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Revaluation of clinical and histological criteria for diagnosis
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Abstract
AIM: To re-evaluate the diagnostic criteria of insulin 
resistance hepatic iron overload based on clinical, 
biochemical and histopathological findings.
METHODS: We studied 81 patients with hepatic 
iron overload not explained by known genetic and 
acquired causes. The metabolic syndrome (MS) was 
defined according to ATPⅢ criteria. Iron overload was 
assessed by liver biopsy. Liver histology was evaluated 
by Ishak’s score and iron accumulation by Deugnier’s 
score; steatosis was diagnosed when present in ≥ 5% 
of hepatocytes. 
RESULTS: According to transferrin saturation levels, 
we observed significant differences in the amount of 
hepatic iron overload and iron distribution, as well 
as the number of metabolic abnormalities. Using 
Receiving Operating Curve analysis, we found that the 
presence of two components of the MS differentiated 

two groups with a statistically significant different 
hepatic iron overload (P  < 0.0001). Patients with ≥ 2 
metabolic alterations and steatosis had lower amount 
of hepatic iron, lower transferrin saturation and higher 
sinusoidal iron than patients with < 2 MS components 
and absence of steatosis.
CONCLUSION: In our patients, the presence of ≥ 
2 alterations of the MS and hepatic steatosis was 
associated with a moderate form of iron overload 
with a prevalent sinusoidal distribution and a normal 
transferrin saturation, suggesting the existence of a 
peculiar pathogenetic mechanism of iron accumulation. 
These patients may have the typical dysmetabolic 
iron overload syndrome. By contrast, patients with 
transferrin saturation ≥ 60% had more severe iron 
overload, few or no metabolic abnormalities and a 
hemochromatosis-like pattern of iron overload. 
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INTRODUCTION 
Iron overload includes a wide spectrum of  conditions 
from mild to marked tissue iron accumulation and iron-
related organ dysfunctions[1-3]. Apart from the known 
hereditary and acquired conditions of  iron overload[4], 
there are other conditions in which iron overload 
cannot be explained and the pathophysiology of  iron 
accumulation is still obscure. Increased hepatic iron 
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deposits have been frequently described in association 
with overweight and alterations of  lipid or glucose 
metabolism. These abnormalities are part of  the 
metabolic syndrome (MS) that is closely linked to insulin 
resistance, affecting a large number of  adults in Western 
countries, and is associated with non-alcoholic fatty 
liver disease (NAFLD), now considered the hepatic 
manifestation of  MS[5]. This form of  iron overload has 
been variably named dysmetabolic or insulin resistance 
hepatic iron overload syndrome (IR-HIO)[6]. However, 
the etiopathogenetic mechanisms that link metabolic 
abnormalities, insulin resistance and/or NAFLD to 
iron accumulation are still undefined. The fact that only 
a proportion of  subjects with metabolic abnormalities 
are at risk for iron overload[7] suggests that other factors 
may be involved. In addition, the original definition 
of  IR-HIO[6] includes hyperferritinemia with normal 
or high transferrin saturation, presence or absence of  
NAFLD, and even a single metabolic alteration among 
the following: body mass index (BMI) > 25 kg/m2, 
dyslipidemia and abnormal glucose metabolism. These 
criteria are generous compared with those more recently 
established to define the presence of  MS[8,9].

In the present study, we evaluated patients with 
alterations of  serum iron indices and hepatic iron 
overload not explained by mutations in iron related 
genes or by acquired factors that can lead to iron 
overload through known pathogenetic mechanisms[3]. 
We defined this condition as hepatic iron overload (HIO) 
irrespective of  the presence of  metabolic alterations. 
Our aims were to obtain information in order to 
differentiate the variegated phenotypes in patients with 
HIO and to better characterize the dysmetabolic iron 
overload syndrome.

To this end, we carried out the following: (1) 
Analyzed iron status e i ther at biochemical and 
histological levels. We hypothesized that the level of  
transferrin saturation and the cellular distribution 
of  iron deposits in the liver might give insight into 
the mechanism leading to iron accumulation[3,10]; (2) 
Determined the frequency of  abnormalities that are 
part of  the MS (according to the more recent criteria), 
the frequency and severity of  hepatic steatosis and 
their relation with iron indices. We hypothesized that 
the presence and the number of  metabolic alterations 
might be associated with a peculiar iron phenotype; (3) 
Studied a control group of  patients with HFE-related 
hemochromatosis (HFE-HH), taken as the model of  
primary iron overload, in order to compare hepatic iron 
distribution, the frequency of  metabolic alterations 
and hepatic steatosis with those found in the group of  
patients with HIO. 

