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Haemochromatosis 
Paul C Adams, James C Barton

Since the discovery of the haemochromatosis gene (HFE; chromosome 6p21.3) associated with haemochromatosis 
in 1996, many studies about diverse aspects of this common genetic disorder have been done. Some patients present 
with cirrhosis and show high mortality, whereas many asymptomatic homozygotes for the C282Y mutation in the 
haemochromatosis gene identifi ed in population screening studies, who have been followed up for many years, do 
not develop iron overload. Studies described the usefulness of transferrin saturation and serum ferritin tests, and the 
acceptability of genetic testing for haemochromatosis. Phlebotomy therapy improves hepatic fi brosis. Here, we 
summarise some new fi ndings in haemochromatosis, a disorder fi rst described in 1865.

Epidemiology 
The diagnosis of haemochromatosis was based on 
phenotypic and historical measurements, including 
biochemical tests such as the transferrin saturation and 
serum ferritin tests, physical examination, family history, 
and often a liver biopsy. Since the introduction of a widely 
available DNA-based blood test, screening large populations 
to measure the prevalence of common mutations and 
genotypes of the haemochromatosis gene (HFE; 
chromosome 6p21.3) associated with haemochromatosis 
in white people of European descent has become possible.1,2 
In the Hemochromatosis and Iron Overload Screening 
(HEIRS) study in North America, the study of a multiethnic 
population of 101 168 participants showed that one in 
227 white people were homozygotes for the HFE C282Y 
mutation, a genotype seen in more than 90% of patients 
with typical haemochromatosis.3 Although C282Y 
homozygosity is common in most northwestern European 
countries (and also in Portugal), the highest reported 
prevalence for C282Y homozygosity is one in 83 in Ireland.4 
One theory is that the C282Y mutation in the HFE gene 
originated in central Europe around 4000 BC.5 Migration 
of Europeans to USA, Canada, South Africa, and Australia 
accounts for the high prevalence of haemochromatosis in 
white individuals in these countries.6 Individuals with high 
iron values are frequently found in screening studies. 
Although some of these people might have forms of iron 
overload, the most common reasons for increases of serum 
ferritin in large populations are infl ammation, obesity, 
alcohol consumption, and other disorders. Thus, increases 
in transferrin saturation and serum ferritin are not always 
caused by iron overload. A diagnosis of haemochromatosis 

based on iron overload might seem straightforward, but a 
growing number of iron-overload diseases exists, and they 
do not share the same pathophysiological changes, 
prognosis, or response to therapy. A case defi nition based 
on the HFE C282Y genetic test includes asymptomatic 
people who might never develop iron overload.2 In practice, 
physicians use clinical judgment, iron tests, and genetic 
testing to understand the cause of iron overload and to 
guide their approach to treatment.

Pathophysiology
Identifi cation of the genetic basis for HFE-associated and 
less common heritable types of haemochromatosis has led 
to a greater understanding of the function of HFE and 
other proteins that facilitate and regulate iron transport, 
especially in duodenal enterocytes, macrophages, and 
hepatocytes. Hepcidin, a polypeptide hormone produced 
in the liver, controls extracellular iron concentrations by 
binding to and inducing the degradation of the cellular 
iron exporter ferroportin.7 Concentrations of hepcidin are 
inversely related to iron absorption. Iron absorption is 
sensitive to hepcidin, which has a central role in the 
pathological changes of haemochromatosis, similar to that 
of insulin in diabetes.8 The most potent known regulators 
of hepcidin synthesis are some bone morphogenic proteins 
(BMPs) that seem to bind to haemojuvelin (HFE2, also 
known as HJV) as a co-receptor and signal through SMAD 
family member 4 (SMAD4), a protein of the transforming 
growth factor β superfamily.9–11 The synthesis of hepcidin is 
also regulated by iron concentrations, hypoxia, anaemia, 
and infl ammatory cytokines, especially interleukin 6. 
However, the signalling pathway of BMPs acts 
independently of HFE, transferrin receptor 2, and 
interleukin 6.10 Hepcidin, which is expressed in many cell 
types that are involved in iron transport, binds to 
ferroportin.12 Although a conformational change of HFE 
protein in C282Y homozygotes aff ects its traffi  cking to the 
cellular membrane,13 the precise mechanism by which 
C282Y HFE protein, ferroportin, and hepcidin interact is 
unclear (fi gure 1).14 Defi ciency of hepcidin is the reason for 
increased iron absorption and iron overload that are seen 
in many hereditary forms of haemochromatosis, especially 
those associated with missense mutations in genes that 
encode HFE (HFE), transferrin receptor 2 (TFR2), hepcidin 
(HAMP), and haemojuvelin (HJV; table).7,15–17
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Search strategy and selection criteria

