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Hereditary hemochromatosis (HHC) is a condition characterized by excess iron in body tissues, resulting in

complications such as cirrhosis, cardiomyopathy, diabetes, and arthritis. These complications usually manifest

during adulthood. Two methods of screening for the detection of early stage of HHC are available: serum iron

measures and molecular testing to detect mutations in the HFE gene. These phenotypic and genotypic screening

tests are of particular interest because a simple treatment—periodic phlebotomy—can be used to prevent iron

accumulation and clinical complications. HHC might represent the first adult-onset genetic disorder for which

universal population-based screening would be appropriate. Therefore, HHC has been proposed as a paradigm for

the introduction of adult genetic diseases into clinical and public health practice. However, universal screening for

HHC has not been recommended because of the uncertainty about the natural history of the iron overload or HHC

and, in particular, uncertainty about the prevalence of asymptomatic iron overload and the likelihood that it will

progress to clinical complications. If universal screening is not appropriate based on current data, what other

measures might reduce the disease burden of iron overload? New studies provide more systematic information

about the penetrance of the HFE C282Y mutation and shed further light on the natural history of the disorder. The

authors review these data and consider their implications for public health, medical genetics, and primary care.
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Hereditary hemochromatosis (HHC) has been proposed as
a paradigm for the introduction of adult genetic diseases into
clinical and public health practice. This disorder, inherited as
an autosomal recessive condition, can result in the accumula-
tion of iron in body tissues, resulting in complications such as
cirrhosis, cardiomyopathy, diabetes, and arthritis.1 Twometh-
ods of screening for early detection of the disease are available:
serum iron measures and molecular testing to detect muta-
tions in the HFE gene.2 These phenotypic and genotypic
screening tests are of particular interest because a simple treat-
ment—periodic phlebotomy—can be used to prevent iron ac-
cumulation and clinical complications. These characteristics
suggest that HHCmight represent the first adult-onset genetic
disorder for which universal population-based screening
would be appropriate.

When policy-makers began to consider this screening op-
tion, however, important knowledge gaps were identified.2–5

Little was known about the natural history of iron overload or
HHC and, in particular, about the prevalence of asymptomatic
iron overload or the likelihood that it would progress to clini-
cal complications. No population-based data were available to
address these questions. Studies of patients seen in referral cen-
ters provided only partial insight into the natural history of
HHC. Some studies suggested that iron accumulation oc-
curred progressively over time, but that the rate was highly
variable. Yet the answer to the most important question, the
proportion of people with a mild degree of iron overload who
would progress to clinically apparent disease, remained
uncertain.
The discovery of the HFE gene provided a new tool to eval-

uate these questions.6 Multiple studies in clinical centers con-
firmed that themajority of people with a diagnosis of HHC are
homozygous for the C282Y mutation of theHFE gene.7 A sec-
ond HFE mutation, H63D, contributes to risk for iron over-
load as well, when in the homozygous state or as a compound
heterozygotes with C282Y.8 However, genotyping also raised
questions about the natural history of the disease. Families
were describedwherein some siblingswithC282Yhomozygos-
ity had classical symptoms of HHC while other siblings with
the same genotype remained asymptomatic into old age.1,2
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On the basis of these data, many policy-makers concluded
that additional information was needed before universal
screening for HHC could be considered.2–5 If universal screen-
ing is not appropriate based on current data, what other mea-
sures might reduce the disease burden of iron overload? New
studies provide more systematic information about the pen-
etrance of the HFE C282Y mutation and shed further light on
the natural history of the disorder. In this article we review
these data and consider their implications for public health,
medical genetics, and primary care.

