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Background: The U.S. Preventive Services Task Force (USPSTF) has
not previously considered screening for hereditary hemochromatosis
for a recommendation as a clinical preventive service for primary
care clinicians.

Purpose: To conduct a focused systematic review of heredita-
ry hemochromatosis screening relating to 2 USPSTF criteria, the
burden of suffering and the potential effectiveness of a preven-
tive intervention, to determine whether evidence is sufficient for a
USPSTF recommendation.

Data Sources: MEDLINE, CINAHL, and Cochrane Library databases
from 1966 through February 2005. The authors supplemented
literature searches with source materials from experts in the field
and the bibliographies of key reviews and included studies.

Study Selection: Studies were retrieved to answer 3 key questions:
1) What is the risk for developing clinical hemochromatosis among
those with a homozygous C282Y genotype? 2) Does earlier ther-
apeutic phlebotomy of individuals with primary iron overload due
to hereditary hemochromatosis reduce morbidity and mortality
compared with treatment after diagnosis in routine clinical care? 3)
Are there groups at increased risk for developing hereditary hemo-
chromatosis that can be readily identified before genetic screening?
The authors critically appraised studies using quality criteria specific
to their design.

Data Extraction: The authors abstracted all studies into evidence
tables using condition definitions and diagnostic criteria.

Data Synthesis: Data were insufficient to define a very precise
estimate of penetrance. Available data suggest that up to 38% to
50% of C282Y homozygotes may develop iron overload, with up
to 10% to 33% eventually developing hemochromatosis-associated
morbidity. Prevalence of C282Y homozygosity is higher in family
members of probands and other high-risk patient groups defined
by signs, symptoms, and phenotypic screening.

Limitations: This review considered genetic screening for HFE-
related hereditary hemochromatosis in C282Y homozygotes only.
Available research is limited, is based solely on observational de-
signs, and is plagued by poor or inconsistent reporting.

Conclusions: Research addressing genetic screening for hereditary
hemochromatosis remains insufficient to confidently project the im-
pact of, or estimate the benefit from, widespread or high-risk genetic
screening for hereditary hemochromatosis.
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he U.S. Preventive Services Task Force (USPSTF) has

not previously considered screening for hereditary
hemochromatosis for a recommendation as a clinical pre-
ventive service for primary care clinicians. We examined
key questions to assess hemochromatosis penetrance in
C282Y homozygotes (key question 1), address health out-
comes of therapeutic phlebotomy (key question 2), and
examine the possibility of targeted genetic screening (key
question 3). Key questions for this focused systematic re-
view were limited to addressing critical evidence gaps in
order for the USPSTF to recommend screening (1, 2), and
were applied using strict and consistent definitions of dis-
ease, which are described in more detail below.

BACKGROUND
Condition Definition

Hemochromatosis was originally thought to be a rare
idiopathic disorder characterized by end-stage disease (cir-
rhosis, diabetes, and bronzed skin) but is now recognized
as having a hereditary component due to an autosomal

recessive inherited disorder of iron metabolism (3). In
hemochromatosis, body iron accumulates and can lead to
iron overload (4). In iron overload, excess iron is deposited
in the liver, pancreas, heart, joints, and endocrine glands,
resulting in tissue damage that can lead to disease condi-
tions (such as cirrhosis, diabetes, heart failure, arthropathy,
and impotence) (4-6). Iron overload can be primary (as in
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hereditary hemochromatosis) or secondary (for example,
due to anemias with inefficient erythropoiesis or repeated
blood transfusions) (7).

In 1996, 2 base-pair alterations, termed C282Y and
H63D, of the HFE gene on the region of HLA-A on chro-
mosome 6 were identified in hereditary hemochromatosis
(8). C282Y homozygosity is now recognized as the most
common genotype in hereditary hemochromatosis (9). Es-
timates are that 82% to 90% of cases of hereditary hemo-
chromatosis among white persons occur in C282Y/C282Y
homozygotes (10). The other 10% to 18% of cases appear
to be due to environmental factors or other genotypes.
While other HFE-related and non—HFE-related genetic
mutations are associated with hereditary hemochromatosis
in a small number of cases (4), other genotypes do not
appear to be as strongly associated with hereditary hemo-
chromatosis (3, 9).

HFE mutations are fairly common in the United
States, with 1 in 10 white persons heterozygous for the
HFE C282Y mutation (carriers) and 4.4 homozygotes per
1000 (4, 6). The frequency of C282Y homozygosity is
much lower among Hispanic persons (0.27 in 1000), Asian
Americans (<0.001 per 1000), Pacific Islanders (0.12 per
1000), and black persons (0.14 per 1000) (11). The avail-
ability of genotyping has permitted identifying persons
who have the susceptible genotype but have little or no
evidence of disease. Thus, individuals homozygous for the
C282Y genotype can be characterized in 1 of 4 general
stages: genetic predisposition without any other abnormal-
ity; iron overload without symptoms; iron overload with
early symptoms; and iron overload with organ damage,
especially cirrhosis (4). Clinically recognized hereditary
hemochromatosis is twice as common in males and occurs
predominantly in white populations (12). While the natu-
ral history is not well understood, the condition appears to
have a long latent period, with wide individual variation in
biochemical expression (13). This is because iron accumu-
lation and disease expression are modified by environmen-
tal factors, such as blood loss from menstruation or dona-
tion, alcohol intake, diet, and comorbid disease (for
example, viral hepatitis) (14, 15). If symptomatic organ
involvement develops, it generally occurs in mid-life with
nonspecific signs and symptoms (such as unexplained fa-
tigue, joint pain, and abdominal pain) (14). Age of onset is
delayed in females (16), perhaps because of blood loss
through menstruation (3). The liver is the first target organ
thought to be affected by iron accumulation (17) and is
central to both diagnosis and prognosis (13).

While a clinical diagnosis is based on serum iron stud-
ies and clinical evaluation, documented iron overload relies
on 1 of 2 methods: quantitative phlebotomy with calcula-
tion of the amount of iron removed, or liver biopsy with
determination of quantitative hepatic iron (18). Although
liver biopsy was once essential to the diagnosis, it is cur-
rently used more as a prognostic tool (19). While hepatic
iron concentration greater than 283 umol/g (reference
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range, 0 to 35 umol/g) is associated with cirrhosis in
C282Y homozygotes (20), many patients with much
higher levels do not have cirthosis (13). Even in the ab-
sence of systemic iron overload, iron accumulates when the
liver is inflamed or cirrhosed because of other causes (such
as alcoholic steatohepatitis, transfusion and chronic hemo-
lytic disorders, or chronic viral hepatitis) (21).

Cirrhosis is a late-stage disease development and has
been reported to shorten life expectancy (22-25). Cirrhosis
is also a risk factor for hepatocellular carcinoma (13) and
typically occurs between the ages of 40 and 60 years (6).
Cirrhosis prevention would be a major goal of screening
and treatment (26).

Prevalence and Burden of Disease

Estimates of the general population prevalence of
hemochromatosis vary because of the long preclinical pe-
riod and lack of a consistent “case” definition. The preva-
lence of cases of hemochromatosis defined biochemically
(elevated serum iron indices) will be higher than the prev-
alence of cases based on documented iron overload, with or
without clinical signs and symptoms. The prevalence will
be lowest for cases based on diagnosed disease (cirrhosis,
diabetes) (27). Experts have recommended defining iron
overload as distinct from hemochromatosis (4), and this
provides an objective, although not universally accepted,
standard for “early disease” based on documented increases
in body iron stores (27).

On the basis of clinically diagnosed hemochromatosis
or hemochromatosis-compatible disease, 79 850 hemo-
chromatosis-associated hospitalizations (2.3 per 100 000
residents) were projected in the United States over 18 years
(1979 to 1997), although annual rates could not be reliably
calculated (28). Of 29 million deaths from 1979 to 1992,
4858 (0.017%) were consistent with hemochromatosis as
an underlying cause (12). Age-adjusted mortality rates for
hemochromatosis-consistent deaths increased from 1.2 per
million in 1979 to 1.8 per million in 1992. These rates
were about twice as high in males as in females and in
white persons as in nonwhite persons. Both of these esti-
mates of the burden of disease suggest a disease prevalence
much lower than the prevalence of associated genetic mu-
tations, which has fueled the debate about disease pen-
etrance. While these statistics are probably underestimates,
primarily because of underdiagnosis (29), the extent of this
underestimation is not clear. The prevalence of hemochro-
matosis-attributable morbid conditions (such as cirrhosis,
diabetes, arthralgias, and fatigue or other symptoms) has
been proposed as an estimate of the burden due to undi-
agnosed disease, particularly since diagnosis may com-
monly be delayed as a result of the nonspecific nature of
hemochromatosis-related signs and symptoms (30). Since
these signs and symptoms are also prevalent and nonspe-
cific, however, relevant evidence must establish their prev-
alence due to iron overload, or their excess prevalence in
association with iron overload compared with controls. In
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a previous study, 297 middle-aged patients with previously
undetected hereditary hemochromatosis (homozygous for
C282Y) had a higher prevalence of diagnosed osteoarthri-
tis, knee symptoms, hypothyroidism, and use of antihyper-
tensive or thyroid replacement medications than sex- and
age-specific controls (31). However, general health, mental
health, and 52 other questionnaire-based and clinical ex-
amination—based measures of cardiovascular, respiratory,
and liver diseases were not statistically different between
case-patients and controls. In another cross-sectional com-
parison of 124 C282Y screening-detected adult homozy-
gotes with 22 394 wild-type/wild-type genotypic controls,
common symptoms (chronic fatigue, joint symptoms, im-
potence, and limited general health) and signs (diabetes)
were no more frequent in C282Y homozygotes than con-
trols (32). While the relative risk for physician-diagnosed
liver problems or hepatitis was increased (relative risk, 2.1
[95% CI, 1.1 to 4.0]), the proportion of C282Y homozy-
gotes with liver problems was modest (10%). Similarly, in
the Hemochromatosis and Iron Overload Screening
(HEIRS) study, C282Y homozygotes had an increased
odds of self-reported liver disease (odds ratio, 3.28 [CI,
1.49 to 7.22]) compared with wild-type controls. Almost
one fourth, however, were not identified by screening (11).
Clearly, the prevalence of hemochromatosis-attributable
morbid conditions is not a simple, reliable way to estimate
the disease burden associated with hemochromatosis.

