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Introduction
Hereditary hemochromatosis (HH) is an inher-
ited autosomal recessive iron overload disorder 
resulting in the failure of the normal hepcidin 
response to body iron stores, leading to increased 
duodenal absorption of dietary iron [1–3]. The 
increased iron enters the plasma and may be 
deposited in various target organs and may lead 
to clinical signs and symptoms [4].

Our understanding of this condition has 
grown significantly since the initial descrip-
tion of advanced HH as ‘bronze diabetes’ by 
Trousseau [5] in 1865, to the discovery of the 
role of iron metabolism in its pathogenesis by 
Sheldon [6] in 1935, to the identification of the 
C282Y mutation in HFE as responsible for most 
cases of HH in 1996 [7] and most recently to the 
recognition of a central role of hepcidin in the 
regulation of iron absorption and pathogenesis 
of HH [2,3,8]. The current classification system 
for HH has categorized this disorder into four 
types [301]. The most common is type 1 or clas-
sical HH which is associated with a homozygous 
cysteine to tyrosine missense mutation in HFE 
gene. Since HFE-associated hemochromatosis 
(type 1) is the most common form of inherited 
iron overload, we will focus primarily on type 1 

but will also review the current status of the 
understanding of types 2–4 HH.

Epidemiology & pathophysiology
Evidence from multiple studies has shown 
that the prevalence of C282Y homozygosity is 
approximately one out of 250 in populations 
of  predominantly Northern European descent 
[9–11]. The presence of mutations in a large pro-
portion of patients with phenotypic HH was 
initially reported by Feder et al. in 1996 [7]. 
These authors reported that the C282Y and 
H63D mutations in the HFE gene (located on 
the short arm of chromosome 6) were present 
in most patients (especially those of North 
European origin); the most common pattern was 
homozygosity for the C282Y mutation with a 
small  portion carrying the C282Y/H63D com-
pound heterozygous genotype. These missense 
mutations are characterized by replacement of 
cysteine with tyrosine at position 282 (C282Y) 
and histidine with aspartic acid at position 63 
(H63D) respectively. The mean prevalence of 
the C282Y allele varies based on multiple screen-
ing studies and is approximately 6% [12]. Among 
Irish individuals, the prevalence of C282Y is 
>10%, while the frequency varies from 5–10% 
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in most other Northern European countries [13,14]. It is less fre-
quent (~1–5%) in Southern Europe [14,15] and extremely rare in 
nonwhite populations [16]. The H63D allele carrier frequency 
is between 10–20% [14] and has lower  geographical variability.

The C282Y homozygosity prevalence among Caucasian popula-
tions in Northern Europe is approximately 1:200–1:300 [17] while 
the prevalence of C282Y/H63D compound heterozygotes, based 
on multiple studies, is approximately 2% [18]. Approximately 90% 
of individuals with HH are C282Y homozygotes while 5% or less 
are C282Y/H63D compound heterozygotes [19,20].

The widespread prevalence of the C282Y mutation in popu-
lations in Northern Europe has led to much speculation as to 
the possible survival advantage that may have been conferred 
to heterozygote carriers (similar to the hypothesis suggesting 
that carriage of the sickle-cell trait may have provided resistance 
against malaria in endemic areas) [21]. It has been proposed that 
HFE mutations may have resulted in increased efficiency of iron 
absorption and may have reduced the severity of iron deficiency in 
Northern Europe during a period of malnutrition as populations 
made the transition from ‘hunter-gatherer’ societies to more sed-
entary, agrarian cultures with resultant turmoil and conflict [22,23]. 
However, such theories remain largely speculative. From an evo-
lutionary genetic point of view, the age of the C282Y  mutations 
has been estimated to be older than 4000 B.C. [24].

The central mechanism for iron overload in HH is deficient 
hepatic hepcidin response to body iron stores which results in 
excessive iron absorption in the duodenum [4]. The gene encod-
ing hepcidin is highly expressed in hepatocytes and is regulated 
at the transcriptional level in response to body iron stores [25,26]. 
The gene product, hepcidin, is a 25 amino acid peptide which is 
cleaved from prohepcidin and released into the circulation, where it 
controls iron metabolism by binding to ferroportin, the major cel-
lular iron exporter [27]. Following internalization of ferroportin, it 
is degraded via a lysosomal pathway, thus reducing iron efflux from 

cells, which include hepatocytes and macrophages [28]. Hepcidin-
mediated loss of ferroportin in the enterocyte leads to a decrease in 
intestinal absorption of inorganic iron and consequently, reduced 
body iron stores [19]. Since the human body does not have a primary 
mechanism for mobilizing or removing excess iron, hepcidin-medi-
ated reduction of iron absorption represents the major mechanism 
by which the body regulates iron stores. Therefore, under condi-
tions of iron deficiency, hepcidin expression is reduced leading to 
increased iron export (and subsequently import) of iron into cells 
secondary to increased ferroportin activity [29]. However, under 
conditions of iron excess, which is sensed by the hepatocytes via 
increased serum TS, hepcidin production is increased leading to 
iron withholding within cells, thus ultimately reducing iron efflux 
from iron storage sites and intestinal iron absorption [30].

The complete mechanism whereby the presence of the mutant 
HFE protein in hepatocytes leads to HH has not been completely 
elucidated. However, it is now recognized that a complex set of 
interactions within the hepatocytes in response to circulating iron 
between hemojuvelin (HJV ), bone morphogenic protein (BMP), 
SMAD 4, transferrin receptor 1 (TfR1), transferrin receptor 2 
(TfR2) and transmembrane protease serine 6 (TMPRSS6) appears 
necessary to maintain appropriate iron mediated-hepcidin expres-
sion [31]. Most inherited disorders of iron overload (in particular 
HH type 1–3) are caused by decreased hepcidin production, 
which leads to unopposed iron hyperabsorption and, ultimately, 
excessive deposition of iron in certain tissues leading to end-organ 
damage and disease [4]. Type 4 HH or ‘ferroportin disease’ may 
be caused by mutations in ferroportin (FPN) resulting in inability 
to bind or resistance to interact with hepcidin [32,33]. The various 
possible mutations in iron regulatory genes and the resulting type 
of HH are shown in (Table 1). It is also likely that other genetic, 
hormonal and environmental factors modulate the amount of 
body iron stores in HH, given the wide variability in penetrance 
and expressivity of this disorder.

Table 1. Types of hemochromatosis.

Type Gene, inheritance 
mode

Pathogenesis Main clinical feature Iron studies Severity

Type 1 (classic HH) HFE, AR Decreased hepcidin Onset in the fourth or 
fifth decade, liver 
fibrosis, cirrhosis

↑TS, ↑ferritin Variable

Type 2A (juvenile HH) HJV, AR Inhibition of hepcidin expression Cardiomyopathy, 
hypogonadism, onset 
before 30 years of age

↑TS, ↑ferritin Severe

Type 2B (juvenile HH) HAMP, AR Decreased hepcidin Cardiomyopathy, 
hypogonadism, onset 
before 30 years of age

↑TS, ↑ferritin Severe

Type 3 (TfR2) TfR2, AR Abnormal sensing of iron, 
decreased hepcidin

Onset in the fourth or 
fifth decade, liver 
fibrosis, cirrhosis

↑TS, ↑ferritin Variable

Type 4 (ferroportin 
disease)

SLC40A1, AD Decreased iron export from 
macrophages and enterocytes, 
rarely hepcidin resistance in 
non-classical type

Anemia and thus lower 
tolerance to 
phlebotomies

None or ↓TS Mild

↓: Decrease; ↑: Increase; AD: Autosomal dominant; AR: Autosomal recessive; HH: Hemochromatosis; TS: Transferrin saturation.
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Alcohol, obesity and viral hepatitis have been shown to acceler-
ate progression of hepatic fibrosis to cirrhosis among patients with 
type 1 HH. In vitro studies have suggested that both hepatitis C 
virus and alcohol reduce hepcidin expression and lead to increased 
hepatic iron stores [34,35]. There is also a growing body of literature 
suggesting that iron loading in the liver may be associated with 
advanced fibrosis and that iron excess in reticuloendothelial sys-
tem (RES) cells in the liver may accelerate liver injury and fibrosis 
in nonalcoholic steatohepatitis (NASH) [36].

Diagnosis
Type 1 (or HFE-HH) represents the majority of cases of HH and 
most of the published literature on the clinical features, diagnosis 
and testing relates to this form of the disease. In fact, routine 
clinical genotypic testing is only available for type 1 HH at the 
present time. Furthermore, since large case series and natural 
history studies are primarily based on cohorts of patients with 
type 1 or HFE-HH, the discussion of diagnosis, prognosis and 
treatment will be largely limited to this type of HH.

Clinical features
The clinical features of HH are highly variable, ranging from pres-
ence of the homozygous C282Y mutation with a normal TS and 
SF, to elevations in serum TS with or without  hyperferritinemia 
or evidence of end-organ damage [37].

HH is associated with iron loading of liver, pancreas, heart, 
pituitary, skin and joints leading to fibrosis, cirrhosis and hepa-
tocellular carcinoma, diabetes, cardiomyopathy, impotence, 
hypogonadotrophic hypogonadism, abnormal increased skin 
pigmentation and arthritis involving the second and third meta-
carpophalangeal (MCP) joints respectively [38,39]. Owing to 
greater awareness of the disease and widespread use of screening 
tests, the classical presentation of ‘bronze diabetes’ is no longer 
typically seen [40]. Rather, the most common manifestations lead-
ing to further evaluation of patients for HH include arthralgia, 
lethargy and malaise [16,23,41]. On physical exam, signs attributed 
to HH include hepatomegaly, bronze pigmentation of skin, car-
diac abnormalities, signs of cirrhosis, testicular atrophy and swell-
ing and thickening of the second and third MCPs [38,39]. The most 
common sign on presentation is hepatomegaly [4].