NATURAL HISTORY OF HHC
Insights from prevalence studies using serum iron measures

The prevalence of HHC and iron overload can be estimated
by using serum iron measures. Most studies have used trans-
ferrin saturation (TS � serum iron/total iron binding capacity
� 100) and serum ferritin to identify individuals at risk,1,9

followed by liver biopsy or quantitative phlebotomy to deter-
mine those who are iron-overloaded. However, data compar-
isons are complicated by differences in screening protocols
(e.g., selection of initial screening test, screening thresholds for
TS and serum ferritin), populations selected for study, and
definitions of iron overload. Most studies have been done in
populations of predominantly European descent. Taken to-
gether, these studies provide a rough estimate of the prevalence
of iron overload in this population.

Iron overload has also been observed in African Americans
and in African populations, but it is not well characterized

clinically; estimates of prevalence in this population are not
available.10–12 Some observations indicate that the predomi-
nant mechanism of iron overload is different: TS levels may be
lower in people of African descent with iron overload, with
iron accumulating primarily in Kuppfer cells,13 as compared to
hepatocytes in HHC. As with HHC, family studies suggest a
causative genetic factor.

Elevated TS represents the earliest phenotypic finding in
HHC. Recommendations for the threshold definition of el-
evated TS have ranged from 45% to 62%.14 In the US adult
population, the prevalence of elevated TS on random blood
draw ranges between 1% and 6%, depending on the value
used to define an elevated level.14 Among persons with an
initial elevated TS, repeated testing (usually done on a fast-
ing specimen) has revealed a persistently elevated level in
15% to 54% of persons (Table 1).15–22 On the basis of these
data, the estimated population prevalence of persistently
elevated TS varies from 0.3% to 2.0% (Table 1).15–22 These
studies also reported that elevated serum ferritin levels were
found in 0% to 61% of those with persistently elevated
TS.15,16,19,21 Confirmatory testing provided evidence of iron
overload in about half of subjects with persistently elevated
TS17,20 and in 60% to 100% of subjects with elevations in
both TS and serum ferritin.16,23 The wide range of estimates
reported in these studies reflects differences in study char-
acteristics noted previously; however, all observe a drop-off
in subjects with positive test results with each step in the
testing pathway (Table 1).24

Table 1
Screening with transferrin saturation: Comparison of initial and revised screen positive rates in published screening trials

Study
Initial % TS
cutoff level

Initial positive
rate (%)

Repeat TS
cutoff level

Revised positive
rate (%)

Persons with initial
elevated TS who

had second
positive test (%)

Lindmark and Eriksson, 198515 �60 20/941 �60 6/941 30
(2.1)

Edwards et al., 198816 �62 221/11,065 �62 35/11,065 16
(2.0) Fasting (0.3)

Edwards et al., 198816 �50 688/11,065 �50 103/11,065 15
(6.2) Fasting (0.9)

Leggett et al., 199017 �45 46/1,968 �45 18/1,968 39
(2.3) (0.9)

Baer et al., 199522 �62 40/3,977 �62 14/3,977 39
(1.0) Fasting (0.4)

Smith et al., 199718 �55 24/2,294 �55 13/2,294 54
(1.1) Fasting (0.6)

Phatak et al., 199819 �45 932/16,031 �45 311/15,846 42
(5.8) Fasting (2.0)

Burt et al., 199820 �55 39/1,064 55 13/1,064 33
(3.7) Fasting (1.2)

McDonnell et al., 199921 �50 F 60/1,653 �50 F 13/1,653 22
�60 M (3.6) �60 M (0.8)

Fasting
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Few studies, however, have assessed the proportion of per-
sons with iron overload who have clinical disease. Bradley et
al.25 evaluated this question in a review of population-based
studies. The studies were included if they confirmed iron over-
load by liver biopsy or quantitative phlebotomy and collected
information on clinical complications, including liver fibrosis,
liver cirrhosis, cardiomyopathy, arthropathy, diabetes, ab-
dominal pain, and hepatomegaly. At the time these studies
were conducted, HFE genotyping was not available. In the
pooled analysis, 54% of subjects with iron overload (58% of
men and 44% of women) had one or more of these complica-
tions. For some, the only finding was asymptomatic liver fibro-
sis; clinical symptoms were reported in 27% of men (half of
those with clinical findings) and 33% of women (75% of those
with clinical findings). However, these studies of symptomatic
patients did not use control groups; as a result, it is difficult to
estimate the proportion of clinical findings attributable to iron
overload. This proportion could be very low: for example,
studies of patients with end-stage complications of HHC have
consistently found fewer affected women than men,1,26,27 sug-
gesting that at least some clinical findings among women iden-
tified in prevalence studies are due to other causes. Similarly, a
population-based study using TS level as the primary screening
method found fewer women than men with significant
morbidity.28

