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Abstract. In populations of northern European descent, the p.C282Y
mutation in the HFE gene is highly prevalent, and HFE-associated hered-
itary hemochromatosis is the most common type of inherited iron overload
disorder. Inappropriate low secretion of hepcidin, which negatively regu-
lates iron absorption, is postulated to be the mechanism for iron overload in
this condition. The characteristic biochemical abnormalities are elevated
serum transferrin-iron saturation and serum ferritin. Typical clinical man-
ifestations include cirrhosis, liver fibrosis, hepatocellular carcinoma, ele-
vated serum aminotransferase levels, diabetes mellitus, restrictive cardio-
myopathy and arthropathy of the second and third metacarpophalangeal
joints. Most patients are now diagnosed before the development of these
clinical features. Molecular genetic tests are currently available for geno-
typic diagnosis. In selected individuals, diagnosis might require liver bi-
opsy or quantitative phlebotomy. Iron depletion by phlebotomy is the
mainstay of treatment and is highly effective in preventing the complica-
tions of iron overload if instituted before the development of cirrhosis.
Genetic testing is currently not recommended for population screening
because of low yield as the majority of the healthy, asymptomatic p.C282Y
homozygotes do not develop clinically significant iron overload.HFE gene
testing remains an excellent tool for the screening of first-degree relatives of
affected probands who are p.C282Y homozygotes. Genet Med 2009:11(5):
307–313.
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Hereditary hemochromatosis (HH) is an inherited disorder
characterized by progressive iron deposition and tissue

injury in multiple organs secondary to an inherited predisposi-
tion to excessive and inappropriately regulated intestinal iron
absorption.1,2 HH has been demonstrated to result from muta-
tions in several genes involved in the regulation of iron ho-

meostasis such as HFE, TfR2, HJV, HAMP, and Ferroportin.3

The most common form of HH is associated with the homozy-
gous p.C282Y mutation of the HFE gene, which was first
identified by Feder et al.4 by positional cloning in 1996. Al-
though the prevalence of end-organ damage secondary to HFE-
associated HH (HH-HFE) is relatively low, the p.C282Y mu-
tation is highly prevalent, with a prevalence of 1:200 to 1:250
for p.C282Y homozygozity and 1:8 to 1:12 for p.C282Y het-
erozygozity among populations of northern European ancestry.5

This review focuses on the natural history, diagnosis, and treat-
ment of HH-HFE.

IRON HOMEOSTASIS

In normal adults, iron loss and iron absorption are in balance,
each amounting to approximately 1 mg/day in men, and 1.5–2
mg/day in women.6 The total body iron content in adult men is
approximately 35–45 mg/kg of body weight, with lower levels
in premenopausal women secondary to menstrual loss.6 Eryth-
rocyte hemoglobin comprises more than two thirds of the iron
pool, with storage iron in the liver accounting for most of the
rest.6 Increased metabolic demand for iron results in increased
intestinal iron absorption and mobilization of iron from tissue
stores; the reverse happens in conditions of decreased iron
demand.6 Sloughing of intestinal mucosal cells and menstrual
blood loss are the main physiological processes responsible for
loss of iron from the body.6 Because there are no regulatory
mechanisms to control these processes according to body iron
status, regulation of the amount of iron in the body takes place
mainly at the level of absorption.7

A schematic representation of normal iron regulation and
the abnormalities in HH is given in Figure 1.8 Defective
hepcidin synthesis in the liver is postulated to be the central
pathogenic factor in HH-HFE. However, the link between
HFE gene mutations and defective hepcidin synthesis has not
yet been elucidated.9

NATURAL HISTORY

Biochemical abnormalities
Elevation of serum transferrin-iron saturation, in association

with increased nontransferrin-bound iron is the first biochemical
abnormality in HH. This is followed by elevation of serum
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ferritin, which reflects iron overload in parenchymal cells. Be-
cause serum iron is high, and as the iron transport to bone
marrow and incorporation into hemoglobin are unaffected,
erythropoiesis is characteristically unimpaired in HH.2

Clinical manifestations
Progressive tissue iron overload and clinical complications

occur only in a minority of p.C282Y homozygotes.10–12 Genetic
and environmental factors influencing iron absorption and stor-