We maintain our own reference libraries on iron overload and 
haemochromatosis. References were also searched on 
PubMed. We used the search terms “hemochromatosis” and 
“haemochromatosis”. We mainly selected publications in the 
past 5 years, but did not exclude commonly referenced and 
highly regarded older publications. We also searched the 
reference lists of articles identifi ed by this strategy and 
selected those we judged relevant. Our reference list was 
modifi ed on the basis of comments from peer reviewers.
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The variable expression of the disease could be 
explained by the presence (or absence) of modifying 
genes. A few C282Y homozygotes with severe clinical 
phenotypes also have mutations in the HAMP and HJV 
genes, which are regarded as modifi ers. HAMP 
mutations have been associated with severe iron 
overload in C282Y homo zygotes and heterozygotes in 
two families.18 Heterozygosity for a missense mutation 
in the HJV gene has been associated with increased 
severity of iron overload in about 3% of French patients 
with C282Y homozygosity.19 In American patients with 
homozygosity for the C282Y mutation in the HFE gene 
who express the iron-overload phenotype, no missense 
mutations in the HJV gene have been reported.20 Some 
reports suggest that polymorphisms of genes that 
encode haptoglobin and tumour necrosis factor also 

aff ect the clinical expression of HFE-associated 
haemochromatosis.21–24 

Overall, frequencies of such mutations in the general 
population and in C282Y homozygotes are low,19,20 
indicating that the mutations are too uncommon to explain 
the variable expression of iron overload in C282Y 
homozygotes. Candidate genes that contri bute to variations 
in transferrin saturation, unsatur ated iron-binding 
capacity, and serum ferritin (even after adjustment for 
HFE genotype) correspond to quantitative trait loci (QTLs) 
identifi ed in the region of HFE in a genome-wide scan.25 
Some studies sug gest that mutations in the BMP and 
SMAD4 genes might give rise to additional alleles that 
modify iron-overload severity.9–11

Diagnosis 
The fi rst step in the diagnosis of haemochromatosis is to 
suspect the disorder, especially in patients who have 
unexplained liver dysfunction, hypogonadism, arthralgias 
or arthritis, or cardiomyopathy, or in those with fi rst-degree 
relatives with haemochromatosis. For many years, 
transferrin saturation was endorsed as an ideal test for the 
assessment of possible haemochromatosis, because most 
C282Y homozygotes with iron overload have high 
transferrin saturation (>45% in women and >50% in men). 
However, much biological variability within individuals in 
transferrin saturation exists in people both with and 
without haemochromatosis, which leads to occasional 
missed diagnoses and some false-positive tests. The 
HEIRS study showed that the use of fasting transferrin 
saturation had no more advantage than random 
measurements of transferrin saturation in the detection of 
C282Y homozygotes in a large primary-care population.26 
The unsaturated iron-binding capacity, a one-step test that 
costs less than the transferrin-saturation test but has 

Function of normal protein Frequency of pathogenic 
mutations

Mode of 
inheritance

Phenotype Iron-overload disease 
before age 30 years of age

Predominant race or 
ethnicity groups

HFE It binds to transferrin receptor; 
role in iron transport unclear

Common (C282Y/C282Y) 
C282Y/H63D and 
H63D/H63D rarely cause 
iron overload

Autosomal 
recessive, 
variable 
expressivity

Parenchymal iron overload Uncommon Northwestern European 
White people (C282Y); 
most populations studied 
(H63D)

Ferroportin Iron exporter Most  alleles uncommon; 
Q248H common in 
sub-Saharan Africans and 
African Americans

Autosomal 
dominant

Parenchymal iron overload, 
macrophage iron overload, 
or both; mild anaemia in 
some patients

Uncommon White people; 
sub-Saharan Africans

Hepcidin (hepatic 
antimicrobial peptide)

It regulates iron availability by 
interaction with ferroportin

Rare Autosomal 
recessive

Parenchymal iron overload Common White people

Transferrin receptor 2 It promotes receptor-mediated 
iron uptake in erythroid cells and 
hepatocytes