Bradley et al.25 calculated the weighted average for preva-
lence of iron overload to be 0.25%; correcting for missed diag-
noses and compliance, the authors estimated actual prevalence
of iron overload to be 0.5% in men and 0.6% in women.25

Other studies suggest a prevalence of iron overload ranging
from 0.06% to 0.4%.24 Assuming that one third to one half of
people with iron overload have clinical symptoms, these fig-
ures suggest that the prevalence of clinical disease due to iron
overload is in the range of 0.02% to 0.25%. By comparison,
autopsy studies have reported pathological evidence of iron
overload in the liver in 0.09% to 0.19% of specimens.15,29,30

The prevalence of recognized HHC as a cause of death is lower,
ranging between 0.017% and 0.032%.31

Estimates for the prevalence of iron overload and associated
clinical symptoms based on serum iron measures vary over a
10-fold range. At the upper end (0.4–0.5%), the estimates are
in the same range as the prevalence of the C282Y/C282Y
genotype.

Insights from prevalence studies using HFE genotype

Many studies have evaluated the prevalence of the two HFE
mutations associated with iron overload, C282Y and H63D, in
different populations around the world. These studies (re-
viewed by Hanson et al.7) document that the C282Y mutation
and C282Y homozygosity are most prevalent in populations of
European descent. Because the C282Y homozygous genotype
accounts for the majority of clinically diagnosed cases of HHC,
these data support congruence between iron overload in peo-
ple of European descent and HHC. This overlap is likely to be
most complete in populations of Northern European descent.

Other rare genetic causes of iron overload have been de-
scribed in European populations. In Southern Europe, families
with a clinical entity indistinguishable from HHC have been
described, but genetic studies document causative mutations
in two other genes, TFR2 and SLC11A3.32–38 Another rare dis-
order, juvenile hemochromatosis, is inherited as an autosomal
recessive disorder linked to chromosome 1 and results in se-
vere iron overload by the second decade of life; males and fe-
males are equally affected.36,39 These genetic entities appear to
account for only a small proportion of persons with iron
overload.

A pooled analysis of population studies of HFE genotypes
found a prevalence of 0.4% (95% confidence interval [CI]
0.3–0.5%) for the C282Y/C282Y genotype, 1.6% (95% CI
1.4–1.9%) for the C282Y/H63D genotype, and 1.9% (95%
CI 1.6–2.1%) for the H63D/H63D genotype.7 Similarly, the
three largest population-based genotype frequency studies
in the United States estimated a prevalence for C282Y ho-
mozygosity of 0.3% (95% CI 0.1–0.5), 0.4% (95% CI 0.2–
0.9), and 0.5% (95% CI 0.3–0.6) (Table 2).21,40,41 These data
are relatively consistent; observed differences are likely be
due to differences in racial/ethnic distributions in the pop-
ulations studied.