Rationale for Population Screening

Screening for hemochromatosis or iron overload is
theoretically attractive and has been widely discussed over
the past 10 to 15 years, with renewed interest and a focus
on hereditary hemochromatosis since the discovery of the
HFE mutations (4, 33-36). Although hereditary hemo-
chromatosis appears to be ideal for population screening
(7, 16, 37-39) and for a “new paradigm for genetics and
public health” (34), inadequacies in the evidence support-
ing genetic screening for hereditary hemochromatosis have
precluded widespread support for population-based screen-

ing (4, 9, 34, 40).

Aims of Focused Systematic Review

This review addresses 2 major uncertainties in the ev-
idence: “How much disease is actually caused by HFE mu-
tations?” and “Does therapeutic phlebotomy treatment,
initiated through earlier identification of those with hered-
itary hemochromatosis, lead to better outcomes?” We also
considered evidence for high-risk (as opposed to general
population) screening.

METHODS

We focused on hereditary HFE-associated hemochro-
matosis due to C282Y homozygosity in persons of north-
ern European descent, which is the most prevalent form of
hereditary hemochromatosis in the United States. Other
HFE and non-HFE genetic mutations are much rarer
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causes of hemochromatosis (41), and data for their disease
association are more sparse than those for C282Y homozy-

gosity (9).

Key Questions

We developed 3 explicit questions with supporting
definitions (Appendix, available at www.annals.org), in
conjunction with USPSTF leads and Agency for Health-
care Research and Quality (AHRQ) staff.

Key question 1: What is the risk for developing clinical
hemochromatosis among those with a homozygous C282Y
genotype?

Key question 2: Does earlier therapeutic phlebotomy
of individuals with primary iron overload due to hereditary
hemochromatosis reduce morbidity and mortality com-
pared with treatment after diagnosis in routine clinical
care?

Key question 3: Are there groups at increased risk for
developing hereditary hemochromatosis that can be readily
identified before genetic screening?

Data Sources

We developed literature search strategies and terms for
each key question (Appendix Table 1, available at www
.annals.org) and conducted 4 separate literature searches
(for key questions 1, 2, and 3 and for background) in the
MEDLINE, CINAHL, and Cochrane Library databases
from 1966 through February 2005. Literature searches
were supplemented with source material from experts in
the field and by examining the bibliographies of included
studies. A single investigator reviewed abstracts, and a sec-
ond reviewer independently reviewed all excluded ab-
stracts. Interreviewer discrepancies were resolved by con-
sensus.

Study Selection

Using inclusion criteria developed for each key ques-
tion (described in Appendix Table 2, available at www
.annals.org), we reviewed 1886 abstracts for inclusion in all
key questions (Figure). Literature searches were focused for
each key question but were reviewed with all key questions
in mind. We reviewed 134 full-text articles for key ques-
tion 1, 69 articles for key question 2, and 55 articles for
key question 3. Two investigators rated all included articles
for quality, as well as those excluded for quality-related
reasons, using the USPSTF criteria (Appendix Table 3,
available at www.annals.org). Excluded articles are listed in
Appendix Tables 4 to 6 (available at www.annals.org).

Data Extraction and Quality Assessment

To overcome the inconsistent uses of terminology in
the literature, we adopted the set of terms in the Appendix
for extracting data from studies into tables in a consistent
format. We also established a priori screening and diagnos-
tic criteria for elevated iron measures and iron overload due
to hereditary hemochromatosis to guide our review and to
establish comparability between studies (Table 1; 42—45).

Data were abstracted into evidence tables by a single re-
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Figure. Search results and article flow by key question.
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Articles included
for key question 1
(n = 14 [11 studies])

Study disease definition: 6

Articles excluded for
key question 2
(n=61)

Study quality: 15

Study design: 29

Did not report relevant
outcomes: 14

Study disease definition: 1

No phlebotomy

Articles included
for key question 2
(n = 8 [5 studies])

Articles excluded for
key question 3
(n=47)

Study quality: 8
Population < age 18 y: 1
Not correct population: 10
Study disease definition: 5
Study design: 9

Did not report relevant

Articles included
for key question 3
(n = 8 [7 studies])

Study design: 7 treatment: 2

Not a screening
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Did not report C282Y
genotype: 19

In full review, not
compatible with final
synthesis: 5

prevalence or risk
measures: 7

Did not report relevant
outcomes: 1

Did not include original
data: 3

No HFE testing: 3

viewer and checked by a second reviewer (Appendix Ta-
bles 7 to 10, available at www.annals.org; 25, 32, 46—67).

We critically appraised studies according to USPSTFE
methods (67) using quality criteria specific to their design
(Appendix Table 3). To augment criteria provided for
nonrandomized studies of treatment effectiveness, we
added criteria from the Cochrane Non-Randomised Stud-
ies Methods Group (68). We eliminated any case series or
nonrandomized comparative treatment study that used a
nonsystematic method of case accrual. We critically evalu-
ated reported results, including the comparability of con-
structed comparison groups, concerning whether con-
founding factors (age, sex, alcohol intake, population
prevalence of C282Y homozygosity, and comorbid liver
disease) and secular trends in disease diagnosis and medical
care were adequately considered. We eliminated studies
with possible serious biases.

Data Synthesis
Studies were extremely heterogeneous and could not
be easily synthesized quantitatively. To evaluate whether
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our review identified adequate data to create one or more
outcomes tables for illustrating the expected yield from
screening, we used an approach adapted from a previous
report (35). We considered whether there were adequate
data for genetic screening of 2 different screening popula-
tions (general population and family-based). Insufficient
data were available to create a reliable outcomes table for
either screening approach since very few studies reported
results for all required measures (genotype, iron measures, iron
overload, and disease) among screening study participants, re-
sulting in extremely small numbers for within-study morbid-
ity estimates. Therefore, we summarized screening data in
tables, as described later.

We selected data from studies that met minimum a
priori criteria for 3 variables: 1) screening positive for ele-
vated iron measures, 2) documented iron overload, and 3)
morbidity due to clinical hemochromatosis. For iron over-
load and morbidity, we calculated 2 proportions (selected
and all). Among patients selected for further evaluation, we
reported the proportion of positives among those who were
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actually tested for iron overload or morbidity (maximum
penetrance) and, for all, the proportion who screened pos-
itive among all those evaluated at the first screening step
(minimum penetrance). We evaluated whether results were
similar enough to combine across studies and, when they
were, we quantitatively combined study results for each
variable to generate a single point estimate for that variable.
We reported a range of results for any variable for which
individual study results were too different to be meaning-
fully combined. We did not include individual study re-
sults with 10 or fewer patients in the denominator to de-
fine a range, but we did include these results if they could
be combined with other results in a single variable esti-
mate. Study results were reported as raw numbers for de-
nominators of 10 or fewer.

Role of the Funding Source

This research was funded by AHRQ under a contract
to support the work of the USPSTF. The USPSTF mem-
bers participated in the initial design and reviewed interim
results and the final evidence review. Although AHRQ had
no role in the study design, data collection, or synthesis,
AHRQ staff reviewed interim and final evidence reports
and distributed the initial evidence report for external con-
tent review by 7 outside experts, including representatives
of professional societies and federal agencies. The subse-
quently revised systematic review on which this manuscript
is based is available at www.ahrq.gov/clinic/serfiles.htm.

DATA SYNTHESIS

Key Question 1. What Is the Risk for Developing
Clinical Hemochromatosis among Those with a
Homozygous C282Y Genotype?

Of 134 full-text studies examined, we excluded 120
studies for reasons specified by our inclusion and exclusion
criteria (Appendix Table 4). We eliminated all studies that
combined outcome measures for C282Y homozygotes
from more than one population source (for example, from
family, clinical, or healthy population screening) since dis-
ease expression potentially differs among these groups. We
eliminated studies that did not report data on morbid con-
ditions associated with clinical hemochromatosis (or at
least iron overload) among participants. We had 2 other
main categories for study exclusion: 1) studies that in-
volved groups of homozygotes that did not derive from any
definable population—particularly one that could be sub-
ject to screening; and 2) studies with data reported in ways
that did not conform to our hemochromatosis-related def-
initions. One study was identified, but not yet published,
at the time we prepared this manuscript (Appendix Table
11, available at www.annals.org). Two studies supplied
data that did not meet requirements for our final data
synthesis (69, 70); 3 studies on genotyping in blood donors
(71-73) were not relevant to this paper but are included in
our full evidence report (74).

Table 2 summarizes the findings for this key question.
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Table 1. Screening and Diagnostic Criteria for Iron Overload

Term/Test* Men Women

Screening-positive for elevated iron measures
Transferrin saturation, % (42-44) >50 >45
Serum ferritin level, ug/L (44, 45) >300 >200

Possible iron overload
Repeat transferrin saturation, % >50 >45
or
Repeat serum ferritin, ug/L >300 >200
or
Initial increased transferrin saturation and serum
ferritin level PLUS clinical examination

Provisional primary iron overload (44)
Repeated transferrin saturation shows increased serum
ferritin levels not due to liver disease, inflammation,
or secondary causes of iron overload

Iron overload: documented (44)

Meets all the provisional primary iron overload criteria
and shown to have increased body iron stores by
=1 of the following:

Hepatic iron concentration (biopsy): =90 um/g,
=5000 pg/g dry weight

Iron removed to reach iron depletion (phlebotomy):
=4 g iron removed

Histology: suggestive of hemochromatosis and
Hepatic iron index: =1.9 or
Hepatic iron staining: 3+, 4+

* Numbers in parentheses are reference citations.

