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PURPOSE: To study the clinical outcomes of subjects who are
homozygous for the C282Y mutation of the hemochromatosis
gene.
SUBJECTS AND METHODS: All patients referred to a terti-
ary referral centre for hemochromatosis were included. The study
also included 16 C282Y homozygotes detected in a population
screening study.  
RESULTS: The study comprised 277 C282Y homozygotes,
including 16 nonexpressing C282Y homozygotes. The mean fol-
low-up period was 7.3 years (range zero to 44 years). The actuar-
ial survival rates of C282Y homozygotes at five, 10 and 20 years
were 95%, 93% and 66%, respectively. Life-threatening diseases
(cirrhosis, hepatocellular carcinoma, diabetes, heart disease) were
present in 36% of male C282Y homozygotes and 19% of female
C282Y homozygotes. Cirrhosis of the liver and diabetes were the
major clinical symptoms affecting long term survival. Only one
nonexpressing homozygote required venesection therapy during
the follow-up period.
CONCLUSIONS: Long term survival is excellent in C282Y
homozygotes diagnosed and treated before the development of
cirrhosis and diabetes.
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Évolution spontanée des patients homozygotes
pour la mutation C282Y du gène de 
l�hémochromatose

BUT : Étudier l�évolution clinique des patients homozygotes pour la
mutation C282Y du gène de l�hémochromatose.
SUJETS ET MÉTHODE : Tous les patients dirigés vers le centre de
soins tertiaires pour l�hémochromatose ont été admis dans l�étude.
S�ajoutent également 16 sujets homozygotes à l�égard de la même muta-
tion, repérés dans la population par une étude de dépistage.
RÉSULTATS : L�étude comptait 277 sujets homozygotes pour la muta-
tion C282Y, dont 16 sans expression génique. Le suivi a duré en moyenne
7,3 ans (0 à 44 ans). Les taux actuariels de survie des sujets homozygotes
au bout de 5, 10 et 20 ans se sont établis à 95 %, 93 % et 66 % respec-
tivement. Des maladies potentiellement mortelles (cirrhose, carcinome
hépato-cellulaire, diabète, cardiopathie) ont été observées chez 36 % des
hommes homozygotes et 19 % des femmes homozygotes. La cirrhose du
foie et le diabète se sont avérés les deux principales affections cliniques
influant sur la survie à long terme. Un seul sujet homozygote sans expres-
sion génique a dû subir une phlébotomie durant la période de suivi.
CONCLUSION : Les chances de survie chez les patients homozygotes
pour la mutation C282Y sont excellentes si l�hémochromatose est diag-
nostiquée et traitée avant l�apparition de la cirrhose ou du diabète.
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The diagnosis of hemochromatosis has previously been
based on a combination of clinical and biochemical

parameters, such as typical signs and symptoms, transferrin
saturation, serum ferritin concentration, liver biopsy,
hepatic iron concentration and amount of iron removed by
venesection therapy (1). Pedigree studies demonstrating
another iron-loaded family member have provided the
strongest evidence for hereditary hemochromatosis (2,3).
Since the discovery of the hemochromatosis gene (HFE) in
1996 (4), many studies have demonstrated that more than
90% of typical patients with hemochromatosis are homozy-
gous for the C282Y mutation of the HFE gene (2,3,5-8).
Genetic testing has also uncovered subjects who are
homozygous for the C282Y mutation but do not express
iron overload. 

The natural history of hemochromatosis has been stud-
ied in patients referred for evaluation and their families.
Iron depletion by phlebotomy has been instituted, and the
long term follow-up has been studied. Previous studies were
completed before the discovery of the hemochromatosis
gene and, therefore, likely included patients with alcoholic
siderosis or iron overload secondary to cirrhosis of other
causes. Cirrhosis and diabetes have been the major factors
affecting long term survival. We describe the factors affect-
ing the long term survival of a cohort of patients defined by
genetic testing. Unlike other follow-up studies, this study
included C282Y homozygotes without iron overload.