The pooled analysis of HFE genotypes found that 77.5%
(95% CI 75.9–78%) of HHC cases have the C282Y/C282Y ge-
notype.7 A range of other HFE genotypes including C282Y/
H63D (5.3%, 95% CI 4.5–6.2%) and H63D/H63D (1.5%, 95%
CI 1.1–2.1%) is found in the remaining cases; some cases carry
either a single HFE mutation or none at all.7

Penetrance of the C282Y/C282Y genotype

Calculation of HFE genotype penetrance—that is, the
proportion of persons with the genotype who have (or will
develop) clinical disease—represents another way to esti-
mate the prevalence of clinical complications of HHC. Four
studies have estimated the penetrance of C282Y homozy-
gosity, the HFE genotype conferring the highest risk. In a
Utah study, unselected relatives of HHC patients were
tested for iron status and clinical symptoms.42 Among 214
relatives, HFE mutation testing was done in 158; 87% of
these had the C282Y/C282Y genotype. The study used a low
threshold for iron overload: serum ferritin �325 �g/L in
males or 125 �g/L in females, or a liver biopsy revealing at
least 25 �mol of iron/g dry weight (for a man aged 50 years,
this level of liver iron would result in a hepatic index of 0.5,
compared with the usual threshold of 1.9 cited for diagnosis
of HHC).43 By these criteria, most relatives had iron over-
load. However, evidence of liver disease was relatively infre-
quent: Among all male subjects, 12% had cirrhosis (95% CI
7–20%) and 12% had liver fibrosis (95% CI 6–19%), while
for females the comparable figures were 2% (95% CI 0.2–
7%) and 4% (95% CI 1–10%). A small proportion of pa-
tients also had HHC-related arthropathy as detected by ra-
diologic examination. More than 90% of these subjects
reported nonspecific symptoms that could be caused by
iron overload, including arthralgia, weakness, and abdom-
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inal pain, but no comparison group was evaluated. As a
result, the proportion of these symptoms attributable to
HHC could not be determined.

Similarly, a population-based study in Australia (N �
3,011)28 identified 16 C282Y homozygotes (for a population
prevalence of 0.5%), of which 8 had clinical findings: hepato-
megaly in 3 [43% (3 of 7) (95% CI 10–82%) of males and none
(0 of 9) of females (95% CI 0–34%)] and skin pigmentation
and/or arthritis in the other 5. No comparison group was
included.

A screening study at a health maintenance organization in
southern California provided additional information about
the clinical status of persons homozygous for C282Y.44 TS
was �50% in 75% of males and 40% of females and serum
ferritin was �250�g/L in 76% of men and �200 �g/L in
54% of females. Compared with control subjects, persons
homozygous for C282Y were more likely to have a history of
“liver and hepatitis problems” (8% vs. 4%), elevated serum
aspartate aminotransferase (8% vs. 4%), and elevated
plasma collagen IV, a measure associated with hepatic fibro-
sis (26% vs. 11%). However, C282Y homozygotes were no
more likely to have a history of fatigue, joint pain, impo-
tence, skin pigmentation, or diabetes. Among all 152 sub-
jects with the C282Y/C282Y genotype, only 1, an alcoholic,
had a clinical history of end-stage HHC. Two of 119 with
complete data had markedly abnormal laboratory values
suggestive of severe liver fibrosis. The authors estimated the
penetrance of significant clinical disease in persons with the
C282Y/C282Y genotype at about 1%.

In addition, the California study found a similar prevalence
for the C282Y/C282Y genotype among older and younger sub-
jects.44 A United Kingdom study obtained a similar result: the
prevalence of the C282Y/C282Y genotype was 0.67% among
elderly men, suggesting no loss of this genotype in men at older
ages.45 These observations also argue for low penetrance of the

C282Y/C282Y genotype, because clinical complications result-
ing in early mortality would be expected to reduce the preva-
lence of the genotype at older ages.

A fourth study assessed clinical disease in a population-
based sample of 65,238 adults above age 20 in Norway (median
age 49).46 HHC was diagnosed on the basis of persistently ele-
vated TS, elevated serum ferritin, and the absence of other
medical explanations for these abnormalities. Among 92
women and 177 men with HHC diagnosed as a result of the
screening study, 85% had the C282Y/C282Y genotype. A third
of persons with HHC had elevated serum transaminase levels,
and 4% had diabetes. Fatigue was reported by 16% of women
and 14% of men, joint pain by 13% of women and 20% of men;
3% of men reported impotence. No comparison group was
evaluated. In addition, no clinical information was reported on
three women and six men with HHC diagnosed prior to the
screening study.

