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Background and Objectives. In Italy, typical HFE muta-
tions account for only 64% of the cases with overt hered-
itary hemochromatosis (HH), and a common HFE-unre-
lated disease was hypothesized. 

Design and Methods. One thousand and fifty potential
blood donors were screened by iron tests, C282Y and
H63D HFE mutation analysis in a region in North Italy.
Subjects with repeated fasting transferrin saturation of
45% or more and no secondary iron overload were defined
as probands with idiopathic iron overload. To assess the
inheritance of iron overload, relatives of probands were
screened.

Results. The overall frequency of probands with idiopath-
ic iron overload was 3.43% (95% confidence interval,
2.32 to 4.52). Of these, 8.4% had genotypes associated
with HH (compound heterozygous for H63D/C282Y or
homozygous for H63D HFE mutations), and 91.6% had
atypical genotypes: 47.2% were heterozygous for C282Y
or H63D HFE mutations, and 44.4% had wild type/wild
type genotype. A family history of iron overload was proven
in 33.3% of probands with atypical genotypes (1.04% of
the overall population). Pedigree analysis excluded link-
age of heterozygous HFE mutations with iron overload
(cumulative lod score –2.41) and documented a recessive
non-HLA-linked locus accounting for iron overload in wild
type/wild type genotypes. None of the probands had clin-
ical signs of iron accumulation; in males, serum ferritin
positively correlated with age (r=0.63, p<0.01), and the
regression model predicted a serum ferritin of 700 ng/mL
at the age of 58.

Interpretation and Conclusions. In Northern Italy an HFE-
unrelated, mild idiopathic iron overload is highly prevalent.
A recessive locus accounts for iron overload in at least
1.04% of the overall population.
©2002, Ferrata Storti Foundation
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Hereditary hemochromatosis (HH), in its typ-
ical expression, is an autosomal recessive
disorder characterized by excessive gastro-

intestinal iron absorption and progressive iron
loading in parenchymal organs.1 In screening stud-
ies from northern European populations, in which
case definition was based on elevated levels of
transferrin saturation, the estimated prevalence of
disease was between 3.4 and 18 cases per 1000
population.2-5 A candidate gene, termed HFE, was
identified on chromosome 6,6 and the C282Y and
H63D mutations, in the homozygous or compound
heterozygous state, were found in 64 to 100% of
patients in ethnic groups of Celtic descent.6-10 The
percentage of HH patients who are heterozygous
for one mutation or have a wild type/wild type HFE
genotype, called atypical genotype, is relatively
high in Caucasians of the Mediterranean area and
in African Americans.11 In Italy, where typical HFE
mutations account for only 64% of the cases with
clinically overt HH,7 non-HFE-related genetic
determinants were documented,12-16 and an HFE-
unrelated disease with low clinical penetrance was
hypothesized.17,18

In 1998 we started a large-scale, prospective
screening program in a region of Northern Italy to
determine the frequencies of HFE mutations,
assess the prevalence of iron overload not associ-
ated with typical HFE genotypes, and characterize
the phenotype of atypical genotypes. To assess the
genetic inheritance of iron overload, we screened
informed and consenting relatives of probands. The
present study provides data on the prevalence,
phenotype and inheritance of an HFE-unrelated,
idiopathic iron overload in Italy.
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Design and Methods

Setting
The blood banks of 3 tertiary Hospitals in Lom-

bardy, a region in North Italy, participated in the
study. Their catchment area is 5,700 square kilo-
meters, with a population of 1,020,000 inhabitants.
Besides the native population of Ligurian descent,
both Celtic and Roman populations settled the
region.

Study design
From January 1998 to December 1999 we invit-

ed all potential new donors enrolling in a blood
donation program to enter the study. Written,
informed consent to the study, approved by the
Ethical Committee of the Pavia center, was
requested. All subjects underwent biochemical and
genetic screening. C282Y and H63D HFE mutations
were tested and serum iron concentration, total
iron binding capacity and serum ferritin were
determined. If the transferrin saturation was 45%
or more, the determination was repeated after an
overnight fast. If the fasting transferrin saturation
was also above the threshold value, a thorough his-
tory, physical examination and laboratory tests
were done to identify possible causes. In particu-
lar, subjects were interviewed regarding their diet
and alcohol consumption, medicinal iron use, and
receipt of blood transfusion. Iron loading anemia,
chronic viral hepatitis B or C, porphyria cutanea
tarda, inflammatory syndromes, hyperlipidemia,
hypertension, and diabetes were investigated. A
reason for exclusion  from the study was daily alco-
hol consumption greater than 10 g/day and posi-
tivity for viral hepatitis serologic markers. If sec-
ondary iron overload was excluded, subjects with
a repeated elevated transferrin saturation were
defined as idiopathic iron overload probands. In the
cases of serum ferritin concentration exceeding
700 ng/mL, liver biopsy was advised.