Arthralgia is a nonspecific symptom, but it is not specific to HH 
given the high prevalence of this symptom in the general popu-
lation. Nevertheless, C282Y homozygosity is related to a higher 
rate of unilateral and bilateral hip replacement [42]. Arthropathy 
of the second and third MCP joints has been shown to be specific 
to HH patients and increases with age, SF levels and presence 
of C282Y homozygosity, suggesting that iron overload is asso-
ciated with MCP arthropathy [43]. The prevalence of cirrhosis 
in C282Y homozygotes varies in different studies, and the fre-
quency varying from 0.66–6% according to the differences in 
ascertainment in various studies [44–46]. Cardiac iron loading is 
infrequent in type 1 HH and is more commonly seen in HJV 
and TfR2 mutations (types 2 and 3 HH) [4]. Diabetes is com-
monly associated with HH, especially in advanced disease [47]. 
The association could be due to iron deposition in beta cells of 

the pancreas or possibly insulin resistance [48]. The presence of 
diabetes before hepatic iron overload occurs may increase the 
progression of hepatic fibrosis [49]. The presence of signs of hypo-
gonadism in HH has been well documented, although age and 
presence of cirrhosis are confounding factors [50]. The underlying 
pathophysiology could be multifactorial as hypogonadism can be 
caused by hypothalamic, pituitary or gonadal dysfunction [51]. 
The prevalence of association of hypogonadism has decreased 
in HH to around 6.4%, presumably due to earlier diagnosis [50].

SF levels >1000 µg/l at diagnosis are associated with a higher 
likelihood of hepatomegaly, elevated serum aminotransferases, 
cirrhosis and increased mortality risk. This increased mortality 
risk is not eliminated by therapeutic phlebotomy [52]. Allen and 
colleagues from Australia compared 102 C282Y homozygotes 
with 291 wild-type genotype subjects and found that the preva-
lence of HH-related clinical symptoms including fatigue, diabetes, 
hepatomegaly, elevated aminotransferases and self-reported liver 
disease was similar in both groups and did not differ whether SF 
levels were normal or moderately elevated (300–1000 µg/l). The 
only significant difference was the prevalence of second and third 
MCP arthropathy which was 11% higher in C282Y homozygotes 
with elevated SF compared to the wild-type genotype group [53].

Clinical penetrance
The definition of iron overload-related disease varies in different 
studies and therefore the penetrance rate also varies based on these 
studies. Allen and colleagues reported that among 203 C282Y 
homozygotes, 28.4% of men and 1.2% of women by age 65 devel-
oped iron overload-related disease [45]. Women not only have a 
lower incidence of iron overload based on biochemical elevation of 
iron studies [54,55] but also have a much lower risk of iron overload 
related disease. In the past, this observation has been attributed 
solely to menstrual blood losses in women preventing significant 
iron overload. However, recent research has shown that certain 
HLA haplotypes are more common in women and are possibly 
related to increased iron indices [56]. Also, animal studies have 
shown that hepcidin gene expression in liver is higher in female 
mice [57].

The clinical penetrance of HFE C282Y/H63D compound het-
erozygote HH genotype may depend on environmental factors or 
presence of another liver disease. Cheng et al., showed that liver 
biopsy specimens from patients with the HH phenotype who 
were C282Y/H63D compound heterozygotes were more likely 
to show concomitant hepatitis or steatosis compared to C282Y 
homozygous patients [58]. However, the vast majority (98%) of 
C282Y/H63D compound heterozygotes identified via screening 
will never develop iron-overload related morbidity [59,60].

Initial testing
The initial tests to be performed while evaluating a patient with 
suspicion of iron overload disease are SF and TS [61]. Two con-
secutive measurements should be done for both tests. Both TS 
and unsaturated iron binding capacity (UIBC) are equally effec-
tive initial tests along with SF [62,63]. Moreover, UIBC testing is 
somewhat less costly. Calculation of TS is performed by dividing 
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serum iron with total iron-binding capacity (TIBC). Both ran-
dom and fasting levels have been shown to have similar sensi-
tivity and specificity for detection of C282Y homozygotes [64]. 
Multiple studies have used different cutoffs for TS and SF but 
TS >45% has higher sensitivity (although lower specificity and 
positive predictive value) compared to higher cutoffs [12]. But, 
being a screening test, higher sensitivity is a priority. If the TS is 
>45% especially along with elevated SF (>300 µg/l for men and 
200 µg/l for women), HFE genotyping should be performed [23].

SF and TS have much higher sensitivity and specificity when used 
together rather than individually [65]. If testing shows increased SF 
with normal TS, common causes of raised SF such as kidney dis-
ease, infection, inflammation or connective tissue diseases should 
be ruled out. If there is suspicion of liver disease, common causes 
of liver diseases such as viral hepatitis, alcoholic liver disease and 
nonalcoholic steatohepatitis should also be evaluated for. HFE 
genotyping should be considered if the SF is elevated with normal 
TS, but is likely to be negative for the homozygous C282Y muta-
tion. In the converse situation (elevated TS but normal SF) HFE 
genotyping should be considered but may not be of clinical benefit 
given the absence of increased body iron stores.

A common cause of elevated SF is dysmetabolic iron overload 
syndrome (DIOS). This disorder involves a constellation of fea-
tures which are closely linked to each other. These include genetic 
predisposition, steatosis, subclinical inflammation and insulin 
resistance [66]. An increase in SF has been shown to be associ-
ated with these individual factors such as insulin resistance and 
the related syndromes such as metabolic syndrome and type 2 
diabetes, even independent of inflammation [67–69]. Patients with 
HH, especially C282Y homozygotes, usually lack these features of 
metabolic syndrome, insulin resistance and the non-parenchymal 
or mixed pattern of iron staining on liver biopsy.

Biochemical penetrance
Two large population studies have evaluated the penetrance rate 
of the HH biochemical phenotype in C282Y homozygotes. In the 
HEIRS study, approximately 77% of men and 47% of women 
had elevated SF and TS values on initial evaluation [45]. However, 
the HEIRS data did not have long term follow up in patients 
(only a mean of 112 days) to evaluate for long-term variability 
in these biochemical tests and possibility of a chance to predict 
outcomes [70].

The HealthIron study was a population-based study wherein 
subjects underwent HFE genotyping from baseline samples, repeat 
samples were tested for biochemical progression and subjects were 
examined for iron overload symptoms and complications after 
12 years [45]. Approximately 78% of men and 52% of women with 
the C282Y homozygous genotype had elevated SF and TS at base-
line. Approximately 37% of males and 3% of females in the study 
had SF >1000 µg/l at baseline. As noted elsewhere, a SF >1000 µg/l 
at diagnosis has been shown to be associated with an increased risk 
of cirrhosis and mortality [52]. The predicted probability of advanc-
ing to SF >1000 µg/l after 12 years among individuals with baseline 
SF between 300–1000 µg/l was 13–35% in males and 16–22% 
in females. The investigators found that one third of the cohort 

with SF 300–1000µg/l and markedly elevated TS progressed to 
SF >1000 µg/l, the majority by 55 years of age; based on these 
data, it appears reasonable to  recommend therapeutic phlebotomy 
to such individuals [55]. Thus, although iron indices at a particular 
point of time are a ‘snap-shot’ in the clinical course of disease; they 
may predict the chance of progression to cirrhosis.

Data from the HealthIron study also showed that C282Y/
H63D compound heterozygotes have higher baseline SF levels 
and TS levels when compared to wild-type genotypes; however 
these levels do not change much with time in men and post-
menopausal women. In premenopausal women, these levels do 
increase, possibly due to lack of menstrual iron losses with the 
onset of menopause [59].

In summary, based on the HealthIron Study in a population-
based sample, not all patients with a genotypic susceptibility for 
HH, develop elevated iron indices (biochemical phenotype). 
Similarly, not all patients with genetic propensity and biochemical 
phenotype develop iron overload symptoms (clinical phenotype) 
and only one third of patients with iron overload finally develop 
end organ damage causing iron overload-related disease.

Patients with other HFE genotypes such as H63D homozygous 
may develop significantly elevated iron indices, both TS and SF, 
compared to wild-type genotype. However, they do not develop 
clinically significant iron overload except when associated with 
concomitant risk factors such as alcohol and steatosis [19].

The incomplete clinical and biochemical penetrance of the HFE 
mutation could be related to multiple genetic and environmental 
factors. Environmental factors such as alcohol, viral hepatitis and 
liver steatosis act as cofactors for liver injury and are implicated 
in accelerated hepatic fibrosis [71–75]. Presence of beta thalassemia 
trait has long been debated as a risk factor for iron overload, with 
different studies showing contradictory results. A recent study in 
142 beta thalassemia carriers by Lopez-Escribano et al. did not show 
any significant difference in iron stores in those with and without 
HFE mutations [76]. The lack of significant increase in iron overload 
can be explained by the fact that the geographical distribution of 
beta thalassemia corresponds with that of H63D and most studies 
involved mutation of this allele only. An Italian study showed that 
presence of beta thalassemia trait in C282Y homozygous patients is 
associated with worsened clinical expression of the phenotype; this 
was not seen with single C282Y or H63D mutations [77].

The genetic factors that may affect penetrance include sex, 
multiple single-nucleotide polymorphisms (SNPs) in different 
iron-related genes involved in iron metabolism that may regulate 
the expression of the disease in C282Y homozygous individuals. 
These SNPs have been shown to be associated with increased iron 
indices such as SF and TS [78–81]. There are also genetic modifiers 
located in genomic regions unrelated to iron metabolism, which 
have been shown to be associated with phenotypic expression 
in HH patients [82–85]. However the most important variables 
enhancing penetrance are male sex and alcohol use [86].

Genetic testing
Prior to the availability of HFE genotyping, confirmation of the 
diagnosis of HH was performed by liver biopsy. Confirmation of 
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the diagnosis of type 1 HH can now be done with identification 
of the homozygous C282Y mutation (or less often, the C282Y/
H63D compound heterozygous mutation). Currently C282Y, 
H63D and S65C (the latter is generally not clinically useful) 
testing is clinically available. Testing for the more rare mutations 
(Table 1) is only available in a few laboratories around the world 
and is not likely to be clinically useful due to the rarity of these 
types of HH.