PATIENTS AND METHODS
Patient population
Patients were drawn from clinic records at a tertiary care
centre specializing in hemochromatosis (n=261), as well as
from a population screening study of blood donors (n=16).
Before the use of genetic testing, hemochromatosis was
diagnosed in proband cases based on the clinical history,

physical examination, transferrin saturation, serum ferritin
concentrations and confirmatory liver biopsy. Stored blood
samples made genetic testing possible many years after the
original phenotypic diagnoses were made. Pedigree studies
were undertaken in all families. All patients had European
ancestry. Discovered cases were family members who were
also found to be homozygous, originally by human leuko-
cyte antigen (HLA) typing and subsequently by C282Y
genotyping. A nonexpressing homozygote was considered
to be a C282Y homozygote with a transferrin saturation of
less than 55% and a ferritin concentration of less than
300 µg/L. Iron-loaded patients were treated with weekly
500 mL venesections until the serum ferritin concentration
was approximately 50 µg/L. Patients with a rising serum fer-
ritin concentration after iron depletion were treated with
maintenance venesection therapy three to four times per
year. There were five patients with concomitant alcohol
abuse (more than 60 g/day) and one patient with hepatitis C.
Comorbidities: Liver biopsies were classified as cirrhotic or
noncirrhotic without knowledge of the clinical outcome of
the patient. Cirrhosis was also determined at the time of
autopsy in three cases. Patients were considered to be dia-
betic if they required insulin or oral hypoglycemic therapy.
The presence of arthritis was established by history and
physical examination. Heart disease was defined as sympto-
matic congestive heart failure (confirmed by clinical exam-
ination, chest x-ray, electrocardiogram and echocardio-
gram) and/or life-threatening arrhythmias. Follow-up status
was determined by telephone interview with the patient
and/or primary care physician.

Genetic testing
Genetic testing for the C282Y mutation was done by
restriction enzyme gel digestion polymerase chain reaction
using sense primer 5'TGGCAAGGGTAAACAGATCC
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Figure 1) Cumulative survival rates of subjects who are homozygous for the C282Y mutation in the hemochromatosis gene. Long term survival was
significantly lower in cirrhotic (n=40) than in noncirrhotic C282Y homozygotes (n=237) (P<0.05, log rank test)
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and antisense primer 5'TACCTCCTCAGGCACTCCTC.
These primers were used to avoid the potential mistyping in
the presence of a 5569A polymorphism that has been
described (9,10).

Statistical analysis
Differences in survival between groups were assessed with
the Kaplan-Meier life-table method (Winstat, USA). The
survival curve in the 277 C282Y homozygotes was com-
pared with their expected survival curve derived from
provincial life-table data matched for age and sex (11)
(Figure 1).  

The risk factors affecting survival were studied using
sequential, backward stepwise proportional hazards regres-
sion (SAS software, SAS Institute, USA).  

RESULTS 
The demographic, clinical and biochemical  profile of the
C282Y homozygotes is shown in Table 1.

Nonexpressing homozygotes
There were 16 nonexpressing C282Y homozygotes. Seven
of these people were detected in a population screening
study of 5211 blood donors (12), and eight were found
through pedigree studies. One person volunteered to be a
control patient in a hemochromatosis study. The nonex-
pressing homozygotes included three males and 13 females
(mean age 41 years, range 10 to 72 years). The mean trans-

ferrin saturation was 36% (range 16% to 53%), and the
mean ferritin concentration was 108 µg/L (range 9 to
268 µg/L). Lowering the threshold for inclusion to a trans-
ferrin saturation of less than 45% and a ferritin concentra-
tion of less than 200 µg/L in women would have reduced
the sample size to 11 people. The average follow-up period
was 3.2 years (0.3 to 22 years). Dietary history was not
informative. A 63-year-old man�s ferritin concentration
rose from 67 to 405 µg/L over a three-year period, and he
underwent five venesections. No other patient developed
abnormal iron studies requiring venesections. One woman
aged 71 years died suddenly two months after hemochro-
matosis was diagnosed, presumably from a cardiac cause, in
her sleep. All other patients remained asymptomatic.
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TABLE 1
Clinical and biochemical profile of 277 subjects who are homozygous for the C282Y mutation of the
hemochromatosis gene

Male Male Female Female Female 
Male probands discovered screened proband discovered screened

Demographics (n=107) (n=64) (n=5) (n=44) (n=46) (n=11)

Age at diagnosis, 50 (18-74) 48 (10-72) 43 (28-53) 48 (18-77) 50 (11-77) 40 (28-57)
years (range)

Ferritin, µg/L (range) 1919 (12-8002) 1022 (10-5844) 383 (89-871) 684 (11-3630) 462 (9-2310) 47 (8-143) 

Transferrin saturation, 80 (20-100) 71 (23-100) 55 (47-79) 61 (17-100) 66 (15-100) 45 (13-67)
% (range)

