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ABSTRACT

riginally regarded as a rare affliction notable for its distinctive evolution to “bronze diabetes,” hereditary
emochromatosis is now recognized as the most common genetic disorder in populations of European
ncestry. Recent advances in our understanding of iron metabolism, the identification of the gene
esponsible for hemochromatosis, and large epidemiologic studies have changed the diagnostic approach
oward patients with hereditary hemochromatosis and other forms of iron overload. This article reviews the
athophysiology, epidemiology, clinical features, diagnostic testing, and management of hemochromatosis
or the primary care provider. © 2006 Elsevier Inc. All rights reserved.

KEYWORDS: Hemochromatosis; Iron overload; HFE; C282Y
I
P
B
o
t
g
c
r
a

i
s
p
i
c
t

i
s
H
e
a
a

a

ereditary hemochromatosis (HH) was first identified in the
ate 19th century as the classic triad of glycosuria (diabetes),
ronze skin pigmentation, and cirrhosis. HH is the best
escribed of the primary iron overload syndromes that have
een attributed to genetic variants in genes of iron metab-
lism. It is often suspected in patients with secondary causes
f iron overload such as thalassemia and chronic liver dis-
ase or particularly, chronic hepatitis and alcoholic liver
isease, entities that are encountered more frequently in
linical practice (Table 1). HH is an autosomal recessive
isorder resulting from mutations in the HFE gene, usually
anifesting in adults beginning in their 40s and 50s.3 Al-

hough genetic and biochemical studies have demonstrated
high frequency of HH in various populations of Northern
uropean descent,1,2,4 more recent large-scale studies sug-
est relatively low rates of clinical expression and have
ailed to demonstrate a survival disadvantage.5,6 However,
ertain patients with HH do progress to harmful levels of
ron overload, and the genetic and environmental factors
hat may predispose to this have not been elucidated.

Requests for reprints should be addressed to Andrew W. Yen, MD,
niversity of California, Davis Medical Center, Department of Internal
edicine, 4150 V Street #3116, Sacramento, CA 95817.
t: andrew.yen@ucdmc.ucdavis.edu

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.10.041
RON METABOLISM AND THE
ATHOPHYSIOLOGY OF HEMOCHROMATOSIS
ecause of its ability to readily exchange electrons in aer-
bic conditions, iron is indispensable for basic cellular func-
ions such as DNA synthesis, cellular respiration, and oxy-
en transport. Excess iron, however, damages tissue by
atalyzing the conversion of hydrogen peroxide to free-
adical oxygen species that attack cell membranes, proteins,
nd DNA.7

Adult men normally have 35 to 45 mg/kg of total body
ron, whereas premenopausal women have slightly lower
tores (�35 mg/kg). The majority of iron (60%) is incor-
orated into hemoglobin, whereas lesser amounts are found
n muscle myoglobin (10%-15%), enzymes, and cyto-
hromes (10%); less than 1% circulates in plasma bound to
ransferrin.7

Under homeostatic conditions, the 1 to 2 mg of iron that
s lost daily through sweat and in the sloughed cells of the
kin and intestines is balanced by dietary iron absorption.
umans have no physiologic pathway for the excretion of

xcess iron; thus, body stores are regulated by intestinal iron
bsorption in the duodenum. Improper regulation of this
bsorption can lead to iron overload.

The first step in this pathway is the transport of iron
cross the apical membrane of duodenal epithelial cells by

he divalent metal transporter 1 (DMT1) protein (Figure 1).
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ron can either be stored as ferritin or exported across the
asolateral membrane by ferroportin, where it is bound by
ransferrin and enters the circulation. Both DMT1 and fer-
oportin expression are dependent on cellular iron stores.
owever, in HH, duodenal DMT1 and ferroportin are in-

ppropriately elevated, leading to
isproportionate iron absorption
ver daily losses and gradual ac-
umulation of iron.7-9

Central to the pathophysiology
f HH and iron metabolism is the
ecently identified peptide, hepci-
in. Hepcidin is a circulating hor-
one synthesized in the liver and

egulated by iron stores and in-
ammation. Hepcidin, which is

nduced by iron, acts on ferropor-
in to inhibit iron transport, pre-
umably resulting in decreased
ron absorption and increased re-
ention of iron in macrophages
nd Kuppfer cells.10-12 In HH,
epcidin levels are inappropriately
ow, and in transgenic HFE-defi-
ient mice, overexpression of hep-
idin prevents the development of
ron overload.

