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INTRODUCTION

SUMMARY

Objective: In liver diseases, hyperferritinemia (HYF) is related to injured cells in
acquired and genetic conditions with or without iron overload. It is frequent in
patients with nonalcoholic fatty liver disease (NAFLD), in which it is necessary
to define the mean of HYF to establish the better approach for them. The present
study evaluated the significance of elevated ferritin in patients with NAFLD and
steatohepatitis (NASH).

Method: The review was performed using search instruments of indexed scientific
material, including MEDLINE (by PubMed), Web of Science, IBECS and LILACS,
to identify articles published in Portuguese, English and Spanish, from 2005 to
May, 2016. Studies eligible included place and year of publication, diagnose
criteria to NAFLD, specifications of serum ferritin measurements and/or liver
histopathologic study. Exclusion criteria included studies with patients with
alcohol consumption > 20 g/day and other liver diseases.

Results: A total of 11 from 30 articles were selected. It included 3,564 patients
and they were cross-sectional, retrospective, case series and case-control. The result’s
analyses showed in 10 of these studies a relationship between ferritin elevated
serum levels and NAFLD/NASH with and without fibrosis and insulin resistance.
Conclusion: Hyperferritinemia in patients with NAFLD/NASH is associated
more frequently with hepatocellular injury than hemochromatosis. These data
suggest the relevance to evaluate carefully HYF in patients with NAFLD/NASH
to establish appropriate clinical approach.
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and hemochromatosis,>* which may have multiple mean-

An association between serum ferritin levels and severity
of hepatocellular aggression has been observed in patients
with nonalcoholic fatty liver disease (NAFLD) and meta-
bolic syndrome."?

NAFLD is the most common cause of liver disease
today. The spectrum includes steatosis and steatohepa-
titis (nonalcoholic steatohepatitis, NASH) with increased
potential for fibrosis, cirrhosis and hepatocellular carci-
noma, and is often associated with increased cardiovas-
cular risk. It is also the hepatic manifestation of meta-
bolic syndrome (MetS), with insulin resistance (IR) as a
determining factor in its pathophysiology.?

NAFLD has a pathophysiological relationship with
hyperinsulinemia, proatherogenic state, and changes in
iron metabolism evidenced by hyperferritinemia (HPF)

ings in these patients, since iron accumulation triggers
formation of free radicals and damage to cellular func-
tion.® In addition, there is iron influence on glucose me-
tabolism, acting as a modulator of insulin secretion by
pancreatic B cells.”

The study of iron metabolism through ferritin dos-
ages, total iron binding capacity and transferrin satura-
tion index is based, initially, on easily investigated serum
dosages. Serum dosages may lead to exams or proce-
dures aimed at establishing adequate therapeutic plans
and prognosis, avoiding invasive procedures without
relevant indication.

Ferritin is an intracellular protein present in all cells
involved in iron metabolism, being responsible for the
stock of this mineral. It is also an acute phase protein.®’
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Normal values vary according to ethnicity, age and gender.
However, values above 200 mg/dL for women and 300
mg/dL for men have been considered as HPF.

Elevation of serum ferritin may occur in hereditary
hemochromatosis, inflammation, liver disease caused by
hepatitis B and C virus, and alcoholic liver disease.!! Our
literature review assessed HPF in NAFLD, considering
that it can have multiple meanings and that correct in-
terpretation is necessary to guide appropriate clinical
conducts for patients with this type of liver disease.

MEeTtHOD

Articles published in Portuguese, English and Spanish in
the last 10 years, until May 2016, were selected from
sources such as MEDLINE (PubMed), Scielo and LILACS
databases. The following keywords were used in the search
for articles: nonalcoholic fatty liver disease, steatosis, ste-
atohepatitis and hyperferritinemia. The articles were eli-
gible when they informed date and place of publication,
diagnostic criteria for NAFLD, serum ferritin dosage
specifications and histopathological study of the liver.
Articles that included patients with a history of alcohol
intake greater than 20 g/day and patients with other
chronic liver diseases, such as those caused by alcohol
consumption, hepatitis B and C virus, autoimmune hep-
atitis, and hereditary hemochromatosis, were excluded.