First-degree relatives (parents, siblings, and chil-
dren) of probands with atypical genotypes were
asked to undergo evaluation for HH. Relatives with
a transferrin saturation 45% or more were inves-
tigated to exclude secondary iron overload. If at
least one member of the proband’s family had an
elevated transferrin saturation without causes of
secondary iron overload, the proband was defined
as a genetically proven proband.

Laboratory methods
Serum iron levels, serum transferrin and serum

ferritin were measured by standard methods. The
value of transferrin concentration was converted to
total iron binding capacity on the basis of the

transferrin molecular weight and serum transfer-
rin saturation was calculated. Within-run precision
and between-day precision variation coefficients
in the three blood bank measurements ranged,
respectively, from 0.5 to 0.8% and from 0.5 to 2.5%
for serum iron, from 2 to 3% and from 3 to 4.5%
for serum transferrin, and from 3 to 5% and from
7 to 9.5% for serum ferritin. Hepatic iron stores
were assessed by light microscopy (graded on a
scale of 0 to 4) according to the method of Scheuer
et al.19 and by atomic absorption spectroscopy
(Perkin-Elmer S2380, Norwalk, CT, USA). The nor-
mal value for  hepatocellular stainable iron is grade
0 to 1. Normal values for hepatic iron concentra-
tion are less than 1.6 mg/g dry weight.

DNA was obtained from peripheral blood. The
wild type and the C282Y and H63D mutations were
genotyped using TaqMan technology in which
amplification and genotyping are simultaneously
performed using the ABI PRISM 7700 (Applied
Biosystems, Foster City, CA, USA).

HLA class I (A,B,C) and class II (DR, DQ) antigens
were typed by the microdroplet lymphocytotoxic-
ity assay in the HLA laboratories of the three blood
banks. HLA haplotypes were unambiguously
assessed on the basis of intrafamilial segregation
of the alleles.

Surname analysis
The surnames of the screened subjects and of

their mothers were recorded and classified accord-
ing to region of origin using a 1996 commercial file
containing all 24 million private telephone users in
the country.

Statistical analysis 
We calibrated the sample size on expected preva-

lence of probands. We found that transferrin sat-
uration from 1,286 participants would be required
to ensure a 90% confidence interval for an expect-
ed prevalence of 0.5%. Transferrin saturation and
serum ferritin concentration values in different
groups of subjects were compared with the t-test
and Wilcoxon’s signed rank test, respectively. Fre-
quencies of the HFE genotypes were compared
with Fisher’s exact test. STATISTICA software (Stat-
soft, Tulsa, OK, USA) was used. All tests were two-
tailed, and a significance level of 0.05 was used. 

Linkage analysis in the pedigrees tested the seg-
regation of HFE mutations with increased transfer-
rin saturation. The analysis was performed with
LINKAGE, version 5.1. Since we were examining a
probe for a candidate gene, we calculated lod scores
with the recombination fraction (q) equal to zero.
Lod scores of 3 or more supported linkage, whereas
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lod scores below –2 excluded linkage. Two liability
classes for HH were defined on the basis of age in
females (class 1, ≤ 50 years; class 2, >50 years), and
5 liability classes in males (class 1, ≤ 20 years; class
2, 21-30 years; class 3, 31-40 years; class 4, 41-50
years; class 5, >50 years). The penetrance factors
for homozygous genotype were 0.10 and 0.50 in
females and 0.20, 0.35, 0.50, 0.65 and 0.90 in males,
respectively. In families of subjects without a muta-
tion in the HFE gene, likelihood analysis was used to
test the hypothesis that an iron-loading gene deter-
mined transferrin saturation. Subjects with a trans-
ferrin saturation of 45% or more were considered as
homozygous for this gene.

Because HLA-A3 has been reported to be co-
expressed on the ancestral haplotype of HH, the
frequency of HLA antigen among groups was com-
pared with Fisher’s exact test. The control data for
HLA phenotype frequency analysis consisted of
observations from 379 normal control subjects
randomly chosen from the Pavia blood bank data-
base.

