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Background & aims.Background & aims.Background & aims.Background & aims.Background & aims. Hyperferritinemia (HF) is frequently present in patients with metabolic syndrome (MS). MS associated with
HF is named dysmetabolic hyperferritinemia (DH). There are some publications that propose that DH is associated with a raised liv-
er iron concentration (LIC). We studied the LIC in patients referred for HF to a secondary hospital to determine if there are differenc-
es between patients with or without MS. Material and methods.Material and methods.Material and methods.Material and methods.Material and methods. We conducted a prospective study of 132 consecutive patients
with HF from January to December 2010. The MS was defined by the International Diabetes Federation criteria (2005). LIC was
determined by Magnetic resonance imaging (MRI). ReReReReResults.sults.sults.sults.sults. The number of patients for which there was enough data to deter-
mine MS was 97, out of which 54 had MS and 43 had no MS (NMS). In 54/97 patients, MRI for LIC determination was performed.
From the MS group, 44 were men (27 underwent MRI) and 10 women (9 MRI). The mean LIC was 27.83  20.90 mol/g for the MS
group. In the NMS group, 36 were men (13 MRI), and 7 women (5 MRI). In 18 patients from the NMS group, LIC was determined by
MRI. The mean LIC was 33.16  19.61 mol/g in the NMS group. We compared the mean values of LIC from both groups (MS
vs. NMS) and no significant differences were found (p = 0.067). Conclusion.Conclusion.Conclusion.Conclusion.Conclusion. Patients with DH present a mean LIC within nor-
mal values and their values do not differ from those of patients with HF but without MS.
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INTRODUCTION

The prevalence of metabolic syndrome (MS) is around
25% in the adult population of Western countries.1,2 Pa-
tients with otherwise unexplained liver iron overload have
MS with a high frequency.3 Hyperferritinemia (HF) is
frequently present in patients with MS. This clinical enti-
ty has been named dysmetabolic hyperferritinemia (DH)
or dysmetabolic hepatic iron overload.3 DH may or may
not be associated with raised liver iron concentration.
There are some publications that support that HF is asso-
ciated with a raised liver iron concentration (LIC) in
these patients, but some doubts persist.3,4

Because MS is an inflammatory condition, hepcidin
levels may be raised in DH, in which case one would not
expect liver iron overload. The studies about this syn-
drome have selected patients with liver iron overload.3

However, the prevalence of liver iron overload in unse-
lected patients with HF and metabolic syndrome has rare-
ly been studied.3,4

Recently, Chen, et al.3 found that DH was associated
with normal transferrin saturation, mild hepatic iron over-
load, and elevated hepcidin, which generally corresponds
with a normal LIC. This group used Gandon’s magnetic
resonance imaging (MRI) method5 for LIC calculation, a
method that has a tendency to overestimate LIC.
Brudevold, et al.,4 on the other hand, found only one case
with iron overload on liver biopsy out of 18 patients with
DH (from a study of 40 patients with HF).

Our aim was to study the LIC with an accurate MRI
determination method6,7 in patients referred for HF to a
secondary hospital in the Basque Country, Spain, and to
determine if there are differences between patients with
DH or without MS.
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MATERIAL AND METHODS

Patients

This was a prospective study including patients from
January to December 2010. The study was conducted in
Mendaro Hospital, Deba Valley, a secondary hospital
in the Basque Health Service (Osakidetza), with a total
catchment of 70,000 people. Other objectives of the study
have recently been published.6

The study protocol conforms to the 1975 ethical
guidelines of the Declaration of Helsinki, with the under-
standing and the consent of the patients. The study was ap-
proved by the ethical committee of the Mendaro Hospital.

Inclusion criteria: consecutive outpatients referred for
HF (serum ferritin (SF) > 200 g/L in women, > 300 g/L
in men), in accordance with the WHO criteria.8

Exclusion criteria: systemic inflammation, infections, and
renal or neoplastic diseases (excluded by clinical, laboratory
and radiologic methods); patients younger than 18 years.

Patients were studied and treated according to best
practice.