These studies have important limitations. The Utah, Aus-
tralian, and Norwegian studies failed to include comparison
groups. In addition, the Utah study evaluated relatives of
patients with clinical disease due to HHC, a group that
might be more likely to develop clinical disease due to
shared environment or genetic background. Conversely, the
California study drew subjects from a prevention clinic,
thus potentially selecting against patients with clinical dis-
ease. In addition, this study could not fully evaluate 28 of the
152 C282Y homozygotes; the authors state that these sub-
jects, for whom questionnaire data were not available, were
diagnosed on the basis of screening. Despite the potential
biases, these studies all suggest that only a minority of
C282Y homozygotes develop clinical disease attributable to
iron overload. However, the actual proportion with clinical
symptoms remains uncertain. Considering these studies
and those based only on iron measures, the clinical pen-
etrance of HHC could range from 1% to 50%.

Table 2
HFE genotype frequencies in the general population

Study
population

Genotype

Subjects References

C282Y/�
frequency (%)

(95% CI)

C282Y/C282Y
frequency (%)

(95% CI)

H63D/�
frequency (%)

(95% CI)

H63D/H63D
frequency (%)

(95% CI)

C282Y/H63D
frequency (%)

(95% CI)

�/�
frequency (%)

(95% CI)

NHANES III 8.3 0.3 21.4 1.9 2.0 66.2 N � 5171; population-
based samples in the
DNA bank from the
US Third National
Health and Nutrition
Examination Survey

Steinberg et al.,
200140(7.5–9.3) (0.1–0.5) (20.0–22.8) (1.5–2.4) (1.5–2.5) (64.6–67.7)

United States
(California)

8.5 0.5 22.2 2.2 1.7 66.0 N � 9390; adults
attending health
appraisal clinic of
health maintenance
organization

Beutler et al.,
200041(7.9–9.0) (0.3–0.6) (21.3–23.0) (1.9–2.5) (1.5–2.0) (64.0–66.0)

United States 8.9 0.4 23.9 3.4 2.5 60.9 N � 1450; health McDonnell et
(Missouri) (7.5–10.5) (0.2–0.9) (21.8–26.2) (2.6–4.5) (1.7–3.3) (58.3–63.4) maintenance

organization employee
volunteers

al., 199921
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IMPLICATIONS OF PREVALENCE AND PENETRANCE
DATA
Population screening

Although population screening is a logical consideration for
HHC, given the prevention opportunity provided by phlebot-
omy, it now seems likely that a significant proportion of people
with HFE mutations or mild iron overload will not develop
clinical complications of HHC. Screening would generate
many false-positive findings, resulting in unnecessary treat-
ment and the potential for stigma or discrimination associated
with a diagnosis of hemochromatosis.

However, low penetrance would not necessarily rule out a
population screening approach if a benefit could be proven.
For example, screening for elevated blood pressure and hyper-
lipidemia is routinely recommended, even though only a mi-
nority of persons with elevated levels benefit from treatment.47

Although we cannot predict which individuals will develop the
clinical complications of these conditions, routine treatment
results in reduced cardiovascular disease overall. By analogy,
identification and treatment of all persons with biochemical
evidence of iron overload might be merited, to prevent clinical
complications in some. As with treatment of hypertension and
hyperlipidemia, this recommendation can be made only if
controlled studies document a health benefit in screened com-
pared with unscreened populations. Data about the social im-
plications of screening would also be relevant. For example,
current blood safety policies in the United States bar persons
with hemochromatosis from routine blood donation, so that
phlebotomy must be pursued as a relatively costly medical pro-
cedure. Data supporting a change in blood safety policy could
potentially reduce the burden for persons who test positive in a
screening program. Without additional data, population
screening is difficult to justify. As a result, further studies of the
potential benefits and risks of screening represent an impor-
tant research priority.