The best evidence is from 2 fair- to good-quality longitu-
dinal studies reporting the risk for developing disease in
initially nondiseased C282Y homozygotes (46, 47). Al-
though neither was done in an inception cohort, these ret-
rospective cohort studies from Australia (46) and Denmark
(47) reported on disease expression (penetrance) of 33
C282Y homozygotes (22 women and 11 men) over 17 to
25 years of follow-up. Participants’ average age at the end
of observation was 47 to 63 years. Most, but not all,
C282Y homozygotes (61% to 75%) developed some ele-
vations in serum iron measures during follow-up. When
compared with other age- and sex-matched genotypes,
C282Y homozygotes tended to have higher mean trans-
ferrin saturation and serum ferritin levels, and average mea-
sures generally increased with age among all genotypes
(47). However, C282Y homozygotes also showed more in-
dividual variation in serum iron measures than other geno-
types, and many individuals did not show steady increases
in these measures over time (46, 47). For example, neither
blood loss nor donation explained the substantial decreases
in serum ferritin levels over 17 years seen in 2 of 10 C282Y
homozygotes (46). The Australian study (46) objectively
evaluated iron overload using liver biopsy in the 6 of 10
participants who developed serum ferritin levels greater
than 500 ug/L. At least moderate iron overload (see Ap-
pendix for definition) was detected in 5 patients who un-
derwent biopsy (representing 5 of 10 total study partici-
pants). Two of the patients who underwent biopsy had
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Table 2. Genotypic Screening Yields*

Study, Year (Reference) Prevalence of Elevated Elevated
Cc282Y Transferrin Serum
Homozygotes Saturation in Ferritin Level
Homozygotes in
Homozygotes
Longitudinal: general population
(2 studies)
Andersen et al., 2004 (47) 2.5/1000 Men: 5 of 7 (71%)
Women: 9 of 16 (56%)
(both tests elevated)
Olynyk et al., 2004 (46) 4/1000 Men: 4 of 4 (100%)
Women: 2 of 6 (33%)
(both tests elevated)
Cross-sectional studies
General population (7 studies)
Total population: n = 67 771 4.2/1000 Men: Men:
, 51-56) 75%-94% 58%—76%
Total patients with C282YY Women: Women:
studied: n = 282 40%-94% 54%-58%
Family history (2 studies)

Barton et al., 1999 (57) 161/1000 Men and Men and
Total sample: n = 150 women: women:
Total patients with C282YY 87.5% 96%
studied: n = 25

Powell et al., 2006 (58) ND ND ND

Relatives of probands; total
C282YY studied: n = 401

Patients with Iron
Overload Due to
Hereditary
Hemochromatosis

Selected C282YY:
ND

All C282YY:
ND

Selected C282YY:
5 of 6 (83%)
All C282YY: 5
of 10 (50%)

Selected
C282YY%: 26
of 69 (38%)

All C282YY#: 30
of 127 (24%)

All C282YY: ND

Men: Selected
C282YY: 82 of
111 (74%)

Women: Selected
C282YY: 46 of
74 (62%)

Men: All C282YY:
82 of 200
(41%)

Women: All
C282YY: 46 of
201 (23%)

Patients with
Diabetest

All C282YY: 1 of
23 (4.4%)

1 of 10

All C282YY:
0%-5.6%

All C282YY: 16%

Men: All
C282YY: 2%

Women: All
C282YY:3.5%

Patients with
Other
Diseases/Elevated
LFT Resultst

Liver disease:

0 of 23
Hyp0§onadism:

0 of 23
Cardiomyopathy:

0 of 23
Arthralgia: 2 of 23
Subclinical

hemochromatosis:
10f 23

Arthralgia: 4 of 10

All C282YY: LFT,
ND

All C282YY: ND

Men: All C282YY:

24%

Women: All
C282YY: 7%

Fibrosis or Cirrhosist

ND

Selected C282YY: 3 of 6 (1
also consumed alcohol)
All C282YY: 3 of 10 (30%)

Cirrhosis or fibrosis§: Selected
C282YY: 5 of 16 (31%)

All C282YY: 5 of 72 (6.9%)

Fibrosis§: Selected C282YY: 4
of 16 (25%)

All C282YY: 4 of 72 (6%)

Cirrhosis§: Selected C282YY:
1 of 16 (6%)

All C282YY: 1 of 72 (1.4%)

Selected C282YY: ND
All C282YY: 2 of 25 (8%)

Cirrhosis or fibrosis:

Men: Selected C282YY: 32 of
111 (29%)

Women: Selected C282YY: 5
of 74 (7%)

Men: All C282YY: 32 of 200

(16%)

Women: All C282YY: 5 of
201 (2%)

Fibrosis:

Men: Selected C282YY: 25 of
111 (23%)

Women: Selected C282YY: 3
of 74 (4%)

Men: All C282YY: 25 of 200

(13%)

Women: All C282YY: 3 of
201 2%)

Cirrhosis:

Men: Selected C282YY: 7 of
111 (6%)

Women: Selected C282YY: 2
of 74 (3%)

Men: All C282YY: 7 of 200

Wom;n: All C282YY: 2 of
201 (1%)

* C282YY = C282Y/C282Y; LFT = liver function test; ND = no data reported or not acceptable.

T Selected C282YY refers to percentage positive only in those tested; all C282YY refers to percentage positive in all patients with C282YY.

F Data from references 32, 52-55.
§ Data from references 52—-54, 56.

hepatic fibrosis, while the single patient with cirrhosis re-
ported alcohol intake greater than 6 drinks per day. In
contrast, none of the 23 Danish patients had liver disease
detectable by clinical examination (47). Thus, when both
studies were considered together, liver disease developed in
3 of 33 C282Y homozygotes. Similarly, 2 of 33 C282Y
homozygotes developed diabetes and 6 of 33 developed
arthralgias. No participant developed cardiomyopathy or
hypogonadism.

These retrospective cohort studies have 2 potential
limitations. The first limitation relates to whether these
data accurately represent lifelong disease expression in
C282Y homozygotes. Despite the long follow-up period of
17 to 25 years, 8 women were 50 years of age or younger at
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final follow-up. Thus, 8 of 33 (24%) of those studied may
not yet have reached the age at which clinical expression
would be likely. Second, selective mortality bias resulting
from follow-up only for survivors could have influenced
these findings to represent the experience of healthier
C282Y homozygotes. In the Australian study, however, the
prevalence of C282Y homozygotes (5.3 per 1000) was
within the population range expected, and complete data
were available on 83% of the cohort (46). In the Danish
study, selective mortality bias may be more likely since
35% of the original cohort did not have genotyping and 3
of the 23 C282Y homozygotes died before they could be
examined (47). We calculated the upper bound for disease
penetrance as follows to determine the potential impact of
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selective mortality bias on this study. If all 3 C282Y ho-
mozygotes who died were counted as developing hemo-
chromatosis, the proportion developing clinical disease
would still be about one quarter (4 of 23). If the 35% of
the cohort lost to follow-up had the usual population prev-
alence of C282Y homozygosity (5 per 1000), then about
25 C282Y homozygotes would have been lost to follow-
up. If all 25 homozygotes developed clinical disease, the
estimate for disease penetrance would be 60% (29 of 48)
after 25 years of follow-up.

While cross-sectional studies were more plentiful, they
provided an estimate of disease expression only at the time
of genotype identification. Twelve papers (32, 48—58) re-
port cross-sectional genotypic and selected phenotypic and
disease expression results from 9 screening studies (Appen-
dix Table 8). C282Y homozygotes were identified at 2
health clinics (32, 48-51) through mass screening (52),
through voter rolls or employment screening (53-56), or
through family screening (57, 58). We combined health
clinics, mass screening, voter rolls, and employment
screening results to represent “general population” screen-
ing based on the similarity of findings for C282Y preva-
lence and phenotypic expression between settings. A total
of 282 C282Y homozygotes were identified from screening
67 771 patients in these general population settings, and
426 C282Y homozygotes were identified from genotyping
in an unspecified number of family members of probands.
The prevalence of C282Y homozygosity was 4.2 per 1000
screened in the general population and 161 per 1000 fam-
ily members screened (based on the single family screening
study that reported the number of family members
screened) (57). Transferrin saturation levels were elevated
in 75% or more of male C282Y homozygotes identified
from general population screening, and the majority (58%
to 76%) had elevated serum ferritin levels. Elevations of
transferrin saturation and serum ferritin levels were more
variable or less common among female homozygotes from
the general population than among male homozygotes.
Transferrin saturation and serum ferritin elevations in fam-
ily members were very common (88% to 96%).

Among C282Y homozygotes identified from general
population genetic screening, 38% of those undergoing
further evaluation met criteria for iron overload, 25% had
liver fibrosis, and 6% had cirrhosis. Data could not be
reported reliably for males and females separately. These
iron overload and disease estimates could be too high if the
C282Y homozygotes who were not evaluated further are
less likely to be penetrant. Assuming that all the untested
C282Y homozygotes were unaffected, the prevalence of
iron overload, hepatic fibrosis, and cirrhosis among newly
screening-identified C282Y homozygotes would be 24%,
6%, and 1.4%, respectively. These estimates, however,
should be viewed with caution because they are based on
very small numbers. We also cannot be sure of the likeli-
hood of disease penetrance (same, higher, or lower) in the
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large proportion of untested screening-identified C282Y
homozygotes.