Methods

� Radiology. MRI images were recorded and read by
the same investigator (JMA). The investigator was
blinded. MRI images were obtained with a 1.5-Tesla
system (Philips Intera, Osatek, Donostia). The MRI
technique used (SIR method) was that proposed by
Alustiza, et al.7 We systematically performed T1-
weighted in-phase and opposed-phase imaging to dis-
card liver steatosis. All the iron quantification
sequences were in-phase sequences to make sure that
the fat did not interfere in signal intensity measure-
ments.9 The LIC calculated by this model has a high
correlation with biochemical measurements obtained
by atomic spectrometry in liver biopsy samples (r =
0.937).7 The LIC was considered as: normal (< 36

mol/g), iron overload (IO) (37-80 mol/g), and high
iron overload (HIO) (> 80 mol/g).7

� Laboratory measurements. SF, serum iron (Fe) and
transferrin saturation index (TSI) were obtained from
blood samples taken during fasting from all the pa-
tients included. All were found to have raised SF val-
ues of > 300 g/L – the laboratory normal range for SF
is 15-200 g/L in women and 30-300 g/L in men.6,8

The ranges considered to be normal for Fe and TSI
were 50-145 g/dL and 15-45% respectively.6

The serum values of glucose, cholesterol, HDL-cho-
lesterol and triglycerides were obtained from the same
blood samples.

� Definition of metabolic syndrome (MS). We em-
ployed the established International Diabetes Founda-
tion criteria for MS,10 namely:

° Waist circumference  94 cm in men;  80 cm in
women, and two of the following factors:

° Triglycerides  150 mg/dL or treatment for this dy-
slipidaemia.

° HDL < 40 mg/dL men, < 50 mg/dL women or
treatment for this dyslipidaemia.

° Glucose  100 mg/dL or type 2 diabetes.
° Hypertension: systolic pressure  130 mmHg; di-

astolic pressure  85 mmHg, or treatment for arte-
rial hypertension.

� Statistics. SPSS 15.0 software (SSPS Inc., Chicago, IL,
USA) was used to perform the appropriate statistical
analyses. Mean values with range and standard devia-
tion were calculated for continuous variables and fre-
quencies and percentages for categorical variables.

To compare LIC mean values in patients with MS and
without MS, we used Pearson’s 2 test. In all the analyses,
a p < 0.05 value was considered statistically significant.

RESULTS

Patients

Not all the results were available for all patients (Fig-
ure 1). Out of 132 patients, we have enough data to deter-
mine the MS presence in 97 patients. Of these, 44/80 men
(55%) and 10/17 women (59%) presented MS. In the 54
cases with LIC as determined by MRI, 36 (27 men, 9
women) were in the MS group and 18 were in the non-
MS (NMS) group (13 men and 5 women). The mean age
was 55.78  11.94 years (range 32-75).

Radiology

In 54/97 patients, MRI for LIC determination was per-
formed. From the MS group of 54 patients, 44 were men
(27 had MRI) and 10 were women (9 MRI). Therefore,
we had LIC results from 36 patients (27 men, 9 women).
In this group, 9/36 patients had raised LIC and 27 had nor-
mal LIC (Table 1). The mean LIC was 27.63  20.18 mol/
g (range: 5-80) in men, 28.44  18.31 mol/g (range: 5-70)
in women, and 27.83  20.90 mol/g (range: 5-80) for the
entire MS group. In 43/97 patients, MS was not diagnosed
(NMS): 36 were men (13 MRI), and 7 were women (5
MRI). In 18 patients (13 men, 5 women) from the NSM
group, LIC was determined by MRI. Eight of 19 patients
had raised LIC and 11 had normal LIC. The mean LIC was
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30.84  23.79 mol/g (range: 5-55) in men, 39.2  23.79
mol/g (range: 17-79) in women, and 33.16  19.61 mol/g

(range: 5-79) for the entire NMS group. We compared
the mean values of LIC from both groups (MS vs. NMS)
by Pearson’s 2 test. No significant differences were found
(p = 0.067).

