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Serum ferritin as a biomarker for NAFLD: ready for prime time?
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Abbreviations

ALT Alanine aminotransferase

AST Aspartate aminotransferase

AUROC Area under the receiver operating character-
istic curve

BMI Body mass index

FIB-4 Fibrosis-4 score

HSI Hepatic steatosis index

KNHANES Korean National Health and Nutritional
Examination Survey

NAFLD Non-alcoholic fatty liver disease

NASH Non-alcoholic steatohepatitis

NHANES (US) National Health and Nutritional
Examination Survey

NLFS Non-alcoholic fatty liver disease liver fat
score

TIBC Total iron-binding capacity

ULN Upper limit of normal

Non-alcoholic fatty liver disease (NAFLD), which is closely
associated with type 2 diabetes and obesity [1, 2], is now a
major cause of liver disease in many countries and has con-
tributed to an increase in liver disease-related mortality [3,
4]. According to the most recent practice guidance published
by the American Association for the Study of Liver Diseases
(AASLD) [5], the diagnosis of NAFLD is established by
fulfillment of two criteria: evidence of hepatic steatosis by
either imaging or histology and the exclusion of second-
ary etiologies such as significant alcohol ingestion, use of
a medication known to cause steatosis, or liver disorders
resulting in secondary steatosis such as hepatitis C, Wilson’s
disease, and inborn errors of metabolism. Furthermore, the
differentiation of NAFLD into either non-alcoholic fatty
liver (NAFL) or non-alcoholic steatohepatitis (NASH) can
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only be made on histologic analysis of liver tissue [5, 6].
This distinction is particularly significant as NASH is asso-
ciated with an increased risk of cirrhosis, hepatocellular
carcinoma, and liver-related mortality [1, 2, 4, 7]. The use
of liver biopsy is restricted by cost, risk of complications,
and patient discomfort [8], while diagnostic yield is limited
by sampling variability and physician expertise [9]. There-
fore, there is a need for non-invasive means for diagnosis of
NASH and advanced fibrosis among patients with NAFLD.
Imaging modalities such as ultrasonography, computed
tomography, magnetic resonance imaging, and magnetic
resonance spectroscopy have been reviewed by Lee et al.
[10]. In addition, a number of blood-based tests have been
examined for diagnosis and staging of NAFLD. Two indices
that have demonstrated accuracy for detection of steatosis
are the NAFLD Liver Fat Score (NLFS) and Hepatic Stea-
tosis Index (HSI), components of which include the diagno-
sis of metabolic syndrome, diabetes mellitus, fasting serum
insulin, AST, and AST/ALT ratio [11, 12]. The NLFS has
a sensitivity of 86% and specificity of 71% at a threshold of
—0.640 [11]. The HST has a sensitivity of 66% and specific-
ity of 69% at a cutoff of 36 [12].

Liver fibrosis stage is the strongest predictor for disease-
specific mortality in NAFLD [13]. Other than liver biopsy,
radiologic modalities such as ultrasonography and transient
elastography can be used to assess for fibrosis [14]. The
Fibrosis-4 (FIB-4) score has also been developed as a cal-
culation to assess for liver fibrosis using age, platelet count,
ALT, and AST [7]. A score threshold of 2.67 has shown
a sensitivity of 27% and specificity of 97% for fibrosis in
NAFLD [14].

Ferritin expression is influenced by body’s iron stores,
but also by inflammation, and elevated ferritin levels are
common in NAFLD [15]. In a study of 628 patients enrolled
in the NASH Clinical Research Network (CRN) [16], we
previously showed that a serum ferritin level > 1.5 times the
upper limit of normal (ULN) was independently associated
with an increased risk of advanced fibrosis. Moreover, serum
ferritin > 1.5 X ULN was also found to be associated with
increased likelihood of NASH diagnosis, higher steatosis
grade, lobular inflammation, and hepatocellular ballooning.
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NAFLD, and especially NASH, is associated with increased
levels of serum markers of oxidative damage and necrosis
such as malondialdehyde and cytokeratin 18 (CK18) as well
as decreased levels of the antioxidant thioredoxin-1 [17].
Kupffer cells play a role in liver inflammation and fibro-
sis in NAFLD via the release of cytokines and proteolytic
enzymes, the recruitment of neutrophils and natural killer
cells, and the endocytosis of cell debris [18]. Soluble CD163
(sCD163), a serum marker of Kupffer cell activation, has
been associated with severity of fibrosis in NAFLD and
independently associated with CK18, indicating that apopto-
sis may contribute to macrophage activation [19]. While this
inflammatory cascade has not been linked to iron overload
in NAFLD, markers of iron overload are associated with
sCD163 in severe alcoholic hepatitis [20].