Data from genotyping of family members of probands
may indicate that a higher proportion of C282Y homozy-
gotes’ relatives have evidence of iron overload, but not nec-
essarily of clinical disease, at the time of screening com-
pared with homozygotes identified through population
screening. Among male first-degree relatives, 74% of those
further evaluated have iron overload, 23% have fibrosis,
and 6% have cirrhosis. Among female first-degree relatives,
62% of those further evaluated have iron overload, 4%
have fibrosis, and 3% have cirrhosis. If we assume that all
those not further tested were unaffected, estimates of the
prevalence of iron overload, fibrosis, and cirrhosis in male
C282Y homozygotes identified through family screening
are 41%, 13%, and 4%. The respective prevalences for
females are 23%, 2%, and 1%. Iron overload and disease
expression at the time of identification were reported only
for the limited number of C282Y homozygotes undergoing
further evaluation for clinical reasons. Not all studies re-
ported these measures and, within studies, variably selected
participants received disease evaluations because of differ-
ences in the participants’ clinical presentation, in their will-
ingness to be tested, and in clinical practice norms. Esti-
mates across studies cannot be easily compared because of
potential detection bias and likely between-group differ-
ences in important factors in penetrance (such as age and
sex) between C282Y homozygotes, particularly those iden-
tified from general population screening compared with
those identified through family screening.

Key Question 2. Does Earlier Therapeutic Phlebotomy of
Individuals with Primary Iron Overload Due to
Hereditary Hemochromatosis Reduce Morbidity and
Mortality Compared with Treatment after Diagnosis in
Routine Clinical Care?

We found no controlled studies of phlebotomy treat-
ment in patients with hemochromatosis due to any cause,
nor any studies that allowed a valid comparison of early
versus delayed treatment. Four fair-quality case series of
patients with hemochromatosis reported objective mea-
sures before and after, or simply after, treatment (25, 58—
61) in 7 publications (22, 23, 25, 5860, 75). One retro-
spective observational survey (76) reported recalls of
changes in symptoms after treatment among patients with
hemochromatosis identified through multiple outreach
mechanisms (Appendix Table 9). We excluded 61 full-text
articles, primarily because of study quality, small size (<20
patients), or lack of primary data or relevant outcomes
(Appendix Table 5).

Table 3 summarizes the findings for this key question.
Altogether, treatment studies of patients from referral cen-
ters, who were identified and treated over a 50-year period,
report on the survival experience of 447 patients over a
mean duration of 8.1 (SD, 6.8) to 14.1 (SD, 6.8) years,
and the reduction in morbidity after treatment of 370 pa-
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Table 3. Summary of Treatment Trials: Key Question 2*

Study, Year Population, n Treatment Measure and Results
(Reference)
Adams et al., 85 500 mL of blood/wk Cumulative survival, %
1991 (25) Probands and family until serum ferritin level 5y:87
members < 30 pg/L or patient 10y: 81
became anemic 20y: 71
Adjusted relative risk for death
Cirrhosis: 5.54
Arthritis: 0.24
Niederau et al., 251 500 mL of blood/1-2 wk Cumulative survival, %t
1996 (60) Diagnosed through until serum ferritin 5y:93
routine clinical levels were normal 10y: 77
practice 20 y: 55
30y: 20
Changes in fibrosis stage after iron depletion (n = 185)
Stage I, n W, n U n
0 0 1 20
1 10 1 21
2 20 0 19
3 12 0 81
Total 42 (23%) 2 (1%) 141 (76%)
Sign/Symptom AD, % I, % U, % W, %
Weakness/lethargy 80 55 40 6
Abdominal pain 56 68 29 1
Arthralgia 45 30 50 20
Elevated AST or ALT level 81 73 25 2
Pigmentation 68 68 32 0
Loss of potency 40 19 69 12
Electrocardiographic changes 35 34 61 5
Diabetes mellitus 44 41 53 6
Impaired glucose tolerance 15 37 56 7
Bomford and Treated: 85 600 mL of blood/wk Diabetes, n/n (%)
Williams, 1976  Controls: 26 until hemoglobin value Improved: 16/56 (29)
(59) Diagnosed through = 100 g/L and serum Worsened: 7/56 (13)
routine clinical iron level < 10 umol/L New cases: 3
practice Liver histologic features, n/n (%)
Improved: 5/75 (7)
No definite change: 68/75 (91)
Worsened: 2/75 (3)
McDonnell et al., 2851 Varied Some or all of symptoms improved with therapy: 86%
1999 (55)% Population-based New symptoms developed despite treatment: 33%
mailing to persons
known to have ) Sign or Symptom All Patients, n (%) I, n(%)8 W, n (%)
hemochromatosis Extreme fatigue 1296 (45.5) 705 (54.4) 223 (17.2)
Joint pain 1241 (43.5) 115 (9.2) 422 (34.0)
Impotence/loss of libido 735 (25.8) 93 (12.7) 204 (27.8)
Skin bronzing 733 (25.7) 431 (58.8) 30 4.1)
Heart fluttering 679 (23.8) 42 (6.2) 69 (10.1)
Depression 592 (20.8) 242 (40.8) 61(10.3)
Abdominal pain 578 (20.3) 129 (22.3) 69 (11.9)
Powell et al., 25 Unspecified Change in fibrosis stage after iron depletion, n/n (%)
2006 (58) Selected subset of Improved: 19/20 (95)

cases diagnosed
through family
screening or
work-up of
elevated iron
measures

Unchanged (cirrhosis at baseline): 1/20 (5)
Not reported because of high alcohol intake: 5/25 (20)

* AD = at diagnosis; ALT = alanine aminotransferase; AST = aspartate aminotransferase; I = improved; U = unchanged; W = worsened.

T Significantly reduced compared with expected survival in matched population.

¥ Compared with National Health and Nutrition Examination Surveys II and III, similar proportion of patients reported arthritis, liver or gallbladder disease, and extreme
fatigue as general population.
§ Improved with treatment.

|| Worsened despite treatment.

2161 August 2006 | Annals of Internal Medicine | Volume 145 ¢ Number 3

www.annals.org



Screening for Hereditary Hemochromatosis CrLiNICcAL GUIDELINES

tients with hemochromatosis (25, 58-60). Only 105 of
these patients had genetically confirmed hereditary hemo-
chromatosis (25, 58), and, of these, source of detection
(clinical detection or family screening) was available for 85
patients (56% were probands and 44% were family mem-
bers) (25). Fewer patients with confirmed hereditary
hemochromatosis had cirrhosis at diagnosis (3.4% [58] to
32% [25]), compared with reports from patients whose
condition was not genetically confirmed (57% [60] to 79%
[59]); these findings are consistent with strong secular
trends in disease severity at diagnosis (60). Secular trends
in survival were also apparent, since survival improved over
10 years of follow-up in patients in whom hemochroma-
tosis was diagnosed in 1982 to 1991, compared with 2
groups who received the diagnosis earlier (2 = 0.05, log-
rank test) (60). For patients whose hemochromatosis was
diagnosed during this later time (1982 to 1991), cumula-
tive survival was not significantly reduced from rates
expected for an age- and sex-matched population (60).
Similarly, patients with genetically confirmed hemochro-
matosis who did not have cirrhosis at diagnosis experienced
the same survival as population controls (25).

Among treated patients with hereditary hemochroma-
tosis, cirrhosis at diagnosis appeared to confer a worse
prognosis (adjusted relative risk for death, 5.54 [CI, 1.76
to 17.47]) (25). However, comparisons of survival differ-
ences between cirrhotic and noncirrhotic patients, between
other patient subgroups (for example, diabetic vs. nondia-
betic patients [60] or between all patients and historical
controls [59]) are not completely reliable because of poten-
tial confounding by uncontrolled and unmeasured factors,
such as era of diagnosis, age at diagnosis, sex, excessive
alcohol use, concomitant hepatitis, and dietary factors.

In the best available evidence on the effects of phle-
botomy treatment, pretreatment and post-treatment liver
biopsies in 260 patients who received a diagnosis through
routine clinical practice suggest some reversibility of he-
patic disease, with 7% to 23% showing improvement and
1% to 3% showing worsening (59, 60). Improvement in
histologic characteristics was more common (32.6%) in
patients with less severe, precirrhotic liver disease than in
patients with cirrhosis (14.8% improved) (60). In a highly
selected subgroup of family (and health check) screening-
detected patients (7 = 25) who underwent a second biopsy
after treatment for persistently elevated liver enzyme levels
or uncertainty about cirrhosis on first biopsy, 19 of 20
showed improvement in hepatic fibrosis scores after treat-
ment; the only case with baseline cirrhosis was unchanged
(58). These findings are not clearly generalizable because of
the selected nature of the patient group and because biopsy
results in 5 cases with high alcohol intake were not re-
ported.

Several studies suggest that some, but not all, other
disease process and symptoms will respond to phlebotomy
treatment. In 183 primarily male symptomatic patients
(57% of whom had cirrhosis) who received a diagnosis
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before 1991, 41% of those with type 1 diabetes mellitus
reduced their daily dosage; 73% with elevated levels of liver
enzymes (alanine aminotransferase or aspartate amino-
transferase) showed improvement; and symptoms such as
weakness, lethargy, or abdominal pain improved in more
than half (60). Improvements in arthralgias (30%) and po-
tency (19%) were less prominent. A total of 2851 primar-
ily male patients with hemochromatosis, most of whom
received a diagnosis after 1990 through family screening or
an abnormal laboratory test finding, were asked to recall
their experience before and after treatment. They reported
comparable improvements in extreme fatigue (50%), ab-
dominal pain (22%), impotence (13%), and joint pain
(9%). Many patients also recalled improvement in depres-
sion (41%), but many (33%) also recalled onset of new
symptoms after treatment (76). This study is weakened by
its reliance on recall and the absence of controls to com-
pare nonspecific symptom prevalence and changes over
time.

Key Question 3. Are There Groups at Increased Risk for
Developing Hereditary Hemochromatosis That Can Be
Readily Identified before Genetic Screening?

We examined 55 full-text articles and excluded 47
studies from this question for various reasons (Appendix
Table 6), such as not reporting relevant measures or results,
addressing the wrong population, not using C282Y genotype
to define the family risk group, using an ineligible study
design, or having poor quality. One fair- to good-quality
cross-sectional study of family members of genotyped pro-
bands (57) and 6 fair- to good-quality cross-sectional stud-
ies (in 7 publications) (51, 61-66) of patients with signs or
symptoms consistent with iron overload or hemochroma-
tosis met our inclusion criteria.

