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Abstract

Background: Olynyk et al. studied the liver iron concentration (LIC) by MRI of 52 consecutive patients of northern European origin
who were referred to a tertiary hospital for hyperferritinemia (HF). They described three groups according to HFE mutations and
the transferrin saturation index (TSI) (group A: no predisposing mutations (PM) for hereditary hemochromatosis (HH) and TSI > 45
%, group B: PM for HH and TSI > 45 %; group C: no PM for HH and normal TSI). In the Basque country, HH predisposing mutations
differ, with prevalence of the H63D/H63D mutation.
Objectives: To study the importance of HFE mutations and the TSI in determining LIC of HF patients attending the outpatient clinic
at a secondary hospital.
Methods: Prospective study of 132 consecutive patients with HF. In 120 HFE study was available. In 79 LIC was obtained by MRI. In 71
patients values of HFE mutations, TSI, and LIC by MRI were available.
Results: Mean age: 55.68 ± 14.26 (23 - 83), 55 men and 16 women. The mean LIC in men was 35.66 ± 36.85; women 38.81 ± 29.75. The
mean LIC in group A: 38.80± 45.18 (5 - 210), group B: 48.96± 37.51 (15 - 160), group C: 28.12± 18.85 (5 - 75). We compared the LIC mean
values of the 3 groups with no significant differences.
Conclusions: LIC values are similar in different groups of patients referred to a secondary hospital for HF, despite variable predis-
position to HH.
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1. Background

Hyperferritinemia (HF) is very common in clinical
practice. This biochemical abnormality is often discov-
ered during the evaluation of patients with potential liver
iron overload (IO) disorders, such as hereditary hemochro-
matosis (HH). HF is also found in patients with other
chronic liver diseases and non-hepatic inflammatory dis-
orders. In the general population, up to 12% have HF (1). In
Australia, Olynyk et al. (1) studied the prevalence of liver IO
in patients of northern European origin with HF. They stud-
ied 52 consecutive patients who were referred to a tertiary
hospital for HF, who were divided in three groups taking
into account HFE mutations and TSI. They concluded that
an increase in LIC of greater than three times the ULN is
highly unlikely in HF patients who do not have HFE-related
HH or causes of secondary IO.

Mediterranean populations have shown that the preva-
lence of C282Y homozygosity in HH is lower than in north-
ern European populations (2, 3) with a north to south
gradient. There is evidence that the H63D mutation con-
tributes to IO, increasing serum iron and transferrin, and
an independent relationship with hemochromatosis has
also been demonstrated in the presence of C282Y (4-6). The
H63D/H63D genotype is responsible for HF (2, 4-6). It has
been shown that H63D leads to liver IO in homozygosis or
in compound heterozygosis with C282Y. The causative role
of the H63D/H63D mutation in HH or IO has been demon-
strated (4, 7, 8), but with less penetrance and a considerable
variation of phenotypic expression. The H63D polymor-
phism is highly prevalent in caucasian populations (15% -
20%). The highest allele frequency, (> 30%), has been re-
ported in the Basque country in Spain (2, 4).
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2. Objectives

Our objective was to study the importance of HFE mu-
tations and the TSI in determining the LIC of HF patients
attending the outpatient clinic at a secondary hospital.
We evaluate the proposed groups from the publication of
Olynyk et al. (1), with the genotypic variations present in
the Basque Country, to verify if the conclusions are appli-
cable to a southern European population.

3. Methods

In Australia, Olynyk et al. (1) analyzed in 2009 the LIC
by MRI of 52 consecutive patients who were referred for HF
to a tertiary hospital for the evaluation of liver IO, either
in the presence or absence of increased TSI. They described
three different groups according to HFE mutations and TSI:
Group A: no predisposing mutations (PM) for HH and TSI >
45%; Group B: PM for HH: C282Y/C282Y; C282Y/H63D, and TSI
> 45 %; Group C: no PM for HH and normal TSI.

