presently available (refs #5, 39, 41, Pro-
ceedings of the International Symposium on Iron in Biology
and Medicine, S. Malo, France, June 16-20, 1997, and ref.
#54). HFE analysis allows to distinguish between
HHC and chronic hepatic disorders with iron over-
load, or to define such patients in which both con-
ditions exist. This is particularly useful in those coun-
tries, such as in Italy, where both heavy alcohol intake
and hepatitis viral infections are frequent and may
aggravate the prognosis of HHC patients.30,55 A pre-
liminary study indicates that the coexistence of a sin-
gle HFE mutation with b-thalassemia trait, alcohol
abuse, or chronic liver hepatitis, alone or in combi-
nations, may give rise to a HHC phenotype54 but fur-
ther studies are needed to validate these observa-
tions.

Future directions
The discovery of the HFE gene mutations provides

the opportunity for a more precise classification of
those heterozygous and homozygous for HHC.
Moreover, HFE molecular testing will allow the clar-
ification of the role of both mutations in some iron
overload conditions of uncertain origin. It has been
previously suggested that the heterozygous state for
HHC may favour the development of significant iron
overload in several diseases such as chronic hemolyt-
ic disorders, porphyria cutanea tarda, hemoglo-
binopathies, or chronic liver diseases8,9,11,30,38,45,46 and
that HHC heterozygotes may be at an increased risk
of malignancies.56 The availability of the molecular
analysis of HFE gene is an important tool to test
some of these associations.

The causes of iron overload remain to be clarified in
several disorders (e.g. African-American iron overload,
dysmetabolic associated iron overload, perinatal and
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Table 4. Relationship between HFE genotype and pheno-
type. Usefulness of HFE gene analysis in the diagnosis of
hemochromatosis (data derived from the Proceedings of the
International Symposium on Iron in Biology and Medicine,
S.Malo, France, June 16-20, 1997, refs. #5, 40, 42, and
Piperno et al, submitted)

Genotype Phenotype

C282Y homozygotes Hemochromatosis with a wide range of
expression related to both genetic and
acquired factors. About 30% of women and
5% of men may not express the disease
due to physiological and pathological blood
losses. 

C282Y heterozygotes Generally normal. Rarely may express a
hemochromatosis phenotype, more fre-
quently if other factors able to increase iron
absorption are present.

C282Y/H63D May express a hemochromatosis pheno-
compound heterozygotes type, generally mild, with a low penetration

H63D heterozygotes Generally normal. Frequent in patients with 
or homozygotes porphyria cutanea tarda and chronic viral

hepatitis with mild/moderate iron overload
in Italy. Rarely associated with a hemochro-
matosis phenotype (see C282Y heterozy-
gotes)

Wild-type Generally normal. Some cases with a
hemochromatosis phenotype have been
described suggesting the existence of non-
HFE related hemochromatosis



juvenile hemochromatosis, post-cirrhosis hemoside-
rosis) and is hypothesized that both acquired and
genetic factors are involved. Some studies suggest the
existence of forms of genetically determined, non HFE-
related hemochromatosis6,16,38 that await the identifi-
cation of their own molecular defects. Genes other
than HFE are likely to be involved in the regulation of
iron absorption, as recently shown by the cloning of
iron transporters in mammalians.57,58

The recent description of a new condition associ-
ated with liver iron overload that seem to be related
to metabolic disorders,48 open new perspectives on
the possible link between iron excess and atheroscle-
rotic and cardiovascular disorders59 and raises ques-
tions about the mechanisms of parenchymal iron
loading in the presence of normal transferrin satura-
tion. Further studies are needed to clarify the mech-
anisms leading to iron overload in patients with
chronic viral hepatitis and end-stage liver disease and
to understand the role of HFE gene in these disorders.
In addition, based on the observation that increased
liver iron concentrations may favor the progression to
liver fibrosis in chronic viral hepatitis and negatively
influence the response to interferon therapy,17,33,60

careful studies and follow-up are needed to clarify
whether early identification and treatment of iron
overload may have a beneficial effect in the natural
history of these common disorders. 
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