Table 4 summarizes the findings for this key question.
Potential high-risk groups were examined for a higher
prevalence of C282Y homozygosity, including 150 family
members of probands and 42 636 patients with fatigue or
increased liver enzyme levels from primary care or hepatol-
ogy, endocrinology, and rheumatology specialty settings.
Family screening identified the highest prevalence of unde-
tected C282Y homozygotes (23% overall), particularly
among siblings of probands (33% homozygosity). Among
symptomatic patients selected from primary care, rheuma-
tology, endocrinology, or referral medicine clinics, 0% to
5.8% were C282Y homozygotes, compared with 0.2% of a
random sample of persons attending a health appraisal
clinic (27). Overall, the prevalence of C282Y homozygos-
ity did not differ between patients in the health appraisal
clinic and primary care patients with an index sign or
symptom. Compared with controls, C282Y homozygosity
was significantly more prevalent only in hospitalized dia-
betic patients from an endocrinology clinic (5.8%) and in
patients from a referral medicine clinic with chronic fatigue
and arthralgias (5.7%). Three other studies confirm or ex-
tend these results. Males, but not females, with chronic
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Table 4. Prevalence of C282Y Homozygosity in High-Risk Groups*

Study, Year Risk Group Definition

(Reference)

Barton et al., Relatives of persons with iron overload
1999 (57)

Poullis et al., Outpatients referred to a liver clinic for
2003 (63) investigation of liver disease

Cadet et al., Patients presenting with conditions possibly
2003 (61) related to hemochromatosis

Swinkels et al., Self-referred patients fulfilling criteria for

2002 (66) chronic fatigue syndrome (n = 88)
Deugnier et al., Patients attending health appraisal center
2002 (51) who noted risk factor on questionnaire
Waalen et al., Noted history of heart attack, angina
2002 (62) pectoris, or ICD-9 code 410 or 412 in
medical record
Willis et al., Patients with inflammatory arthritis
2002 (65)

Transferrin saturation > 0.45

Transferrin saturation > 0.40
Specialty setting: fatigue/arthritis
Serum ferritin level > 300 ug/L

Population C282Y/C282Y,
n/n (%)
Offspring of proband 5/36 (14)
Parents of proband 3/16 (19)
Sibling of proband 14/42 (33)

12/667 (1.8)
11/156 (7.1)
1/221 (0.45)
7/121 (5.8)
7/106 (6.6)
13/227 (5.7)
13/75 (17.3)

Liver clinic

Rheumatology clinic
Diabetes mellitus

Health appraisal: healthy volunteers 2/991 (0.2)
Primary care 0/60 (0)
Patients with chronic fatigue syndrome and increased 0/8 (0)

transferrin saturation and serum ferritin levels

Men

7/828 (0.85)
3/2180 (0.14)

Chronic fatigue
No chronic fatigue

Women

12/2253 (0.53)
28/3361 (0.83)

Chronic fatigue
No chronic fatigue

Men

1/176 (0.57)
9/3181 (0.28)

ALT level increased
ALT level not increased

Women

3/322(0.62)
42/5694 (0.74)

ALT level increased
ALT level not increased

Men
CHD 3/1798 (0.17)
No CHD 65/8540 (0.76)
Women
CHD 3/1074 (0.28)
No CHD 65/9117 (0.71)
Patients with arthritis 5/1000 (0.5)
Controls 5/1000 (0.5)

* ALT = alanine aminotransferase; CHD = coronary heart disease; ICD-9 = International Classification of Diseases, Ninth Revision.

fatigue symptoms visiting a health appraisal clinic had a
slightly higher (0.85%) prevalence of C282Y homozygosity
than patients without symptoms (0.14%) (51). The prev-
alence of C282Y homozygosity in patients from a rheuma-
tology clinic was similar to that in the general population
(65). In patients with a history of coronary heart disease,
prevalence of C282Y homozygosity was the same as, or
lower than, that of patients without symptoms (0.17% to
0.28%) (62). Findings may not be conclusive in compari-
sons based on fewer than 300 patients, given the popula-
tion prevalence of C282Y homozygotes (3 to 5 per 1000
white persons).

Some studies restricted genotyping to symptomatic pa-
tients who also had some laboratory abnormality. The
prevalence of C282Y homozygosity was somewhat in-
creased in a range of patients with hemochromatosis-com-
patible signs and symptoms and elevated iron measures
(Table 4). Among 667 patients from a liver clinic who had
elevated iron measures, 7.1% were homozygous for C282Y
(63). For hospitalized patients with diabetes and patients
with chronic fatigue or arthralgias who were referred to
specialists, C282Y homozygosity was higher in patients

with transferrin saturation greater than 0.40 or serum fer-
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ritin level greater than 300 ug/L than in patients with
disease but without elevated iron measures (6.6% to 17.3%
compared with 5.7% to 5.8%) (61). The sensitivity of
transferrin  saturation greater than 0.40 for detecting
C282Y homozygosity in diabetic patients hospitalized for
disease-related complications was 100%, but the specificity
was 13%. In diabetic patients, the sensitivity of a serum
ferritin level greater than 300 wg/L was 86% and the spec-
ificity was 56%. For patients referred for arthralgias and
unexplained fatigue, transferrin saturation greater than
0.40 and a serum ferritin level greater than 300 ug/L were
about equally sensitive and specific for C282Y homozygos-
ity (100% sensitive and 65% to 67% specific). In patients
from a health appraisal clinic who had elevated liver en-
zyme levels, the prevalence of C282Y homozygosity ap-
peared the same (in women), or slightly higher (0.57% vs.
0.28%, in men), compared with those with normal enzyme

levels (51).

DiscussioN

We have data on the risk for developing signs or symp-
toms of iron overload and hemochromatosis in 33 C282Y
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homozygote adults monitored over 17 to 25 years and on
the burden of disease at the time of identification for an
additional 228 newly identified C282Y homozygote adults
from the general population. Taken together, these data
suggest that up to 38% to 50% of C282Y homozygotes
develop iron overload according to our criteria and up to
10% to 33% develop definite disease (fibrosis, cirrhosis, or
diabetes). Much lower estimates are also compatible with
available data. Findings from a large case series on the
disease expression of 271 patients with hereditary hemo-
chromatosis identified through genetic testing of those
with elevated serum iron levels detected at health appraisal
screening complement our review (58). Although these pa-
tients” disease expression would represent only C282Y ho-
mozygotes already exhibiting iron accumulation by defini-
tion, rates of cirrhosis (6.3%), fibrosis (10.7%), diabetes
(3.6%), or any combination of these (20.6%) were similar
to or marginally higher than limited results from general
population screening found in our review. Available data
remain too limited to clearly establish estimates of disease
penetrance, since so few people have been studied in depth
(only 10 C282Y homozygotes were evaluated per our cri-
teria for iron overload or hemochromatosis in longitudinal
studies), and in those studied over time, disease could still
develop with longer follow-up. Indeed, 8 of 33 of those
followed longitudinally were women age 50 years or
younger at last follow-up, in whom disease may not have
yet developed. Also, while a higher proportion clearly de-
velop iron overload, its clinical significance is less clear than
that of clinical hemochromatosis. Finally, data reported
here (and elsewhere) clearly articulate that a subgroup of
untreated homozygotes—perhaps even 40% (58)—do not
exhibit any or progressive iron accumulation over years of
follow-up, thus complicating any message that would be
given to asymptomatic screening-detected individuals.
Family members of individuals with hereditary hemo-
chromatosis are noted to be at higher risk for being ho-
mozygous, and family screening has been established as a
standard of care based on HLA-typing studies of family
members of probands (77, 78). We found 1 U.S. study and
1 Australian study using HFE genotyping to determine risk
in probands and family members that support this practice.
A high proportion of tested biological relatives (23%) were
also C282Y homozygotes. Similarly, compared with the
general population, a higher proportion (49% to 86%) of
C282Y homozygotes identified from family screening met
iron overload criteria, although the proportion with fibro-
sis and cirrhosis did not clearly differ. Direct comparisons
in disease penetrance between these different types of
screening-detected C282Y homozygotes have very limited
value, however, because these groups may differ with re-
gard to who receives more in-depth clinical work-up (se-
lection bias), as well as other ways important to disease
expression. For example, a recently published study report-
ing on C282Y homozygous persons identified over many
years through family screening and through phenotypic
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followed by genotypic screening found significant differ-
ences in baseline characteristics between the 2 groups that
could affect disease expression (58). In addition, even if it
is considered the standard of care, approaches to family
screening also need to consider other associated ethical,
legal, social, and psychological issues (78).

Studies examining survival are limited to 4 case series
reporting on a total of 447 patients who received a diag-
nosis between 1937 and 1989. Disease severity at diagnosis
and survival showed pronounced secular trends. Patients
with a more recent diagnosis are less severely affected, and
with treatment they have 10-year survival rates similar to
those of age- and sex-matched controls. These trends may
be due to earlier diagnosis from increased clinical suspicion
or enhanced family screening due to recognition of hemo-
chromatosis as a hereditary disease leading to earlier diag-
nosis, or to increases in adequate treatment after diagnosis.

Liver biopsies before and after treatment suggest ar-
resting disease progression in most individuals and a pos-
sible reduction in the severity of hepatic fibrosis, particu-
larly in less severely affected patients. Available data are
consistent with improvements in some, but not all, hemo-
chromatosis-related morbid conditions after treatment.
None of these data come from controlled trials, however,
and studies do not generally ensure minimally valid mea-
sures of treatment response. No studies reported harms,
limiting the ability to determine net risks and benefits of
treatment. Given these caveats, treatment may result in
reduced insulin doses in patients with type 1 diabetes and
decreases in elevated liver enzyme levels. Symptoms such as
extreme fatigue, abdominal pain, and lethargy improve in
most patients, while arthralgia and impotence do not.