Fig. 1. Iron regulation. A, Under normal conditions, plasma transferrin saturation regulates the expression of liver
hepcidin via a HFE, TFR2, and BMP-HJV signaling pathway, is secreted into the blood, binding to FPN in the intestine and
macrophages inducing FPN internalization and degradation, limiting intestinal Fe absorption and Fe recycling by
macrophages to maintain plasma transferrin saturation. B, In HH, mutations in HFE, HJV, and TFR2 impair hepcidin
synthesis, increasing FPN levels and Fe release from intestinal cells and macrophages, elevating plasma transferrin
saturation and causing deposition of iron in the liver and other tissues. Reprinted with permission of John Wiley & Sons,
Inc. Olynyk JK, Trinder D, Ramm GA, Britton RS, Bacon BR. Hereditary hemochromatosis in the post-HFE era. Hepatology
2008;48(3):991–1001. Copyright © 2008 by the American Association for the Study of Liver Disease.
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age have been implicated for the low penetrance of the p.C282Y
mutation. The risk of developing clinical complications depends
primarily on the degree of iron loading. Environmental factors
that increase the risk of cirrhosis include excess alcohol con-
sumption, steatosis, and coexistent viral hepatitis.13 Previous
reports have suggested that men are 10 times more likely than
women to have symptoms of organ failure resulting from HH-
HFE,10–12 but recent studies have shown that among individuals
with HH-HFE, women are up to half as likely as men to develop
complications such as cirrhosis and diabetes.14,15 Genetic fac-
tors such as polymorphisms in genes associated with hepatic
fibrogenesis, antioxidant activity, and inflammation are being
evaluated as potential modifiers of the risk of cirrhosis in
p.C282Y homozygotes.16

The clinical manifestations of HH-HFE depend on the degree
of parenchymal iron accumulation. Although this relationship is
not linear and clinical expression in individual patients is highly
variable, organ damage is generally observed with �20 g of
parenchymal iron storage.17 Clinical manifestations include
hepatomegaly, cirrhosis, arthropathy involving the metacarpo-
phalangeal joints, progressive increase in skin pigmentation,
diabetes mellitus, and cardiomyopathy.17 Other common but
less specific manifestations include abdominal pain, weakness,
lethargy, and weight loss.18 Men may develop impotence from
hypogonadotropic hypogonadism secondary to pituitary in-
volvement.19

The major causes of death in HH-HFE are decompensated
cirrhosis, hepatocellular carcinoma, diabetes mellitus, and car-
diomyopathy. Compared with the age- and sex-matched popu-
lation without HH-HFE, the risk of cardiomyopathy is 306
times higher and that of cirrhosis is 13 times higher in patients
with HH-HFE.20 The reported estimates of the risk of HCC in
patients with HH-HFE vary from 20 to 219 times that of the
general population.15,21–24 This wide variation in the reported risk
of HCC has been argued to be the result of the heterogeneity of the
patient population arising from referral bias in different centers.25

Among patients with HH-HFE, the increased risk of HCC occurs
predominantly in those with cirrhosis.25,26

HOMOZYGOSITY FOR P.C282Y

Earlier studies suggested that the penetrance of homozygos-
ity for p.C282Y was relatively high; however, subsequent stud-
ies have claimed that clinically significant disease may develop
in as few as 2% of p.C282Y homozygotes.27 This heterogeneity
in the estimates of penetrance is the result of the use of different
criteria for the definition of penetrance and lack of comparison
with matched controls in older studies.28 Prevalence of the
clinical manifestations of HH-HFE such as joint pain, arthritis,
skin pigmentation, and infertility have recently been found to be
similar among screened p.C282Y homozygotes compared with
the general population.27,29 Morbidity and quality of life have also
been found to be similar in p.C282Y homozygotes compared with
the general population.30 Based on these observations, it has been
concluded that the penetrance for clinical disease is low.30 How-
ever, there is no currently available test to predict whether a
p.C282Y homozygote will develop clinical disease.18

COMPOUND HETEROZYGOSITY FOR
P.C282Y/P.H63D

The penetrance of p.C282Y/p.H63D genotype is lower than
for p.C282Y homozygotes, with only about 0.5–2.0% of pa-
tients developing clinical signs of iron overload. Many

p.C282Y/p.H63D compound heterozygotes that develop clini-
cal evidence of iron overload seem to have a complicating
factor such as fatty liver or viral hepatitis.18

HOMOZYGOSITY FOR P.H63D/P.H63D

The p.H63D/p.H63D genotype has an even lower penetrance
than the p.C282Y/p.H63D genotype. Although this mutation is
associated with a significant increase in serum transferrin-iron
saturation, it is generally not associated with clinically signifi-
cant iron overload.31

DIAGNOSIS

With the widespread application of biochemical and geno-
typic tests, patients are being increasingly identified in the
presymptomatic stage, either through detection of abnormal
iron-related studies or by family screening.18