ENETICS
FE was first identified as the cause of HH in 1996.3 Two

ingle base-pair mutations, C282Y and H63D, are respon-
ible for most cases of HH. Approximately 70% to 100% of
atients with a clinical diagnosis of HH are homozygous for
he C282Y mutation.3,4,13-16 Approximately 10% are com-
ound heterozygotes carrying a single copy each of the
282Y and H63D mutations. A small number of patients
ith HH are either heterozygous for C282Y or homozygous

or H63D, but there does not seem to be an increased risk of
ron overload with these genotypes. Novel genetic muta-
ions in HFE and genes for ferroportin, hepcidin, and others
ave been described in small numbers of patients and fam-
lies with iron loading syndromes and are classified on the
asis of the clinical presentation and genes involved.17

CLINICAL SIGNIF

● Secondary cause
more common t
load syndromes.

● In most cases
C282Y/C282Y ge
necessary but n
causing disease.

● Hepcidin may pl
the developmen
plain the variabi
tion and progres

● Diagnostic strat
standardized, m
and judgment cr

Table 1 Secondary Causes of Iron Overload

Thalassemia
Sideroblastic anemia
Chronic liver disease:

Hepatitis C
Hepatitis B
Steatohepatitis
Alcohol induced liver disease

Previous portal caval shunting
Transfusion related
o

PIDEMIOLOGY
he C282Y mutation is believed to have originated in a
eltic or Viking ancestor more than 6000 years ago.2 Like
any widespread genetic disorders, HH did not impose a

erious obstacle to reproduction and possibly conferred
some selective advantages (eg, re-
sistance to dietary iron deficiency
during periods of nutritional defi-
cit or pregnancy), resulting in per-
sistence of the mutation.1 Further,
the relatively iron-deficient HH
macrophages, where many organ-
isms gain virulence, may also be
protective against iron-dependent
microbes.18

The prevalence of HH based on
biochemical and genetic criteria
has been well established, whereas
data on the clinical prevalence of
disease are not yet readily avail-
able.6 In the United States, the
prevalence of the C282Y homozy-
gous state varies among ethnic
groups. In white populations, the
frequency is approximately 4 per
1000 (0.4%), and the frequency of
heterozygotes is approximately
100 per 1000 (9.6%).5,19 Other

thnic groups seem to have a lower prevalence, because
stimates for homozygous C282Y patients are approxi-
ately 0.014% in non-Hispanic blacks, 0.027% in Mexican
mericans, and 0% in Asians.20

LINICAL FEATURES
ron overload occurs slowly and silently. By age 40 years,
atients remain asymptomatic but have accumulated 10 to
0 g of parenchymal (liver, heart, and endocrine tissue) iron
tores. In men, clinically overt HH rarely presents before the
ourth or fifth decade of life. In women, menstruation delays
ron accumulation by approximately a decade and symp-
oms usually begin after menopause. This may explain why
H is found 2 to 10 times more frequently in adult men than
omen.
Before genetic testing and biochemical screening, HH

as suspected when clinical manifestations of iron overload
ecame apparent. Characteristic signs and symptoms have
een well documented in association with HH. Early iron
ccumulation often starts with subtle, nonspecific symptoms
nd may include unexplained fatigue, joint pain, weight
oss, abdominal pain, or loss of libido and can eventually
rogress to end-organ dysfunction (Table 2).21,22

The availability of more advanced diagnostic modalities
as changed the identification of disease. The majority of
atients are now identified while asymptomatic, following
bnormal iron study results after testing for another disease
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393Yen et al Revisiting Hereditary Hemochromatosis
iagnosed with HH.23 Results from such testing, however,
ay be difficult to interpret, because studies have suggested

hat most individuals with the genetic abnormality do not
ave shortened life expectancy or progression of disease
hen compared with control populations.6 In most cases
282Y homozygosity seems to be a necessary but not

ufficient factor in causing HH. However, it is still impor-
ant to recognize characteristic features associated with iron
verload because it is impossible to predict which patient
ill have progression of disease. The following reviews the
ost common manifestations of overt HH.