Genetic testing is most useful in patients of northern European 
descent. It should also be considered in first degree relatives given 
the 25% likelihood of homozygosity in a sibling of a C282Y 
homozygous proband.

Evaluation of hepatic iron overload
Liver biopsy
Liver biopsy with measurement of hepatic iron concentration has 
historically been the cornerstone of diagnosis for HH. The char-
acteristic pattern of increased stainable iron in hepatocytes with a 
decreasing peri-portal to peri-central ‘iron gradient’ and absence 
of iron in reticuloendothelial system (RES) cells are features of 
type 1 HH; a similar pattern is observed in type 3 HH [68,69]. 
type 2 HH is characterized by much heavier iron staining which 
may be pan-lobular and without sparing of RES cells [87,88]. Type 
4 HH has a significantly different iron staining pattern with a pre-
ponderance of iron in RES cells and involvement of hepatocytes as 
the disease progresses [87,88]. Iron staining on liver biopsy samples 
is graded in a semi-quantitative manner (0–4+). Biochemical 
measurement of hepatic iron concentration (HIC) and calculation 
of the hepatic iron index (HII) were introduced in the 1980s to 
increase the accuracy of liver biopsy in the diagnosis of HH [89,90]. 
HIC >4000 µg/g was found in most patients with phenotypic 
HH. Hepatic iron index (HII) is HIC (in micromoles/gm dry 
weight) divided by patient’s age in years. The concept of the HII 
was introduced prior to the era of genetic testing to differentiate 
putative HH homozygotes that would be expected to continue to 
absorb iron at a high rate over time from those with mild to mod-
erate siderosis due to alcohol or heterozygosity [89,90]. However it 
is now recognized that many HFE C282Y homozygous patients 
may have HII <1.9 and patients with liver disease (especially in 
end-stage cirrhosis) due to other causes may have HII >1.9 [91,92]. 
Removal of >4 g of iron by quantitative phlebotomy (since each 
unit of blood removed contains approximately 250 mg of iron) 
has also been proposed as a diagnostic criterion for homozygous 
HH, although this method, similar to the HII, has become largely 
irrelevant as a mean to diagnose HH [93,94].

Liver biopsy remains the most accurate means of identifying the 
presence or absence of cirrhosis. Following the advent of HFE gene 
testing, biopsy is no longer necessary to confirm the diagnosis if 
the patient is found to be C282Y homozygous on gene testing. 
Therefore, at present liver biopsy is needed mainly for prognostic 
value to determine the presence or absence of cirrhosis in type 1 
HH. With the recognition that SF is a useful predictor of the 
absence of cirrhosis if <1000 µg/l, at present this procedure is 
only necessary in patients who have a SF >1000 µg/l at time of 
diagnosis or if another liver disease is suspected [95].

Patients with wild genotype or those who have single alleles 
of C282Y and H63D or even H63D homozygous are unlikely 
to develop phenotypic HH. In these patients, further work up is 
not needed if the iron indices are normal. If they do have elevated 
ferritin and transferrin saturation, further management should 
include ruling out secondary causes of iron overload especially 
if MRI T2* suggests iron overload (Figure 1). These secondary 
causes include but are not limited to hematological disorders like 
thalassemia, porphyria cutanea tarda, sickle cell disease, heredi-
tary spherocytosis, sideroblastic anemia and liver diseases like 
hepatitis C and NASH. Liver biopsy should be done if risk fac-
tors for liver disease such as alcohol abuse, obesity, metabolic 
syndrome, viral hepatitis are present [96].

Imaging
MRI T2* is now increasingly used to confirm iron overload in 
the liver and has largely replaced liver biopsy as a method to 
estimate hepatic iron concentration [97]. The presence of iron in 
the liver leads to alteration in the magnetic field, in turn altering 
the relaxation time of protons in the field when a high-energy 
radiofrequency pulse is applied, as with MRI. The relaxation 
time of protons in iron-loaded tissues can be quantified and is 
inversely proportional to the iron content [98]. The loss of sig-
nal intensity caused by relaxation of the spins is divided by the 
signal intensity of a reference tissue such as paraspinal muscles, 
thus quantifying the hepatic iron content [98,99]. MRI T2* and 
FerriScan® (a similar commercially marketed technique) [201] 
use software and post-processing techniques to provide an esti-
mate of liver concentration. They may have several advantages 
over liver biopsy including the ability to monitor HIC over 
time, the noninvasive nature of these tests and the ability to 
adjust for sampling and biologic variability in HIC observed 
with liver biopsy as long as the precision of the estimation of 
HIC is adequate [100].

Multiple combinations of noninvasive biochemical mark-
ers have been used to predict cirrhosis in C282Y homozygous 
patients. Two studies used a test and validation cohort comprising 
elevated AST, platelets <200K, ferritin >1000 µg/l (77% in the 
Canadian arm, 90% in the French arm predicted cirrhosis) [101] 
and a combination of serum hyaluronic acid and serum ferritin 
(100% sensitivity and specificity) to predict presence or absence 
of cirrhosis [102].

Treatment
The main treatment for HH is iron removal by therapeutic phle-
botomy (also referred to as venesection). Phlebotomy increases 
erythropoiesis which subsequently results in removal of iron 
from the liver, the major storage site for iron, until iron stores are 
depleted. The amount of blood removed to deplete excess body 
iron stores is highly variable, although on an average SF decreases 
by 30 µg/l for every phlebotomy [103]. Most patients with type 1 
HH expressing the phenotype have >4g of total body iron stores, 
which would require approximately 15 therapeutic phlebotomies 
of 500 cc of blood (each unit of blood contains approximately 
250 mg of elemental iron) [4].
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The frequency of phlebotomy can be decreased to every 2 weeks 
if a hemoglobin decrease to less than 12 g/dl is noted. The tradi-
tional recommendations by most experts for the initial goals of 
therapy are to achieve a reduction in serum hematocrit to 75% of 
the baseline level or a SF of <50 µg/l [40]. Lynch and colleagues 
showed that the non heme iron absorption is 12 and 42% if 
the mean SF is 538 and 14 µg/l respectively [104]. Consequently, 

excessive iron depletion to iron-deficient levels may be counter-
productive and significantly increase iron absorption and thus the 
need for maintenance phlebotomy may also further increase. Most 
experts now suggest that the initial target SF should be between 
50 to 100 µg/l and subsequently more frequent monitoring of 
SF should be done [96]. Depending upon the stability or increase 
in SF levels, further requirement of maintenance phlebotomy is 

Figure 1. Management of iron overload in HFE hemochromatosis.  
HIC: Hepatic iron concentration; SF: Serum ferritin; TS: Transferrin saturation.
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decided. The rate of increase in SF influences the frequency of 
maintenance phlebotomy which can vary from every 1 month to 
every 3 months.

Phlebotomy treatment may reverse skin pigmentation changes, 
fatigue and some degree of fibrosis, but MCP arthropathy, hypo-
gonadism, diabetes and cirrhosis are not reversed with iron 
depletion [105,106]. Some experts have reported improvement in 
arthropathy after phlebotomy [P Kanwar & KV Kowdley, Pers. Comm.].

Upcoming treatment options
Use of iron chelators has been reserved for patients who are either 
unable or unwilling to tolerate phlebotomy [107]. Deferasirox is 
a recently approved oral iron chelator that is safe, effective and 
usually used for iron overload due to dyserythropoietic anemia. 
Phatak and colleagues studied deferasirox in HFE-related HH in a 
Phase II study and showed that 10 mg/kg/day dosing for 48 weeks 
was able to decrease median SF levels by approximately 75% [108]. 
The main toxicities of deferasirox that are clinically relevant include 
gastrointestinal symptoms and nephro-and hepatotoxicity. Given 
these side effects and the cost, deferasirox is not likely to replace 
phlebotomy as a first line therapy but is an effective option among 
patients who cannot undergo therapeutic phlebotomy.

Erythrocytapheresis, which constitutes removal of only red blood 
cells, has been recently compared with phlebotomy and has been 
shown to significantly decrease the number of treatment sessions 
and thus the overall treatment duration. Rombout-Sestrienkona 
et al. from The Netherlands showed that the number of sessions of 
erythrocytapheresis needed to reach a goal SF of 50 µg/l was 33% 
of the number of phlebotomy sessions needed to reduce SF down 
to the same level. After they adjusted for the initial SF and body 
weight, there was still a significant reduction to 43% of the number 
of sessions. Furthermore, there was no significant difference in 
treatment costs. However, it is possible that erythrocytapheresis 
may be more expensive in other countries [109].

Hepcidin, as a peptide hormone may have potential as a thera-
peutic agent in the treatment of HH. However, large scale produc-
tion of synthetic hepcidin is not feasible at present and clinical use 
is limited by a short half-life, low oral absorption and potential 
risk from excessive dosing. A recent study by Preza et al. evaluated 
mini-hepcidins, which are 7 to 9 N-terminal amino acid peptides 
acting as the active moiety of hepcidin. Intraperitoneal treatment 
in mice led to a significant decrease in serum iron levels as com-
pared to controls. The decrease in serum iron was similar to full 
length hepcidin. There was a significant decrease in HIC when 
intraperitoneal injections were given to hepcidin-1 knockout mice 
for 2 weeks with similar efficacy when these mini-hepcidins were 
conjugated with fatty or bile acids and given orally as gavage. If 
it is possible to introduce similar oral agents with safety and effi-
cacy, these may be a major improvement to the current treatment 
whether used alone or in combination with current strategies [110].

Dietary recommendation
Patients with HH should try to abstain from alcohol especially 
if advanced fibrosis is present [94]. They should also minimize 
vitamin C use and supplements containing iron tablets [94,111]. 