Clinical diagnosis
The diagnosis of HH-HFE is often suspected when patients

present with features such as cirrhosis, liver fibrosis, hepatocel-
lular carcinoma, elevated serum aminotransferase levels, re-
strictive cardiomyopathy, and arthropathy of the second and
third metacarpophalangeal joints. Currently, the majority of
cases of HH-HFE are diagnosed after evaluation of elevated
serum transferrin-iron saturation and serum ferritin concentra-
tion. Occasional patients are identified after evaluation for ele-
vated serum aminotransferases or symptoms such as lethargy,
arthralgia, abdominal pain, and/or decreased libido.18

Molecular genetic testing
Testing for the common mutations in the HFE gene

(p.C282Y, p.H63D, and p.S65C) is now widely available.32

Because of incomplete penetrance and the presence of multiple
genetic and environmental factors influencing the expression of
clinical outcomes, molecular genetic testing is not an effective
test for population screening. It is of potential use in the fol-
lowing clinical situations:18

● Confirmatory diagnostic testing
● Predictive testing for at-risk relatives
● Carrier testing (for the identification of heterozygotes)
● Prenatal diagnosis (technically available but rarely per-
formed)

The two methods of molecular genetic testing are targeted
mutation analysis and gene sequence analysis.18 Targeted mu-
tation analysis involves testing for one or more specific muta-
tions and is available on a clinical basis for p.C282Y and
p.H63D alleles which together account for about 86% of indi-
viduals of European origin with HH-HFE (p.C282Y homozy-
gotes accounting for 80% and p.C282Y/ p.H63D compound
heterozygotes accounting for 6%).18 Because p.C282Y/p.S65C
and p.H63D/p.S65C heterozygotes together account for only
1% of individuals with clinically significant HH-HFE, most
clinical laboratories do not routinely test for the p.S65C allele.33

Sequence analysis involves sequencing one or more segments
of DNA to identify variations.18 Although targeted mutation
analysis identifies only the specific targeted mutations, sequence
analysis identifies any variation from the wild type of the HFE
gene, and is useful to identify the other less common mutant
alleles associated with HH-HFE. However, sequence analysis is
more expensive and is available only in a limited number of
clinical and research laboratories.18
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Establishing the diagnosis
Targeted mutation analysis is indicated in adults with trans-

ferrin-iron saturation higher than 45% (Fig. 2). Presence of
p.C282Y homozygozity or p.C282Y/ p.H63D compound heterozy-
gozity is diagnostic of HH-HFE in these individuals.18 Absence of
these mutations generally indicate iron overload arising from other
causes, including liver disease unrelated to HH-HFE. Evaluation of
such patients requires liver biopsy for histological examination and
estimation of hepatic iron concentration.34,35

Testing of relatives at risk
The commonly followed strategy for testing the adult rela-

tives of probands is as follows:

Step 1—Molecular genetic testing to identify p.C282Y
homozygous siblings of probands homozygous for
p.C282Y.
Step 2—Iron studies for those who are found to be
p.C282Y homozygotes.

Biochemical diagnosis
The biochemical markers of HH-HFE are elevated serum

transferrin-iron saturation and/or elevated serum ferritin con-
centration. Elevation of serum transferrin-iron saturation is the
earliest phenotypic abnormality and is a reliable indicator of
risk of the iron overload in HH-HFE; the level is not age-related
in adults and does not correlate with the presence or absence of
symptoms.18,36 About 80% of individuals with HH-HFE have
had a fasting transferrin-iron saturation of at least 60% (men) or
at least 50% (women) on two or more occasions in the absence
of other known causes of elevated transferrin-iron saturation.18

A threshold transferrin-iron saturation of 45% has been pro-
posed as more sensitive than the higher values used in the past
for detecting HH-HFE but it could be less specific as it may
identify heterozygotes who are not at risk of developing clinical
disease.36 In addition, when applied to young adults, this thresh-
old could fail to detect up to 60% of p.C282Y homozygotes who
subsequently develop elevated serum transferrin-iron satura-
tion.37 Therefore, sequential measurements over a period of
several years may be required to confirm nonexpression in
young adults.