In this issue of Hepatology International, Jung et al. [21]
examine the utility of serum ferritin to identify NAFLD
using data from 25,597 participants in the Korean National
Health and Nutritional Examination Survey (KNHANES).
The population was divided by sex and then divided fur-
ther into quartiles by ferritin levels. The participants in each
subset with NLFS > — 0.640 were considered likely to have
NAFLD. A separate analysis of the population was per-
formed whereby those with HSI > 36 were deemed likely
to have NAFLD. Imaging or liver biopsy was not obtained
as a part of KNHANES. The study found that participants
in the highest quartile of serum ferritin levels were more
likely to have NAFLD, based on NLFS or HSI. The odds
ratio varied from 2.51 to 2.94 based on the index used and on
sex (Fig. 1). Moreover, a rise in serum ferritin of 10 ng/mL
increased the likelihood of NAFLD by 3-10%, varying again
with sex and index used. The association of ferritin levels
was also examined in relation to ALT elevation, defined
as>40 IU/L for males and > 31 IU/L for females. A 10 ng/
mL increase in ferritin was associated with an increased like-
lihood of ALT elevation by 7% in males and 13% in females.

Ferritin Steatosis*

*Men 1.032-1.053
*Women 1.062-1.10°

eIncrease in 10 ng/mL

Fig. 1 Highlighted associations found in the study by Jung et al. The
odds ratios for markers of hepatic steatosis, inflammation, and fibro-
sis separated by sex are listed. * Multivariable-adjusted odds ratios
for hepatic steatosis, as defined by HSI or NLFS. 1 Multivariable-
adjusted odds ratios for hepatic inflammation, as demonstrated by
ALT elevation. § Multivariable-adjusted odds ratios for liver fibrosis,

The odds of ALT elevation in the highest ferritin quartile
were 4.08 for males and 5.72 for females. The study also
examined the relationship between serum ferritin levels and
FIB-4 score as a surrogate for liver fibrosis. An odds ratio
of 9.67 for FIB-4 elevation was found in the highest ferritin
quartile in females and 2.47 among males.

Metabolic syndrome and diabetes mellitus have previ-
ously been shown to associate with serum ferritin elevation
[22]. The highest ferritin quartile was similarly associated
with increased BMI, waist circumference, fasting glucose,
and insulin levels in the current study, along with total cho-
lesterol and triglycerides levels, while HDL cholesterol lev-
els were lower. Alcohol intake was associated with ferritin
levels, but the difference was only 2.6 g/day between the
highest and lowest quartiles, amounting to less than half
of a drink. Higher ferritin quartiles were associated with
increased iron and transferrin saturation, and decreased total
iron-binding capacity (TIBC).

Limitations of the study by Jung et al. should be noted.
Imaging or invasive biopsy was not used to confirm the
presence of NAFLD. The FIB-4 threshold of 2.67 for liver
fibrosis has been examined in NAFLD [14], but FIB-4 in a
general population may range from 0.90 to 4.5 [23]. While
alcohol use was surveyed by KNHANES, medication his-
tory and pre-existing liver disease could not be included in
the analysis. Furthermore, the authors did not examine the
utility of isolated ferritin elevation to predict NAFLD as
determined by NLFS or HSI.

This important study of a national population cohort con-
firms that elevated serum ferritin is associated with non-
invasive markers for NAFLD. Moreover, it demonstrates
an association between the degree of ferritin elevation and
likelihood of ALT elevation. The analysis also suggests
that higher ferritin levels may indicate hepatic fibrosis. The
strength of these findings lies in the size of the cohort, which
is 25,597 participants. Given these results, in the clinical

Inflammationf Fibrosisi
*Men 1.07 *Men 1.05
eWomen 1.13 *Women 1.07

as defined by FIB-4 > 2.67. 'Top quartiles in this study are the fol-
lowing ranges of ferritin levels. In males: 147.12-966.4 ng/mL, in
females: 64.51-969.06 ng/mL. 2For calculation of these odds ratios,
hepatic steatosis was defined by HSI > 36. *For calculation of these
odds ratios, hepatic steatosis was defined by NLFS > -0.640
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setting, measurement of ferritin may be considered to assess
for risk of NAFLD in otherwise equivocal cases.

Additional long-term studies are warranted to evaluate the

relationship between serum ferritin levels and complications
of liver disease such as hepatocellular carcinoma and liver-
related mortality. Further elucidation of the pathophysiol-
ogy of iron overload and inflammation in NAFLD may also
identify targets for therapy.
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