ResuLts
Analysis of selected articles
We selected 11 of 30 articles, including cross-sectional,
retrospective, case series and case-control studies. Nineteen
articles were excluded because they evaluated patients
with other liver diseases, or because they did not mention
the method for the diagnosis of NAFLD or serum ferritin
dosage specifications. Most of the selected studies were
conducted in European countries, with samples varying
from 37 to 1,014 patients, totaling 3,564 participants. In
10 articles, there was a correlation between ferritin chang-
es and NAFLD/NASH with and without hepatic fibrosis,
and insulin resistance. Table 1 shows the main studies.
A correlation between HPF and liver changes in patients
with NAFLD/NASH was assessed in these studies. Yoneda
et al.'? evaluated serum ferritin dosages, the presence of
HFE gene mutations, and insulin resistance in 86 Japanese
patients and 20 controls. Study participants had NAFLD
on histopathological examination of the liver (24 patients
with steatosis and 62 patients with NASH). Higher HPF
levels were observed in patients with NASH included in
those who did not present HFE gene mutation. An asso-
ciation between serum ferritin levels and presence of insu-

lin resistance was also found. This study chose individuals
with well-established diagnosis of NASH through the
histological evaluation performed based on Brunt et al.
criteria.’? It is important to highlight that the diagnosis
of obesity in Japan is considered a body mass index (BMI)
> 25 kg/m* Mean serum ferritin (in ng/dL) differed between
the groups with hepatic steatosis and NASH (164 +/- 95.5
vs. 278.6 +/- 156.3, p=0.006) as well as in the comparison
between healthy individuals, patients with steatosis and
patients with NASH (p<0.001). To assess the accuracy of
ferritin levels in NASH, the ideal cutoff point was 196 ng/
mL (95CI0.596-0.856, p=0.005), with sensitivity of 64.2%,
specificity of 76.5%, positive predictive value of 88.9% and
negative predictive value of 43.1%. The only significant
correlation while investigating IR was between HPF and
HOMA-IR (r=0.240, p=0.0487). They concluded, therefore,
that iron overload, IR and oxidative DNA damage correlate
in individuals with NASH, and that HPF was the distin-
guishing characteristic among patients with NASH, repre-
senting the most frequent marker of hepatocellular aggres-
sion regardless of the presence of mutation in the HFE gene.

Kowdley et al.® observed that HPF is common in pa-
tients with NAFLD, and it also increases in inflammatory
processes or with increased iron stocks. They studied 628
patients with NAFLD, evaluating serum levels of ferritin.
Increases above 1.5 times the upper limit in this method
were associated with males, with decreased platelet count
and increased transaminases, and independently with ad-
vanced hepatic fibrosis (OR 1.66, 95CI 1.05-2.62, p=0.028)
and increased NAS (NAFLD activity score) (OR 1.99, 95CI
1.06-3.75, p=0.033). They observed increased NAS score in
subjects without hepatic iron deposition, and suggested
that ferritin may be useful in identifying NAFLD in patients
at risk for NASH and advanced fibrosis.

Manousou et al.,'! in search for a diagnostic method
for NASH or method of patient selection for liver biopsy,
evaluated the relation between high ferritin levels and MetS
characteristics versus the presence of inflammation or fi-
brosis in patients with NAFLD. They studied 111 patients
and classified NAFLD in liver biopsy specimens using the
Kleiner scoring system.!! With a median age of 52.6 years,
they included individuals of both sexes and patients with
other comorbidities. There was a difference between the
steatosis and NASH groups for serum ferritin (p=0.0001),
diabetes mellitus (DM) (p=0.001), BMI (p=0.0001) and
aspartate transaminase (p=0.002) in this sample. The au-
thors observed that serum ferritin is strongly associated
with portal (p=0.043) and lobular (p=0.009) inflammation,
with sensitivity of 91% and specificity of 70% to identify
the presence of inflammation or fibrosis in patients with

Rev Assoc Mep Bras 2017; 63(3):284-289

285



Barros RK T AL,

TABLE 1 Studies evaluating the relation between hyperferritinemia and NAFLD/NASH.