Serum ferritin concentration correlates with total body iron
stores and hepatic iron concentration in patients with HH-
HFE.38,39 Additionally, serum ferritin has been shown to be a

highly sensitive predictor of cirrhosis in HH-HFE, with the
occurrence of cirrhosis restricted almost completely to those
with serum ferritin levels �1000 �g/L.40–42 Because serum
ferritin accurately identifies individuals at increased risk for
cirrhosis, it has recently been argued that screening with serum
ferritin alone may be sufficient to detect clinically significant
disease.43 A nomogram incorporating a wide range of serum
ferritin and transferrin-iron saturation values has been devel-
oped in an attempt to estimate the probability of HH-HFE based
on serum ferritin and transferrin-iron saturation, but this has not
been widely adopted.44

However, elevated serum ferritin concentration may lack
specificity for iron overload as it is an acute phase reactant and
is induced by inflammatory cytokines in the presence of inflam-
mation, hepatocellular necrosis, and malignancy. Additionally,
hyperferritinemia is associated with secondary iron overload
syndromes, excessive alcohol consumption, nonalcoholic fatty
liver disease, chronic viral hepatitis, alpha-1 antitrypsin defi-
ciency, autoimmune liver diseases, and Wilson disease.45,46

Clinical assessment, HFE genotyping, and other blood tests
generally help to distinguish these conditions from HH.46 Quan-
tification of hepatic iron content by magnetic resonance imaging
has also been found to be useful in making this distinction;
hepatic iron content �3 times the upper limit of normal is
highly unlikely in the absence of HH or secondary iron over-
load46 In selected situations, liver biopsy may be required to
distinguish HH from other causes of hyperferritinemia.46

Diagnosis in heterozygotes
Studies suggest that some overlap occurs in serum trans-

ferrin-iron saturation level among homozygotes and heterozy-
gotes. In one study, 2% of male heterozygotes had a fasting
transferrin-iron saturation above 62%, and 3% of female het-
erozygotes had a fasting transferrin-iron saturation above
50%.36 Twenty percent of male heterozygotes and 8% of female
heterozygotes have serum ferritin concentrations that exceed the
95th percentile value for age-matched controls.18 However, the
abnormalities in iron studies observed in p.C282Y heterozy-
gotes generally do not predict clinically important body iron
overload in the absence of another genetic or environmental
cofactor.18,47

p.C282Y/p.H63D subjects generally have elevated iron indi-
ces, but the risk of developing progressive liver disease is low
in the absence of comorbid factors such as steatosis, diabetes, or
excess alcohol consumption.48

Hepatic magnetic resonance imaging
A new magnetic resonance imaging technique has been de-

veloped to noninvasively quantify hepatic iron content by using
the paramagnetic properties of iron.49 This technique is based
on the measurement and imaging of proton transverse relaxation
rates within the liver.49

This technique has been found to be accurate and precise
over a wide range of liver iron concentrations and allows for
assessment of the regional variation of hepatic iron content in
addition to the average concentration.

Quantitative phlebotomy
In individuals with biochemical evidence of iron overload who

are not p.C282Y homozygotes and are unable or unwilling to
undergo liver biopsy, quantitative phlebotomy can be used to
determine the quantity of iron that can be mobilized, thus confirm-
ing the diagnosis of parenchymal iron overload.18 Each phlebot-
omy removes approximately 500 mL of blood, amounting to 250
mg of iron in persons with normal hematocrit.50 The amount ofFig. 2. Algorithm for the diagnosis of HH-HFE.
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iron removed can be calculated by multiplying the number of
phlebotomies with 0.25; but this number needs to be adjusted when
hematocrit is abnormal. In the absence of causes of secondary iron
overload, removal of 4 g or more of mobilizable iron stores before
the onset of iron-limited erythropoiesis confirms the presence of
hemochromatosis.50 Most individuals fully expressing the pheno-
type have more than 4 g of mobilizable iron.18

POPULATION SCREENING

Population screening for HH-HFE has been controversial;
studies documenting the low penetrance of the disease have
been cited in the argument against population screening,
whereas studies demonstrating a more substantial risk for organ
damage have been cited in the argument in support of popula-
tion screening.32 Recently, a comprehensive cost analysis
showed that although population-based screening is not signif-
icantly more cost efficient than not screening, it is associated
with the increase of 7 years in the life expectancy of individuals
identified with HH-HFE and treated.51 In this analysis, genetic
testing was found to be the most cost effective as the final
confirmatory test, rather than as the initial screening test.
Additionally, concerns of psychological harm and genetic dis-
crimination surround the use of genotypic test for population
screening.32 Therefore, phenotypic screening with serum trans-
ferrin-iron saturation test (serum iron divided by serum total
iron-binding capacity) or unsaturated iron-binding capacity has
been proposed as the optimal strategy for screening.32 Although
there are some concerns about false-negative and false-positive
results, phenotypic screening seems reasonable in screening
adult men (age �25 years) of Northern European ancestry.32