Medical genetics practice

Family-based detection represents an important alternative
approach to identifying people with iron overload. When a
diagnosis of HHC is made, it also identifies family members
who represent a group with a markedly higher a priori risk of

iron overload disease than the general population. Therefore, it
is reasonable to consider assessment of iron status in relatives
and to monitor them for symptoms suggestive of iron
overload.
HFE genotyping provides a one-time test to determine

which relatives of an identified proband have an increased risk
of iron overload. These relatives can be offered ongoing sur-
veillance, while others can be reassured. However, genotyping
may also cause confusion about clinical status and adverse la-
beling, so the value of genotyping as a method for family-based
detection of HHC is not entirely clear. Issues to be considered
are summarized in Table 3.

Siblings of an affected person with the homozygous C282Y
genotype have a 25% chance of sharing the same high-risk
genotype; for siblings who do not share the genotype, this sin-
gle test can greatly reduce the risk. However, HHC has oc-
curred in some people with other HFE genotypes (e.g., C282Y/
H63D, C282Y/�),7 suggesting the need for caution in the
interpretation of a “negative” test result. But even the implica-
tions of a “positive” result are not straightforward; current
penetrance data make risk of disease hard to calculate even for
relatives with a C282Y/C282Y genotype and argue against
making a diagnosis of HHC on the basis of genotype alone.2 In
the uncommon instance of a proband with a different HFE
genotype, genotypic studies of relatives are even more difficult
to assess, given the very low penetrance of genotypes other than
C282Y/C282Y.8

Testing of offspring raises even more questions, because of
the high carrier rate for HFE mutations (e.g., 9% for C282Y,
23% for H63D in populations of European descent7). If the
parent with HHC is a C282Y homozygote, offspring have a
4.5% likelihood of inheriting the same genotype (calculated as
follows: 100% chance of inheriting the C282Y allele from the
affected parent � 9% chance that the other parent is a C282Y
carrier � 50% chance of inheriting C282Y from the unaffected
parent) and an 11.5% chance of inheriting a C282Y/H63D ge-
notype. All other offspring will be C282Y carriers. Because dis-
ease occurs in middle age, there is no rationale for testing dur-
ing childhood.48

Many genotypic results thus have some ambiguity. Al-
though risk of iron overload is low for all genotypes other than

Table 3
Genotype testing in relatives of patients with HHC

Proband genotype Potential benefits Potential risks

C282Y/C282Y Provide ongoing monitoring of relatives with C282Y/C282Y Adverse effects of genetic labeling:

Sibs: Identify 25% with same genotype; reassure remaining
75% about their low risk

Discrimination based on positive genetic test in asymptomatic person

Offspring: Identify 4.5% with same genotype; reassure
remaining 95.5% about their low risk

Misunderstanding of negative results, especially for C282Y carriers, and
for 11.5% of offspring with C282Y/H63D genotype

C282Y/H63D
H63D/H63D

Provide ongoing monitoring of relatives with same HFE
genotype as proband

Misunderstanding of both positive and negative test results

Hereditary hemochromatosis
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C282Y/C282Y, there is evidence that genetic test results may be
misinterpreted. For example, both false reassurance and the
assumption that the carrier state confers health risks have been
reported after cystic fibrosis carrier testing.49,50 And a generally
reassuring study of the psychosocial impact of HFE testing in
Canada nevertheless reported that 70% experienced worry af-
ter receiving their test result.51

Genotype testing does not substitute for the serum iron
studies needed to identify iron overload, and it could expose
the family member to a premature diagnosis, unnecessary
treatment, and the potential for stigma and discrimination.
These considerations underscore the need for more informa-
tion about the clinical penetrance of HFE genotypes in HHC
and about effective ways to counsel patients after genetic test-
ing to ensure an accurate understanding of the results.