MATERIALS AND METHODS
Materials
We studied 81 Italian unrelated adult patients (67 males 
and 14 females) with HIO. They were consecutively 
selected, since 1998, from outpatients who were referred 
to us for abnormalities of  serum iron indices. Selection 

criteria are reported in Figure 1. 
To compare patients’ data we also selected from our 

own database 57 patients affected by HFE-HH (51 were 
C282Y homozygotes, two were compound heterozygous 
for C282Y/E168X and four for C282Y/H63D). Criteria 
for selection of  HFE controls were: availability of  liver 
biopsy, semiquantitative iron grading and metabolic 
indices. All patients gave their written consent to liver 
biopsy, which was done for diagnostic and/or prognostic 
evaluation according to international guidelines[11]. 

Methods
All data were recorded at the time of  diagnosis. All 
patients with HIO and HFE-HH underwent liver biopsy. 
Liver sections were stained with standard methods for 
histological evaluation and with Perl’s stain for iron 
grading and assessed by an independent observer (G.B.).

Biochemical and metabolic data
The following data were collected: glucose and insulin, 
total cholesterol, HDL, triglycerides, serum alanine and 
aspartate-aminotransferases, and γ-glutamyl transferase, 
which were measured using commercial kits, BMI, 
waist circumference and blood pressure. Overweight 
was defined by BMI > 25 kg/m2 and < 30 kg/m2 and 
obesity by BMI ≥ 30 kg/m2[12]. Diagnoses of  arterial 
hypertension, diabetes mellitus and glucose intolerance 
were based on the ESH/ESC and American guidelines, 
respectively[13,14]. The presence of  dyslipidemia and MS 
was based on NCEP-ATPⅢ criteria[8]. HOMA index 
was available in 68 patients (84%)[15]. A HOMA index 
of  2.77 was chosen to distinguish insulin resistant and 
insulin sensitive patients according to Bonora et al[16].

Iron status
Serum iron indices were determined using standard 
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Figure 1  Selection criteria of the 81 patients included in the study. HHII: 
Histological Hepatic Iron Index [Total iron score/ Age (years)].  

Liver biopsy
HHII ≥ 0.2 HHII < 0.2

81 cases included in the study Minor iron overload 
(not included in the study)

Hyperferritinemia (serum ferritin > 400 mg/L in men and > 250 mg/L 
in women) with or without increased transferrin saturation (≥ 45%)

Exclude known causes of hyperferritinemia and iron overload
Iron loading anemias (thalassemia major or intermedia, acquired or 
hereditary dyserythropoietic anemia and sideroblastic anemia);
History of blood transfusions or treatment with parenteral iron;
Chronic hepatitis and advanced cirrhosis (CHILD B or C)
Significant alcohol intake (> 40 g/d in men and > 20 g/d in women for
more then 10 yr);
Porphyria cutanea tarda;
Inflammatory or neoplastic disorders;
Hyperferritinemia-cataract syndrome;
Hemochromatosis Type 1, Type 2, Type 3 and 4;
Aceruloplasminemia



methods. Transferrin saturation was calculated as 
follows: serum iron/(serum transferrin × 1.4) × 100[17]. 
A semi-quantitative evaluation of  hepatic iron was 
done according to Deugnier et al[18]. Iron deposits were 
assessed according to size, cellular and lobular locations 
in Rappaport’s acinus, leading to three different scores: 
hepatocytic (HIS; range, 0-36), sinusoidal (SIS; range, 0 
to 12) and portal iron scores (PIS; range, 0-12). The sum 
of  these scores defined the total iron score (TIS; range, 
0-60). Previous studies have shown that age-related 
histological hepatic iron index (the ratio of  TIS to age, 
HHII) is an accurate means of  predicting the genetic 
status of  HH patients (heterozygotes vs homozygotes)[19]. 
Accordingly, all the patients with HIO and HFE-HH 
had a histological hepatic iron index in the range of  
homozygous HH.