Some have suggested a targeted approach to screening
by identifying persons with signs or symptoms consistent
with undiagnosed, early-stage hemochromatosis. Primary
care patients selected for symptoms or signs consistent with
hemochromatosis did not have a higher prevalence of
C282Y homozygosity than healthy controls, and neither
did selected symptomatic or diseased patients from rheu-
matology or other specialty clinics. A slightly higher pro-
portion of C282Y homozygotes could be identified by con-
ducting genotyping only in patients from a liver clinic
prescreened to have transferrin saturation greater than 0.45
(7.7% C282Y/C282Y) or by targeting diabetic patients
hospitalized for poor control or complications (5.5%) or
patients referred to specialists for chronic fatigue and ar-
thralgias (5.7%). While biochemical screening with trans-
ferrin saturation and serum ferritin further enriched this
patient pool, calculated specificity remained low (56% to

67%).

Overall Evidence

The quantity of evidence that met quality and rele-
vance criteria for the focused key questions posed by this
review was small, despite a very large published literature

(Table 5). A great deal was published before the availability

1 August 2006 | Annals of Internal Medicine | Volume 145 ¢ Number 3 (219




CriNICcAL GUIDELINES Screening for Hereditary Hemochromatosis

Table 5. Summary of Overall Evidence

Key Question Studies, n Study Designs

(Reference)

N

1. Penetrance of 11
hemochromatosis

retrospective
cohort study
(46)

=

retrospective and
prospective
cohort study
(47)

9 cross-sectional
studies (32,
51-58)

2. Efficacy of 5 4 case series (25,
phlebotomy 58-60)
treatment

Quality

Good: Genotyping of surviving

Brusselton, Australia, cohort;
potential selective mortality bias
appears minimal. Small
numbers.

Fair: Genotyping of representative

Danish cohort during third
examination. Results are likely
to be compromised by selective
mortality bias due to 35% loss
of follow-up. Even accounting
for potential bias, disease
penetrance about 60%.

Fair to good: Studies compromised

by frequent inclusion of already-
identified C282Y homozygotes
(not clearly screening-detected),
by different standards for
disease, and by potential
selection bias due to
non-protocol-based selection for
further clinical work-up.

Fair to poor: Studies compromised

by selective samples, reporting
on cases not clearly comparable
to current diagnosis and
treatment, incomplete follow-up
on all cases, and failure to

Conclusions

17 y of clinical data for 10 screening-detected
general population C282Y homozygotes
illustrates variable disease expression and
incomplete penetrance. Incomplete
follow-up into older age where disease
penetrance increases.

Additional 23 screening-detected C282Y
homozygotes from the general population
also illustrates variable disease penetrance
and variable patterns of iron accumulation.
No liver biopsies to confirm iron overload
or disease.

Estimates of disease in newly identified
C282Y homozygotes at screening are too
limited to provide confident estimates of
penetrance.

Total number of reported cases is quite small
and represents disease experience over 50
y. There are no data to determine the
benefit of earlier treatment among
screening-detected compared with
contemporarily diagnosed clinical cases.

account for possible
confounders in analyses.

1 retrospective
survey (55)

7 cross-sectional
studies (51, 57,
61-63, 65, 66)

3. High-risk groups 7

Fair: Possible recall bias in
determining response to
treatment.

Fair to good: Studies examined
prevalence of C282Y
homozygotes in various selective
populations for possible targeted

Treatment is recalled to relieve some but not
all symptoms in a survey of patients with
hereditary hemochromatosis.

Patients selected on basis of certain signs and
symptoms, in combination with phenotypic
testing, may be at increased risk; data are
still fairly limited.

screening.

of HFE genotyping for hereditary hemochromatosis. After
reviewing 1886 abstracts and 256 full-text articles, we lo-
cated only 23 fair- to good-quality studies that were rele-
vant to some aspect of our 3 key questions on disease
burden, benefits of early treatment, and high-risk groups.
Some articles cited to support screening and treatment
benefits in this field did not meet minimal quality or diag-
nostic criteria for our review, as was true of often-cited data
within the studies we could include. All the reviewed evi-
dence, including treatment studies, was observational,
much of it representing the experience of a small number
of relatively selected individuals, and much of it without
data to allow comparisons with an unaffected or an un-
treated population. The published research was often dif-
ficult to interpret consistently and accurately given incom-
pleteness and extreme variability in reporting standards.
While more recent reports are of higher quality with clearer
case definitions, authors still fail to acknowledge the im-
pact that selection bias probably has on their estimates of
disease expression in C282Y homozygotes; thus, the appli-
cability of their findings to the evaluation of general pop-
ulation screening is limited (58).
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In reviewing this field, others have included a larger
range of study designs, such as modeling the expected fre-
quency of genotyping in older populations, autopsy stud-
ies, and other circumstantial approaches. Our focused key
questions did not allow incorporation of this type of evi-
dence into our review, but it is unlikely that their inclusion
would be of great use to the USPSTF given its evidence
hierarchy and requirement of at least fair-quality evidence
for making its recommendations (67).

Limitations

The articles we included required substantial interpre-
tation for data abstraction and synthesis. For individual
articles, we typically reviewed all tables for possibly relevant
data and checked text calculations. We made every effort to
report data only on adult populations relevant to screening,
which required careful reading and data dissection in stud-
ies that combined cases from many sources. We excluded
studies with serious discrepancies or those in which out-
comes could not be related back to a sample or population
source we were addressing. Many articles required further
hand calculations to extract data in the most comparable

www.annals.org



Screening for Hereditary Hemochromatosis CrLiNICcAL GUIDELINES

form in order to allow cross-study comparisons, and incon-
sistencies between tables and text in many articles compli-
cated this process. The number of calculations and inter-
pretation from descriptive data raise a concern about data
errors. Overall, the difficulties in understanding and inter-
preting this literature posed challenges to meeting our
usual standards of comprehensiveness and consistency.

We primarily focused on hereditary hemochromatosis
as the condition of interest for this screening review and,
within that, on the most common associated HFE geno-
type in the United States (C282Y homozygosity), which
accounts for 85% to 90% of cases in white persons. We
did not examine other hereditary causes or the impact of
HFE heterozygosity that may account for 3% to 5% of
patients with hereditary hemochromatosis. While we did
not review evidence on phenotypic screening in primary
care, others have recently done so (79), and the evidence
has been found insufficient for phenotypic screening for
hereditary hemochromatosis in the general population
(80).

Conclusions

On the basis of this focused evidence review, research
regarding screening for hereditary hemochromatosis re-
mains very limited. Despite the availability of new studies
in response to calls for improved research (18, 40, 81), not
enough is known to allow a confident projection of the
benefit from widespread genotypic screening for hereditary
hemochromatosis. Data are beginning to be reported for
targeted high-risk population screening approaches (for ex-
ample, high-risk identification followed by phenotypic
screening followed by genotypic screening), which may
prove to be useful.

Recent studies suggest that disease expression or pen-
etrance is certainly less than 100% in C282Y homozygotes
identified through some method of screening. How much
less than 100%, and for whom, remains uncertain. In the
next year or two, the HEIRS follow-up should provide
information on short-term disease expression based on
clinical examinations of C282Y homozygotes; those with
elevated iron measures at the time of screening, regardless
of genotype; and a sample of controls. However, only self-
reported disease expression data will be available on all
99 000 (genotyped and phenotyped) primary care patients,
and follow-up beyond 1 to 2 years is not planned. If fund-
ing is provided, this study could be a rich resource of pro-
spective information on disease development, as well as
observational data on treatment response in contemporar-
ily diagnosed patients with clear disease definition. With-
out other data, such as might come from the HEIRS study,
the literature on treatment remains quite small, consisting
of dated case series in fewer than 500 patients (few of
whom have hereditary hemochromatosis documented by
genotype). Controlled treatment trials will probably never
be undertaken for ethical reasons, so higher-quality obser-
vational treatment data would be very useful.
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The literature on genotyping family members of
C282Y/C282Y probands is also of limited quantity be-
cause of the relatively recent availability of HFE testing
(1996), but there is a large body of HLA-based literature
on which family screening of probands has been estab-
lished. Research needs in this area remain high (79).
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APPENDIX: DEFINITIONS

Asymptomatic: With no or only general and vague symp-
toms, such as arthralgias, emotional distress, fatigue, abdominal
pain, and nonspecific signs, such as elevated liver function test
results.

Biochemical screening: Measurement of transferrin saturation
or serum ferritin to screen for primary iron overload.

Clinical hemochromatosis: Diagnosed liver disease (fibrosis,
cirthosis, liver failure, hepatocellular carcinoma), cardiomyopa-
thy, diabetes mellitus, or arthropathy in the presence of primary
iron overload.

Elevated iron measures: Increased levels of body iron as re-
flected by eclevations in serum transferrin saturation or serum
ferritin levels.

Genotypic screening: Detecting persons with, or at risk for
developing, iron overload or clinical hemochromatosis through
genotyping the HFE gene to detect C282Y homozygosity.

Groups at increased risk for developing clinical hemochromato-
sis: Includes asymptomatic individuals who can be identified by
virtue of an associated factor or sign and who might be the focus
of a targeted genetic screening program. Factors or signs could
include age, sex, ethnicity, family history of iron overload or
clinical hemochromatosis, and increased liver function test re-
sults. Does not include those with existing disease (diabetes mel-
litus, cirrhosis, cardiomyopathy) in whom the effort is to detect
hemochromatosis in order to treat the disease, as this is tertiary
prevention.

Hemochromatosis: Term used variously in the literature, but
here to mean manifest disease determined to be due to excess
body iron, but not clearly fitting more precise etiologic defini-
tions.

Hereditary hemochromatosis: Iron overload or clinical hemo-
chromatosis due to C282Y homozygosity.