Results
The screening was offered to 1,153 potential

donors and accepted by 1050 (91%). The sample
included 493 women (46.9%) and 557 men
(53.1%): their mean age was 30 years (range, 18-
56 years) and 32 years (range, 18-52 years), respec-
tively. The mean value of transferrin saturation was
31.2% (±10.6) in men and 25.2% (±10.7) in
women. The median value of serum ferritin was

116 ng/mL in men (25th centile, 71; 75th centile,
180.9) and 26 ng/mL in women (25th centile, 14;
75th centile, 42). Of the 1,050 study participants, 80
(7.6%) had transferrin saturation values of 45% or
more, confirmed at the second check in 36 (26
males and 10 females). Among the participants, 21
men had ferritin levels of 300 ng/mL or more, 8 of
whom had rechecked serum transferrin saturation
values of 45% or more.

Thirty-nine individuals (3.7%) were heterozygous
and none was homozygous for the C282Y muta-
tion. The prevalence rates of the C282Y and H63D
HFE gene substitutions are shown in Table 1. Allele
frequency was 0.022 for C282Y and 0.150 for
H63D. The association between genotype and iron
phenotype among the 1,050 subjects is shown in
Table 2.

Table 1. Frequency of HFE genotypes in 1,050 screened
subjects.

Genotype Genotype frequency 95% confidence interval (%)

C282Y/C282Y 0

C282Y/Wild type 39 (3.7%) 2.60-4.84

C282Y/H63D 7 (0.7%) 0.20-1.12

H63D/H63D 22 (2.1%) 1.24-2.96

H63D/Wild type 264 (25.1%) 22.5-27.7

Wild type/Wild type 718 (68.4%) 65.4-71.1

Table 2. Iron phenotype according to the hemochromatosis genotype.

No. of subjects Transferrin saturation Serum ferritin
Genotype Mean % Elevated (≥ 45%) Median ng/mL Elevated (≥300 ng/mL)

Males
Wild type/Wild type 385 29.3 14 (3.6%) 135.2 7 (1.8%)
C282Y/Wild type 19 32.8 2 (10.5%) 154.0 2 (10.5%)
H63D/Wild type 139 31.4* p=0.03 7 (5.0%) 133.1 11 (7.9%)
H63D/H63D 9 39.2 * (p=0.005) 2 (22.2%) 156* (p=0.03) 1 (11.1%)
H63D/C282Y 5 41.6* (p=0.005) 1 (20%)* 155.1* (p=0.002) 0 (0%)
Total 557 26/557 (4.7%) 21/557 (3.7%)

Females
Wild type/Wild type 333 23.6 2 (0.6%) 34.2 0
C282Y/Wild type 20 29.7* (p=0.009) 2 (10.0%)* (p=0.029) 30.6 0
H63D/Wild type 125 28.2* (p=0.000) 6 (4.8%) * (p=0.033) 34.2 0
H63D/H63D 13 22.6 0 (0%) 37.1 0
H63D/C282Y 2 32.5 0 (0%) 24.5 0
Total 493 10/493 (2.0%) 0/493 (0%)

*Significantly higher than the value in subjects with Wild type/Wild type genotype at the t test for transferrin saturation and at Wilcoxon’s signed rank test for serum ferritin.



After investigation and exclusion of secondary
iron overload, we identified 36 probands with idio-
pathic iron overload (3.43%; 95% confidence
interval, 2.32 to 4.52): 1 had a pathogenic geno-
type (C282Y/H63D), 2 had possible pathogenic
genotypes (H63D/H63D), 17 had non-pathogenic
genotypes (heterozygous for HFE mutations), and
16 had wild type/wild type genotype (Figure 1).

A family study was possible in 9 (52.9%) of the
probands heterozygous for HFE mutations. Four
family members (siblings) from 4 unrelated fami-
lies had increased transferrin saturation. The cumu-
lative lod score for linkage of the genetic mutation
with iron overload in 6 informative families (30 rel-
atives) was –2.41. This value was little affected by
changing the penetrance by ± 10%, the lod score
ranging from –2.25 to –2.61, thus excluding link-
age. Two pairs of siblings with elevated transferrin
saturation carried different HLA haplotypes, which
excluded a linkage between the iron loading gene
and chromosome 6. 