LIVER

MACROPHAGE

IMMATURE CRYPT CELL

INTESTINAL ENTEROCYTE

? (-)

(-)

(-)

HFE

HFE

Ferroportin

Ferroportin

DMT-1

Iron

Transferrin
     Recept

Transferrin -
     Iron

Iron                    Hepcidin                    Divalent Metal Transporter 1                    Ferroporti

SOURCE:  Andrew Yen, M.D., University of California, Davis, Department of Internal Medicine, October 200

igure 1 Iron regulation. Under normal conditions (A), imm
irculating transferrin-bound iron, which is mediated by the norm
HFE). Crypt cells are programmed by this information as they
ivalent metal transporter 1 (DMT1) and basolateral ferroportin
he proposed role of hepcidin, which is thought to increase (de
f iron from enterocytes and macrophages when plasma levels o
bsorption of iron at the luminal surface of enterocytes. In clas
ransferrin-receptor, preventing circulating iron from being tak
s they mature, enterocytes inappropriately express DMT1 and

nappropriate iron absorption and subsequently iron overload. H
mutant gene product may disrupt the normal function and re

rom enterocytes and macrophages.

Table 2 Frequency of Signs and Symptoms in Overt HH
from Population Studies Prior to Genetic and Biochemical
Screening Tests21,22

Sign or Symptom Frequency

Prior to clinical diagnosis
Fatigue 46%
Arthralgia 44%
Loss of libido 26%
Skin bronzing 26%

At the time of clinical diagnosis
Liver function abnormalities 75%
Weakness and lethargy 74%
Skin hyperpigmentation 70%
Diabetes mellitus 48%
Impotence in males 45%
Arthralgias 44%
Electocardiographic abnormalities 31%
r

iver
ore than 95% of symptomatic patients with HH have

levated liver enzymes, hepatomegaly, or cirrhosis.24-27 Se-
um bilirubin and transaminases may be normal or slightly
levated, but usually not greater than twice normal. Cirrho-
is or its complications account for approximately 89% of
H-related deaths.25 Therapeutic phlebotomy remains ben-

ficial by improving or reversing varices in 26% of patients
ith HH.25 Survival in noncirrhotic, nondiabetic patients
ith HH is similar to the healthy control population,
hereas those with cirrhosis have significantly increased
ortality.27

Screening for hepatocellular carcinoma (HCC) has been
roposed for patients with cirrhosis, even after iron reduc-
ion therapy, although there are currently no data to guide
he optimal method or interval for such screening. The risk
f HCC is up to 200-fold more than that for the general
opulation and is highest among men, chronic smokers, and
eavy alcohol users.28,29 Overall, patients with HH have an
stimated 5% annual risk for HCC after the development of
irrhosis.30

End-stage liver disease can be treated with transplantation,
lthough HH alone is an uncommon indication for organ ex-
hange. Those who do undergo transplantation have reduced
urvival compared with those undergoing transplantation with-
ut HH, especially when HCC is present. Survival at 1, 3, and
years posttransplant was 72%, 62%, and 55%, respectively,

nd death was secondary to perioperative cardiac or infection-

LIVER IMMATURE CRYPT CELL

INTESTINAL ENTEROCYTE

HFE -
  Mutant

Ferroportin

Ferroportin

DMT-1

Inappropriate
Iron Absorption

Transferrin
     Receptor

Transferrin -
     Iron

Iron                    Hepcidin                    Divalent Metal Transporter 1                    Ferroportin

SOURCE:  Andrew Yen, M.D., University of California, Davis, Department of Internal Medicine, October 2005.
ACROPHAGE

HFE -
  Mutant

rypt cells sense body iron requirements through the uptake of
eraction between transferrin-receptor and the HFE gene product

into absorptive enterocytes, modifying the activity of luminal
orb appropriate amounts of iron to compensate for daily losses.
) when iron levels are high (low), is to slow (hasten) the influx
are elevated (depressed). Hepcidin may also down-regulate the