Vitamin C can lead to increased intestinal iron absorption and 
release of iron stores [112]. Concomitant risk factors for liver disease 
should be evaluated for and managed as needed. Thus, patients 
with metabolic syndrome should be advised to lose weight with 
appropriate diet and exercise. Non-citrus fruits may be benefi-
cial [113]. Similarly, proton pump inhibitors such as omeprazole 
also can be helpful as they decrease the acidity of duodenal con-
tents, thus decreasing absorption of iron [114]. There is increased 
absorption of dietary iron, especially heme iron in HH patients, 
which is associated with higher SF concentration in some patients 
[113,115]. Food fortified with inorganic iron may worsen the iron 
overload severity in HH patients [116]. Although, it is not clear 
whether use of supplemental iron may cause clinical symptoms 
in undiagnosed HH patients, their use is prohibited as reports 
of iron overload with their intake has been described in litera-
ture [117,118]. Similarly, there have been reports of Vibrio vulnificus 
infection with raw shellfish or uncooked oyster ingestion [119] 
and HH patients should be educated about it. Iron homeostasis 
is also related to other metals such as copper. An Austrian study 
showed that copper deficiency was associated with increased SF 
and hepatic iron levels [120], possibly due to copper involvement in 
the enzymes involved in iron transport such as copper containing 
ferroxidases [121].

Orthotopic liver transplantation
Orthotopic liver transplantation (OLT) is considered a curative 
treatment for patients with end stage liver disease and can also 
be used for patients with HH and decompensated cirrhosis or 
HCC. However, historically post-OLT survival in HH patients 
has been poor compared to other indications for OLT. This is 
because of multiple perioperative infections, especially within 
a year after transplant, and cardiomyopathy after the first year 
[122,123]. A recent study suggested that post-OLT outcomes may 
have improved in HH and are comparable to other indications 
for OLT although the latter study did not confirm the diagnosis 
of HH using objective criteria but rather used data reported from 
transplant center diagnosis codes [124].

Survival
The mortality rate in HH patients with phenotypic clini-
cal expression is doubled when compared to those without 
HH, and is even higher in HH patients with cirrhosis [125,126]. 
First degree relatives of HH individuals have a minimal or no 
increase in mortality when compared to control populations or 
spouses of HH patients [126]. Most studies evaluating survival 
or mortality in HH included only patients with clinical HH or 
C282Y homozygotes. Studies evaluating C282Y heterozygosity 
have not shown any increase in mortality with this genotype 
[127,128]. HH patients with phenotypic clinical expression have 
a higher mortality risk if not treated [125,129,130]. HH patients 
without cirrhosis or diabetes have similar prognosis as the gen-
eral population once they are adequately iron depleted [131,132]. 
However, there have been no randomized controlled trials to 
evaluate survival improvement with phlebotomy, likely due to 
ethical concerns. Therefore, it is difficult to predict survival 
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benefit in HH patients with mildly abnormal iron indices espe-
cially since their risk of cirrhosis and iron-overload related 
disease is low.

Cancer risk
Patients with cirrhosis due to HH as with other causes of cir-
rhosis are at increased risk of hepatocellular carcinoma (HCC) 
and should undergo HCC surveillance every 6 months. Although 
the mean risk of HCC in HH patients, especially those with 
cirrhosis was thought to be approximately 8–10% based on mul-
tiple studies [133–136], recent studies have reported that the risk is 
probably lower. These studies suggest that approximately 5–6% 
of men and 1.5% women with HH will develop HCC [133,137,138]. 
Moreover, HCC in the absence of cirrhosis has been reported in 
HH [133,139–141] suggesting a role of iron in carcinogenesis. Ko 
et al. showed that hepatic iron loading in various end stage liver 
diseases was associated with increased risk of HCC [142]. Even 
after adjusting for the underlying cause of liver disease, iron load-
ing independently increased the risk of HCC. This supports the 
hypothesis that patients with HH-related cirrhosis who are at 
higher risk for HCC and even those with already diagnosed HCC 
should undergo iron depletion to decrease the carcinogenic effect 
of iron and thus decrease the risk of developing HCC.

HH patients, especially C282Y homozygotes, have also been 
shown to have increased risk of breast and colorectal cancers and 
age appropriate screening should be strongly advised in such 
individuals [143]. An association between TS, TIBC or SF and 
increased risk of all cancers has been also shown in multiple stud-
ies [144,145]. These studies have therefore renewed interest in iron 
and its role in carcinogenesis.

Screening & evaluation of family members
Studies have shown that although HH is one of the commonest 
genetic disorders, its incomplete penetrance and variable expres-
sivity makes genetic screening less attractive [16]. Concerns have 
been raised by some authors that screening may cause psychologi-
cal and social stress and can be expensive considering the rela-
tively low prevalence and incomplete penetrance. However recent 
studies have shown that there are minimal psychological effects 
of screening [146–149]. Additionally, studies outside the United 
States where insurance and health care access and coverage are 
less of a concern have suggested that practical reasons such as 
lack of awareness and access to screening programs are the major 
reasons for non-participation in screening programs [150]. We 
believe that screening persons of Northern European descent 
may be useful; with phenotypic screening with TS preferred over 
HFE genotyping although TS screening does have limitations 
due to the performance  characteristics of this test [64,151].

All first-degree relatives of family members with HH should 
undergo genotypic and phenotypic (TS and SF) testing [77]. 
Children of a proband do not need to undergo genotyping if the 
other parent has the HFE wild-type genotype as this is an auto-
somal recessive disorder [152]. Given the rarity of complications 
prior to adulthood in type 1 HH, screening can be deferred in 
children until adulthood [40].

Expert commentary & five-year view
Many significant advances have been made in our understand-
ing of HH in recent years. It has become clear that the primary 
physiologic defect in this disorder is in the liver, and is the 
result of inadequate hepcidin response to iron sensing in the 
hepatocytes due to the homozygous C282Y mutation in the 
HFE gene. Other genetic forms of HH have been identified 
due to mutations in other iron regulatory genes such as HJV 
and HAMP (hepcidin). Liver biopsy has been largely replaced 
by HFE gene testing and the application of noninvasive tools 
has helped further define which patients with type 1 HH 
(HFE-HH) are at increased risk of cirrhosis. Population-based 
studies in the past 10 years have shown us that many individuals 
(especially women) with the C282Y homozygous mutation do 
not demonstrate iron overload and even fewer have end-organ 
damage. In the last 5 years we have seen evidence that most 
patients with SF <1000 µg/l do not develop iron overload over 
time and do not have an increased mortality risk. Based on 
these observations, the need for therapeutic phlebotomy among 
patients with type 1 HH who have minimal or mildly increased 
iron overload is unclear and it is possible that aggressive iron 
depletion may become less common. By contrast, it is clear that 
those with type 1 HH and SF >1000 µg/l have an increased 
risk of mortality and end-organ damage.

Hepcidin levels can now be measured by the ELISA method 
and it is therefore plausible that this assay may become useful 
during initial evaluation as one of the risk factors for patients to 
undergo further genetic evaluation [153]. Due to incomplete pen-
etrance in HH, the hepcidin assay may have a role as a diagnostic 
marker where it is unclear whether a patient will show full clinical 
expression of the disease.

It is also clear from recent large scale screening studies that there 
is a continued need to educate clinicians about the proper use of 
diagnostic tests to screen for and confirm the diagnosis of HH 
rather than rely on symptoms of the classic presentation of the 
disease. Those patients found to have elevated TS and SF, should 
undergo HFE genotyping. All patients with known or suspected 
HH (and not only C282Y homozygotes) should be offered liver 
biopsy to evaluate for cirrhosis if SF <1000 µg/l.

Novel methods for estimating HIC such as T2* and FerriScan® 
[201] may be more widely employed in the coming years and non-
invasive tools to estimate liver fibrosis may become  commonplace 
and reduce the use of liver biopsy.

It has become more apparent that many if not most C282Y/H63D 
compound heterozygous individuals who have moderately elevated 
SF and TS may have another liver disease such as hepatitis or fatty 
liver and so liver biopsy should be considered in these patients even 
if the SF <1000 µg/l especially if liver enzymes are elevated.

By contrast, C282Y homozygous individuals with SF between 
300–1000 µg/l and normal liver tests may undergo phlebotomy 
without a liver biopsy. However, recent studies suggest that many, 
if not most of these patients,will never develop significant iron 
overload-related morbidity, especially if they are female and do 
not have other risk factors such as excess alcohol use. Therefore 
treatment guidelines may change to recommend watchful waiting 
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or volunteer blood donation alone for those with SF within the 
normal range or even if minimally elevated.

Patients who are C282Y and H63D heterozygotes, H63D 
homozygotes or those who have HFE wild-type genotype are 
unlikely to develop phenotypic expression of HH. In these 
patients, further work up is not needed if the iron indices are 
normal. If they do have elevated SF and TS, further management 
should include ruling out secondary causes of iron overload such 
as hematological disorders and other chronic liver diseases. Liver 
biopsy should be considered if risk factors for liver disease such 
as alcohol abuse, obesity, metabolic syndrome, viral hepatitis are 
present.

Phlebotomy remains the core treatment strategy for iron deple-
tion in HH patients. The target value for initial iron depletion 
needs more homogeneity as current guidelines from different 
international societies are somewhat arbitrary. New algorithms 
such as those utilizing the hepcidin:SF ratio may become useful 
[154]. Although, it is difficult to predict exactly how much SF 
will decrease with each phlebotomy session, a definite range of 
target values need to be outlined, where the hepcidin levels are 
high enough to prevent further iron absorption and the ferritin 
is low enough to decrease the iron stores and prevent further 

morbidity. Therefore, the therapeutic goal may be less restrictive 
in the future.

