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The present review summarizes the findings of the 
HEmochromatosis and IRon Overload Screening 

(HEIRS) Study (1) (Table 1). The HEIRS Study was designed 
to evaluate the prevalence, genetic and environmental deter-
minants, and potential clinical, personal and societal effects 
of iron overload and hemochromatosis in a multicentre, mul-
tiethnic sample of 101,168 primary care adults 25 years of age 
or older. The subheadings are based on the guidelines for 
screening for a medical illness established by the World 
Health Organization (2).

The condition should be considered an important health 
problem
Hemochromatosis is considered by many physicians to be a rare 
disease, although with a genetic prevalence of one in 227, it is 
one of the most common genetic diseases among Northern 
European populations (1). The case definition of hemochro-
matosis has been framed in different ways depending on the 
demonstration of iron overload, a typical genetic test (HFE 
C282Y homozygosity) or a combination of clinical and bio-
chemical tests (3). The disease has been under-represented on 
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BACkGROunD: The HEmochromatosis and IRon Overload Screening 
(HEIRS) Study provided data on a racially, ethnically and geographically 
diverse cohort of participants in North America screened from primary 
care populations. 
METHODS: A total of 101,168 participants were screened by testing for 
HFE C282Y and H63D mutations, and measuring serum ferritin concen-
tration and transferrin saturation. In the present review, lessons from the 
HEIRS Study are highlighted in the context of the principles of screening 
for a medical disease as previously outlined by the World Health 
Organization.
RESuLTS: Genetic testing is well accepted, with minimal risk of discrimi-
nation. Transferrin saturation has high biological variability and relatively 
low sensitivity to detect HFE C282Y homozygotes, which limits its role as a 
screening test. Symptoms attributable to HFE C282Y homozygosity are no 
more common in individuals identified by population screening than in 
control subjects. 
COnCLuSIOnS: Generalized population screening in a primary care 
population as performed in the HEIRS Study is not recommended. There 
may be a role for focused screening in Caucasian men, with some debate 
regarding genotyping followed by phenotyping, or phenotyping followed by 
genotyping.
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Le dépistage de la surcharge en fer : Des leçons 
tirées de l’étude HEIRS sur l’hémochromatose 
et le dépistage de la surcharge en fer

HISTORIQuE : L’étude HEIRS sur l’hémochromatose et le dépistage de 
la surcharge en fer fournit des données sur une cohorte de participants de 
races, d’ethnies et de lieux géographiques diversifiés en Amérique du Nord, 
dépistés au sein de populations de soins primaires.
MÉTHODOLOGIE : Au total, 101 168 participants ont subi un dépistage 
des mutations de HFE C282Y et H63D et ont fait mesurer leur concentration 
de ferritine sérique et leur saturation de transferrine. Dans la présente 
analyse, les auteurs font ressortir les leçons tirées de l’étude HEIRS dans le 
contexte des principes de dépistage d’un état médical déjà décrit par 
l’Organisation mondiale de la santé.
RÉSuLTATS : Le dépistage génétique est bien accepté et s’associe à un 
risque de discrimination minimal. La saturation de transferrine comporte 
une variabilité biologique élevée et une sensibilité relativement faible pour 
déceler les homozygotes HFE C282Y, ce qui en limite le rôle à titre de test 
de dépistage. Les symptômes attribuables à l’homozygotie HFE C282Y ne 
sont pas plus courants chez les personnes sélectionnées par dépistage au 
sein de la population que chez les sujets témoins. 
COnCLuSIOnS : Le dépistage au sein d’une population générale de 
soins primaires, tel qu’il a été effectué dans l’étude HEIRS, n’est pas 
recommandé. Le dépistage ciblé pourrait être utile chez les hommes de race 
blanche, mais on ne s’entend pas sur l’intérêt de précéder la détermination 
du génotype par celle du phénotype ou vice-versa.
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hospital discharge and death data, and is an uncommon indica-
tion for liver transplantation. Treatment of the major medical 
complications of hemochromatosis, such as cirrhosis of the 
liver and hepatocellular carcinoma, are costly but these occur 
in a small fraction of HFE C282Y homozygotes. Population-
based studies estimate that approximately 5% of male HFE 
C282Y homozygotes may have cirrhosis (4,5), and hepatocellu-
lar carcinoma may occur in 10% of cirrhotic patients. Most 
patients identified in population-based hemochromatosis 
screening studies are asymptomatic (6).

