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Hereditary hemochromatosis (HH) is an autosomal reces-
sive disorder of iron metabolism with excessive cellular
iron levels resulting in tissue damage [1–3].

In 1996, Feder et al. showed that in most HH patients,
the HFE gene is mutated in position 282 (replacement of
cysteine by tyrosine, C282Y) [4]. In Spain, 85–90% of HH
patients showed this mutation [5, 6]. However, a second
mutation, the replacement of histidine in position 63 by
aspartic acid (H63D), is much more frequent. In our area,
the Northeast of Spain, the H63D mutation was present in
37% of the general population, and 4% were homozygous
[7].

In a murine model, the contribution of the H63D
homozygosity (DD genotype) was demonstrated. Howev-
er, the iron overload (IO) was below that of the C282Y
homozygosity (YY genotype) [8]. Moreover, data in
humans support that the DD genotype could result in IO

[9–11]. Given the high prevalence of this mutation in our
population, we evaluated the genotype–phenotype corre-
lation in homozygotes for the H63D mutation.

Two studies were conducted in two Spanish popula-
tions. First, the correlation between the HFE mutations
and the amount of iron in the liver was evaluated in 78
cases (7 cases were DD homozygotes) [12]. Liver biopsy
was carried out because of a biochemical IO [serum
transferrin saturation >50% and/or serum ferritin
>350 μg/l]. Hemochromatosis was considered when
the hepatic iron index (HII) exceeded 1.9 μmol/g of dry
weight multiplied by the age in years, μmol/g.year [1–3].
In 30 out of 78 cases, HII exceeded 1.9 μmol/g.year,
including three cases (10%) homozygous for the H63D
mutation (HII=4.2, 3.9, and 3.8 μmol/g.year). Moreover,
in one patient homozygous for the H63D mutation, the
HII was 1.8 μmol/g.year Therefore, four out of the seven
DD homozygotes showed moderate liver IOs (57%).
C282Y homozygotes showed the highest levels of HII.
DD homozygotes had higher levels of HII than wild-type
patients and H63D heterozygotes (Table 1).

The second study was conducted between 1998 and
2004 in 55 consecutive patients with the DD genotype. All
patients came from our university hospital and were
studied for all the known secondary causes of biochemical
IO [13, 14]. Data were not available in one case, which was
excluded from the study. Hepcidin (HAMP) gene muta-
tions were investigated given that these mutations could
modify the severity of the IO [15]. Transferrin saturation
and serum ferritin were evaluated by automated methodol-
ogies (Hitachi 911 and Elecsys, Roche). Moreover, total
iron removed by phlebotomy was calculated in grams.
Mutations of the HFE gene (C282Y, H63D, and S65C)
were analyzed with LightCycler equipment [6, 7, 14]. The
HAMP gene was evaluated using single strand conforma-
tional polymorphism and direct sequencing [15].

The patients were 36 men and 18 women, with a median
age was 51 years. They were chosen for the study because
of a biochemical IO (41 cases) or a family study (13 cases).
Forty-five patients (83%) showed a biochemical IO pattern.
An underlying cause of biochemical IO was observed in 35
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out of 54 patients (65%). However, an associated cause of
biochemical IO could not be found in 35%, including three
patients with clear familial patterns (two patients were
brothers and the remaining patient had two sisters and a
daughter with biochemical IO). The HAMP gene was
normal in the 54 cases. Fourteen patients with IO were
phlebotomized, but the total phlebotomized iron was
always below 5 g in men and 3 g in women. Interestingly,
4 and 3.75 g of iron were removed in the three familial
cases.

Our findings demonstrate that H63D homozygosity is
related to a moderate IO. However, the IO was clearly
lower than in the C282Y homozygotes. An underlying
associated cause of biochemical IO was observed in most
of the individuals (Table 2). In contrast, the patients
without associated causes showed minimal iron abnor-
malities. A possible modifying role of the HAMP gene was
discarded.

Not surprisingly, our results in humans mimicked the
liver iron results observed in a murine model [8].
Interestingly, the patients with moderate IOs showed
underlying causes [13, 14]. It is reasonable to assume
that this association is necessary for the development of IO
[13, 14] and pathological lesions in the liver [16].
Moreover, other studies in our area have demonstrated
that some patients with HH criteria were homozygous for
the H63D mutation [5, 17, 18].

Although a small percentage of patients with HH criteria
have been observed in almost all studies, very few studies
have specifically dealt with DD patients [9–11]. These
studies suggested a role for the DD genotype in IO [9–11].
In a French study [11], the relationship between the DD
genotype and IO has also been observed. Our DD
homozygotes and the French DD homozygotes share
many clinical characteristics, such as age, male predomi-
nance, and moderate IO. However, 65% of our patients
showed underlying causes of IO, in contrast to 32% in the
French population. This discrepancy could be due to
differences in the recruitment. In our case, only patients
admitted to our hospital were considered. Taking together
the data of the French study and our study, a number of
genetics modifiers were discarded, such as transferrin
receptor (TFR) polymorphisms, the Y250X mutation of
TFR2, and HAMP gene mutations.

In summary, given the high prevalence (4%) of
homozygotes for the H63D mutation in Northern Spain
[7, 18], the DD genotype could account for 5–10% of our
HH [5, 6]. As suggested, some additional disorders such as
hepatitis C virus infection, dysmetabolic syndrome, alco-
holism, etc., are probably necessary for the development of
moderate IO and liver pathology in some HFE genotypes
[13, 14, 16]. These finding should be borne in mind when
evaluating IO, especially in an area with high prevalence of
the H63D mutation, such as northern Spain.

Table 1 Iron overload distributions depending on the HFE mutations

YY CY/HD DDc Others

HII>1.9a 24 2 3 1b

HII 1–1.9 2 2 1 3
HII<1 4 3 33
Total cases 26 8 7 37
HII
Mean ± standard deviation 5.7±3.8 1.6±1.75 2.02±1.9 0.31±0.28
Maximum–minimum 1.1–15.8 0.2–5.4 0.1–4.2 0.1–1.2
aHII hepatic iron index in μmol/g.year
bA patient with alcoholic cirrhosis and focal iron. This patient was excluded (HII=2.2 μmol /g.year)
cComparisons: YY (homozygous for the C282Y mutation) vs DD (homozygous for the H63D mutation) p<0.0001. Difference=2.37. 95%
confident interval=1.4–3.3. DD vs CY/HD (compound heterozygotes) p=not significant. DD vs others (wild type and H63D
heterozygotes) p=0.005. Difference=1.71. 95% confident interval=0.4–3.3

Table 2 Underlying associated
disorders in individuals with the
DD genotype

Sat transferrin saturation, HCV
hepatitis C virus infection, DMS
dysmetabolic syndrome, OH al-
coholism HEM hematological
disorder, IO iron overload
aPhlebotomized iron in grams
bThree cases with a familial IO

Cases Sat % Serum ferritin μg/l Fe (g)a

Associations 35 (65%)
HCV 10 (18.5%) 72±14 600±604 0.8–1,57
DMS 20 (37%) 50±15 726±369 1–3.6
OH 10 (18.5%) 50±14 514±317 1–3.8
HEM 6 (11%) 63±28 1,086±700 –
No factors 19 (35%)

3 IO familyb 44–50–67 800–825–1,500 3.75–4a

16 minimal changes 38±11 163±127
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