Oral iron chelators and erythrocytapheresis may be used more 
often in the coming years if the cost, safety and efficacy become 
competitive to standard phlebotomy. Hepcidin or other small 
molecules used to prevent iron overload may have a role in the 
future but appear unlikely to be implemented in clinical practice 
in the next 5 years. Finally, although population-based genetic 
or phenotypic screening for HFE-HH have not generated enthu-
siasm, we hope that phenotypic-based screening strategies for 
iron overload using TS, UIBC or ferritin will be more widely 
adopted as part of ‘point of care’ or preventive health maintenance 
‘targeted screening’ strategies especially among men of Northern 
European descent.
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Key issues

• Hereditary hemochromatosis (HH) is an iron overload disorder classified into four types based on different mutations. The most 
common is autosomal recessive, type 1, which is associated with HFE mutations, predominantly C282Y homozygous and rarely C282Y/
H63D compound heterozygous. The highest prevalence of C282Y homozygosity is 1:250, seen in populations of North European 
ancestry.

• Low circulating hepcidin due to decreased hepatic expression of hepcidin resulting from HFE mutations is the central mechanism of the 
disease and, therefore, the role of serum hepcidin as a marker for expression of disease and even a possible treatment option in the 
future needs to be further studied.

• HH has incomplete penetrance; although a majority of the C282Y homozygotes develop elevated serum ferritin (SF) and transferrin 
saturation (TS), less than half develop any symptoms and about 28% of men develop end organ damage, while women rarely develop 
end organ damage.

• The variable expressivity of HFE-HH is related to sex and dietary factors; however, other mutations, and environmental factors such as 
steatosis and viral hepatitis may also contribute to clinical expression.

• C282Y homozygous patients with SF <1000 µg/l especially in the presence of normal serum aminotransferases are at low risk to 
develop cirrhosis. On the contrary, SF >1000 µg/l is associated with a substantial risk of cirrhosis and therefore a liver biopsy is 
recommended for staging.

• C282Y homozygous patients with normal or mildly elevated ferritin can undergo frequent monitoring of SF and TS and treatment 
should not be initiated if their levels remain stable.

• C282Y/H63D compound heterozygous individuals may develop clinical and biochemical iron overload but frequently do so in the 
presence of co-morbid factors.

• Liver biopsy has become less frequent with the emergence of HFE genotyping. With the advent of noninvasive techniques to gauge iron 
overload such as MRI T2* and evaluation for cirrhosis by techniques such as transient elastography, serum hyaluronic acid levels, liver 
biopsy will be less frequently used; however, it will remain an important diagnostic method especially where other hepatic causes of 
iron overload are involved.

• Phlebotomy remains the mainstay of treatment in HH; however erythrocytapheresis and novel chelators along with phlebotomy may 
become the treatment options in the future.

• The target SF levels during the initial iron depletion therapy need to be better defined. They need to be in a range where optimal 
hepcidin levels and iron absorption intersect. Some of the guidelines recommend a target SF level of 50 µg/l, which may be too low,

• Due to iron’s role in carcinogenesis, venesection for individuals with cirrhosis and/or hepatocellular carcinoma with hepatic iron 
overload should be considered. Even though these are irreversible conditions, iron depletion may improve their prognosis.

• Although HH has incomplete penetrance and variable expressivity, it has significant prevalence in Northern European populations 
and screening of these populations should be considered due to the potential for significant morbidity, the availability of inexpensive 
diagnostic and confirmatory tests and safe and effective therapy.

525www.expert-reviews.com

Update on hereditary hemochromatosis



Review

References
Papers of special note have been highlighted as:
• of interest
•• of considerable interest

1 Simon M, Pawlotsky Y, Bourel M, Fauchet 
R, Genetet B. Idiopathic hemochromatosis 
associated with HL-A 3 tissular antigen. 
Nouv. Presse. Med. 4(19), 1432 (1975).

2 Bridle KR, Frazer DM, Wilkins SJ et al. 
Disrupted hepcidin regulation in HFE- 
 associated haemochromatosis and the liver 
as a regulator of body iron homeostasis. 
Lancet 361(9358), 669–673 (2003).

3 Gehrke SG, Kulaksiz H, Herrmann T et al. 
Expression of hepcidin in hereditary 
hemochromatosis: evidence for a regulation 
in response to serum transferrin saturation 
and to non-transferrin-bound iron. Blood 
102(1), 371–376 (2003).

4 Pietrangelo A. Hereditary hemochromato-
sis: pathogenesis, diagnosis, and treatment. 
Gastroenterology 139(2), 393–408 (2010).

5 Trousseau A. Glycosurie: diabete sucre. 
Clinique Med. de l’Hotel de Paris 31, 
2029–2034 (1865).

6 Sheldon J. Haemochromatosis. Oxford 
University Press, London, UK (1935).

7 Feder JN, Gnirke A, Thomas W et al. 
A novel MHC class I-like gene is mutated in 
patients with hereditary haemochromatosis. 
Nat. Genet. 13(4), 399–408 (1996).

8 Pigeon C, Ilyin G, Courselaud B et al. 
A new mouse liver-specific gene, encoding a 
protein homologous to human  antimicrobial 
peptide hepcidin,  overexpressed during iron 
overload. J. Biol. Chem. 276(11), 7811–7819 
(2001).

9 Beutler E, Felitti VJ, Koziol JA et al. 
Penetrance of 845G → A (C282Y) HFE 
hereditary haemochromatosis mutation in 
the USA. Lancet 359(9302), 211–218 
(2002).

10 Beutler E, Gelbart T, West C et al. 
Mutation analysis in hereditary hemochro-
matosis. Blood cells Mol. Dis. 22(2), 
187–194 (1996).

11 Bacon BR, Olynyk JK, Brunt EM, Britton 
RS, Wolff RK. HFE genotype in patients 
with hemochromatosis and other liver 
diseases. Ann. Intern. Med. 130(12), 
953–962 (1999).

12 EASL. Clinical practice guidelines on 
hemochromatosis. J. Hepatol. 53, 3–22 
(2010).

13 Ryan E, O’Keane C, Crowe J. 
 Hemochromatosis in Ireland and HFE. 
Blood Cells Mol. Dis. 24(4), 428–432 
(1998).

14 Merryweather-Clarke AT, Pointon JJ, 
Jouanolle AM, Rochette J, Robson KJ. 
Geography of HFE C282Y and H63D 
mutations. Genet. Test. 4(2), 183–198 
(2000).

15 Sanchez M, Bruguera M, Bosch J, Rodes J, 
Ballesta F, Oliva R. Prevalence of CYS282 
tyr and his63Asp HFE gene mutations in 
Spanish patients with hereditary hemo-
chromatosis and in controls. J. Hepatol. 
29(5), 725–728 (1998).

16 Adams PC, Reboussin DM, Barton JC 
et al.; Hemochromatosis and iron-overload 
screening in a racially diverse population. 
N. Engl. J. Med. 352(17), 1769–1778 
(2005).

17 Merryweather-Clarke AT, Pointon JJ, 
Shearman JD, Robson KJ. Global 
prevalence of putative hemochromatosis 
mutations. J. Med. Genet. 34(4), 275–278 
(1997).

18 Steinberg KK, Cogswell ME, Chang JC 
et al. Prevalence of C282Y and H63D 
mutations in the hemochromatosis (HFE) 
gene in the United States. JAMA 285(17), 
2216–2222 (2001).

19 Gochee PA, Powell LW, Cullen DJ, Du 
Sart D, Rossi E, Olynk JK. A population-
based study of the biochemical and clinical 
expression of the H63D hemochromatosis 
mutation. Gastroenterology 122(4), 
646–651 (2002).

20 Olynk JK, Digby JC, Aquilia S, Rossi E, 
Summerwille L, Powell LW. A population-
based study of the clinical expression of the 
hemochromatosis gene. N. Engl. J. Med. 
341(10), 718–724 (1999).

21 Beutler E. Iron absorption in carriers of the 
C282Y hemochromatosis mutation. Am. J. 
Clin. Nutr. 80(4), 799–800 (2004).

22 Naugler C. Hemochromatosis: a Neolithic 
adaptation to cereal grain diets. Med. 
Hypotheses 70(3), 691–692 (2008).

23 Pietrangelo A. Hereditary hemochromatosis 
– a new look at an old disease. N. Engl. J. 
Med. 350(23), 2383–2397 (2004).

24 Distante S, Robson KJ, Graham-Campbell 
J, Arnaiz-Villena A, Brissot P, Worwood M. 
The origin and spread of the HFE-C282Y 
hemochromatosis mutation. Hum. Genet. 
115(4), 269–279 (2004).

25 Roetto A, Papanikolaou G, Politou M 
et al. Mutant antimicrobial peptide 
hepcidin is associated with severe juvenile 
hemochromatosis. Nat. Genet. 33(1), 21–22 
(2002).

26 Pietrangelo A. Molecular insights into the 
pathogenesis of hereditary  hemochromatosis. 
Gut 55(4), 564–568 (2006).

27 Nemeth E, Tuttle MS, Powelson J et al. 
Hepcidin regulates cellular iron efflux by 
binding to ferroportin and inducing its 
internalization. Science 306(5704), 
2090–2093 (2004).

28 De Dominico I, Ward DM, Langelier C 
et al. The molecular mechanism of 
hepcidin-mediated ferroportin down 
regulation. Mol. Biol. Cell 18(7), 
2569–2578 (2007).

29 Nicolas G, Bennoun M, Porteu A et al. 
Severe iron deficiency anemia in transgenic 
mice expressing liver hepcidin. Proc. Natl 
Acad. Sci. 99(7), 4596–4601 (2002).

30 Gan EK, Powell LE, Olynk JK. Natural 
history and management of HFE-
hemochromatosis. Semin. Liver Dis. 31(3), 
293–301 (2011).

31 Maliken BD, Nelson JE, Kowdley KV. 
The hepcidin circuits act: balancing iron 
and inflammation. Hepatology 53(5), 
1764–1766 (2011).

32 Njajou OT, Vaessen N, Joosse M et al. 
A mutation in SLC11A3 is associated with 
autosomal dominant hemochromatosis. 
Nat. Genet. 28(3), 213–214 (2001).

33 Letocart E, Le Gac G, Majore S et al. 
A novel missense mutation in SLC40A1 
results in resistance to hepcidin and 
confirms the existence of two ferroportin-
associated iron overload diseases. Br. J. 
Hematol. 147(3), 379–385 (2009).