Hepatic fibrosis and steatosis
Hepatic fibrosis was graded according to Ishak et al[20]. 
Hepatic steatosis was diagnosed when at least 5% of  
hepatocytes were involved and steatosis was graded as 
follows: absence (≤ 5% of  hepatocytes), mild (> 5% ≤ 
33%), moderate (> 33% and ≤ 66%), severe (> 66%)[21].

Statistical analysis
Data were expressed as median and range due to the 
non-Gaussian distribution of  iron indices. The Student’s 
t test was used for quantitative variables with a normal 
distribution. All the comparisons involving hepatic iron 
distribution according to Deugnier et al[18] and variables 
with non-skewed distributions were performed on 
medians by non-parametric methods (Mann-Whitney 
or Kruskall-Wallis when more than two groups were 
involved). The Fisher’s exact test or the Chi-square 
test was used for qualitative data. Correlations between 
variables were evaluated by the Spearman’s test. The 

receiving operating curve (ROC) was used to evaluate if  
a threshold number of  MS components was associated 
with different hepatic iron overload as defined by the 
HHII. We compared the Area under the curve (AUC) 
of  the ROCs relative to 1, 2, 3, 4 and 5 components 
of  the MS according to HHII. The influence of  age, 
gender, alcohol intake, BMI, serum iron indices and 
hepatic iron distribution (HIS, SIS and PIS) on hepatic 
fibrosis, was evaluated by a logistic regression model. 
All tests were two-sided and with a significance level of   
P ≤ 0.05. 

RESULTS
Iron status
Seven pa t i en t s (8 .6%) were he te rozyg ous the 
C282Y and 27 (33.3%) the H63D mutation. Table 1 
shows the main clinical, biochemical and histological 
data of  patients with HIO (as a whole and according to 
gender) and with HFE-HH. 

Thirty patients (37%) had transferrin saturation 
repeatedly ≥ 45% and 39 patients (48%) had serum 
ferritin >1000 mg/L. All patients showed homogeneous 
hemosiderin deposits in the hepatic lobules and a 
decreasing hepatocytic iron gradient from Rappaport Ⅰ
to Ⅲ. In this series, females had more iron overload and 
a higher frequency of  cirrhosis, lower BMI (P = 0.0007) 
and a number of  MS components more than males. TIS 
correlated with age in males (r = 0.4, P = 0.0007), but 
not in females. TIS significantly correlated with several 
indices, as reported in Table 2, showing an inverse 
correlation with metabolic indices. AT linear regression 
analysis, gender (P = 0.0005), grade of  fibrosis (P = 
0.0005), transferrin saturation (P < 0.0001) and severity 
of  steatosis (P < 0.0001) retained statistical significance 
with TIS.

Table 1  Main clinical, biochemical and histological data of the HIO patients (as a whole and according to gender) and HFE controls

HIO

HIO (n  = 81) P HFE-HH (n  = 57) Men (n  = 67) P Women (n  = 14)

Age (yr) 52 (28-76) > 0.05 50 (26-71) 54 (28-76) > 0.05 51 (29-70)
Transferrin saturation (%) 39 (21-118) < 0.0001 76 (29-100) 38 (21-118) 0.02 56 (28-99)
Serum ferritin (mg/L) 982 (413-5050) > 0.05 1100 (274-10 990) 964 (413-5050) > 0.05 1286 (520-3987)
AST (U/L) 27 (12-174) > 0.05 27 (17-87) 27 (12-174) > 0.05 28 (13-65)
ALT (U/L) 38 (11-271) > 0.05 43 (11-114) 38 (14-271) > 0.05 36 (11-118)
Total Iron Score 19 (12-46) 0.0071 24 (8-49) 18 (12-40) 0.0006 32 (12-46)
Hepatocytic iron score 15 (6-27) 0.001 18 (3-27) 12 (6-27) 0.0022 21 (9-27)
Sinusoidal iron score 5 (3-8) < 0.0001 3 (0-10) 5 (3-7) > 0.05 6 (3-8)
Portal iron score 0 (0-12) 0.0002 2 (0-12) 0 (0-8) < 0.0001 3.5 (0-12)
SIS/TIS 0.25 (0.09-0.5) < 0.0001 0.13 (0-0.63) 0.25 (0.10-0.5) 0.001 0.16 (0.09-0.29)
HHⅡ 0.38 (0.20-1.21) 0.0012 0.53 (0.15-0.97) 0.36 (0.20-1.08) 0.004 0.64 (0.23-1.21)
Hepatic fibrosis (Ishak’s score) 34 (42) > 0.05 33 (57.8) 26 (38.8) > 0.05 8 (57.1)
Hepatic cirrhosis (Ishak’s score) 7 (8.6) 0.027 13 (22.8) 3 (4.5) 0.015 4 (28.6)
Patients with hepatic steatosis 47 (58) 0.015 20 (36.3) 41 (61.2) > 0.05 6 (42.9)
Patients with moderate-severe hepatic steatosis 35 (43.2) < 0.0001 6 (10.5) 31 (46.3) > 0.05 4 (28.6)
Metabolic syndrome 20 (24.7) > 0.05 91 (16.1) 19 (28.4) > 0.05 1 (7.1)