(B), the mutant HFE gene product is unable to interact with
by crypt cells, leading to relative intracellular iron deficiency.
ortin to compensate for this presumed deficiency, resulting in
also thought to play a role in regulating hepcidin as well, and
n of this protein, contributing to inappropriate release of iron
M
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ardiac
H can lead to a mixed dilated-restrictive or dilated car-
iomyopathy and conduction disturbances, such as atrial
brillation or sick sinus syndrome.31 The severity of myo-
ardial involvement varies widely and does not correlate
ith the severity in other organs. Electrocardiographic ab-
ormalities include a decrease in QRS amplitude and T-
ave flattening or inversion. Cardiac abnormalities may or
ay not be permanent, and reversal of left ventricular dys-

unction with therapy has been observed.32,33 Cardiac dys-
hythmias and cardiomyopathies are the most common
ause of sudden death in iron overload states.34

ndocrine
ron can lead to diabetes by 2 distinct mechanisms: (1) Iron
ccumulation in pancreatic �-cells decreases insulin pro-
uction, and (2) iron impairs insulin sensitivity.35,36 A re-
ent study of healthy women showed higher iron stores
ere associated with an increased risk of type II diabetes

ndependent of known diabetes risk factors.37

Hypogonadism is the most common nondiabetic endo-
rinopathy in HH and can present as impotence, amenor-
hea, loss of libido, or osteoporosis. It is usually secondary
o iron accumulation in pituitary cells leading to impaired
onadotropin secretion, although primary hypogonadism
as also been observed.38,39 Even with iron depletion, most
atients continue to require hormone replacement therapy.

Thyroid dysfunction in men has also been observed in
H and occurs at a rate of approximately 80 times over
naffected males in the general population. Iron accumula-
ion in thyroid tissue causes fibrosis and leads to the devel-
pment of antithyroid antibodies, resulting in hypothyroid-
sm.40 Affected individuals typically require lifelong
upplementation for thyroid dysfunction.

rthropathy
lassic HH arthropathy occurs in one-third to one-half of
atients and resembles noninflammatory osteoarthritis in-
olving the second and third metacarpophalangeal joints
nd proximal interphalangeal joints. The wrists, knees, hips,
nd shoulders are less frequently affected. Hand radiographs
how squared-off bone ends and hook-like osteophytes,
oint space narrowing, sclerosis, and cyst formation resem-
ling calcium pyrophosphate dehydrate disease.41

Iron itself may not even be the primary cause of joint
ain, but may instead moderate the effects of or interact
ith genes associated with arthritis.41 Although less than
0% of patients improve after therapy for HH, it is impor-
ant to note that arthropathies are extremely common clin-
cal entities and the extent to which the HH mutation con-
ributes to symptomatic disease is not clear.21

ermatologic
kin pigment changes (melanoderma) may not occur at an

ncreased rate, although most patients will admit to skin

hanges, or “bronzing,” at the time of diagnosis.5 When p
evere, it is often grey or brown and slate-grey mucosal
atches that can be seen in the mouth. Pigmentation is most
ften generalized but can sometimes be limited to the face,
eck, extensor aspects of the lower forearms, dorsum of the
ands, lower legs, genital region, and old scars.42 Pigmen-
ation is likely secondary to increased melanin or iron dep-
sition around sweat glands.24 Cutaneous atrophy, flatten-
ng of the nails, and loss of body hair are also common.

ther
ther clinical manifestations that can be seen include un-

xplained weight loss, fatigue, abdominal pain, or depres-
ion. Implications for iron overload and/or the HFE gene
utation being studied include possible linkage to amyo-

rophic lateral sclerosis,43 porphyria cutanea tarda,44 and
lzheimer and Parkinson diseases.

IAGNOSTIC TESTING
he discovery of the HFE gene has profoundly modified
iagnostic and screening approaches, but recall that the
282Y homozygous state alone does not confer disease.
he phenotypic manifestation of HH is determined by ge-
etic, biochemical, and clinical markers. There remains no
onsensus on which factor or combination of factors is
eeded to define HH. The presence of the genetic abnor-
ality and clear biochemical evidence of iron overload
akes the diagnosis indisputable, but this combination is

ot always present.
Diagnostic strategies can include serum iron studies,

enetic testing, liver biopsy, and assessment of the response
o phlebotomy or chelation therapy. Now that genetic test-
ng is widely available, it should be performed in all patients
n whom HH is highly suspected. Currently, diagnosis is
ost often based on biochemical tests first, followed by

enetic testing.26 Biochemical methods are simple, fast, and
nexpensive (Table 3).45 Transferrin saturation is generally
egarded as the best single screening test for HH. Measuring
morning fasting transferrin saturation eliminates 80% of