Primary care practice

Heightening health care providers’ awareness of HHC has
been identified as a public health goal.24 Missed diagnoses of
HHC provide the rationale for this educational goal. For ex-
ample, clinical studies have documented previously unsus-
pected cases of HHC among liver transplant patients and dia-
betics.52,53 In addition, most persons who ultimately receive a
diagnosis of HHC have visited doctors for HHC-related symp-
toms over several years before the diagnosis is made.21 Educa-
tion would have the goal of increasing providers’ awareness of
HHC as a familial disorder and as a potential explanation for a
group of common symptoms (e.g., unexplained fatigue, joint
pain, palpitations, abdominal pain, abnormal liver function
tests, hepatomegaly, or elevated serum ferritin).

However, deciding when to test for HHC is a difficult prob-
lem in primary care practice, given current data indicating a
low positive predictive value for testing. In particular, the im-
plications of a positive test for treatment are unclear. Thera-
peutic phlebotomy is assumed to be effective, based on limited
data, and is relatively benign as an isolated procedure. How-
ever, complying with this therapy may represent an arduous
task over a lifetime and may not provide a compensatory
health benefit.

Testing all patients who have the common nonspecific
symptoms of HHC would yield few diagnoses.54 Fatigue, for
example, is found in 10% to 20% of the primary care popula-
tion and has causes—such as depression, sleep disturbance,
and anemia—that are more prevalent than HHC by a least an
order of magnitude. Joint pain and abdominal pain are simi-
larly common and multicausal. At what point in the workup of
such symptoms should HHC be considered?

A related unresolved question concerns counseling: When
should the possibility of a genetic diagnosis be discussed? If a
patient presents with fatigue, should counseling about the po-
tential genetic diagnosis be provided before obtaining the first
TS? And, before confirming an elevated level? Because many
people have nonspecific symptoms that might suggest HHC,
and elevated TS occurs in as many as 6% of the population,14

the opportunity costs of pursuing a diagnosis of HHC could be
considerable, particularly in context of data suggesting the low

likelihood of serious complications among those with elevated
iron levels.

Some diagnoses, such as diabetes, also represent potential
indicators of HHC. Should all newly diagnosed diabetics be
tested? Screening for HHC in diabetics (or in patients with
other diagnoses or symptoms suggestive of HHC) could lead to
early intervention (phlebotomy) on the assumption that it will
provide health benefit. But data on this point are insufficient.
Diabetes is a “late” complication of HHC; it usually appears
when iron overload has already damaged, probably irrevers-
ibly, vital organs such as the pancreas.26 For example, a case
report of the diagnosis of HHC in a diabetic patient documents
a detrimental effect on quality of life, without clear health ben-
efit.55 Without controlled studies it is difficult to know whether
treatment at this stage is beneficial. The intervention may be
assumed to prevent other morbidities associated with iron
overload (such as cirrhosis or cardiomyopathy), but these
might not, in fact, have occurred. Worse, the lack of other
complications following treatment could reinforce its use and
preclude objective assessment in a controlled trial.56

The question of family-based screening raises interesting
challenges for the primary care provider. While testing in rel-
atives of a proband with HHC increases the likelihood of test-
ing positive, the person identified by either genotype or serum
iron measures faces the same uncertainty about the benefits of
this finding as others identified by screening. As such, the pro-
vider would want to engage in an informed/shared decision-
making process, to review the benefits and harms of the risk
assessment process. Conveying the potential for harm is often
a difficult and time-consuming task. Thus policy-makers must
consider the implications for primary care practice, including
the opportunity costs of the time invested in this encounter.

These observations argue forcefully for more research on the
outcomes of testing and treatment in people with suspected
early iron overload and in family members after an HHC diag-
nosis is made. The evidence that would support pursuing the
diagnosis of hemochromatosis in patients with either nonspe-
cific symptoms or a disease associated with HHC, such as dia-
betes, includes the following:

1. The incidence of hemochromatosis is greater in the clin-
ically defined group than in the general population; with
the above caveats, this reasoning would support testing
for HHC in relatives of affected patients, but screening
studies among diabetics in clinical settings to date have
been inconsistent52,57–62 and the prevalence of HHC
among patients with nonspecific symptoms appears
low.54

2. The predictive value for clinical disease is sufficiently
high to warrant testing—however, the predictive value is
currently unknown and may be low.