Authors Year N Population HPF/NASH associated

Brudevold et al.’” 2008 40 Patients with HPF was related to increased levels of C-peptide (p<0.002) and age (p<0.002),

hyperferritinemia as well as IR

Yoneda et al."? 2010 106 Patients with NAFLD HPF is associated with NASH (p=0.006) and correlated with HOMA-IR (r =0.212,
p=0.048). Ideal ferritin cutoff point at 196 ng/mL (95Cl 0.596-0.856, p=0.005)

Manousou et al.”! 2011 111 Patients with NAFLD HPF is associated with NASH (p=0.0001), portal (p=0.043) and lobular
(p=0.009) inflammation, and AST (p=0.002)

Williamson et al.’® 2011 939  Patients with MetS Associated features of MetS can be used as screening for NAFLD/NASH

Zimmermann etal.'® 2011 37 Patients with MetS Higher insulinemia, C-peptide and IR in patients with NASH x non-NASH
(p=0.034; 0.032 and 0.04)

Adams and Barton™ 2011 _ Patients with Serum ferritin has widely fluctuating values when associated with NASH/NAFLD

hyperferritinemia

Kowdley et al.® 2012 628  Patients with NAFLD Ferritin > 1.5 times the ULN was independently associated with advanced
hepatic fibrosis (OR 1.66, 95CI 1.05-2.62; p=0.028) and increased NAS score
(OR1.99, 95CI1 1.06-3.75, p=0.033)

Nakajima et al." 2012 60 Patients with NAFLD Steatosis/NAFLD correlates positively with area of visceral (r=0.321, p=0.0001)
and subcutaneous (r=0.349, p<0.01) fat, and negatively with age (r=0.509,
p<0.0001)

Chandok et al.? 2012 482 Patients with NAFLD Mean serum ferritin was similar in subjects with steatosis, NASH or cirrhosis
(223.9x 240.7 x 271.3, p=0.84)

Angulo et al! 2014 1,014  Patients undergoing HPF correlates positively with the severity of fibrosis (p<0.001), with less

liver biopsy accuracy in patients with NAFLD

Cippaetal’ 2014 147 Patients with Only ferritin > 2,000 mg/L predicts iron overload, and ferritin/AST ratio is a

hyperferritinemia

predictor of tissue iron overload with sensitivity of 83.3% and specificity of 78.6%

ULN: upper limit within normal range; HPF: hyperferritinemia; NAS/NAFLD activity score; MetS: metabolic syndrome; IR: insulin resistance; NAFLD: nonalcoholic fatty liver disease; NASH: nonal-

coholic steatohepatitis; AST: aspartate transaminase.

NAFLD. It is therefore a marker that allows to discriminate
patients who must undergo liver biopsy, pointing out any
association with inflammation and fibrosis.

Angulo et al.! assessed the accuracy of serum ferritin
and its association with noninvasive scores (NAFLD fi-
brosis score, BARD, APRI and FIB-4) to determine the
presence and severity of liver fibrosis. They retrospec-
tively studied 1,014 patients undergoing liver biopsy and
concluded that serum ferritin levels identify fibrosis with
16-41% sensitivity and 70-92% specificity, and correlate
positively with fibrosis severity (p<0.001). However, they
also observed that when applied alone, ferritin is less
accurate in patients with NAFLD. In addition, the ac-
curacy of noninvasive scores to indicate patients with
advanced fibrosis did not increase when added to HPF.
They concluded that serum ferritin cannot be used to
diagnose the presence or severity of hepatic fibrosis, al-
though normal or slightly increased ferritin may exclude
such diagnostic possibility.

Adams e Barton'* noted that HPF is typically stable
over time in patients with inherited clinical conditions

such as hemochromatosis, hereditary hyperferritinemia-

-cataract syndrome and in certain racial groups, whereas
serum ferritin levels are widely fluctuating when induced
by alcohol or associated with NASH/NAFLD.

Chandok et al.”* studied 482 patients, but only 108
of these subjects underwent histological or radiological
investigation and had liver abnormalities compatible with
NAFLD. They found that AST/ALT ratio, DM, spleno-
megaly and age were predictors of the NAFLD stage. Mean
serum ferritin was similar in subjects with steatosis, NASH
or cirrhosis (223.9 x 240.7 x 271.3, p=0.84), suggesting
that HPF magnitude does not allow conclusions about
the stage of the liver disease, but is simply higher in most
patients with NAFLD.