Family studies were carried out in 13 (81.2%) of
the probands with wild type/wild type genotype.
Seven family members (6 siblings and 1 parent)
from 7 unrelated families had increased transfer-
rin saturation. The genetic analysis documented a
major locus effect (p < 0.0002) with recessive
inheritance. In 6 families, two affected siblings had
no HLA identity, and in 3 further families, 3 siblings
older than 50 had the same HLA constellation as
the probands, but a fully normal body iron status.
Lod scores for linkage between elevated transfer-
rin saturation and HLA were less than -2 (cumula-
tive lod score = -2.26) for recombination frequen-
cies of 0.06 or lower, excluding linkage to the HLA
region. The HLA-A3 haplotype frequency in wild
type/wild type probands did not differ significant-
ly from that in normal subjects (0.06 vs 0.114;
p=NS), confirming the lack of association between
HLA and the iron loading gene.

None of the probands had symptoms or co-mor-
bid conditions (cardiomyopathy, diabetes, cirrhosis,
or arthritis) associated with iron overload (Table 3).
Serum ferritin was more than 300 ng/mL in 8
males. In males, serum ferritin correlated with
increasing age (r=0.63, p<0.01) (Figure 2), and the
regression model indicated that a serum ferritin of
700 ng/mL was expected at the age of 58. Liver
enzymes were slightly increased in 7 (19.4%). Three
probands met the criteria for liver biopsy but
declined the procedure. Two wild type/wild type
males with serum ferritin of 471 and 412 ng/mL
and aged 43 and 30 years, respectively, had liver
biopsy. Grade II iron overload and no fibrosis were
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Figure 1. Results of the screening protocol.

Table 3. Characteristics of probands with idiopathic iron over-
load.

Sex No. Age, years Fasting serum Serum ferritin level, 
(mean and range) transferrin saturation, ng/mL 

% (mean and range) (median and range)

Genotype 

H63D/H63D
M 2 21.4 (20.6-22.3) 56.5 (51.1-62.0) 130 (122-138)
F 0

C282Y/H63D
M 1 26 59.2 125
F 0

C282Y/Wild type
M 2 43.5 (41-46) 60.9 (58.9-62.0) 468 (92-844)
F 2 42.5 (27-58) 56.7 (54.4-59.4) 166.5 (38-295)

H63D/Wild type
M 7 29.6 (24-39) 54.9 (45.1-69.7) 215 (92-457)
F 6 27.8 (21-40) 61.0 (50.1-73.2) 44.5 (22-83)

Wild type/Wild type
M 14 33.2 (22-62) 56.7 (50.1-61.3) 197.2 (53-996)
F 2 35.5 (26-45) 51.7 (50.7-52.7) 24.5 (23-26)



documented. The hepatic iron concentration was
1.9 and 2.4 mg of iron per gram of liver, dry weight,
respectively. 

In the whole population, 59% of the surnames
were typical of natives from the two regions orig-
inally settled by Celtics. The only different aggre-
gation of surnames was in wild type/wild type
probands, who showed a lower prevalence of sur-
names originating from the Celtic regions with
respect to the population as a whole (40.6% ver-
sus 59.0%, p=0.036). More than 59% of the sur-
names of wild type/wild type probands were
derived from Central or Southern Italy.

Discussion
In this screening study in Northern Italy we were

faced with the current lack of a clear-cut defini-
tion of HH. While in the clinical setting the diag-
nosis of HH requires the documentation of tissue
or body iron accumulation, in the screening setting
the definition of HH probands has commonly relied
on an increased value of transferrin saturation. A
value of transferrin saturation greater than 45%
would be expected to identify 98% of HH homozy-
gotes and no normal subject.20 By using this crite-
rion, this screening study, which provides an over-
all rate of idiopathic iron overload of 3.43%, would
report a higher prevalence of HH than that previ-
ously reported in screening studies in Northern
European  populations. However, since the inter-
pretation that a high level for transferrin saturation
is indicative of HH could be only speculative due to
high interassay variations and dietary influence,
we also measured serum ferritin. Of 36 probands,

8 also had serum ferritin levels greater than 300
ng/mL. Therefore, if the definition of probands is
restricted to subjects with an increased transferrin
saturation associated with increased serum fer-
ritin, the prevalence would be 0.76%, which
remains higher than previously reported.