34 Miura K, Taura K, Kodama Y, Schnabl B, 
Brenner DA. Hepatitis C virus-induced 
oxidative stress suppresses hepcidin 
expression through increased histone 
deacetylase activity. Hepatology 48(5), 
1420–1429 (2008).

35 Flanagan JM, Peng H, Beutler E. Effects of 
alcohol consumption on iron metabolism 
in mice with hemochromatosis mutations. 
Alcohol. Clin. Exp. Res. 31(1), 138–143 
(2007).

36 Nelson JE, Wilson L, Brunt EM et al.; 
Relationship between the pattern of hepatic 
iron deposition and histological severity in 
nonalcoholic fatty liver disease. Hepatology 
53(2), 448–457 (2011).

37 Adams P, Brissot P, Powell LW. EASL 
International Consensus Conference on 
Haemochromatosis. J. Hepatol. 33(3), 
485–504 (2000).

38 Adams PC, Kertesz AE, Valberg LS. 
Clinical presentation of hemochromatosis: 
a changing scene. Am. J. Med. 90(4), 
445–449 (1991).

39 Bacon BR, Sadiq SA. Hereditary hemo-
chromatosis: presentation and diagnosis in 

 Expert Rev. Gastroenterol. Hepatol. 7(6), (2013)526

Kanwar & Kowdley



Review

the 1990s. Am. J. Gastroenterol. 92(5), 
784–789 (1997).

40 Siddique A, Kowdley KV. Review article: 
the iron overload syndromes. Aliment. 
Pharmacol. Ther. 35(8), 876–893 (2012).

41 Adams PC, Deugnier Y, Moirand R, 
Brissot P. The relationship between iron 
overload, clinical symptoms, and age in 
410 patients with genetic hemochromatosis. 
Hepatology 25(1), 162–166 (1997).

42 Wang Y, Gurrin LC, Wluka AE et al. HFE 
C282Y homozygosity is associated with an 
increased risk of total hip replacement for 
osteoarthritis. Semin. Arthritis Rheum. 
41(6), 872–878 (2012).

43 Carroll GJ, Breidahl WH, Bulsara MK, 
Olynyk JK. Hereditary hemochromatosis is 
characterized by a clinically definable 
arthropathy that correlates with iron load. 
Arthritis Rheum. 63(1), 286–294 (2011).

44 Adams PC, Passmore L, Chakrabarti S 
et al. Liver disease in the hemochromatosis 
and iron overload screening study. Clin. 
Gastroenterol. Hepatol. 4(7), 918–923 
(2006).

45 Allen KJ, Gurrin LC, Constantine CC 
et al. Iron – overload related disease in HFE 
hereditary Hemochromatosis. N. Eng. J. 
Med. 358(3), 221–230 (2008).

••	 Presents	data	on	clinical	penetrance	
in	203	C282Y	homozygotes,	study	
participants	followed	for	12	years.

46 Powell LW, Dixon JL, Ramm GA et al. 
Screening for hemochromatosis in 
asymptomatic subjects with or without a 
family history. Arch. Int. Med. 166(3), 
294–301 (2006).

47 Hramiak IM, Finegood DT, Adams PC. 
Factors affecting glucose intolerance in 
hereditary hemochromatosis. Clin. Invest. 
Med. 20(20), 110–118 (1997).

48 Mendler MH, Turlin B, Moirand R et al. 
Insulin resistance-associated hepatic iron 
overload. Gastroenterology 117(5), 
1155–1163 (1999).

49 Wood MJ, Powell LW, Dixon JL, Ramm 
GA. Clinical cofactors and hepatic fibrosis 
in hereditary hemochromatosis: the role of 
diabetes mellitus. Hepatology 56(3), 
904–911 (2012).

50 McDermott JH, Walsh CH. Hypog-
onadism in hereditary hemochromatosis. 
J. Clin. Endocrin. Metabol. 90(4), 
2451–2455 (2005).

51 Siminoski K, D’Costa M, Walfish PG. 
Hypogonadotropic hypogonadism in 
idiopathic hemochromatosis: evidence of 
hypothalamic and pituitary involvement. 

J. Endocrinol. Invest. 13(10), 849–853 
(1990).

52 Barton JC, Barton JC, Acton RT, So J, 
Chan S, Adams PC. Increased risk of death 
from iron overload among 422 treated 
probands with HFE hemochromatosis and 
serum levels of ferritin greater than 
1000 µg/l at diagnosis. Clin. Gastroenterol. 
Hepatol. 10(4), 412–416 (2012).

••	 Presents	data	on	mortality	risk	with	
and	without	treatment	in	422	C282Y	
homozygotes.

53 Allen KJ, Bertalli NA, Osborne NJ et al. 
HFE Cys282Tyr homozygotes with serum 
ferritin concentrations below 1000 microg/L 
are at low risk of hemochromatosis. 
Hepatology 52(3), 925–933 (2010).

54 Barton JC, Acton RT, Dawkins FW et al. 
Initial screening transferrin saturation 
values, serum ferritin concentration, and 
HFE genotypes in white and blacks in the 
Hemochromatosis and Iron Overload 
Screening Study. Genet. Test. 9(3), 
233–241 (2005).

55 Gurrin LC, Osborne NJ, Constantine CC 
et al. The natural history of serum iron 
indices for HFE C282Y homozygosity 
associated with hereditary hemochromato-
sis. Gastroenterology 135(6), 1945–1952 
(2008).

•	 Presents	data	on	change	in	biochemical	
expression	in	203	homozygotes	followed	
over	12	years,	thereby	predicting	their	
propensity	for	clinical	penetrance.

56 Barton JC, Wiener HW, Acton RT, Go 
RC. HLA haplotype A*03-B*07 in 
hemochromatosis probands with HFE 
C282Y homozygosity: frequency disparity 
in men and women and lack of association 
with severity of iron overload. Blood Cells 
Mol. Dis. 34(1), 38–47 (2005).

57 Krijt J, Cmejla R, Sýkora V, Vokurka M, 
Vyoral D, Necas E. Different expression 
pattern of hepcidin genes in the liver and 
pancreas of C57BL/6N and DBA/2N mice. 
J. Hepatol. 40(6), 891–896 (2004).

58 Cheng R, Barton JC, Morrison ED et al. 
Differences in hepatic phenotype between 
hemochromatosis patients with HFE 
C282Y homozygosity and other HFE 
genotypes. J. Clin. Gastroenterol. 43(6), 
569–573 (2009).

••	 Presents	data	on	the	importance	of	
co-morbid	liver	diseases	in	non-C282Y	
homozygotes	in	182	patients.

59 Gurrin LC, Bertalli NA, Dalton GW et al.; 
HFE C282Y/H63D compound heterozy-
gotes are at low risk of hemochromatosis-

related morbidity. Hepatology 50(1), 
94–101 (2009).

60 Bacon BR, Briton RS. Clinical penetrance 
of hereditary hemochromatosis. N. Engl. J. 
Med. 358(3), 291–292 (2008).

61 Olynyk JK, Cullen DJ, Aquilia S, Rossi E, 
Summerville L, Powell LW. A population 
based study of the clinical expression of the 
hemochromatosis gene. N. Engl. J. Med. 
341(10), 718–724 (1999).

62 Murtagh LJ, Whiley M, Wilson S, Tran H, 
Bassett ML. Unsaturated iron binding 
capacity and transferrin saturation are 
equally reliable in detection of HFE 
hemochromatosis. Am. J. Gastroenterol. 
97(8), 2093–2099 (2002).

63 Adams PC, Kertesz AE, McLaren CE et al. 
Population screening for hemochromatosis: 
a comparison of unbound iron-binding 
capacity, transferrin saturation, and C282Y 
genotyping in 5,211 voluntary blood 
donors. Hepatology 31(5), 1160–1164 
(2000).

64 Adams PC, Reboussin DM, Press RD. 
Biological variability of transferrin 
saturation and unsaturated iron binding 
capacity. Am. J. Med. 120(11), 
999e1–999e7 (2007).

65 Wiggers P, Dalhøj J, Hyltoft Petersen P, 
Blaabjerg O, Hørder M. Screening for 
haemochromatosis: influence of analytical 
imprecision, diagnostic limit and preva-
lence on test validity. Scand. J. Clin. Lab. 
Invest. 51(2), 143–148 (1991).

66 Dongiovanni P, Fracanzani AL, Fargion S, 
Valenti L. Iron in fatty liver and in the 
metabolic syndrome: a promising 
therapeutic target. Hepatology. 55(4), 
920–932 (2011).

67 Jehn M, Clark JM, Guallar E. Serum 
ferritin and risk of the metabolic syndrome 
in U.S. adults. Diabetes Care 27(10), 
2422–2429 (2004).

68 Bozzini C, Girelli D, Olivieri O et al. 
Prevalence of body iron excess in the 
metabolic syndrome. Diabetes Care 28(8), 
2061–2063 (2005).

69 Wrede CE, Buettner R, Bollheimer LC, 
Scholmerich J, Palitzsch KD, Hellerbrand C. 
Association between serum ferritin and the 
insulin resistance syndrome in a representa-
tive population. Eur. J. Endocrinol. 154(2), 
333–340 (2006).

70 Adams PC, Reboussin DM, Barton JV 
et al. Serial serum ferritin measurements in 
untreated HFE C282Y homozygotes in the 
Hemochromatosis and Iron Overload 
Screening Study. Int. J. lab. Hematol. 
30(4), 300–305 (2008).

527www.expert-reviews.com

Update on hereditary hemochromatosis



Review

71 Wood MJ, Powell LW, Ramm GA. 
Environmental and genetic modifiers of the 
progression to fibrosis and cirrhosis in 
hemochromatosis. Blood 111(9), 
4456–4462 (2008).