Iron overload: Excess deposition of iron in liver diagnosed by
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liver biopsy or increased total body mobilizable iron diagnosed by
quantitative phlebotomy. Criterion for diagnosis is liver biopsy
specimen with hepatic iron index of 1.9, with or without fibrosis.
In quantitative phlebotomy, iron overload represents the removal
of more than 4 g of mobilizable iron to reach biochemical indi-
cators of iron depletion. This corresponds to approximately
greater than 90 umol/g of hepatic iron or at least “moderate”
iron overload (on scale of normal, mild iron overload, moderate
iron overload, substantial iron overload, and severe iron over-
load). “Iron overload” not meeting this standard may be consid-
ered possible or provisional primary iron overload.

Morbidity: Organ damage that results in physical disability
over and above that not seen in the absence of iron overload.

Phenotypic screening: Detecting persons with or at risk for
developing clinical hemochromatosis through biochemical
screening by using serum ferritin or transferrin saturation.

Primary iron overload: Iron overload due to an inherent,
inherited defect in iron regulation.

Screening population: Group of populations of individuals
who are identified and tested in a manner that is not related to
their symptoms—that is, they are not identified through disease
signs or symptoms. A screening population can be identified by
their relationship to a proband, as long as their symptoms did not
bring them to the attention of the researchers.

Targeted screening: Screening those identified as high risk for
developing hemochromatosis (as opposed to general population
screening).

Therapeutic phlebotomy: The process of repeatedly drawing
blood until iron measures are within normal limits. Typical treat-
ment schedule is 1 unit (500 mL) of blood biweekly until serum
ferritin level is less than 20 ug/L. Maintenance therapy of 3 to 4
units/y is common.

Unselected hemochromatosis: Primary hemochromatosis not
clearly due to C282Y homozygosity but with secondary causes
eliminated. A term created to describe a category of patients with
genetic disease not clearly due to C282Y.

Wild-type: In HFE genotyping, typically refers to individuals
who do not have C282Y and/or H63D alleles, the alleles most
commonly tested.
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Appendix Table 1I—Continued

Key Question 1

0 NOWU B WN =

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32

Key Question 2

0 NONO A WN =

Key Question 3

O~ wWN =

N o

HEMOCHROMATOSIS/

hemochromatosis.ti,ab.

haemochromatosis.ti,ab.

Iron Overload/

iron overload.ti,ab.

€282y.ti,ab.

1or2or3or4or5or6

cohort studies/ or longitudinal studies/ or follow-up
studies/ or prospective studies/

follow-up stud$.ti,ab.

cohort stud$.ti,ab.

longitudinal$.ti,ab.

prospective$.ti,ab.

INCIDENCE/

incidence.ti,ab.

predict$.ti,ab,hw.

natural history.ti,ab.

penetrance/

penetran$.ti,ab.

clinical expression$.ti,ab.

clinical presentation$.ti,ab.

clinical consequence$.ti,ab.

clinical feature$.ti,ab.

clinical manifestation$.ti,ab.

8or9or10o0r11 or12or13 or 14 or 15 or 16 or 17 or
18 or 19 or 20 or 21 or 22 or 23

7 and 24

limit 25 to (humans and english language)

limit 26 to "all child (O to 18 years)”

limit 27 to "all adult (19 plus years)”

27 not 28

26 not 29

(editorial or letter or news).pt.

30 not 31

HEMOCHROMATOSIS/
hemochromatosis.ti,ab.)
haemochromatosis.ti,ab.

Iron Overload/

iron overload.ti,ab.
lor2or3ordor5
BLOODLETTING/

blood lett$.ti,ab.)

PHLEBOTOMY/

phlebotom§$.ti,ab.

venesect$.ti,ab.

7 or8or9or10or 11

6 and 12

Hemochromatosis/th [Therapy]
Iron Overload/th [Therapy]

13 or 14 or 15

limit 16 to (humans and english language)
limit 17 to "all child (O to 18 years)”
limit 18 to "all adult (19 plus years)”
18 not 19

17 not 20

(editorial or letter or news).pt.

21 not 22

HEMOCHROMATOSIS/

hemochromatosis.ti,ab.

haemochromatosis.ti,ab.

1or2or3

family/ or nuclear family/ or parents/ or fathers/ or
mothers/ or siblings/

(family or families).ti,ab.

(relative or relatives).ti,ab.

sibling$.ti,ab.
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9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
M
42
43

Background

W NOYUO B WN =

(mother$ or father$).ti,ab.
parent$.ti,ab.
5o0r6o0r7or8or9or10
screen$.ti,ab,hw.
diagnos$.ti,ab,hw.

di.fs.

12 or 13 or 14

4 and 11 and 15
target$.ti,ab.

4 and 15 and 17

Risk Factors/

risk factor$.ti,ab.

increased risk$.ti,ab.

high risk.ti,ab.

prognostic factor$.ti,ab.

19 or 20 or 21 or 22 or 23
4 and 24

cascad$.ti,ab.

4 and 26

Liver Function Tests/

liver function.ti,ab.
(abnormal$ adj3 liver).ti,ab.
(increased adj3 liver).ti,ab.
(elevate$ adj3 liver).ti,ab.
28 or 29 or 30 or 31 or 32
4 and 33

16 or 18 or 25 or 27 or 34
limit 35 to english language
limit 36 to humans

limit 37 to "all child (O to 18 years)”
limit 38 to "all adult (19 plus years)”
38 not 39

37 not 40

(editorial or letter or news).pt.
41 not 42

hemochromatosis)
hemochromatosis.ti,ab.
haemochromatosis.ti,ab.

1or2or3

PREVALENCE/

prevalen$.ti,ab.

50r6

4 and 7

HEMOCHROMATOSIS/ep [Epidemiology]
mo.fs.

"Cause of Death”/

Survival Rate/

Life Expectancy/

mortality.ti,ab.

10 or 11 or 12 or 13 or 14

4 and 15

8or9or16

limit 17 to english language

limit 18 to humans

limit 19 to "all child (O to 18 years)”
limit 20 to "all adult (19 plus years)”
20 not 21

19 not 22

(letter or news or editorial).pt.

23 not 24

* Databases: MEDLINE, DARE (Database of Abstracts of Reviews of Effects),
Cochrane Database of Systematic Reviews, Cochrane Central Register of Con-
trolled Trials. Dates searched: 1966 to February 2005.
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Appendix Table 2. Inclusion and Exclusion Criteria for Key
Questions*

Appendix Table 3. U.S. Preventive Services Task Force
Hierarchy of Research Design and Quality Rating Criteria*

Key Question 1
Exclusion criteria
1. Nonhuman study
. Non-English-language
. Study quality: Does not meet USPSTF criteria for quality
. Age <18y unless adult data are broken out separately
. Study disease definition does not meet our definition of asymptomatic
primary iron overload or clinical disease (see 2 below)
. Design: Case series, editorial, letter, case-control study, review
. Does not report relevant prevalence or risk factors
. Not a screening population
9. Does not include C282Y genotyping in screening sequence
10. Mediterranean populations
Inclusion criteria
1. Population: Adults = age 18 y, population applicable to United States
(United States, Europe, Australia, New Zealand, Canada), screening
population with elevated iron measures, asymptomatic iron overload, or
HFE C282Y homozygosity
2. Disease: Meets our disease definition (liver fibrosis, cirrhosis, hepatic
failure, hepatocellular carcinoma, diabetes mellitus, cardiomyopathy, or
arthropathy attributable to iron overload)
3. Design: Cohort or cross-sectional study
4. Measures: Risk or prevalence of asymptomatic iron overload

O b~ WN

00 N O

Key Question 2
Exclusion criteria
1. Nonhuman study
. Non-English-language
. Study quality: Does not meet USPSTF criteria for quality
. Age <18y unless adult data are broken out separately
. Study disease definition does not meet our definition of disease (see 2
below)
. Design: Case study, editorial, letter, case series with <20 patients, review
. Does not report relevant outcomes
. Not phlebotomy treatment
9. Mediterranean populations
Inclusion criteria
1. Population: Adults = age 18 y, population applicable to United States
(United States, Europe, Australia, New Zealand, Canada), primary iron
overload
2. Disease: Meets our disease definition (liver fibrosis, cirrhosis, hepatic
failure, hepatocellular carcinoma, diabetes mellitus, cardiomyopathy, or
arthropathy attributable to iron overload)
3. Outcomes: Incidence, severity, or progression of clinical
hemochromatosis or iron measures, nonspecific symptoms

O b WN

0 N O

Key Question 3
Exclusion criteria
1. Nonhuman study
. Non-English-language
. Study quality: Does not meet USPSTF criteria for quality
. Age <18y unless adult data are broken out separately
. Study disease definition does not meet our definition of disease (see 2
below)
. Design: Case series, editorial, letter, review
. Does not report relevant prevalence or risk measures
. Does not include original data

9. Not the correct population

10. Excludes Mediterranean populations

11. No HFE testing

Inclusion criteria

1. Population: Adults = age 18 y, population applicable to United States
(United States, Europe, Australia, New Zealand, Canada)

2. Disease: Meets our disease definition (liver fibrosis, cirrhosis, hepatic
failure, hepatocellular carcinoma, diabetes mellitus, cardiomyopathy, or
arthropathy attributable to iron overload)

3. Design: cohort, case—control, or cross-sectional study

4. Prevalence or incidence of hemochromatosis or risk for developing
hemochromatosis

O b~ WN

0 N O

* USPSTF = U.S. Preventive Services Task Force.
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Hierarchy of Research Design

I: Properly conducted randomized, controlled trial

11-1: Well-designed controlled trial without randomization

11-2: Well-designed cohort or case-control analytic study

11-3: Multiple time series with or without the intervention; dramatic results
from uncontrolled experiments

I11: Opinions of respected authorities, based on clinical experience;
descriptive studies or case reports; reports of expert committees