alse-positive results.46 Values of 60% or greater in men and
0% or greater in women have an approximate sensitivity of
2%, specificity of 93%, and positive predictive value of
6% for detecting homozygous individuals with HH.34

owever, there is no agreed on cutoff for the optimal
etection of disease. We use a lower threshold of 45% or
reater to identify individuals with potential iron overload.
ecreasing the cutoff presumably increases the sensitivity

or the detection of C282Y homozygotes but at the expense
f specificity and positive predictive value. Opponents of
his lower threshold point to the inappropriate identification
f individuals with relatively minor degrees of secondary
ron overload.34

More recent large-scale population studies have yielded
ariable results,47 but data comparisons are complicated by
opulations selected for study, differences in screening pro-
ocols, and definitions of iron overload. There has been no

rospective, randomized study that blindly and indepen-
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395Yen et al Revisiting Hereditary Hemochromatosis
ently compared serum iron studies with the gold standard
liver biopsy or quantitative phlebotomy),48 making deter-
ination of sensitivity and specificity for serum testing

ighly variable and comparison of data impractical. The
ack of compelling data supporting optimal cutoffs for iron
tudies reinforces the physician’s need to incorporate sound
linical judgment and thorough investigation of abnormal
esults.

Serum ferritin estimates total body iron stores. Ferritin
alues greater than 300 �g/L in men and greater than 200
g/L in women provide further support for iron overload.
owever, ferritin can be falsely elevated as an acute phase

eactant and does not become abnormal until iron loading
as advanced to liver involvement.49,50 Bridging fibrosis or
irrhosis is rarely seen when levels are less than 1000 �g/L
n the setting of normal transaminases.51 Causes other than
H should be considered in patients with high serum fer-

itin levels if transferrin saturation is not elevated.
Before the advent of mutation analysis, liver biopsy had

een the definitive test to diagnosis iron overload, document
he presence of fibrosis or cirrhosis, and investigate other
ossible causes of liver disease.34 In addition, the hepatic
ron index, the ratio of hepatic iron concentration to the age
f the patient, can be calculated from a liver biopsy.49

epatic iron index values greater than 1.9 are highly sup-
ortive of HH. Biopsy is now generally reserved for settings
n which genetic testing is unavailable or when serum iron
tudies are abnormal and genetic testing is normal.

Quantitative phlebotomy can also diagnose iron over-
oad, but unlike a liver biopsy, it provides no information on
he cellular location of iron or the extent of hepatic fibrosis.
uantitative phlebotomy confirms the presence of excess

ron by determining the number of phlebotomies required to
nduce iron deficiency. Calculated storage greater than 5 g is
onsidered abnormal.24

Noninvasive testing, such as computed tomography or
agnetic resonance imaging, is currently not widely rec-

mmended for diagnostic purposes, although emerging
esearch has shown possible utility for assessing liver
brosis with improving magnetic resonance imaging

echniques.52

Since the discovery of the HFE gene, genetic testing

Table 3 Serum Iron Studies for the Biochemical Detection of

Serum Marker
Screening
Cutoff*

Transferrin saturation (TS)§ [20–45%] �45%
Ferritin (body iron stores) [40–200 �g/L] �300�g/L

Biostatistics for serum iron markers vary widely from study to study
upon. Values listed above represent only one study and may markedly d

Normal values appear in []
*Optimal cutoffs have not been established
†Positive predictive value
‡Negative predictive value
§TS � (serum iron/total iron binding capacity) � 100
as greatly changed the approach for diagnosing HH. All i
atients in whom there is a strong suspicion for iron
verload should have C282Y and H63D mutation analy-
is completed. Figure 2 is a modification of recent rec-
mmendations from the American Association for the
tudy of Liver Disease in the workup of individuals with
uspected iron overload, using the methods discussed
bove.34

Patients with recently diagnosed HH, or in whom HH
s highly suspected, should also have a thorough history
nd review of systems performed, focusing on disease
anifestations of various organ systems, including gas-

rointestinal, cardiac, endocrine, and rheumatologic
ymptoms (Table 4).