However, since screening-detected HH includes
subjects with very low degrees of iron overload in
whom the actual iron burden cannot be assessed,
the only reliable criterion for the diagnosis of HH
relies on genetic assessment. In our population, the
allele frequency of the C282Y mutation was 0.022,
lower than that reported in other populations with
Celtic ancestry,8,11,21-23 but similar to previous esti-
mates in Italy.7,18,24,25 The low frequency of the
mutation in an area with inhabitants of Celtic ori-
gin indicates a low current Celtic admixture of the
population, as also resulted from the surname
analysis documenting that 41% of tested subjects
did not originate from the regions Celtic in origin.
Therefore, only 8.3% of the probands with increased
transferrin saturation had HFE mutations that lead
to iron accumulation, giving a prevalence of HFE-
related HH of 0.28%, i.e. lower than that previous-
ly reported in Northern European populations.

By studying the families of probands with atyp-
ical genotypes, we were able to ascertain the inher-
itance of iron overload in 33% of our probands.
With this result, the prevalence of HH with atypi-
cal genotypes was 1.04% of the overall popula-
tion, which is extremely high, in particular consid-
ering the not ideal nature of the method that left
more than half of the families not investigated.

Pedigree analysis excluded linkage of heterozy-
gous HFE mutations with iron overload and docu-
mented that a recessive non-HLA-linked locus
accounts for iron overload in most families with wild
type/wild type genotypes. This makes it unlikely that
a still undescribed or rare HFE mutation25 accounts
for the phenotype of the probands. On the contrary,
the data on families support the hypothesis that an
HFE-unrelated gene defect is causally associated
with the probands’ phenotype. This does not mean
that a single locus could account for all our
probands considering the well-documented genet-
ic heterogeneity of HH in Italy. Moreover, in one
case a dominant segregation could be hypothesized
(one parent affected), which could suggest the so-
called type 4 hemochromatosis. The analysis of the
recently described hemochromatosis loci in Italy15,16

will add knowledge on this issue. Surname analysis
showed a high prevalence of surnames native to
Central or Southern Italy, suggesting a Mediter-
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Figure 2. Correlation between age and serum ferritin in 26
male probands. The regression line (middle line) and 95 %
confidence limits (upper and lower lines) are shown. The
regression line equation was: serum ferritin (ng/mL) =
–267.4 + 16.565 × age (years).



ranean origin for the genetic defect.
Our screening study provides the first published

extensive characterization of an HFE-unrelated idio-
pathic iron overload. None of the probands had clin-
ical signs or symptoms of iron accumulation. Male
probands are predicted to develop significantly high
levels of serum ferritin (over 700 ng/mL) only in their
fifties. These results give a picture of a milder phe-
notype than that reported in screening-detected
C282Y homozygotes.  The mild phenotype shown in
our probands predicts a low risk of  development of
clinically significant iron overload disease. This
hypothesis may also be inferred by comparing the
very low relative C282Y genotype prevalence in our
screening-detected probands with that reported in
Italy, which accounts for 64% of incident cases with
iron overload.7,17 This mismatch points to an
extremely high rate of underdiagnosis or a very low
clinical penetrance of the genetic defect in individ-
uals with atypical genotypes.

The results of this study have important implica-
tions for the knowledge about epidemiology of
genetic iron overload. How these results may be
extended to other countries is hard to say, but the
hypothesized Mediterranean origin of the defect
recommends similar studies in Mediterranean
countries, where the C282Y mutation is also rela-
tively rare. From the clinical point of view, a high-
ly prevalent idiopathic iron overload may both pro-
duce morbidity by itself, and act as a modifier
agent on the phenotype of other common acquired
or genetic disorders, such as chronic viral hepati-
tis, alcoholic liver disease, non-alcoholic steato-
hepatitis, porphyria cutanea tarda, and thalassemia
traits. As far as concerns the appropriateness of
mass screening for HH in Italy, the low clinical pen-
etrance of the defect calls for a deeper knowledge
of its natural history before such a strategy is rec-
ommended.
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What is already known on this topic
Non-HFE-related genetic hemochromatosis is found in
Mediterranean countries and at least three entities have
been identified by Italian investigators (HFE2/OMIM
602390, HFE3/OMIM 604250, HFE4/OMIM 606069).

What this study adds
This study describes a highly prevalent (about 1% of the
overall population), mild iron overload that is transmit-
ted as a recessive character and differs from the genet-
ic disorders reported so far (HFE, HFE2, HFE3, HFE4).

Potential implications for clinical practice
Although this mild disorder has low clinical penetrance,
it should be properly diagnosed and patients should be
monitored.
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