Data are reported as median (range) or number (%). Hepatic steatosis: > 5% of hepatocytes involved by steatosis; Moderate-severe steatosis: ≥ 33% of 
hepatocytes involved by steatosis. 1Not available in one HFE-control. SIS/TIS: Sinusoidal/total iron score; HHII: Histological hepatic iron index (ratio of 
TIS to age).  
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Dividing HIO patients according to transferrin 
saturat ion, we obser ved that TIS, HIS and PIS 
significantly increased with the increasing transferrin 
saturation. By contrast, SIS did not change, whereas the 
SIS to TIS ratio significantly decreased (Figure 2). We 
observed that the higher the transferrin saturation level, 
the lower was the number of  MS components (Figure 3). 
Patients with transferrin saturation < 45% (n = 51) 
had lower amount of  iron overload in hepatocytic (P 
= 0.0004) and portal (P = 0.0007) compartments than 
patients with increased transferrin saturation but with 
a proportionally greater amount of  iron in sinusoidal 
compartment (SIS/TIS: 0.25 ± 0.07 vs 0.2 ± 0.08, P = 
0.003). These patients also had a lower prevalence of  
fibrosis (Ishak’s score ≥ 1: 16/51 vs 18/30, P = 0.019). 
Patients with the highest levels of  transferrin saturation 

(≥ 60%) had a SIS to TIS ratio (median, 0.15; range, 
0.1-0.25) not different than that observed in HFE-HH 
(median, 0.13; range, 0-0.63). They also had a prevalence 
of  hepatic steatosis and hepatic fibrosis comparable 
to that observed in patients with HFE-HH (data not 
shown) but without MS. 

Metabolic alterations
One patient (1.2%) had all five components of  MS, five 
(6.2%) had four components, 14 (17.2%) had three, 27 
(33.3%) had two, 17 (20.9%) had one and 17 (20.9%) 
had none. The frequency and severity of  hepatic 
steatosis and MS prevalence in HIO are reported in 
Table 1 and are compared with those observed in HFE-
HH patients. Thirty-one patients with HIO (45.6%) 
were insulin resistant. Steatosis was more common 
in Rappaport zones 2 and 3 and more prevalent in 
HIO patients with MS than in those without (90% vs 
47.5%, P = 0.0007). The number of  MS components 
correlated positively with age, severity of  steatosis and 
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Figure 2  Total iron score (TIS, P < 0.0001), hepatocytic iron score (HIS, P = 0.0003), sinusoidal iron score (SIS, P > 0.05) and sinusoidal to total iron score ratio (SIS/
TIS, P = 0.0008) according to transferrin saturation. The box includes all the observations between the first and the third quartile, the horizontal bar represents the 
median. Whiskers extend from the edges of the box to the extreme values.  

Table 2  Correlation between total iron score (TIS) and 
several parameters in HIO patients

r P

Hepatocytic iron score    0.94 < 0.0001
Sinusoidal iron score    0.54 < 0.0001
Portal iron score    0.58 < 0.0001
Serum ferritin (mg/L)    0.53 < 0.0001
Transferrin saturation (%)    0.43 < 0.0001
Age (yr)    0.23 0.04
Hepatic fibrosis    0.28   0.012
Body mass index (kg/m2)   -0.48 < 0.0001
Degree of hepatic steatosis   -0.53 < 0.0001
No. of components of MS   -0.33     0.0026
HOMA index -0.3     0.0125

Degree of hepatic steatosis refers to the percentage of hepatocytes involved 
by steatosis. Hepatic fibrosis refers to Ishak’s score.
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Figure 3  Number of MS components by transferrin saturation (P = 0.04).   
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HOMA index, and inversely with transferrin saturation 
and hepatic iron indices, but not with serum ferritin 
(Table 3).