Cippa et al.” analyzed 147 patients with HPF who
underwent liver biopsy due to suspicion of liver disease.
These authors suggest that HPF is only a predictor of
hemochromatosis in cases above 2,000 mg/L. They also
suggest that the elevated ferritin/AST ratio can be a pre-
dictor of hepatic iron overload. The sensitivity for these
tests was 83.3% and the specificity of 78.6%.
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Some studies have suggested associations between
MetS and NAFLD/NASH. They include the work of Zim-
mermann et al.,'® who studied the lipid, glycemic and
iron metabolism profiles of 37 individuals with MetS, 25
of whom were diagnosed with NASH. The authors ob-
served that NASH patients had higher insulinemia, serum
C-peptide and IR levels compared to non-NASH (p=0.034,
p=0.032 and p=0.04), whereas NASH with grade 2 and
3 steatosis had higher LDL-cholesterol compared to pa-
tients with grade 1 steatosis (p=0.002), non-NASH
(p=0.03) and healthy controls (p=0.001). These results
suggest the relation of NASH with inflammation, altered
carbohydrate metabolism and atherogenic profile.

Brudevold et al.'” assessed the relationship between
MetS and HPF in 40 patients consecutively referred for
investigation of this disorder in 2001. Among the 29 sub-
jects who underwent hepatic biopsy, 19 had steatosis and
four had iron overload; 52% met criteria for MetS accord-
ing to IDF criteria. They observed that HPF was related
to increased levels of C-peptide (p<0.002) and age
(p<0.002), as well as to IR.

Williamson et al.,'® studying DM2 as a risk factor for
the development of hepatic steatosis and NAFLD in a
cohort of 939 participants aged 61-76 years in Edinburgh,
state that the combination of characteristics of MetS can
be used as screening for NAFLD/NASH. Randomized
through ultrasonography, they found hepatic steatosis
in 56.9% and NAFLD in 42.6%. Independent predictors
included: BMI, decreased duration of DM, glycosylated
hemoglobin, triglycerides and use of metformin.

Lastly, Nakajima et al.”” studied 60 patients diagnosed
with NAFLD. Based on the assumption that hepatic ste-
atosis is a result of excess visceral fat and represents the
starting point in the pathogenesis of NASH, they dem-
onstrated that the degree of steatosis/NAFLD correlates
positively with the area of visceral (r=0.321, p=0.0001)
and subcutaneous (r=0.349, p=<0.01) fat, and negatively
with age (r=0.509, p<0.0001).

Discussion

In the present review of the literature we observed differ-
ent selection criteria and methods among the articles,
which makes it difficult to compare the results.

HPF has been correlated in many articles with the
highest risk of liver fibrosis, especially in patients with
NAFLD. Hepatocellular aggression is the most frequent
cause of increased HPF in patients with NAFLD/NASH.
It is clear that metabolic alterations such as hyperinsu-
linemia, dysglycemia, dyslipidemia and insulin resistance

aggravate the clinical picture and progression of NAFLD.
These studies stress the necessary care in interpreting HPF.

Ferritin is an acute phase protein that increases in
the presence of systemic inflammation, commonly re-
lated to obesity, diabetes and metabolic syndrome. It
plays an important role in the storage of intracellular
iron and is present in several cell types. Serum levels
are often high in individuals with chronic and daily
consumption of alcoholic beverages and other chronic
liver diseases, such as hepatitis caused by viruses B and
C. Increased ferritin may be observed in acute or drug-
-induced hepatitis, neoplastic, hematological, and oth-
er diseases.”1119-22

Serum ferritin dosage is a simple, low-cost labora-
tory test, which may be a good marker of hepatocellular
aggression and liver fibrosis in the selection of patients
who will actually require hepatic biopsy.

We have observed in several studies included in this
review that ferritin may be an independent predictor of
inflammation and liver fibrosis, and may contribute to
the decision to perform biopsy in individuals clinically
diagnosed with NAFLD.»#7

It has been proposed that the sum of the HPF, BMI,
DM and AST variables can predict the risk of NASH with
sensitivity of 92% and specificity of 80% as well as severe
fibrosis.?*?” Nevertheless, it was observed that noninvasive
scores have diagnostic accuracy to distinguish between
the presence or absence of advanced fibrosis, which did
not increase with the addition of ferritin as a variable.!