There should be a treatment for the condition
Iron depletion by phlebotomy is a well-recognized treatment 
for iron overload associated with hemochromatosis. Recent 
studies have demonstrated a reversal of hepatic fibrosis by 
phlebotomy, which is the strongest evidence to support this 
therapy (7). There have been no randomized trials to evaluate 
the benefits of phlebotomy therapy and most experts believe 
that such a trial would be unethical.

Facilities for diagnosis and treatment should be available
The diagnosis of hemochromatosis can be made with iron tests 
such as serum transferrin saturation and ferritin, and a genetic 
test for the C282Y mutation in the HFE gene. These tests are 
widely available. Liver biopsy is no longer required as a diag-
nostic test in an HFE C282Y homozygote. Many jurisdictions 
allow healthy hemochromatosis patients to become voluntary 
blood donors.

There should be a latent stage of the disease
Biochemical abnormalities in transferrin saturation may pre-
cede clinical signs and symptoms by 40 to 50 years. Genetic 
testing has the potential to identify individuals who are at 
increased risk of developing iron overload. It can be difficult to 
predict which C282Y homozygotes develop progressive iron 
overload with liver damage (8). 

There should be a test or examination for the condition
Homozygosity of the C282Y mutation in the HFE gene is 
found in more than 90% of hemochromatosis patients. 
Transferrin saturation and serum ferritin are not ideal measures 
for diagnostic screening. Transferrin saturation has consider-
able biological variability and in the HEIRS study, had a sensi-
tivity of 75%, with a specificity of 95% and positive predictive 
value of 3.5% for detecting HFE C282Y homozygotes. A fast-
ing sample did not provide any advantages over a random 
sample (9). Serum ferritin increases with iron overload but also 
increases with inflammation, fatty liver and alcohol consump-
tion (10). In the HEIRS Study, a large number of Asian, Pacific 
Islander and African American participants were demonstrated 
to have elevated serum ferritin, without apparent iron overload 
(11,12).

The test should be acceptable to the population
Serum transferrin saturation and ferritin testing are widely 
acceptable to the population. They are also widely used for 
detection of iron deficiency. These iron measures are routinely 
requested by physicians who evaluate patients for fatigue, liver 
abnormalities, anemia and other conditions. Such testing occa-
sionally leads to a diagnosis of hemochromatosis or iron over-
load. The acceptability of genetic testing for hemochromatosis 
was less well established at the time of the HEIRS Study. A 
major innovation of the HEIRS Study was the clear demon-
stration that genetic testing was highly acceptable to partici-
pants from diverse ethnic groups. After one year of follow-up in 
the study, there was no evidence of genetic discrimination 
(13). Most participants were satisfied to be notified of their 
genetic test results by mail (14,15). 

The natural history of the disease should be adequately 
understood
During the HEIRS Study, several large, long-term epidemio-
logical studies with stored DNA reported clinical outcomes in 
relation to genetic testing for HFE gene mutations. This 
allowed for a glimpse of the natural history of untreated disease 
in HFE hemochromatosis. It is apparent in all of these studies 
that a progressive rise in serum ferritin is not inevitable in 
hemochromatosis, and many HFE C282Y homozygotes appear 
to have a plateau in serum ferritin or a decrease in ferritin over 
time (8,16,17). These observations have strongly diminished 
the enthusiasm for population screening for hemochromatosis 
because there is little evidence of differences in clinical out-
come between screened and unscreened groups to justify the 
intervention of the screening. This does not imply that there 
are no patients with severe complications of iron overload. 
These patients were being referred and treated by many of the 
HEIRS investigators at the same time as asymptomatic C282Y 
homozygotes were being identified in their communities 
through the HEIRS screening. Emerging information suggests 
that many of these milder cases may not develop symptoms or 
complications of iron overload, regardless of whether they are 
treated with phlebotomy.