By the ROC analysis (Figure 4), we found that the 
presence of  two MS alterations best differentiates HIO 
patients according to HHII (P < 0.0001). Patients with 
0-1 MS components showed a wide range of  HHII 
from low to very high, whereas in patients with two or 
more MS features the HHII was ≤ 0.50 in all but one  
(Figure 5A). Similar findings were observed when 
patients were divided according to the presence of  
steatosis (Figure 5B). In addition, the percentage of  
hepatocytes involved by steatosis inversely correlated 
with HIS (r = -0.52, P < 0.0001) and with the amount of  
iron removed by phlebotomies (r = -0.45, P = 0.0019). 

Table 4 compares iron indices, in patients according 
to the presence of  ≥ 2 components of  MS or steatosis. 
Figure 6 compares the same data in two subgroups: 
patients with a “metabolic phenotype” (+M/+S, 
patients with ≥ 2 MS alterations and hepatic steatosis) 
and patients without (nM/nS, patients with 0-1 MS 
components and absence of  hepatic steatosis). 

Hepatic damage in HIO patients
Data on hepatic damage in HIO patients are summarized 
in Table 1. TIS correlated with fibrosis (r = 0.28, P = 
0.01), but PIS showed the highest correlation (r = 0.51, 
P < 0.0001) and SIS none. Logistic regression modelling 
indicated that PIS, age, HOMA index and presence of  
steatosis independently correlated with hepatic fibrosis 

Table 3  Correlation between number of MS components and 
several parameters in HIO patients 

r P
Age (yr) 0.3        0.0055
Degree of hepatic steatosis (%)   0.57    < 0.0001
HOMA index   0.59    < 0.0001
Transferrin saturation (%)  -0.25       0.0293
Total iron score  -0.33       0.0053
Histological hepatic iron index  -0.53    < 0.0001
Sinusoidal iron score/Total iron score   0.13    > 0.05

Degree of hepatic steatosis refers to the percentage of hepatocytes involved 
by steatosis.
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Number of MS components Hepatic steatosis
0-1 (n  = 34) P ≥ 2 (n  = 47) Absent (n  = 34) P Present (n  = 47)

Transferrin saturation (%)   44 (28-118)    0.0058    36 (21-99)        39 (23-118) > 0.05      39 (21-76)
Total Iron Score 24 (12-46)    0.0008   17 (12-39)    24.5 (12-46)     < 0.0001      16 (12-39)
HHII           0.51 (0.3-1.21) < 0.0001    0.33 (0.2-0.57)         0.43 (0.23-1.1)        0.0004 0.34 (0.19-1.2)
SIS/TIS          0.21 (0.1-0.5)    0.0185    0.25 (0.11-0.4)       0.22 (0.1-0.5)      0.032 0.25 (0.09-0.4)
MS components ≥ 2 - -  11 (32)     < 0.0001 36 (77)
Degree of hepatic steatosis (%) 0 (0-80) < 0.0001  40 (0-98) - -

Table  4 Iron indices in patients according to the presence of ≥ 2 components of MS or steatosis

Data are reported as median (range) or number (%). HHII: Histological hepatic iron index (ratio of TIS to age); SIS/TIS: Sinusoidal/total iron score. Hepatic 
steatosis, absent when ≤ 5% of hepatocytes are involved; present when at least 5% of hepatocytes are involved.   
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(P < 0.0001, P = 0.004, P < 0.0001 and P = 0.04, 
respectively). 

DISCUSSION
In the present study, we evaluated 81 patients with 
hepatic iron overload not explained by known genetic or 
acquired disorders. HIO as expected, patients showed a 
wide range of  variability in the biochemical iron status, 
in hepatic iron deposits and lobular iron distribution, 
and had a variable number of  metabolic alterations 
that are part of  the MS, with or without NAFLD. 
There was an inverse relationship between transferrin 
saturation and sinusoidal iron. Patients with transferrin 
saturation < 45% had a lower amount of  iron overload 
in the hepatocytic and portal compartments than 