In the Basque country, PM differ, with prevalence of
the H63D/H63D PM (2, 6) and a less important role of the
C282Y/C282Y mutation than in Australia (1).

This was a prospective study including patients from
January 2010 to December 2010 and was conducted in Men-
daro hospital, a secondary hospital in the Basque health
service, with a total catchment of 70,000 people. Other ob-
jectives of the study have been recently published (4, 9).
The study protocol conforms to the 1975 ethical guidelines
of the declaration of Helsinki, with the understanding and
the consent of the patients. This study was approved by the
ethical committee of the Mendaro hospital.

Inclusion criteria: consecutive outpatients referred for
HF (serum ferritin (SF) > 200 µmol/g in women; >300
µmol/g in men, in accordance with the WHO criteria (10).

Exclusion criteria: systemic inflammation, infections,
and renal or neoplastics diseases (excluded by clinical, lab-
oratory and radiologic methods); history of transfusion or
iron supplements; patients younger than 18 years. Patients
were studied and treated according to the best practice.

We have studied 132 consecutive patients referred to
a secondary hospital in Gipuzkoa, Basque country, Spain,
with HF (4) for evaluation of possible IO, either in the pres-
ence or absence of a raised TSI.

In our study, we obtained 132 HF patients, with 120 HFE
gene mutation studies, and 79 LIC determinations by MRI
(SIR method) (5). In 71 patients, we had HF and the TS, HFE
and LIC by MRI values.

To form the three groups, the predisposing genotypes
for HH in group B were recorded according to the re-
sults obtained from epidemiological studies performed
in Basque country (2, 6) and from a recent publication

(7), including H63D homozygosity as a PM (C282Y/C282Y;
C282Y/H63D; H63D/H63D).

3.1. LIC by MRI

The MRI technique used (SIR method) was that pro-
posed by Alustiza et al. (5). This method has a high cor-
relation with biochemical measurements (r = 0.937). MR
images were obtained on a 1.5-Tesla imaging unit (Philips
Intera, Osatek, Donostia) (5). The images were studied,
blinded, by the same radiologist (JMA). Liver steatosis was
discarded by assessing systematically T1-weighted in-phase
and opposed-phase images (11). Fat may interfere in signal
intensity measurements. To avoid this problem, we per-
formed all the LIC sequences as in-phase sequences (11).

The LIC was considered normal if it was lower than 36
µmol/g (0-36 µmol/g). IO was diagnosed when the LIC was
between 36 and 80 µmol/g. High IO was defined as a LIC ≥
80 µmol/g.

3.2. Laboratory Analysis

DNA was extracted from the blood samples and HFE
gene analysis was carried out by multiplex real-time PCR
using lightcycler technology (LC 1.0). Simultaneous study
of the HFE C282Y, H63D and S65C mutations was per-
formed in a single capillary using LC-Red 640, LC-Red
705 and fluorescein-labelled hybridization probes (Tib-
molbiol, Berlin, Germany). Melting curve analysis was per-
formed to distinguish wild type and mutant alleles in each
case (2, 4).

SF and the transferrin saturation index (TSI) were ob-
tained from blood samples obtained during fasting from
all patients included in the study (4, 9). Normal values
from our laboratory were: SF in women (15 - 200 µg/L); SF
in men (30 - 300 µg/L); TSI (15% - 45%) (4, 9).

3.3. Statistics

SPSS 15.0 software (SSPS Inc., Chicago, IL, USA) was used
to perform the appropriate statistical analyses. Mean val-
ues with range and standard deviation were calculated for
continuous variables and frequencies and percentages for
categorical variables.

We compared the LIC mean values of the three groups
using ANOVA. A P value < 0.05 was considered statistically
significant.