Hepatic iron concentration, 301 (4-772) 226 (28-772) No biopsies 153 (20-322) 182 (36-482 ) No biopsies
µmol/g (range) (n=49) (n=26) (n=11) (n=16)

Cirrhosis, n (%) 31 (30) 4 (6) 0 3 (7) 2 (4) 0

Arthritis, n (%) 46 (43) 16 (25) 0 14 (32) 10 (22) 0

Diabetes, n (%) 22 (21) 5 (8) 0 5 (11) 6 (13) 0

Congestive heart failure, 13 (12) 6 (9) 0 2 (5) 1 (2) 0
n (%)

Life-threatening 49 (46) 14 (22) 0 8 (18) 11 (24) 0
symptoms*, n (%)

Reference ranges: serum ferritin concentration 15 to 200 µg/L for women and 30 to 300 µg/L for men; transferrin saturation 20% to 55%; hepatic iron concentration
0 to 35 µmol/g. *Cirrhosis, hepatocellular carcinoma, diabetes or heart disease (many patients had more than one of these symptoms)

TABLE 2
Summary of model results of sequential, backward
stepwise proportional hazards regressions

Variable Risk ratio 95% CI

Diabetes 3.95 1.6-10.0

Cirrhosis 2.92 1.2-7.5

Diagnosis after age 50 years 2.68 1.7-4.3

Arthritis* 0.29 0.1-0.8

*The apparent protective effect of arthritis is the reciprocal of the risk of not
having arthritis, eg, 1/0.29=3.4
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Cause of death
During a mean follow-up of 7.3 years (range zero to 44
years), there were 24 deaths. In nine of these cases, the
patients were inferred to be homozygous for the C282Y
mutation based on pedigree analysis, HLA typing or the
presence of a living relative who was homozygous for the
C282Y mutation. The causes of death that were considered
to be directly related to hemochromatosis were hepatocel-
lular carcinoma (n=9), congestive heart failure (n=2),
arrhythmia (n=1), complications of diabetes (n=2) and sep-
ticemia following liver transplantation (n=1). There was
one case of hepatocellular carcinoma diagnosed without
concomitant cirrhosis. The other causes of death were
myocardial infarction (n=4), pneumonia (n=1), and cancer
of the lung (n=1), pancreas (n=1), brain (n=1) and breast
(n=1).

Prevalence of life-threatening complications
The prevalence of cirrhosis, hepatocellular carcinoma, con-
gestive heart failure and diabetes in treated probands and
discovered family members is shown in Table 1. Cirrhosis
was less frequent in discovered cases than in proband cases;
however, liver biopsies were performed less frequently in
discovered cases. The prevalence of cirrhosis may be under-
estimated in this study because not all patients had liver
biopsies. None of the 16 patients found through population
screening had life-threatening symptoms. Life-threatening
symptoms were more common in proband cases, and were
present in 36% of men and 19% of women (Table 1).

Cumulative survival
The cumulative survival rates of the entire group of C282Y
homozygotes were 95% at five years, 93% at 10 years and
66% at 20 years. The rate of survival was lower in diabetic
than in nondiabetic patients, and lower in cirrhotic than in
noncirrhotic patients (P<0.05, log rank test) (Figure 1).
The major factors affecting survival according to multivari-
able analysis were diabetes and cirrhosis (Table 2). 

DISCUSSION
In the present study, 277 C282Y homozygotes were fol-
lowed for up to 44 years. This study differed from previous
survival studies of patients with hemochromatosis, in that
only C282Y homozygotes were included (13-17). The study
also included nonexpressing C282Y homozygotes without
evidence of iron overload. As a result of this selection of
patients, the cumulative survival rate was better than that
reported in 1991, in a study of 88 patients with hemochro-
matosis (13). This increased survival rate is likely the result
of earlier diagnosis, before the development of cirrhosis and
diabetes. However, survival may have been overestimated
in the present study because patients had to have been alive
in 1996 to undergo genetic testing for hemochromatosis.
Genetic status was inferred in eight deceased patients,
where possible, with pedigree analysis and HLA typing.
This study has demonstrated that diabetes and cirrhosis are

the major clinical factors affecting survival. These two clin-
ical variables are often present together (16 patients in the
present study). This observation is consistent with that of
metabolic studies that have suggested that diabetes in
patients with hemochromatosis is usually due to insulin
resistance secondary to liver disease, rather than to pancre-
atic insufficiency (18). As shown in our previous study
(13), arthritis appeared to have a protective effect on sur-
vival. Patients who presented with liver failure may not
have survived long enough to develop arthritis. Another
possibility is that the presence of arthritis led to earlier diag-
nosis and treatment before the development of cirrhosis.