patients with increased transferrin saturation, but have 
a proportionally greater amount of  iron in sinusoidal 
compartment as shown by the higher SIS to TIS ratio. 
Accordingly, when compared to HFE-controls, patients 
with transferrin saturation < 45% had higher SIS and 
SIS to TIS ratios (data not shown). These findings 
indicate that, in HIO patients with normal transferrin 
saturation, the mechanism of  hepatic iron accumulation 
is different than that of  the classical HH[1,2] and suggest 
the existence of  macrophage iron retention and an 
iron recycling defect. By contrast, in patients with 
increased transferrin saturation, hepatic iron distribution 
was comparable to that observed in HFE-HH, thus 
supporting the idea that the pathogenetic mechanism of  
iron overload was due to increased iron absorption[22]. 
The strongest identity with HFE-HH was observed 
in patients with the highest transferrin saturation (≥  
60%), suggesting that between 45% and 60% there is a 
grey zone that includes mixed conditions. In addition, 
patients with transferrin saturation ≥ 60% had the same 
prevalence of  hepatic steatosis and of  organ damage 
as HFE-HH, however, none had MS. Thus, transferrin 
saturation can distinguish, among HIO patients, two 
main subgroups with likely different pathogenetic 
mechanisms of  iron overload. 

Another part of  the study concerns the metabolic 
aspects and their relation with serum and hepatic iron 
indices. First, in agreement with the theory that NAFLD 
is the hepatic manifestation of  the MS, we found that 
the number of  MS components correlated with the 
severity of  hepatic steatosis and hyperinsulinemia and 
that 90% of  the patients with the MS had NAFLD[5]. 
Second, we found that the presence of  metabolic 
abnormalities and/or NAFLD was associated with a 
peculiar iron phenotype characterised by a lower hepatic 
iron overload, a more prevalent iron in the sinusoidal 
compartment and a lower transferrin saturation that 
corresponds to the more typical features of  IR-HIO[6]. 
We demonstrated that this phenotype was common in 
patients presenting at least two of  the MS features and in 
the subgroup with ≥ 2 MS abnormalities and NAFLD.  

An inverse relation between steatosis and hepatic 
iron has been previously obser ved and variably 
explained[23-25]. The significant inverse correlation that we 
found between the degree of  steatosis and the amount 
of  iron removed by phlebotomies provides the strongest 
evidence that the higher the percentage of  hepatocytes 
involved by steatosis, the lower the amount of  iron 
accumulation. Recent studies in severely obese patients[26] 
and in an animal model of  insulin resistance[27] suggest 
that obesity or hyperinsulinemia favour the development 
of  iron deficiency. Increased adipocyte hepcidin 
production has been reported in morbid obesity that 
could result in reduced intestinal iron absorption, 
macrophage iron release and eventually in low iron 
stores[26]. Although these findings need to be further 
elucidated and confirmed, they support the hypothesis 
that metabolic abnormalities associated with insulin 
resistance and MS might protect from iron overload. 
Accordingly, in C282Y homozygous patients, obesity (in 
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Figure 6  Distribution of HHII (histological hepatic iron index), transferrin 
saturation and Sinusoidal/Total Iron Score (SIS/TIS) in patients with 0-1 
MS components and absence of steatosis (nM/nS) and patients with 2 MS 
alterations and steatosis (+M/+S).
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females)[28] and hepatic steatosis[29] were associated with 
a decreased transferrin saturation[28] and hepatic iron 
concentration[28,29]. It was suggested that the overweight-
related chronic inflammatory state may increase hepcidin 
production (likely at extrahepatic sites) and partially 
compensates for the defect of  hepcidin synthesis due to 
the HFE mutation[7,28]. We recently found that urinary 
hepcidin levels, although inappropriate for the iron 
overload, were indeed significantly higher in patients 
with dysmetabolic iron overload than in controls[30]. 
Overall, these findings seem to contradict the hypothesis 
that iron overload and metabolic abnormalities are 
linked by a common pathogenetic mechanism in IR-
HIO, unless a hepcidin-resistance state is hypothesized. 
Another possible explanation is that IR-HIO is a 
multifactorial disease that results from the association of  
a mild-moderate, maybe polygenic, defect of  hepcidin 
production and insulin resistance or MS. This may 
explain some of  the features of  the disease: late-onset 
and mild-moderate iron overload tending to a plateau[31]. 
As observed in subjects carrying the low expressing 
C282Y/H63D HFE genotype[32], these patients may 
retain some ability to increase hepcidin production 
in response to iron load that possibly explains their 
slight phenotype. In patients with dysmetabolic iron 
overload, NAFLD and MS might foster hepcidin 
production leading to the typical IR-HIO phenotype. 
Further studies are needed to clarify this issue and the 
role of  dysmetabolisms in dysregulating iron regulatory 
pathways. This is not unimportant considering that 
the dysmetabolic iron overload syndrome is currently 
the most prevalent iron overload disorder in the adult 
population. 