72 Fletcher LM, Dixon JL, Purdie DM, 
Powell LW, Crawford DH. Excess alcohol 
greatly increases the prevalence of cirrhosis 
in hereditary hemochromatosis. 
 Gastroenterology 122(2), 281–289 (2002).

73 Adams PC, Agnew S. Alcoholism in 
hereditary hemochromatosis revisited: 
prevalence and clinical consequences 
among homozygous siblings. Hepatology 
23(4), 724–727 (1996).

74 Diwarkarn HH, Befeler AS, Britton RS, 
Brunt EM, Bacon BR. Accelerated hepatic 
fibrosis in patients with combined 
hereditary hemochromatosis and chronic 
hepatitis C infection. J. Hepatol. 36(5), 
687–691 (2002).

75 Powell EE, Ali A, Cloustan AD et al. 
Steatosis is a cofactor in liver injury in 
hemochromatosis. Gastroenterology 129(6), 
1937–1943 (2005).

76 Lopez-Escribano H, Ferragut JF, Parera 
MM et al. Effect of co-inheritance of 
β-thalassemia and hemochromatosis. 
Hemoglobin 36(1), 85–92 (2012).

77 Piperno A, Mariani R, Arosio C et al. 
Haemochromatosis in patients with 
beta-thalassemia trait. Br. J. Haematol. 
111(3), 908–914 (2000).

78 Constantine CC, Gurrin LC, Mclaren CE 
et al.; Health Iron Investigators. 
SNP selection for genes of iron metabolism 
in a study of genetic modifiers of 
hemochromatosis. BMC Med. Genet. 9, 18 
(2008).

79 Constantine CC, Anderson GJ, Vulpe CD 
et al. A novel association between SNP in 
CYBRD1 and serum ferritin levels in a 
cohort study of HFE hereditary hemochro-
matosis. Br. J. Haematol. 147(1), 140–149 
(2009).

80 Benyamin B, Mcrae AF, Zhu G et al. 
Variants in TF and HFE explain approxi-
mately 40% of genetic variation in serum 
transferrin levels. Am. J. Hum. Genet. 
84(1), 60–65 (2009).

81 Osterreicher CH, Datz C, Stickel F et al. 
TGF-beta 1 codon 25 gene polymorphism 
is associated with cirrhosis in patients with 
hereditary hemochromatosis. Cytokine 
31(2), 142–148 (2005).

82 Piperno A, Sampietro M, Pietrangelo A 
et al. Heterogeneity of hemochromatosis in 
Italy. Gastroenterology 114(5), 996–1002 
(1998).

83 Barton JC, Shih WW, Sawada-Hirai R 
et al. Genetic and clinical description of 
hemochromatosis probands and heterozy-
gotes: evidence that multiple genes linked 
to the major histocompatibility complex are 
responsible for hemochromatosis. Blood 
Cells Mol. Dis. 23(1), 135–145 (1997).

84 Pratiwi R, Fletcher LM, Pyper WR et al. 
Linkage disequilibrium analysis in 
Australian hemochromatosis patients 
indicates bipartite association with clinical 
expression. J. Hepatol. 31(1), 39–46 (1999).

85 Cruz E, Vieira J, Almeida S et al. A study 
of 82 extended HLA haplotypes in 
HFE-C282Y homozygous hemochromato-
sis subjects: relationship to the genetic 
control of CD8+ T-lymphocyte numbers 
and severity of iron overload. BMC Med. 
Genet. 7, 16 (2006).

86 Rossi E, Olynyk JK, Jeffrey GP. Clinical 
penetrance of C282Y homozygous HFE 
hemochromatosis. Expert Rev. Hematol. 
1(2), 205–216 (2008).

87 Pietrangelo A, Caleffi A, Corradini E. 
Non-HFE hepatic iron overload. Semin. 
Liver Dis. 31(3), 302–318 (2011).

88 Deugnier Y, Turlin B. Pathology of hepatic 
iron overload. Semin. Liver Dis. 31(3), 
260–271 (2011).

89 Bassett ML, Halliday JW, Powell LW. 
Value of hepatic iron measurements in early 
hemochromatosis and determination of 
critical iron level associated with fibrosis. 
Hepatology 6(1), 24–29 (1986).

90 Kowdley KV, Trainer TD, Saltzman JR 
et al. Utility of hepatic iron index in 
American patients with hereditary 
hemochromatosis: a multicenter study. 
Gastroenterology 113(4), 1270–1277 
(1997).

91 Cotler SJ, Bronner MP, Press RD et al. 
End-stage Liver disease without hemochro-
matosis associated with elevated hepatic 
iron index. J. Hepatol. 29(2), 257–262 
(1998).

92 Bacon BR, Olynk KJ, Brunt EM, Britton 
RS, Wolff RK. HFE genotype in patients 
with hemochromatosis and other liver 
diseases. Ann. Intern. Med. 130(12), 
953–962 (1999).

93 Olsson KS. Iron stores in normal men and 
male blood donors. As measured by 
desferrioxamine and quantitative 
 phlebotomy. Acta Med. Scand. 192(5), 
401–407 (1972).

94 Barton JC, Mcdonnell SM, Adams PC 
et al. Management of hemochromatosis. 
Hemochromatosis Management Working 

Group. Ann. Intern. Med. 129(11), 
932–939 (1998).

95 Morrison ED, Brandhagen DJ, Phatak PD 
et al. Serum ferritin levels predicts 
advanced hepatic fibrosis among US 
patients with hereditary hemochromatosis. 
Ann. Intern. Med. 138(8), 627–633 (2003).

••	 Presents	data	on	the	low	risk	of	cirrhosis	
with	serum	ferritin	<1000	µg/l	in	
182	individuals	with	phenotypically	
defined	hemochromatosis.

96 Bacon BR, Adams PC, Kowdley KV, 
Powell LW, Tavill AS;  Diagnosis and 
management of hemochromatosis: 2011 
practice guideline by the American Associa-
tion for the Study of Liver Diseases. 
Hepatology 54(1), 328–343 (2011).

97 St Pierre TG, Clark PR, Chua-Anusorn W. 
Measurement and mapping of liver iron 
concentrations using magnetic resonance 
imaging. Ann. N. Y. Acad. Sci. 1054, 
379–385 (2005).

98 Westphalen AC, Qayyum A, Yeh BM et al. 
Liver fat: effect of hepatic iron deposition 
on evaluation with opposed-phase MR 
imaging. Radiology 242(2), 450–455 
(2007).

99 Wood JC. Magnetic Resonance Imaging 
measurement of iron overload. Curr. Opin. 
Hematol. 14(3), 183–190 (2007).

100 Emond MJ, Bronner MP, Carlson TH, 
Lin M, Labbe RF, Kowdley KV. 
 Quantitative study of the variability of 
hepatic iron concentrations. Clin. Chem. 
45(3), 340–346 (1999).

101 Guyader D, Jacquelinet C, Moirand R et al. 
Noninvasive prediction of fibrosis in 
C282Y homozygous hemochromatosis. 
Gastroenterology 115(4), 929–936 (1998).

102 Crawford DH, Murphy TL, Ramm LE et al. 
Serum hyaluronic acid with serum ferritin 
accurately predicts cirrhosis and the need for 
liver biopsy in C282Y hemochromatosis. 
Hepatology 49(2), 418–425 (2009).

103 Harrison SA, Bacon BR. Hereditary 
hemochromatosis: update for 2003. 
J. Hepatol. 38, S14–S23 (2003).

104 Lynch SR, Skikne BS, Cook JD. Food iron 
absorption in idiopathic hemochromatosis. 
Blood 74(6), 2187–2193 (1989).

105 Bomford A, Williams R. Long term results 
of venesection therapy in idiopathic 
hemochromatosis. Q. J. Med. 45(180), 
611–623 (1976).

106 Falize L, Guillygomarc’h A, Perrin M et al. 
Reversibility of hepatic fibrosis in treated 
genetic hemochromatosis: a study of 
36 cases. Hepatology 44(2), 472–477 (2006).

 Expert Rev. Gastroenterol. Hepatol. 7(6), (2013)528

Kanwar & Kowdley



Review

107 Nielsen P, Fischer R, Buggisch P,  Janka 
Schaub G. Effective treatment of hereditary 
haemochromatosis with desferrioxamine in 
selected cases. Br. J. Hematol. 123(5), 
952–953 (2003).

108 Phatak P, Brissot P, Wurster M et al. 
A Phase 1/2, dose-escalation trial of 
deferasirox for the treatment of iron 
overload in HFE-related hereditary 
hemochromatosis. Hepatology 52(5), 
1671–1679 (2010).

109 Rombout-Sestrienkona E, Van Noord PA, 
Van Deursen CT et al. Therapeutic 
erythrocytapheresis versus phlebotomy in 
the initial treatment of hereditary 
hemochromatosis – a pilot study. Transfus. 
Apher. Sci. 36(3), 261–267 (2007).

110 Preza GC, Ruchala P, Pinon R et al. 
Minihepcidins are rationally designed 
small peptides that mimic hepcidin activity 
in mice and may be useful for the 
treatment of iron overload. J. Clin. Invest. 
121(12), 4880–4888 (2011).

111 Lynch SR, Cook JD. Interaction of 
vitamin C and iron. Ann. N. Y. Acad. Sci. 
355, 32–44 (1980).

112 Tavill AS; Diagnosis and management of 
hemochromatosis. Hepatology 33(5), 
1321–1328 (2001).

113 Milward EA, Baines SK, Knuiman MW 
et al. Non citrus fruits as novel dietary 
environmental modifiers of iron stores in 
people with or without HFE gene mutations. 
Mayo Clinic. Proc. 83(5), 543–549 (2008).

114 Hutchinson C, Geissler CA, Powell JJ, 
Bomford A. Proton pump inhibitors 
suppress absorption of dietary non haem 
iron in hereditary hemochromatosis. Gut 
56(9), 1291–1295 (2007).

115 Leggett BA, Brown NN, Bryant SJ, 
Duplock L, Powell LW, Halliday JW. 
Factors affecting the concentrations of 
ferritin in serum in a healthy Australian 
population. Clin. Chem. 36(7), 1350–1355 
(1990).