There should be an agreed policy on who to treat
Because it is unclear which individuals with hemochromatosis 
will develop complications of iron overload, it has been a stan-
dard practice to offer iron depletion by phlebotomy to all 
patients with an elevated serum ferritin (greater than 200 µg/L 

TABLE 1
Lessons from the HEmochromatosis and IRon Overload 
Screening (HEIRS) Study

Generalized population screening in a primary care population as  •	
performed in the HEIRS Study is not recommended
Genetic testing is well accepted, with minimal risk of discrimination (13)•	
An elevated serum ferritin is very common, particularly in Asians, Pacific •	
Islanders and African Americans, and may not be an indication for 
phlebotomy. In the absence of HFE C282Y homozygosity, this finding 
usually does not represent an increase of iron stores of >4 g (11)
Transferrin saturation has high biological variability and relatively low •	
sensitivity to detect HFE C282Y homozygotes, which limits its role as a 
screening test (9)
Most symptoms typically attributed to •	 HFE C282Y homozygosity are no 
more common in individuals identified by population screening than in 
control subjects lacking HFE mutations (6)
Mild increases in body iron stores in the range of 2 g to 3 g are common in •	
non-HFE C282Y homozygotes, but iron overload, defined as iron stores >4 g, 
is most common in Caucasian men who are HFE C282Y homozygotes (22)
There may be a role for focused screening in Caucasian men with some •	
debate about whether to perform genotyping followed by phenotyping or, 
phenotyping followed by genotyping (23)
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in women, greater than 300 µg/L in men). However, in light of 
the epidemiological studies, the prognosis of participants with 
mild iron overload may be excellent without any iron-depleting 
treatment. Less is known about non-HFE or nonclassical 
hemochromatosis. Therefore, there are uncertainties regarding 
the need and rationale for treating all patients and, thus, the 
justification for widespread screening is unconvincing.

The total cost of finding a case should be economically 
balanced in relation to medical expenditure as a whole
The HEIRS Study was not designed to analyze screening and 
medical follow-up costs and charges. Cost-effectiveness studies 
should reveal an incremental benefit in the screened group 
compared with the unscreened group to justify any costs associ-
ated with screening and follow-up (including follow-up of 
incidental findings, other illness and iron deficiency). These 
concepts have been explored in previous studies that have used 
HEIRS Study data regarding the prevalence of cirrhosis 
(18-20). The conclusions of these studies have been mostly 
supportive of screening but have not been widely accepted by 
public health and policy groups.

Case-finding should be a continuous process, not just a 
‘once and for all’ project
It seems unlikely that screening for hemochromatosis would 
ever be endorsed for all North Americans and performed in a 
centralized way as in the HEIRS Study, regardless of ethnicity. 
The highest risk group identified in the HEIRS Study was 
Caucasian men. To focus on this group for systematic hemo-
chromatosis testing would improve screening efficiency but 
accessing this subpopulation remains challenging because men 
tend not to have regular interactions with primary care provid-
ers. Testing at the time of periodic assessments of cholesterol, 
prostate-specific antigen or blood pressure has some merit but 
would likely only capture a small percentage of cases. It is more 
likely that the diagnosis would be made incidentally in most 
cases. Once a patient is discovered, a family history and pedi-
gree investigation is an important aspect of management in 
detecting at risk individuals who may benefit from additional 

evaluation (21). Increasing physician and patient awareness 
may be the best strategy to improve the rate of early diagnosis 
and treatment of hemochromatosis.
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