Based on our findings and in the absence of  a clear 
pathogenetic explanation of  IR-HIO, we suggest a more 
strict clinical definition of  this syndrome characterised 
by the presence of  two or more components of  
the MS, hepatic steatosis and normal transferrin 
saturation. Liver biopsy should confirm the presence 
of  steatosis and iron overload with typical involvement 
of  sinusoidal compartment. In fact, in agreement with 
other studies[23,24,33], we showed that  serum ferritin is 
not a reliable index of  iron overload in patients with 
metabolic abnormalities and might overestimate the 
true amount of  hepatic iron overload due to NAFLD-
related hepatocellular damage, local cytokine activation 
or higher mesenchymal iron retention[7]. Noninvasive 
methodologies, such as magnetic resonance (MR) for 
iron quantification, can be an alternative option when 
liver biopsy is not feasible, provided the MR apparatus is 
calibrated and validated[34]. 

Finally, we showed that a number of  HIO patients 
presented a classical hemochromatosis phenotype 
(high transferrin saturation and prevalent hepatocytic 
iron overload). Some of  them, including a few young 
women, had a severe iron overload that lead to clinical 
complications. We had no etiopathogenetic explanation 
for this form of  iron overload, which may represent 
the severe boundary of  a complex trait due to gene-
gene and gene-environmental interactions, or the result 

of  a still undefined major locus defect. Studies aimed 
to clarify the genetic background and the complex 
pathways causing these forms of  unexplained iron 
overload are needed to improve the diagnostic setting of  
iron overload disorders. 

 COMMENTS
Background 
Hepatic iron overload includes a wide spectrum of conditions from mild to 
marked tissue iron accumulation. In some cases the pathophysiology of iron 
accumulation is still obscure. The association of hepatic iron overload and 
metabolic alterations and/or non-alcoholic fatty liver is common in Western 
population. A new syndrome, named Dysmetabolic Hepatic Iron Overload 
or Insulin Resistance Hepatic Iron Overload was described in 1999, based 
on the presence of hepatic iron overload in association with even a single 
metabolic abnormality. These criteria were generous compared to those more 
recently established for the metabolic syndrome. In addition, the pathogenetic 
mechanisms that link insulin resistance and/or steatosis to iron overload are still 
undefined.
Research frontiers 
To characterize clinical, biochemical and histological features of hepatic iron 
overload not explained by known genetic or acquired disorders, including 
the form associated to metabolic alterations. To understand the pathogenetic 
mechanisms of hepatic iron accumulation. To characterize the phenotype of 
the dysmetabolic iron overload syndrome, according to the more recent criteria 
defyining the metabolic syndrome, and the presence of fatty liver disease. 
Innovations and breakthroughs
We demonstrated that patients with hepatic iron overload, not explained by 
known genetic or acquired disorders, need a systematic diagnostic approach, 
including the evaluation of hepatic iron overload and cellular iron distribution. 
We suggested the existence of two main different pathogenetic mechanisms 
leading to forms of unexplained iron overload: an iron recycling defect and an 
increased intestinal iron absorption. We suggested a new, updated definition of 
the dysmetabolic iron overload syndrome. We speculated on the pathogenesis 
of the iron overload syndrome based on our results and current knowledge of 
iron metabolism.
Applications
This study may improve the diagnostic approach in patients with unexplained 
forms of iron overload including the dysmetabolic iron overload syndrome. This 
is not trivial considering that the latter disorder is currently the most prevalent 
iron overload disease in adult population. In addition, our findings indicate 
simple and valid criteria to better classify these forms of iron overload. This 
will be useful: (a) to better understand the etiopathogenesis of these disorders 
and the dysregulation of iron homeostasis in future studies; (b) to better 
address therapeutical strategies, e.g. iron depletion vs treatment of metabolic 
abnormalities and hepatic steatosis.
Peer review 
In this manuscript authors give a different angle to a problem that has interested 
the scientific world recently. The study is well conducted.
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