Rare Autosomal 
recessive

Parenchymal iron overload Common White people

Haemojuvelin  It binds to bone morphogenic 
proteins and regulates hepcidin 
synthesis

Rare Autosomal 
recessive

Parenchymal iron overload Common White and Japanese 
people

Ceruloplasmin It binds to most serum copper; 
peroxidation of Fe²⁺ transferrin to 
form Fe³⁺ transferrin

Rare Autosomal 
recessive

Parenchymal iron overload; 
iron deposition in basal 
ganglia and other brain 
areas; retinal degeneration 

Uncommon White and Japanese 
people

Table:  Characteristics of inherited haemochromatosis and iron-overload disorders according to aff ected genes
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Figure 1: Normal iron metabolism (A) and iron metabolism in haemochromatosis (B) 
Reproduced, with permission, from Hepatology, Zakim and Boyer, 5th edition. 
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similar sensitivity and specifi city, can be used in screenings 
to detect C282Y homozygotes.27 Unsaturated iron-binding 
capacity has the same drawbacks of transferrin saturation, 
including large numbers of false positives and the inability 
to detect some C282Y homozygotes with a high serum 
ferritin level.26

With the introduction of HFE mutation analyses, 
concerns existed about the cost and availability of the test, 
and possible psychosocial drawbacks in the detection of 
asymptomatic C282Y homozygotes. However, studies 
from diff erent countries have shown no adverse 
psychosocial eff ect from genetic testing for 
haemochromatosis.28–31 No evidence of genetic 
discrimination exists in a large screening study from the 
USA as a result of testing for mutations in the HFE gene.32 
Therefore, 10 years after its introduction, HFE mutation 
analysis seems to be useful and widely accepted by patients 
and physicians.33

A common clinical problem is the assessment of mild 
hyperferritinaemia (<1000 µg/L). In this setting, risk 
factors include infl ammation, obesity, and excessive 
alcohol consumption, but many cases are unresolved 
because of the reluctance of patients and physicians to use 
liver biopsy or empirical phlebotomy as an aid to diagnosis. 
Hyperferritinaemia is especially common in Asians and 
African Americans, although the presence of iron overload 
in these populations is rare.3 High transferrin saturation 
suggests a diagnosis of HFE-related haemochromatosis, 
but normal transferrin saturation does not exclude iron 
overload, especially if due to genetic causes other than 
mutations in the HFE gene. In the absence of commercially 
available genetic tests for non-HFE iron overload, patients 
are diagnosed on the basis of their iron-overload 
phenotypes. MRI protocols for the assessment of iron 
overload lack sensitivity to detect mild iron overload,34,35 
and are therefore inadequate substitutes for liver biopsy or 
phlebotomy in some patients. MRI can be useful in the 
diagnosis of moderate-to-severe non-HFE iron overload. 
Patients with mild ferritin increase are often best assessed 
by a careful history and physical examination, and 
follow-up monitoring to detect a progressive rise in serum 
ferritin. Some individuals with haemochromatosis 
phenotypes with or without C282Y homozygosity choose 
to donate blood voluntarily to see whether the donation 
decreases the values of serum ferritin. In the UK, for 
example, only asymptomatic C282Y homozygotes or 
patients who have completed iron-depletion therapy are 
eligible to become blood donors. Much variability exists in 
the acceptability of patients with haemochromatosis as 
blood donors across countries.

In HFE-associated haemochromatosis, liver biopsy, once 
the preferred diagnostic test, has largely become a 
prognostic indicator. Without a liver biopsy, one can predict 
that cirrhosis is present in 80% of C282Y homozygotes 
who have serum ferritin concentrations higher than 
1000 µg/L, high aspartate aminotransferase (>40 IU/L), 
and less than 200 000 platelets per µL.36,37 A useful role for 

liver biopsy is the assessment of patients without typical 
haemochromatosis-associated HFE genotypes who have 
serum ferritin concentrations higher than 1000 µg/L, 
because many such patients have an infl ammatory disease, 
not iron overload.

Clinical expression 
Since the introduction of genetic testing in 1996, the 
presence of high serum ferritin concentrations has been 
used to assess the clinical expression of the HFE C282Y 
genotype. Serum ferritin concentrations are high in about 
80% of men and 50% of women with C282Y homozygosity, 
and typically refl ect the severity of iron overload (fi gure 2).