No patient had HIO (> 80 mol/g) in the liver. Hepatic
iron index (LIC/age) values were lower than 1.5 (normal
< 1.5) in all the patients.3,7

Clinical and laboratory data

MS10 was detected in 44/80 men (55%) and 10/17 wom-
en (59%), which corresponded overall to 54/97 (55.67%) of
the HF patients. There were no significant differences be-
tween the two groups with respect to HFE mutations, al-
cohol, age or virus serology (Table 1). No liver biopsies
were taken during the study period. An alcohol consump-
tion cut-off of > 40 g/day was applied.

In all the patients with determined LIC, SF and TSI
(Table 1) values were compared: SF mean values were
610.04  298.51 g/L (range: 312-1239) in men, 554.77 
355.95 g/L (range: 206-1388) in women, and 596.22 
309.43 g/L (range: 206-1388) for the entire MS group
(n = 54). In the NMS group, the mean SF was 662.54 
284 g/L (range: 314-1054) in men, 462.6  207.91 g/L
(range: 240-675) in women, and 607  274.95 g/L (range:
240-1,054) for the entire group. TSI (%) mean was 40.26 
12.09 (range: 12.1-66.8) in men, 49.11  20.77 (range: 25.1-
83.6) in women, and 42.77  14.91 (range: 12.1-83.6) in the
entire MS group. TSI in the NMS group was 48.92  8.88

(range: 34.5-68.9) in men, 53.8  4.60 (range: 48-60.3) in
women, and 50.27  8.10 (range: 34.5-68.9) for the entire
group. There were no statistically significant differences
between the two groups (MS vs. NMS) in the mean SF
and TSI values (p < 0.05).

DISCUSSION

The presence of hepatic iron overload has been de-
scribed in various metabolic conditions, such as insulin
resistance, non-alcoholic steatohepatitis, liver steatosis
(non-alcoholic fatty liver disease), and MS alterations.11-15

Iron has been proposed as a promising target for the treatment
of these diseases.14 In a randomized trial, Valenti, et al.16

performed iron depletion by phlebotomy in patients with
non-alcoholic fatty liver disease and hyperferritinemia.
They conclude that iron depletion is associated with a
higher rate of histologic liver damage improvement than
lifestyle changes alone and with liver enzyme ameliora-
tion. On the other hand, Adams, et al.17 have demonstrated
in a prospective, randomized and controlled trial that
reduction in ferritin by phlebotomy does not improve
liver enzymes, hepatic fat, or insuline resistance in
patients with non-alcoholic fatty liver disease.

In 2006, Brissot and de Bels18 defined dysmetabolic
hepatosiderosis as a frequent syndrome characterised by
multiple metabolic abnormalities (increased body mass
index, high blood pressure, hyperlipidaemia, non-insulin-
dependent diabetes, and hyperuricaemia), HF, normal
transferrin saturation, mild hepatic iron excess, and mixed
iron deposition in liver biopsy.

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Flow-chart of the patients included in the study: from 132 HF patients, how many were studied for MS, how many had MS and NMS, sex distribu-
tion, LIC determination, and LIC raised levels. HF: hyperferritinemia. MS: metabolic syndrome. NMS: no MS. LIC: liver iron concentration.

132 HF patients

97 enough data for MS evaluation 35 not enough data

44/80 men: MS
10/17 women: MS

27 men-RMN for LIC in MS group 9 women-RMN for LIC in MS group

7 raised LIC 2 raised LIC

13 men-RMN for LIC in NMS group 5 women-RMN for LIC in NMS group
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More recently, the term DH has been used for patients
with MS and associated HF.3 DH does not always present
raised LIC.3,4 Only a proportion of MS patients (14.5%)
seem at risk of iron overload, presenting HF,19 but the real
prevalence of liver iron overload in these patients remains
unknown. The studies that have been performed to define
DH have always recruited selected patients on the basis of
known liver iron overload.3 Recently DH has been point-
ed out as a possible target for phlebotomy treatment.20