116 Bothell TH, Derman D, Bezwoda WR, 
Torrance JD, Charlton RW. Can iron 
fortification of flour cause damage to 
genetic susceptibilities. Hum. Genet. 
Suppl. 1, 131–137 (1978).

117 Barton JC, Lee PL, West C, Bottomley SS. 
Iron overload and prolonged ingestion of 
iron supplements: clinical features and 
mutation analysis of hemochromatosis- 
 associated genes in four cases. Am. J. 
Hematol. 81(10), 760–767 (2006).

118 Adams PC, Barton JC. How I treat 
hemochromatosis. Blood 116(3), 317–325 
(2010).

119 Ashrafian H. Hepcidin: the missing link 
between hemochromatosis and infections. 
Infect. Immun. 71(12), 6693–7000  
(2003).

120 Aigner E, Theurl I, Haufe H et al. Copper 
availability contributes to iron perturba-
tions in human nonalcoholic fatty liver 
disease. Gastroenterology 135(2), 680–688 
(2008).

121 Kim B, Nevitt T, Thiele DJ. Mechanisms 
for copper acquisition, distribution and 
regulation. Nat. Chem. Biol. 4(3), 176–185 
(2008).

122 Kowdley KV, Hassanein T, Kaur S et al. 
Primary liver cancer and survival in 
patients undergoing liver transplantation 
for hemochromatosis. Liver Transpl. Surg. 
1(4), 237–241 (1995).

123 Kowdley KV, Brandhagen DJ, Gish RG 
et al. Survival after liver transplantation in 
patients with hepatic iron overload: the 
national hemochromatosis transplant 
registry. Gastroenterology 129(2), 494–503 
(2005).

124 Yu L, Ioannou GN. Survival of liver 
transplant recipients with hemochromatosis 
in the United States. Gastroenterology 
133(2), 489–495 (2007).

125 Crooks CJ, West J, Solaymani-Dodaran M, 
Card TR. The epidemiology of hemochro-
matosis: a population-based study. Aliment. 
Pharmacol. Ther. 29(2), 183–192 (2009).

126 Elmberg M, Hultcrantz R, Ebrahim F et al. 
Increased mortality risk in patients with 
phenotypic hereditary hemochromatosis 
but not in their first degree relatives. 
Gastroenterology 137(4), 1301–1309 
(2009).

127 Van Aken MO, De Craen AJ, Gussekloo J 
et al. No increase in mortality and 
morbidity among carriers of the C282Y 
mutation of the hereditary hemochromato-
sis gene in the oldest old: Leiden 85-plus 
study. Eur. J. Clin. Invest. 32(10), 750–754 
(2002).

128 Waalen J, Beutler E. No age-related 
decrease in frequency of heterozygotes for 
the HFE C282Y hemochromatosis 
mutation. J. Hepatol. 40(6), 1044; author 
reply 1044–1044 (2004).

129 Niederau C, Fischer R, Sonnenberg A, 
Stremmel W, Trampisch HJ, Strohmeyer 
G. Survival and cause of death in cirrhotic 
and in noncirrhotic patients with primary 
hemochromatosis. N. Engl. J. Med. 
313(20), 1256–1262 (1985).

130 Yang Q, McDonnell SM, Khoury MJ, 
Cono J, Parrish RG. Hemochromatosis-
associated mortality in the United States 

from 1979 to 1992: an analysis of 
multiple-cause mortality data. Ann. Intern. 
Med. 129(11), 946–953 (1998).

131 Milman N, Pederson P, á Steig T, Byg KE, 
Graudal N, Fenger K. Clinically overt 
hereditary hemochromatosis in Denmark 
1948–1985: epidemiology, factors of 
significance for long-term survival, and 
causes of death in 179 patients. Ann. 
Hematol. 80(12), 737–744 (2001).

132 Niederau C, Fischer R, Purschel A, Stremmel 
W, Haussinger D, Strohmeyer G. Long-term 
survival in patients with hereditary 
hemochromatosis. Gastroenterology 110(4), 
1107–1119 (1996).

133 Kowdley KV. Iron, hemochromatosis and 
hepatocellular carcinoma. Gastroenterology 
127(5 Suppl. 1), S79–S86 (2004).

134 Bradbear RA, Bain C, Siskind V et al. 
Cohort study of internal malignancy in 
genetic hemochromatosis and other chronic 
nonalcoholic liver diseases. J. Natl Cancer 
Inst. 75(1), 81–84 (1985).

135 Strohmeyer G, Niederau C, Stremmel W. 
Survival and causes of death in hemo-
chromatosis. Observations in 163 patients. 
Ann. N. Y. Acad. Inst. 526, 245–257 
(1988).

136 Hsing AW, McLaughlin KH, Olsen JH, 
Mellemkjar L, Wacholder S, Fraumeni JF 
Jr. Cancer risk following primary 
hemochromatosis: a population-based 
cohort study in Denmark. Int. J. Cancer 
60(2), 160–162 (1995).

137 Fracanzani AL, Conte D, Fraquelli M et al. 
Increased cancer risk in a cohort of 
230 patients with hereditary hemo-
chromatosis in comparison to matched 
control patients with non-iron-related 
chronic liver disease. Hepatology 33(3), 
647–651 (2001).

138 Haddow JE, Palomaki GE, McClain M, 
Craig W. Hereditary haemochromatosis 
and hepatocellular carcinoma in males: 
a strategy for estimating the potential for 
primary prevention. J. Med. Screen. 10(1), 
11–13 (2003).

139 Turlin B, Juguet F, Moirand R et al. 
Increased liver iron stores in patients with 
hepatocellular carcinoma developed on a 
noncirrhotic liver. Hepatology 22(2), 
446–450 (1995).

140 Bioulac-Sage P, Le-Bail BL, Winnock M 
et al. Occurrence of hepatocellular 
carcinoma in nonfibrotic livers. Hepatology 
32(6), 1411–1412 (2000).

141 Bralet MP, Regimbeau JM, Pineau P et al. 
Hepatocellular carcinoma occurring in 
nonfibrotic liver: epidemiologic and 

529www.expert-reviews.com

Update on hereditary hemochromatosis



Review

histopathologic analysis of 80 French cases. 
Hepatology 32(2), 200–204 (2000).

142 Ko C, Siddaiah N, Berger J et al. 
 Prevalence of hepatic iron overload and 
association with hepatocellular cancer in 
end-stage liver disease: results from the 
National Hemochromatosis Transplant 
Registry. Liver Int. 27(10), 1394–1401 
(2007).

••	 Presents	data	on	the	carcinogenic	role	on	
iron	in	hepatocellular	cancer	in	5224	liver	
transplant	patients.

143 Osborne NJ, Gurrin LC, Allen KJ et al. 
HFE C282Y homozygotes are at increased 
risk of breast and colorectal cancer. 
Hepatology 51(4), 1311–1318 (2010).

144 Stevens RG, Jones DY, Micozzi MS, Taylor 
PR. Body iron stores and the risk of cancer. 
N. Engl. J. Med. 319(16), 1047–1052 
(1988).

145 Stevens RG, Graubard BI, Micozzi MS, 
Neriishi K, Blumberg BS. Moderate 
elevation of body iron level and increased 
risk of cancer occurrence and death. Int. J. 
Cancer 56(3), 364–369 (1994).

146 Patch C, Roderick P, Rosenberg W. 
Comparison of genotypic and phenotypic 
strategies for population screening in 

hemochromatosis: assessment of anxiety, 
depression, and perception of health. Genet. 
Med. 7(8), 550–556 (2005).

147 Delatcyki MB, Allen KJ, Nisselle AE et al. 
Use of community genetic screening to 
prevent HFE-associated hereditary 
haemochromatosis. Lancet 366(9482), 
314–316 (2005).

148 Delatcyki M, Wolthuizen M, Aitken M, 
Hickerton C, Metcalfe S, Allen K. To tell 
or not to tell – what to do about p.C282Y 
heterozugotes identified by screening. Clin. 
Genet. doi:10.1111/cge.12053 (2012)  
(Epub ahead of print). 

149 Picot J, Bryant J, Cooper K et al. 
 Psychosocial aspects of DNA testing for 
hereditary hemochromatosis in at-risk 
individuals: a systematic review. Genet. 
Test. Mol. Biomarkers 13(1), 7–14 (2009).

150 Wolthuizen M, Nisselle A, Halliday J 
et al. Why do people choose not to have 
screening for hemochromatosis? Genet. 
Test. Mol. Biomarkers 17(2), 21–24 
(2013).

151 Phatak PD, Bonkovski HL, Kowdley KV. 
Hereditary hemochromatosis: time for 
targeted screening. Ann. Intern. Med. 
149(4), 270–272 (2008).

152 Adams PC. Implications of genotyping of 
spouses to limit investigation of children in 
genetic hemochromatosis. Clin. Genet. 
53(3), 176–178 (1998).

153 Swinkels DW, Janssen MC, Bergmans J, 
Marx JJ. Hereditary hemochromatosis: 
genetic complexity and new diagnostic 
approaches. Clin. Chem. 52(6), 950–968 
(2006).

154 Van Dijk BA, Laarakkers CM, Klaver SM 
et al. Serum hepcidin levels are innately low 
in HFE-related hemochromatosis but differ 
between C282Y-homozygotes with elevated 
and normal ferritin levels. Br. J. Hematol. 
142(6), 979–985 (2008).

Patent

201 Resonance Health Ltd, Claremont WA, 
Australia. US 6605943 and US 7053612 
(2003).

Website

301 Hemochromatosis. Online Mendelian 
Inheritance in Man. McKusick–Nathans 
Institute for Genetic Medicine (2000).  
www.ncbi.nlm.nih.gov/omim/

 Expert Rev. Gastroenterol. Hepatol. 7(6), (2013)530

Kanwar & Kowdley

www.ncbi.nlm.nih.gov/omim/