4. Results

This was a prospective study of 132 consecutive patients
with HF. In 120 patients the HFE study was available. In
79 patients LIC was obtained by MR. In 71 patients data on
HFE mutations, TSI, and LIC by MRI were available (Figure
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1). LIC was measured in µmol / g (normal ≤ 36 µmol/g) by
MRI. The period of inclusion was from January to Decem-
ber 2010.

132 HF

71 with TSI
55 Men /  16 Women

8 No TSI

120 HFE Gene
Mutations Study

12 Not HFE Gene
Mutations Study

41 No LIC by MRI 79 LIC Determination by MRI
(SIR Method)

Figure 1. Flow Chart of the Patients Included in the Study

The mean age was 55.68 ± 14.26 (23 - 83). There were
55 men and 16 women (77.5%, 22.5%). The mean age for men
was 53.07± 13.61 and the mean age for women 64.63± 13.14.
The mean LIC by MRI in men was 35.66 ± 36.85 and 38.81
± 29.75 in women. The age and sex of the patients did not
have a significant influence on the mean value of LIC (P >
0.05).

Metabolic syndrome was present in the 55.67% of the
132 patients and 89% of the patients were overweight or
obese. High IO was present in 5% and IO in 33% of the pa-
tients (4).

The HFE mutation (120/132) analysis of the study group
(4) revealed no C282Y/C282Y cases, 6 C282Y/wt patients, 6
C282Y/H63D, 21 H63D/H63D, 38 H63D/wt, 47 wt/wt, and 2
S65C/wt. There were 27 patients with known PM in Basque
Country (21 H63D/H63D/ 6 C282Y/H63D). Twenty of these pa-
tients had TSI > 45% (20/27), and 19 LIC determined by MR.

Laboratory studies revealed a SF mean value of 579.54
± 296.57 µg/L (206 - 1668) and mean TSI value of 43.87 ±
14.10 % (12 - 95).

The TSI and SF values did not have an statistically signif-
icant influence on LIC (P > 0.05).

Of the 79 patients with LIC determination by MR, two
patients were excluded due to the absence of TSI data and
six patients were excluded because they had a PM but nor-
mal TSI.

With the obtained data, we made the three groups rec-
ommended by Olynyk et al. (1). Clinical and laboratory data
from the three groups are described in Table 1.

Group A: 21 patients, 14 with normal LIC and 7 patients
with raised LIC (8 were wt/wt: 5 normal LIC, 3 raised LIC; 11
H63D/wt: 7 normal LIC, 4 raised LIC; 2 C282Y/wt: 2 normal
LIC); the 33.3% (7/21) of this group had IO.

Group B: 19 patients (PM: H63D/H63D; C282Y/H63D), 11

with normal LIC, 8 with raised LIC; 7 H63D/H63D with raised
LIC and 8 with normal LIC; 1 C282Y/H63D with raised LIC and
3 with normal LIC. The 42.1% had IO (8/19).

Group C: 31 patients, 23 with normal LIC, 8 with raised
LIC (12 were wt/wt: 9 normal LIC, 3 raised LIC; 17 H63D/wt: 12
normal LIC, 5 raised LIC; 2 S65C/wt: normal LIC); the 25.5%
had IO (8/31).

The mean LIC in group: A 38.80 ± 45.18 (5 - 210), group
B: 48.96 ± 37.51 (15 - 160), group C: 28.12 ± 18.85 (5 - 75).

We compared the LIC mean values of the three groups
using ANOVA, with no significant differences (P = 0.0816).

5. Discussion

HF is a very common finding in clinical practice, gen-
erally leading to the study of possible IO by general practi-
tioners and hepatologists. SF may be raised due to different
and nonspecific causes, and significant IO will not often be
present (1).