Studies of the signs and symptoms of haemochroma-
tosis in C282Y homozygotes, identifi ed by screenings that 
have included a control population, showed that the 
prevalence of clinical illness in C282Y homozygotes is little 
greater than it is in control participants.38,43,44 A report from 
the UK of C282Y homozygous relatives of blood donors 
and C282Y homozygotes presenting clinical signs showed 
a high penetrance for iron accumulation but a low 
penetrance of clinical disease.45 Nonetheless, the most 
consistently reported complications of haemochromatosis 
are cirrhosis and hepatocellular carcinoma, which are the 
main factors aff ecting prognosis.46,47 Because the prevalence 
of cirrhosis increases with increasing serum ferritin, the 
prognosis of haemochromatosis can be estimated from 
the serum ferritin concentration at diagnosis.36,37

The progression of hepatic fi brosis can be asymptomatic 
until substantial liver damage has taken place. The 
prevalence of cirrhosis was 4% in Norwegian men in a 
large population screening study,44 which is much lower 
than it is in studies of referred patients. Cirrhosis was 
probably related to iron overload, but a low prevalence of 
cirrhosis also exists in the general population. 
Hepatocellular carcinoma has not been reported in 
population screening studies and usually occurs in patients 
with cirrhosis.47–49 Alcohol abuse is an important risk factor 
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Figure 2: C282Y homozygotes with high serum ferritin concentration in population screening studies 
(Men >300 µg/L, women >200 µg/L). The numbers refer to the number of participants screened in each study.
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for cirrhosis in haemochromatosis,50 but the prevalence of 
alcoholism is not increased in haemochromatosis 
patients.51 Chronic viral hepatitis and obesity might also 
increase the risk for cirrhosis. 

Although haemochromatosis was originally called 
bronze diabetes, the prevalence of diabetes mellitus is not 
higher in C282Y homozygotes than it is in controls in 
population screening studies.52 Most haemochroma tosis 
patients with diabetes have cirrhosis and insulin 
resistance,53 and others have impaired insulin secretion.54 
The typical arthropathy of haemochromatosis that aff ects 
the metacarpophalangeal joints might have been 
overshadowed in screening studies by the high background 
prevalence of arthralgias and degenerative arthropathy in 
adults of similar age. From retrospective studies, many of 
the C282Y homozygotes not treated with phlebotomy do 
not show progressive increase of ferritin values,55,56 and 
some of them might never develop symptoms that are 
attributable to iron overload. Nonetheless, these fi ndings 
have more implications for the future of population 
screenings than they have for the management of referred 
patients.

Management
Phlebotomy therapy is still the cornerstone of treatment 
for iron overload in haemochromatosis.57 Patients 
undergo 500-mL phlebotomy every week until the serum 
ferritin concentration is about 20–50 µg/L. Some reports 
recommend phlebotomy to even lower concentrations of 
serum ferritin, and others doubt the eff ectiveness of 
phlebotomy therapy.58 The reason for lowering ferritin 
concentrations is to make sure that all potentially 
injurious iron deposits are removed. Because the rate of 
iron reaccumulation is highly variable in patients,59 a 
serum ferritin measurement at 6 months and at 1 year 
after iron depletion is a valuable guide to assess the need 
for maintenance therapy. Phlebotomy therapy to maintain 
low iron stores might increase intestinal iron absorption 
in people with haemochromatosis,60 especially in those 
with very low serum ferritin, because voluntary blood 
donation increases iron absorption in people without 
haemochromatosis, if suffi  cient dietary or supplemental 
iron is available.61,62 In many countries, healthy patients 
with haemochromatosis can be voluntary blood donors, 
an ideal solution for maintenance therapy. Health 
benefi ts of phlebotomy might not accrue to asymptomatic 
patients, but two studies have shown improvement in 
liver fi brosis in such patients. In the study by Falize and 
colleagues,63 cirrhosis regressed after paired liver biopsies 
(reduction of 2 METAVIR units) in eight of 
23 (35%) patients. In the study by Powell and colleagues,64 
the mean fi brosis score after phlebotomy decreased by 
7∙5 times, but this reduction was not shown in cirrhotic 
patients. These fi ndings are strong endorsements for 
iron-depletion therapy for C282Y homozygotes, which 
implies that a reversal of cirrhosis might reduce the 
complications of variceal haemorrhage, ascites, and 

hepatocellular carcinoma, but randomised studies of 
phlebotomy therapy are unlikely to be done in 
haemochromatosis.