Design-Specific Criteria
Systematic reviews
Criteria
Comprehensiveness of sources considered/search strategy used
Standard appraisal of included studies
Validity of conclusions
Recency and relevance are especially important for systematic reviews
Case-control studies
Criteria
Accurate ascertainment of case-patients
Nonbiased selection of case-patients/controls with exclusion criteria
applied equally to both
Response rate
Diagnostic testing procedures applied equally to each group
Measurement of exposure accurate and applied equally to each group
Appropriate attention to potential confounding variables
Randomized, controlled trials and cohort studies
Criteria
Initial assembly of comparable groups
For randomized, controlled trials: adequate randomization, including
first concealment and whether potential confounders were distributed
equally among groups
For cohort studies: consideration of potential confounders with either
restriction or measurement for adjustment in the analysis;
consideration of inception cohorts
Maintenance of comparable groups (includes attrition, crossovers,
adherence, contamination)
Important differential loss to follow-up or overall high loss to follow-up
Measurements: equal, reliable, and valid (includes masking of outcome
assessment)
Clear definition of the interventions
All important outcomes considered
Diagnostic accuracy studies
Criteria
Screening test relevant, available for primary care, adequately described
Study uses a credible reference standard, performed regardless of test
results
Reference standard interpreted independently of screening test
Handles indeterminate result in a reasonable manner
Spectrum of patients included in study
Sample size
Administration of reliable screening test

* Obtained from reference 67.
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Appendix Table 4. Studies Excluded from Key Question 1

Study Citation

Iron overload disorders among Hispanics—San Diego, California, 1995. MMWR Morb Mortal Wkly Rep. 1996;45:991-3.
[PMID: 9005307]

A simple genetic test identifies 90% of UK patients with haemochromatosis. The UK Haemochromatosis Consortium. Gut.
1997,41:841-4. [PMID: 9462220]

Adams PC, Reboussin DM, Barton JC, McLaren CE, Eckfeldt JH, McLaren GD, et al. Hemochromatosis and iron-overload
screening in a racially diverse population. N Engl J Med. 2005;352:1769-78. [PMID: 15858186]

Adams PC. Is there a threshold of hepatic iron concentration that leads to cirrhosis in C282Y hemochromatosis? Am J
Gastroenterol. 2001;96:567-9. [PMID: 11232708]

Adams PC, Deugnier Y, Moirand R, Brissot P. The relationship between iron overload, clinical symptoms, and age in 410
patients with genetic hemochromatosis. Hepatology. 1997;25:162-6. [PMID: 8985284]

Adams PC, Gregor JC, Kertesz AE, Valberg LS. Screening blood donors for hereditary hemochromatosis: decision analysis
model based on a 30-year database. Gastroenterology. 1995;109:177-88. [PMID: 7797016]

Adams PC, Kertesz AE, Valberg LS. Clinical presentation of hemochromatosis: a changing scene. Am J Med. 1991;90:445-9.
[PMID: 2012084]

Adams PC, Speechley M, Kertesz AE. Long-term survival analysis in hereditary hemochromatosis. Gastroenterology.
1991;101:368-72. [PMID: 2065912]

Adams PC. Hepatic iron in hemochromatosis. Dig Dis Sci. 1990;35:690-2. [PMID: 2344801]

Ammann RW, Muller E, Bansky J, Schuler G, Hacki WH. High incidence of extrahepatic carcinomas in idiopathic
hemochromatosis. Scand J Gastroenterol. 1980;15:733-6. [PMID: 6259710]

Asberg A, Hveem K, Kruger O, Bjerve KS. Persons with screening-detected haemochromatosis: as healthy as the general
population? Scand J Gastroenterol. 2002;37:719-24. [PMID: 12126253]

Asberg A, Hveem K, Thorstensen K, Ellekjter E, Kannelonning K, Fjosne U, et al. Screening for hemochromatosis: high
prevalence and low morbidity in an unselected population of 65,238 persons. Scand J Gastroenterol. 2001;36:1108-15.
[PMID: 115893871

Askari AD, Muir WA, Rosner IA, Moskowitz RW, McLaren GD, Braun WE. Arthritis of hemochromatosis. Clinical spectrum, relation
to histocompatibility antigens, and effectiveness of early phlebotomy. Am J Med. 1983;75:957-65. [PMID: 6650551]

Assy N, Adams PC. Predictive value of family history in diagnosis of hereditary hemochromatosis. Dig Dis Sci.
1997;42:1312-5. [PMID: 9201100]

Bacon BR, Sadiq SA. Hereditary hemochromatosis: presentation and diagnosis in the 1990s. Am J Gastroenterol.
1997;92:784-9. [PMID: 9149185]

Baer DM, Simons JL, Staples RL, Rumore GJ, Morton CJ. Hemochromatosis screening in asymptomatic ambulatory men 30
years of age and older. Am J Med. 1995;98:464-8. [PMID: 7733125]

Balan V, Baldus W, Fairbanks V, Michels V, Burritt M, Klee G. Screening for hemochromatosis: a cost-effectiveness study
based on 12,258 patients. Gastroenterology. 1994;107:453-9. [PMID: 8039622]

Barosi G, Salvaneschi L, Grasso M, Martinetti M, Marchetti M, Bodini U, et al. High prevalence of a screening-detected,
HFE-unrelated, mild idiopathic iron overload in Northern Italy. Haematologica. 2002;87:472-8. [PMID: 12010659]

Barton JC, Cheatwood SM, Key TJ, Acton RT. Hemochromatosis detection in a health screening program at an Alabama
forest products mill. J Occup Environ Med. 2002;44:745-51. [PMID: 12185795]

Barton JC, Barton NH, Alford TJ. Diagnosis of hemochromatosis probands in a community hospital. Am J Med.
1997;103:498-503. [PMID: 9428833]

Barton JC, Shih WW, Sawada-Hirai R, Acton RT, Harmon L, Rivers C, et al. Genetic and clinical description of
hemochromatosis probands and heterozygotes: evidence that multiple genes linked to the major histocompatibility complex
are responsible for hemochromatosis. Blood Cells Mol Dis. 1997;23:135-45; discussion 145a-b. [PMID: 9215758].

Bassett ML, Halliday JW, Ferris RA, Powell LW. Diagnosis of hemochromatosis in young subjects: predictive accuracy of
biochemical screening tests. Gastroenterology. 1984;87:628-33. [PMID: 6745616]

Bassett ML, Halliday JW, Powell LW. Value of hepatic iron measurements in early hemochromatosis and determination of the
critical iron level associated with fibrosis. Hepatology. 1986;6:24-9. [PMID: 3943787]

Bell H, Thordal C, Raknerud N, Hansen T, Bosnes V, Halvorsen R, et al. Prevalence of hemochromatosis among first-time and
repeat blood donors in Norway. J Hepatol. 1997;26:272-9. [PMID: 9059946]

Bell H, Berg JP, Undlien DE, Distante S, Raknerud N, Heier HE, et al. The clinical expression of hemochromatosis in Oslo,

Norway. Excessive oral iron intake may lead to secondary hemochromatosis even in HFE C282Y mutation negative subjects.

Scand J Gastroenterol. 2000;35:1301-7. [PMID: 111993711

Borwein ST, Ghent CN, Flanagan PR, Chamberlain MJ, Valberg LS. Genetic and phenotypic expression of hemochromatosis in
Canadians. Clin Invest Med. 1983;6:171-9. [PMID: 6652983]

Bradbear RA, Bain C, Siskind V, Schofield FD, Webb S, Axelsen EM, et al. Cohort study of internal malignancy in genetic
hemochromatosis and other chronic nonalcoholic liver diseases. J Natl Cancer Inst. 1985;75:81-4. [PMID: 2989605]

Bradley LA, Haddow JE, Palomaki GE. Population screening for haemochromatosis: a unifying analysis of published
intervention trials. J Med Screen. 1996;3:178-84. [PMID: 9041481]

Bulaj ZJ, Ajioka RS, Phillips JD, LaSalle BA, Jorde LB, Griffen LM, et al. Disease-related conditions in relatives of patients with
hemochromatosis. N Engl J Med. 2000;343:1529-35. [PMID: 11087882]

Buysschaert M, Paris I, Selvais P, Hermans MP. Clinical aspects of diabetes secondary to idiopathic haemochromatosis in
French-speaking Belgium. Diabetes Metab. 1997;23:308-13. [PMID: 9342544]

Reason for Exclusion

Study disease definition does
not meet our definition of
asymptomatic primary iron
overload or clinical disease

Not a screening population

Does not report relevant
outcomes
Not a screening population

Not a screening population
Does not contain primary data
Not a screening population
Not a screening population

Includes data from patients
<18y
Not a screening population

Study disease definition does
not meet our definition of
asymptomatic primary iron
overload or clinical disease

Does not include C282Y
genotyping in screening
sequence

Not a screening population

Study design
Not a screening population

Does not include C282Y
genotyping in screening
sequence

Does not include C282Y
genotyping in screening
sequence

Does not report relevant
outcomes

Does not report relevant
outcomes

Not a screening population

Not a screening population

Participants < 18 y included

Does not report relevant
outcomes

Does not include C282Y
genotyping in screening
sequence

Not a screening population

Does not report relevant
outcomes

Not a screening population

Review article

Quiality

Case series
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Appendix Table 4—Continued

Study Citation
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Reason for Exclusion

Includes data from patients
<18y

Cannot separate C282Y
homozygotes from C282Y
heterozygotes

Does not report relevant
outcomes

Not a screening population

Study disease definition does
not meet our definition of
asymptomatic primary iron
overload or clinical disease

Not a screening population

Not a screening population
Not a screening population

Inconsistent application of
exclusion criteria

Does not report relevant
outcomes
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outcomes
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Not a screening population
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Not a screening population

Does not report relevant
outcomes
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Study disease definition does
not meet our definition of
asymptomatic primary iron
overload or clinical disease

Not a screening population

Not a screening population

Includes data from patients
<18y

Does not include C282Y
genotyping in screening
sequence

Does not report relevant
outcomes

Not a screening population

Study disease definition does
not meet our definition of
asymptomatic primary iron
overload or clinical disease

Study design
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