Olynyk et al. (1) recently studied in Australia the preva-
lence of hepatic IO in individuals with HF and northern
European origin. They considered three groups: group A
with increased transferrin saturation and no significant
HFE mutations (N: 17), group B with increased TS and C282Y
homozygosity or C282Y/H63D compound heterozygosity
(n: 22); and group C with normal TS and no significant
HFE mutations (N: 13). LIC was determined by MRI (relax-
ometry). LIC was significantly higher in group B (123 ± 22
µmol/g) compared with group A and C (39 ± 4; 36 ± 5) P <
0.01. Nine of the 22 patients from group B has an increase in
their LIC greater than three times the ULN compared with
none from groups A and C.

Our objective was to evaluate the proposed groups in
the Basque country, taking into account the genotypic vari-
ations of our country, and to verify if the conclusions of
the previous study are valuable in southern Europe. In
the Basque country, HFE gene mutations analysis in HH pa-
tients and in the general population is different from other
populations (2). The frequency of C282Y homozygotes in
HH patients is only of 57%; it is 90% in other populations
(2). In the Basque country, H63D/H63D mutation is present
in the 7.76% of the general population and in 2.1% in other
populations (6).

The H63D polymorphism is highly prevalent in cau-
casian population (15% - 20%). The highest allele frequency
(30%) has been reported in the Basque country in Spain (2).
There is evidence that the H63D mutation contributes to
IO, increasing serum iron and transferrin, and has an inde-
pendent relationship with hemochromatosis in the pres-
ence of C282Y (12-14). The causative role of the H63D/H63D
mutation in HH or IO has been demostrated (8).
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Table 1. Clinical and Laboratory Data from the Three Groups of Patients with Hyperferritinemia Proposed by Olynyk et al. (1) According to HFE Mutations and TSI Valuesa

Group A Group B Group C

N 21 19 31

Age (years) 55.28 ± 14.87 59.94 ± 15.40 52 ± 13.01

Male/ Female 17/4 11/8 27/4

SF (µg/L) 610.42 ± 322.56 503.42 ± 200.49 703.03 ± 317.88

TSI (%) 57.68 ± 10.13 55.20 ± 6.50 34.63 ± 7.45

HFE gene PM 0 19 0

C282Y/H63D 0 4 0

H63/H63D 0 15 0

LIC (µmol/g) 38.80 ± 45.18 48.96 ± 37.51 28.12 ± 18.85

Abbreviations: N: number of patients; LIC: liver iron concentration; PM (predisposing mutations); SF: serum ferritin; TSI: transferrin saturation index.
aMean and SD values.

When we compared the SF values between the three
groups, group C had the highest value with 703.03 µg/L,
group A 610.42 and group B 503.42. There were not statis-
tically significant differences between the three groups.

When the LIC values were determined by MRI, group B
had 48.96 µmol/g, group A 38.80 µmol/g and group C 28.12
µmol/g. The LIC values obtained in the different groups
were compared and there were no statistical significant
differences. Given the observed difference between group
B and group C LIC mean, one could argue that a study with
a bigger sample size will end up showing statistical differ-
ences if the observed LIC means hold. One of the prob-
lems in this study is that there were no C282Y/C282Y pa-
tients in the series. It is well-known that the liver IO in
HH produced by the C282Y/C282Y mutation is higher than
that produced by other mutations, such as C282Y/H63D or
H63D/H63D (6, 15). The causative role of C282Y/H63D and
H63D/H63D mutations in HH or IO has been demonstrated,
but with less penetrance and a considerable phenotypic
variability (6, 15). The absence of C282Y homozygotic pa-
tients in our study may have been why no differences were
detected. In a previous study by our group, no statistically
significant differences were found concerning the LIC val-
ues between three predisposing genotypes in a retrospec-
tive HH cohort (6).

We can conclude that, in this study performed in the
Basque country in Spain, with the genotypic special char-
acteristics that have been exposed, there are no differences
in LIC between the three proposed groups, and we cannot
predict liver IO in patients with HF with HFE mutations and
TSI values alone. A larger series, with the presence of other
PM, such as the C282Y/C282Y, may obtain different results.
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