Compliance with phlebotomy to achieve iron depletion 
is high,65 but this treatment is not always suitable. Some 
patients do not comply because of physiological 
intolerance, anxiety, religious beliefs, time expenditure, 
inadequate insurance, and disinterest. Some individuals 
cannot undergo phlebotomy because they have 
insuffi  cient venous access or anaemia caused by 
comorbid disorders that is unresponsive to erythropoietin 
therapy. Others prefer to take an oral medication. 
Chelation therapy with deferoxamine induced iron 
depletion in C282Y homozygotes who were unable to 
undergo phlebotomy.66 However, compliance and 
acceptability of deferoxamine therapy in patients with 
non-haemochromatosis iron overload is poor. The oral 
chelators deferiprone and deferasirox also remove iron 
from hepatocytes, the primary site of excess iron 
deposition in HFE-associated haemochromatosis, but 
there are no reports of the use of these drugs in people 
with C282Y homozygosity.66

Hepatocellular carcinoma is still a common cause of 
death in haemochromatosis patients with cirrhosis. Serial 
ultrasound and α-fetoprotein every 6 months have been 
recommended to monitor such patients, although the 
value of such testing in lowering death rates from primary 
liver cancer remains unclear. Because only few patients 
undergo liver biopsy, to establish which patient groups 
should undergo surveillance for hepato cellular carcinoma 
is diffi  cult; however, patients presenting with a serum 
ferritin higher than 1000 µg/L are at highest risk. 
Elastography is a promising new method for the 
assessment of liver fi brosis in haemochromatosis and the 
response to phlebotomy therapy.67 This ultrasound-based 
technique is available in many liver units. Hepatocellular 
carcinoma is a more common cause of death than is liver 
failure, and it might arise in patients with haemochromatosis 
at an older age than in those with other types of cirrhosis. 
Haemochroma tosis is still an uncommon indication for 
liver transplan tation. Mortality from sepsis and cardiac 
disease is high after liver transplantation, although case 
series include a heterogeneous group of patients (eg, 
non-C282Y homozygotes).68

Prevention
Haemochromatosis fulfi ls many but not all WHO criteria 
for a disease that is ideal for population screening: it is 
common, causes morbidity and mortality that can be 
prevented, can be diagnosed by available blood tests, and is 
readily treatable. However, the positive predictive value for 
a single-screening transferrin saturation measurement to 
detect C282Y homozygotes was only 2%27 in a primary-care 
population of 101 168 participants. Higher positive 
predictive values for transferrin saturation have been 
reported in blood donors.69 The history of untreated C282Y 
homozygotes has also been reassessed by C282Y testing in 
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large cohorts followed up prospectively for heart disease.55,70 
In these studies, progressive iron overload was infrequently 
seen in C282Y homozygotes. If representative, this fi nding 
decreases the incremental benefi ts of screening.71 
Cost-eff ectiveness measurements have over stated the 
adverse consequences of iron overload,72,73 and some did 
not include the costs of investigating false-positive iron 
tests. On the one hand, widespread population screening 
for haemochromatosis has not been recom mended.74 On 
the other hand, targeted screening in a high-risk group 
such as white male individuals with C282Y genetic testing 
followed by serum ferritin test to address the need for 
phlebotomy treatment is an attractive strategy. The main 
reasons against genetic testing were the assumptions that 
it might cause harm because of job and insurance 
discrimination, and labelling eff ects. The HEIRS study has 
shown no evidence of genetic discrimination in 
asymptomatic C282Y homozygotes.31,32 In Australia, an 
agreement was reached with the insurance industry to 
prevent discrimination on the basis of genetic testing for 
haemochromatosis.28,75 Another reason is the cost of genetic 
testing compared with that of iron tests; however, in many 
countries the cost of a single genetic test for the C282Y 
mutation is similar to the cost of measurement of 
transferrin saturation and serum ferritin. Diff erent 
strategies, including no screening, are likely to be 
implemented in diff erent countries depending on the 
prevalence of haemochromatosis.76

We should not infer, from recommendations against 
popu lation screening, that haemochromatosis does not 
cause disease. For some patients and their families, haemo-
chromatosis has been a life-threatening disease with 
substantial morbidity and mortality. Therefore, im prove-
ments in patient and physician awareness of haemo-
chromatosis, and an understanding of the optimum 
approach to diagnosis and treatment in an offi  ce practice 
might be the preferred strategy for diagnosis.
Confl ict of interest statement
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