TREATMENT

Iron depletion with phlebotomy is the mainstay of treatment
of HH-HFE. The number of phlebotomies required to achieve
iron depletion varies depending on the degree of iron overload.
In the induction phase, one unit of blood (containing approxi-
mately 250 mg of iron) is removed once a week until the serum
ferritin level is �50 ng/mL; the frequency of phlebotomy may
need to be decreased if the erythropoetic response is blunted
(i.e., if there is a reduction in hemoglobin to �11 g/dL). Serum
ferritin is checked once a month until it is below the upper limit
of normal (i.e., 300 ng/mL in men and 200 ng/mL in women);
thereafter, it serum ferritin should be measured twice monthly.52

The duration of initial induction therapy may last weeks to
months or may take up to 2 or 3 years. Once the target of iron
depletion is reached, the frequency of phlebotomy is greatly re-
duced and maintenance treatment can be performed as needed.
Before each venesection, the hematocrit is measured and phlebot-
omy is postponed if the hematocrit is �32. Once in every 10–12
phlebotomies, serum ferritin should be checked; a serum ferritin
level �25 �g/L indicates an iron deficient state and mandates
temporary withholding of further phlebotomies. Although malaise,
fatigue, skin pigmentation, insulin requirements in diabetes and
abdominal pain associated with HH-HFE have been shown to
improve with phlebotomy, arthropathy, hypogonadism, and cirrho-
sis are less responsive to iron removal.

Surveillance for hepatocellular carcinoma has been recom-
mended in HH-HFE patients with cirrhosis.17 This is commonly
performed with biannual abdominal ultrasound examination
and/or computed tomography scan and measurement of serum
AFP concentration. Avoidance of alcohol, medicinal iron, min-
eral supplements, excess Vitamin C, and uncooked seafood is
also recommended in all individuals with HH-HFE.18

PROGNOSIS

Prognosis of HH-HFE depends on the degree and duration of
iron overload.53 Most individuals identified on the basis of
homozygozity for the p.C282Y mutation do not have evidence
of significant organ damage such as advanced cirrhosis, cardiac
failure, skin pigment changes, or diabetes.18 These individuals
have a low risk of progression to clinical disease and have an
expected survival similar to that of the general popula-
tion.27,54,55 However, individuals with elevated hepatic iron
concentrations have an increased risk of clinical manifestations
such as diabetes, cirrhosis, and cardiac disease.56 The survival
of individuals with end-organ damage is lower than age- and
sex-matched normal populations, with the presence of cirrhosis
being the primary determinant of survival.53,55,57

The risk factors for hepatocellular carcinoma in patients with
HH-HFE are presence of cirrhosis, severity, and duration of iron
overload, advanced age, alcoholism, tobacco smoking, and con-
comitant infection with Hepatitis C or Hepatitis B.26 The occur-
rence of hepatocellular carcinoma is generally limited to patients
with cirrhosis, but a number of cases have been reported in patients
with HH-HFE, where hepatocellular carcinoma has developed in
the absence of cirrhosis.58 Primary nonhepatocellular malignancies
such as colorectal cancer, gastric carcinoma, prostate cancer, breast

Fig. 3. Algorithm for the management of HH-HFE.
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cancer, acute myelogenous leukemia, Hodgkin lymphoma, and
non-Hodgkin lymphoma have also been reported in association
with HH-HFE.59 However, in contrast to the well-established
causal association between HH-HFE and hepatocellular carci-
noma, the association of HH-HFE with nonhepatocellular malig-
nancies has not been clearly established.59

Patients who develop biochemical evidence of iron overload in
whom phlebotomy is started and adequate iron depletion is
achieved before the onset of cirrhosis or diabetes have been found
to have survival comparable with that of the general populat-
ion.53–55,57 Survival is decreased for those individuals who have
cirrhosis at the time of initiation of iron depletion therapy. In
addition, iron depletion therapy does not eliminate the 10–30%
risk for hepatocellular carcinoma and cholangiocarcinoma in pa-
tients with cirrhosis. The common causes of death in those who
have developed end organ damage are hepatic failure, hepatocel-
lular carcinoma, congestive heart failure, and cardiac arrhythmias.
It has not yet been clearly determined whether progressive iron
overload occurs in p.C282Y homozygotes with elevated serum
transferrin-iron saturation and serum ferritin concentrations with
no evidence of overt end-organ damage. Therefore, the prognosis
of this group of individuals is more difficult to ascertain. The
available evidence suggests that although serum ferritin concentra-
tion may rise over time, the risk of developing clinically significant
end-organ damage is very low.37,54,60
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