A certain index of suspicion is necessary for the primary
are provider to identify individuals with HH. Initial diag-
ostic studies can and should be undertaken by general
ractitioners, with referral to hepatologists and/or hematol-
gists when diagnosis is made, or when HH is highly sus-
ected and more invasive or definitive genetic testing is
eeded. Specific clinical manifestations may also necessi-
ate referral to appropriate specialists if organ dysfunction is
evere or refractory.

CREENING
lthough HH meets many of the criteria for screening as set
y the World Health Organization and the U.S. Preventive
ervices Task Force, the variability of disease presentation
nd progression makes population screening a topic of de-
ate. Proponents cite the prevalence of the HFE mutation
nd simplicity of therapy. Opponents cite the cost of genetic
esting and the scarcity of data on the significance ascribed
o genetic susceptibility.49 Recent guidelines set forth by the
merican College of Physicians53 state that there is insuf-
cient evidence at this time to recommend for or against
opulation screening. There is, however, general agreement
hat first-degree relatives of patients with HH should be
creened, as well as those with suspicious organ involve-
ent. The implications for screening relatives of C282Y

eterozygotes have not been explored, but presumably a
ower threshold for performing serologic testing in these

Homozygotes45

Sensitivity Specificity PPV† NPV‡

94% 94% 6% 99.96%
50% 87% 2% 99.69%

on populations selected and screening protocols, which are not agreed
m others.
C282Y

based
iffer fro
ndividuals may be warranted.
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At-risk individuals who do not initially exhibit biochem-
cal markers indicative of iron overload require follow-up
or early detection of disease progression.54 A recent Danish
tudy recommends that C282Y homozygotes identified dur-
ng population screening, and not because of clinically overt
emochromatosis, at most need to be screened for manifes-
ations of disease every 10 to 20 years,55 although more
requent follow-up with iron studies is easy and comes at a
elatively low cost for preventing the potentially devastating
equelae of iron overload.

Children of C282Y homozygotes pose a dilemma, as
roblems of consent and the low prevalence of phenotypic
isease in classic HH arise. Genetic testing of the unaffected
arent has been suggested, and if that parent does not carry
n HFE mutation, then no further testing of their children is
equired unless they have symptoms that could be attribut-
ble to HH. Screening in offspring may be delayed until late
eenage years (although there is a subtype of HH that is of
uvenile onset that may need to be considered).56

Because of the lack of consensus, the best screening

Symptomatic Asymptomat

Fasting transferrin saturation (

Compound 
Heterozygote 
C282Y/H63D 

Homozygote 
H63D/H63D§

Heterozygote C282Y or
non-C282Y

Exclude other liver (e.g. 
chronic viral hepatitis, 

alcoholic liver disease, non-
alcoholic steatohepatitis) or 

hematologic disease (e.g 
thalassemia) first 

TS >45% OR
elevated ferritin 

igure 2 Modified from the American Association for the Stud
direct testing of first degree probands is an acceptable alternativ
hepatic iron concentration
hepatocellular carcinoma
Although H63D homozygosity is thought to lead to hemochroma
ince the H63D mutation has a higher prevalence than the C282Y
linically relevant hemochromatosis, abnormal iron studies with H
rocesses first, with a diagnosis of hereditary hemochromatosis o
ontinues to be education. Education of health care provid- 1
rs and insurers about an “iron-avid” state increases vigi-
ance and aids in early recognition and therapy.57

REATMENT
deally, treatment is initiated before the development of
ymptoms when serum ferritin levels exceed 200 �g/L in
remenopausal women or 300 �g/L in men and postmeno-
ausal women.58 Patients with manifestations of late disease
hould also receive treatment because some of the sequelae
re reversible.

The easiest, cheapest, and most effective way to remove
ron is by therapeutic phlebotomy, also known as venesec-
ion. Most patients with the phenotype consistent with HH,
egardless of genotype, will benefit from therapeutic phle-
otomy. Iron depletion can be initiated and monitored by
eneral practitioners, but lack of experience with phlebot-
my and nonstandardized guidelines commonly prompts
pecialty referral. The optimum regimen for venesection has
ot been determined, but patients should be depleted of iron
s quickly as possible.58 Typically, this is done by removing