There have been two previous studies that have evaluat-
ed the presence of iron overload in the liver with non-se-
lected patients. In both of them, MS was diagnosed
fulfilling the International Diabetes Foundation criteria.10

In the study by Chen, et al.,3 7/10 evaluated patients had
“mild” hepatic iron overload, but with values up to 120

mol/g. Three had normal LIC values. They used MRI
(SIR method) for LIC determination with the method
from the Rennes University.21 This method has a tenden-
cy to overestimate LIC;5,21,22 perhaps this study was not a
very accurate work and probably the real LIC values were
lower than that published.5,22

In a study from Norway, Brudevold, et al.4 studied 18
patients that fulfilled the IDF criteria for MS. They con-
cluded that liver steatosis and insulin resistance, but not
increased iron load, is found in patients with HF. All liver
biopsies in patients with MS criteria showed steatosis,
with only one showing an iron content of grade 2 (Rowe
method). The rest were normal (grade 0-1) for iron con-
tent. Hepatic iron overload was defined as  70 mol/g dry
weight (grade 2+ to 4+ by the Rowe method). From 40
HF patients, liver biopsy was performed in 29, with 15 he-
mosiderin grade 0, ten grade 2, and three grade 2.

In our study, we evaluated 97 patients with HF using
clinical and laboratory data to determine if they suffered
from MS. In 54 patients with HF, they presented MS cri-
teria,10 DH, and MRI for LIC was performed in 36 (27
men, 9 women) patients. We compared the LIC of DH
group with the patients without MS (NMS) and HF (43

patients, 18 MRI, 13/18 men). There were no differences
between the two groups, and the LIC mean values were
normal.

The greatest limitation of our study is the relatively
small patient population and male preponderance. The
strengths of the study are that it presents an unselected pa-
tient population, i.e. patients with hyperferritinaemia re-
ferred to a secondary hospital without known raised liver
iron concentration, and that it represents the highest
number of patients to date with DH (36 cases). In previ-
ous unselected studies, 10 and 18 patients were includ-
ed.3,4

Recently, Freixenet, et al.23 confirmed that men with
HF and diabetes in the Mediterranean area do not have a
higher iron overload than those without diabetes,
which was measured through serum ferritin, the trans-
ferrin saturation index, and serum transferrin receptor.
In our study, we did not find statistical differences
between the two groups MS and NMS for serum ferritin
and TSI values.

CONCLUSION

In conclusion, we can say from this study that patients
with DH have normal LIC and LIC values in patients with
DH have no significant differences with patients with HF
and not MS in our study. This must be studied in a larger
series to confirm the results.

ABBREVIATIONS

� DH: dysmetabolic hyperferritinemia.
� Fe: serum iron.
� HF: hyperferritinemia.
� HIO: high iron overload.
� IO: iron overload.
� LIC: liver iron concentration.
� MRI: magnetic resonance imaging.

Table 1. HFE mutations (hemochromatosis predisposing mutations),6 alcohol consumption (> 40 g/day), age (years) and virus serology

(HBV, HCV) in both groups (MS: metabolic syndrome; NMS: no metabolic syndrome) from the 97 patients studied with enough data for

MS study.

MS NMS p

Ferritin (n = 54) 596.22 ± 309.43 607 ± 274.95 0.289

TSI (n = 54) 42.77 ± 14.91 50.27 ± 8.10 0.263

LIC (n = 54) 27.83 ± 20.90 33.16 ± 19.61 0.067

IHH (n = 54) 0.51 ± 0.41 0.60 ± 0.35 0.432

HFE mutations 20.9% 20.3% 0.355

Alcohol 35% 36% 0.398

Age 53.1 ± 11.94 55.38 ± 13.50 0.130

Virus 5% 0% 0.357

TSI: transferrin saturation index. LIC: liver iron concentration. IHH: iron hepatic index, (LIC/age) from the studied group of 54 patients with MRI for LIC.
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� MS: metabolic syndrome.
� NMS: no metabolic syndrome.
� SF: serum ferritin.
� TSI: transferrin saturation index.
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