3. Early detection and treatment of hemochromatosis pos-
itively affects the health outcome of the patient. No con-
trolled studies have assessed this point. Uncontrolled
studies that suggested benefit from phlebotomy26 might
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reflect a benign natural history for many patients, inde-
pendent of treatment.

4. Potential benefits of screening, diagnosing, and treating
HHC in patients with specific clinical presentations out-
weigh the adverse effects and costs. While phlebotomy is
simple, safe, and most likely an effective preventive treat-
ment for people at risk for the complications of iron
overload, the treatment of asymptomatic people with
phlebotomy is not without adverse effects, including the
burdens and potential complications of liver biopsy (if
done) and the potential risk of unjustified discrimination
following a diagnosis of HHC.

CONCLUSIONS

Previous calls for HHC screening have been based on the
assumption that a high proportion of individuals with positive
results of phenotypic or genotypic screening will develop clin-
ical symptoms over time. Current data argue against this as-
sumption, but further research is needed. Most importantly,
further investigation of the various factors contributing to
clinical complications of iron overload is needed. Research in
animal models has identified several genes related to iron me-
tabolism,38,63 and variants in these genes might contribute to
clinical manifestations of iron overload, either independently
or by modifying the effect of an HFE genotype. However, re-
cent research has so far failed to find any interaction of such
genes.64 Nongenetic factors may prove to play a key role in iron
overload disease; excess alcohol intake, for example, is a risk
factor for cirrhosis among persons with HHC.2 This effort
should also include investigation of genetic and other contrib-
utors to iron overload in non-European populations. Further
research is also needed to assess, in a controlled fashion, the
health benefits of phlebotomy in people with asymptomatic
iron overload or mild, nonspecific symptoms. It could be ar-
gued that failure to provide phlebotomy to persons with diag-
nosed iron overload is unethical, given the potential complica-
tions of iron overload and the likely benefit of phlebotomy.
However, studies could be designed in an ethical manner to
address treatment questions about which there is great uncer-
tainty, such as the level of serum ferritin at which to initiate
phlebotomy; or to compare the outcome in a screened versus
and unscreened populations.

While awaiting further evidence, clinicians must also re-
spond to the available evidence that iron overload can progress
to life-threatening complications in at least some affected in-
dividuals. This reality suggests the need for clinical effort in
two areas, while the results of further research are awaited:

Health provider education

Primary care providers and other clinicians—including gas-
troenterologists, hematologists, rheumatologists, cardiolo-
gists, and endocrinologists—need to have an appropriate un-
derstanding of HHC as a rare but treatable cause of a variety of
clinical signs and symptoms. Educational strategies are likely
to be most useful if they present HHC as one of several poten-

tial causes of common symptoms with the focus on appropri-
ate workup of the symptom rather than on HHC. Thus guide-
lines for workup of fatigue might include HHC as a
consideration, recognizing that it would not generally be in-
cluded in the initial workup but would become an increasingly
important aspect of the differential diagnosis for symptoms
that remained unexplained. Inclusion of HHC in medical
school curricula, using the same framework, will also help to
increase provider awareness of this diagnosis.

Family-based detection of iron overload

When a diagnosis of HHC is made, clinicians should en-
courage assessment of family members for evidence of iron
overload. The role of genotype in this process requires further
assessment. A dialogue between medical genetics and other
clinical disciplines may be the best approach to developing
clinical practice guidelines for the evaluation of family mem-
bers. These should take into account uncertainty about the
clinical utility of genotypic testing and the importance of
avoiding a premature diagnosis of HHC. It is also crucial to
involve health care payers in the dialogue, to ensure their sup-
port of practice guidelines regarding screening for HHC as
they are developed.
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