Since our study in 1991 (13), the number of asympto-
matic and younger patients with hereditary hemochromato-
sis has increased. C282Y homozygotes with a serum ferritin
concentration less than 1000 µg/L and normal aspartate
aminotransferase levels, and without hepatomegaly were
not biopsied in the present study. Previous studies from our
centre London Health Science Centre and from France
(19) have demonstrated that cirrhosis is not present in this
subgroup of patients. Despite earlier diagnosis, life-threat-
ening complications were found in 36% of men and 19% of
women in the present study. These complication rates are
likely an overestimation due to referral bias, and the per-
centages decrease with time as more asymptomatic patients
are evaluated; however, the rates are similar to those
reported in family members of affected probands (20). The
percentage of life-threatening symptoms has been demon-
strated to be an important variable in the economic analy-
sis of population screening for hemochromatosis because
the cost of undiagnosed and untreated cases is high if there
is significant morbidity and mortality (21).

Before the availability of genetic testing, nonexpressing
C282Y homozygotes were identified when an HLA-identi-
cal sibling of a proband was discovered without iron over-
load. Genetic recombination was postulated in many of
these cases, but it has been rare to demonstrate any conclu-
sive recombinations between the HLA locus and the HFE
gene (22). In the present study, we describe the natural his-
tory of nonexpressing homozygotes followed for up to 22
years. It is unlikely that an adult who has not accumulated
iron over an average of 41 years (mean age) would develop
progressive iron overload. Postmenopausal women have
been considered to be at risk, but four postmenopausal,
nonexpressing homozygotes were included in the present
study. Annual follow-up is being continued in these
patients and is recommended until further information
becomes available on the natural history of nonexpressing
homozygotes.

Nonexpressing homozygotes comprise only 6% of the
C282Y homozygotes evaluated at the London Health
Science Centre, but seven of 16 (44%) homozygous sub-
jects in our population screening study showed no expres-
sion (12). Although voluntary blood donation may have
contributed to the higher number of nonexpressing
homozygotes in this study, none of these patients were
super-donors, and we understand that during blood dona-
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tion, there is compensatory iron reabsorption and donors
are not left with a net iron deficit. If blood donation were
the major factor affecting expression, these C282Y homozy-
gotes would have had very low iron burdens that could be
managed with fewer than 10 venesections during their life-
times. Recent studies by Barton et al (23) have suggested
that blood donation does not have a major effect on the
clinical expression of hemochromatosis. Furthermore, there
were more non-blood donors than blood donors in this
series, and other large population screening studies have
demonstrated a normal serum ferritin concentration in 25%
to 50% of discovered C282Y homozygotes (24-29). Other
factors affecting nonexpression include other modifying
genes, as has been suggested in knockout mouse models
(30). Guidelines for the follow-up of nonexpressing homo-
zygotes have not been clearly established.  

The attribution of clinical symptoms in hemochromato-
sis has been difficult. For example, in a survey conducted
during a study of arthralgia in patients with hemochro-
matosis, in women older than 60 years of age, more joint
complaints were reported in the control population than in
the patients with hemochromatosis (31). Fatigue and dia-
betes are also common complaints in the aging population.
A recent population screening study concluded that the
prevalence of clinical signs and symptoms in C282Y
homozygotes was similar to that in a control population
(32). 

We have not described the clinical features of iron over-
load in patients with idiopathic iron overload without HFE
mutations. At the London Health Science Centre, this rep-
resents only 3% of cases, which are all are isolated, nonfa-
milial cases that may represent a heterogeneous collection
of etiologies, with iron overload as a common feature. As a
result, the effectiveness of genetic counselling is speculative
in this patient population. The proportion of people with
non-HFE-related iron overload varies geographically, and
this disorder has been most commonly described in Italians
and Africans.

SUMMARY
The prognosis of a young C282Y homozygote diagnosed
before the development of cirrhosis or diabetes is excellent
because the rate of survival does not differ from that of the
general population. Unfortunately, the presence of symp-
toms is often associated with organ damage, which under-
scores the importance of early detection and prompt
treatment. Large scale population screening projects are in
progress in North America, Europe and Australia, which
should resolve many of the controversies surrounding
screening for hemochromatosis (33).
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