Cippa et al. considered HPF as a predictor of hemo-
chromatosis only for values above 2,000 mg/L.?* Angulo
et al. showed that ferritin correlates positively with fibro-
sis severity but cannot be used to diagnose the presence
or severity of liver fibrosis.!

The manifestations of MetS are influenced by vis-
ceral adiposity (VA), but unlike hyperinsulinemia and
IR, VA does not determine greater severity of liver dam-
age in patients with NAFLD. In contrast, adiponectin,
an insulin-sensitizing adipokine characteristically de-
creased in obesity, is an independent risk factor for
NAFLD. Nevertheless, the option of screening and mon-
itoring of NASH and hepatic fibrosis should not be dif-
ferentiated in lean individuals.'?2728

There is controversy regarding the results of phle-
botomy to eliminate excess iron. Some believe that there
is no improvement in steatosis, liver damage or IR.*’ In
another line of reasoning, it is suggested that iron deple-
tion allows a more relevant improvement of liver enzyme
levels and histological changes present in NAFLD.**
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Out of 11 studies evaluated in our review, the only
discordant one regarding the interpretation of HPF was
that by Chandok et al.? In the article, HPF was similar in
patients with steatosis, NASH or cirrhosis. We speculate
whether this finding could be justified by the fact that
only 19.3% of the participants in this study were evalu-
ated by liver biopsy and histological analysis.!s All other
studies agree on the existence of an association between
HPF and NASH with severe liver fibrosis.

It has been observed that in patients with NAFLD,
insulin resistance is frequently present and associated
with HPF, a clinical expression of hepatocellular inflam-
mation. In contrast, less frequent and late iron overload
is associated with oxidative DNA damage.'**! Thus, the
association between HPF and NASH with severe hepatic
fibrosis has implications for the diagnosis and clinical
follow-up of patients with NAFLD/NASH.?

ConcLusIoN

Hyperferritinemia in patients with NAFLD/NASH is as-
sociated more frequently with hepatocellular aggression
than with iron overload. The results of our review suggest
the need for greater caution while interpreting serum
ferritin elevation in patients with NAFLD/NASH to de-
termine appropriate clinical management.
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REesumo

Hiperferritinemia em pacientes com doenca hepdtica
gordurosa nio alcodlica

Objetivo: A hiperferritinemia (HPF) estd associada a
agressdo hepatocelular nas doencas do figado e 4 sobre-
carga de ferro, em doencas genéticas e adquiridas. A HPF
é frequente em pacientes com doenga hepdtica gorduro-
sa ndo alcodlica (DHGNA) e é necessario definir seu
significado para estabelecer as melhores condutas para
esses individuos. Esta revisdo avaliou o significado da
HPF em portadores de DHGNA e esteato-hepatite nio
alcodlica (EHNA).

Método: A busca de artigos foi realizada através do Pu-
bMed (Medline), Web of Science e Lilacs, e foram sele-
cionados aqueles publicados em portugués, inglés e es-
panhol de 2005 a maio de 2016. Os artigos foram
elegiveis quando informavam data e local da publicacio,
critérios diagndsticos para DHGNA, especifica¢des das
dosagens de ferritina sérica e/ou estudo histopatolégico.

Foram excluidos os artigos cujos pacientes relataram
ingestdo alcodlica > 20 g/dia ou eram portadores de
outras doencas do figado.

Resultados: Foram selecionados 11 de 30 artigos, tota-
lizando 3.564 pacientes. Os artigos eram de corte trans-
versal, retrospectivos, série de casos e caso-controles. Em
dez artigos, observou-se correlagdo entre alteracio de
ferritina e DHGNA/EHNA com e sem fibrose hepdtica e
resisténcia a insulina.

Conclusdo: Hiperferritinemia em pacientes com DHGNA/
EHNA se associa com maior frequéncia a agressdo hepa-
tocelular do que com sobrecarga de ferro hepético. Os
resultados da revisdo sugerem a necessidade de um maior
cuidado na interpretacio da elevacio da ferritina sérica
em pacientes com DHGNA/EHNA para o estabelecimen-
to de condutas clinicas apropriadas.

Palavras-chave: doenca hepdtica gordurosa nio alcodli-
ca, esteatose, esteato-hepatite, hiperferritinemia.
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