Adult first degree 
relative of proband 

 serum ferritin 

TS <45% and 
normal ferritin

45% and 
ted ferritin 

enotype
Homozygote 

C282Y/ C282Y 

Ferritin >1000 
OR elevated 
ALT/AST

Ferritin <1000 
AND normal 

ALT/AST

Therapeutic
phlebotomy 

No further iron 
evaluation

Consider:
1) liver biopsy for HIC†

and histopathology 
2) screening for HCC‡

*

iver Disease diagnostic algorithm, 2001.34

some individuals, this is more the exception, rather than the rule.
n, 20 but accounts for a significantly smaller portion of those with
omozygosity should prompt further evaluation into other disease

er other avenues have been explored.
ic 

TS) and

TS >
eleva

G

y of L
e

tosis in
mutatio
63D h
to 2 units of blood per week until the patient has mild
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397Yen et al Revisiting Hereditary Hemochromatosis
ypoferritinemia. Men may tolerate removal on the higher
nd of this schedule, whereas the elderly or those with other
omorbidities may tolerate only a ½ unit removal per week.
he majority of patients undergoing venesection achieve

ron depletion, although adherence with therapy wanes over
ime.59

The end points for adequate treatment have not been
trictly established. A 1998 National Institutes of Health
onsensus conference suggested weekly phlebotomy until
erum ferritin concentration is less than 50 �g/L and trans-
errin saturation is less than 50%. Maintenance phleboto-
ies, on average 3 to 4 phlebotomies per year for men and
to 2 phlebotomies per year for women, should keep serum

erritin concentration between 25 and 50 �g/L.34 Hemoglo-
in and hematocrit should be measured before each phle-
otomy, ferritin levels should be measured every 10 to 12
hlebotomies, and transferrin saturation can be measured
ach year after initial iron depletion. Blood from these

Table 4 Additional Topics, Questions, and Tests to Pursue
in Patients with Evidence of Genetic Iron Overload

Gastrointestinal
Discussion of hepatic symptoms at each office visit
Iron studies as dictated by treatment schedule if

undergoing phlebotomy, otherwise annually if not yet
requiring iron depletion therapy

LFTs* and AFP† every 6 months
Abdominal ultrasound once a year

Cardiac
Baseline EKG‡
Clinical assessment of cardiac function at each visit with

further workup as guided by history
Echocardiogram, especially if abnormal EKG or clinical

symptoms to suggest cardiac dysfunction
Endocrine

Discussion of endocrinopathies including manifestations of
hypogonadism at each office visit

Fasting blood glucose and/or glucose tolerance test at
regular screening intervals if diabetes not yet present

Thyroid function tests
Testosterone levels in males, FSH/LH§ levels in females,

especially if symptoms to suggest hypogonadism
Bone density scan if evidence of hypogonadism

Rheumatologic
Assessment of arthralgias
Plain radiographs of painful joints and other

rheumatological testing as dictated by clinical
manifestations and exam

Other
Advise patients to

avoid iron supplementation
minimize alcohol consumption
avoid shellfish rich in facultative bacteria
consume a normal, balanced diet without excess red

meat

*Liver function tests
†Alpha-fetoprotein
‡Electrocardiogram
§Follicle-stimulating hormone/luteinizing hormone
herapeutic draws has been shown to safely and significantly
ugment the allogeneic donor supply, thereby accomplish-
ng the dual purpose of therapy and providing contribution
o regional or national blood banks.60

Chelation therapy with deferoxamine is almost never
ecessary because of the ease, cost, and efficacy of phle-
otomy.33 However, a daily 2-g subcutaneous dose infused
ver 8 hours has been shown to be effective.

UMMARY
H is a common genetic disorder but uncommon clinical

ntity, whose progression to multiorgan failure can be
alted with simple and effective therapy. HH should be
uspected in any individual with unexplained liver, heart, or
ndocrine dysfunction, and diagnostic testing to detect iron
verload should be performed, bearing in mind the distinc-
ion between primary and secondary causes of abnormal
esults. Genetic testing should also be pursued in individu-
ls in whom HH is highly suspected. Variable penetrance of
he disease has been a point of contention for recommend-
ng universal screening. The identification of the genetic
bnormality provides evidence of susceptibility to develop-
ng the phenotype but does not itself make the diagnosis.
ecause it is currently impossible to determine which indi-
iduals will develop serious clinical consequences, it is
rudent for physicians to take a more conservative approach
nd implement therapy or frequent monitoring sooner,
ather than later.
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