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Abstract
Background and Aim: Many studies have found a relationship between hepatic iron,
serum ferritin, and non-alcoholic fatty liver disease (NAFLD) or its progress. The aim
of this study is to assess the value of serum ferritin as a non-invasive marker in the
prediction of hepatic fibrosis in NAFLD.
Methods: This study included 113 subjects who were classified into three groups.
Group I included 30 healthy subjects as control with no clinical, radiological, and his-
tological features of NAFLD. Group II included 31 NAFLD patients without hepatic
fibrosis. Group III included 52 patients with hepatic fibrosis on top of NAFLD.
Results: Serum ferritin was determined using ferritin ELISA kit. Fibrosis 4 score was
calculated. Liver biopsy was conducted for included patients. Significantly higher
levels of serum ferritin were found in patients with hepatic fibrosis on top of NAFLD
than controls. Receiver operating characteristic curve analysis revealed that an opti-
mum cutoff level of 51.95 ng/mL was the best to predict fibrosis on top of NAFLD
with diagnostic sensitivity and specificity of 65% and 60%, respectively, and area
under the curve = 0.658.
Conclusion: Higher serum ferritin was found in patients with hepatic fibrosis on top
of NAFLD. Serum ferritin was found to be a predictor of fibrosis on top of NAFLD
with moderate sensitivity and specificity.

Introduction
Fatty liver or hepatosteatosis is characterized histologically by
the accumulation of triglycerides within the cytoplasm of the
hepatocytes1 and refers to the fat accumulation in the liver
exceeding 5–10% by weight.2

When hepatosteatosis is present in the absence of exces-
sive alcohol consumption, it is termed non-alcoholic fatty liver
disease or NAFLD, which is considered the hepatic manifestation
of the metabolic syndrome, a constellation of frequent abnormali-
ties involving insulin resistance, visceral obesity, diabetes, hyper-
tension, and other additional factors.1

NAFLD encompasses a spectrum of disorders ranging
from simple steatosis to inflammatory steatohepatitis (NASH),
with increasing levels of fibrosis that can progress to liver cirrho-
sis, portal hypertension, and hepatocellular carcinoma.3 Of those
who develop NASH, about 20% of patients will develop cirrho-
sis during their lifetime.4 Therefore, a diagnosis of NASH and
early hepatic fibrosis may result in a more aggressive therapeutic
approach toward the metabolic risk factors.5

The diagnosis of NAFLD needs the confirmation of
hepatic steatosis based on either imaging studies or liver biopsy,
together with the clinical exclusion of individuals who regularly

consume >20 g of ethanol per day.4 The diagnosis of NAFLD
should be strongly suspected in the presence of features such as
obesity, diabetes and obstructive sleep apnea or patients with
asymptomatic and persistent elevation of aminotransferase, radio-
logical finding of fatty liver and unexplained persistent hepato-
megaly. Alternative diagnoses should be excluded by the history
and serological testing, including the viral hepatitis, hemochro-
matosis, autoimmune liver disease, alpha-1 antitrypsin defi-
ciency, Wilson’s disease, and drug-induced liver dysfunction.5

In the clinical setting, there is still no consensus about
whether liver biopsy is required to confirm a diagnosis of
NAFLD.6 Due to the many potential errors, due to sampling,
inter/intra-observer variability, biopsy is the “best” not the “gold”
standard for diagnosis.6

Recently, hepatic iron overload and its correlation with
chronic liver disease have been considered.7 With a recent pro-
gress in understanding iron metabolism, accumulating evidence
suggests a link between altered iron metabolism and NAFLD. In
the last decade, many studies have found a relationship between
hepatic iron, serum ferritin, and NASH or its progress.8,9

This study was designed to assess the relation between
serum ferritin and hepatic fibrosis on top of NAFLD.
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Patients and methods
This case–control study was conducted at the Ain Shams Center
for Organ Transplant (ASCOT), the Internal Medicine Depart-
ment, the Tropical Department, at Ain Shams University and
Specialized Hospitals, Cairo, Egypt, after approval from the
Research and Ethics Committee of the Faculty of Medicine, Ain
Shams University was obtained in accordance with local research
governance requirements. All procedures conducted in studies
involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. Informed consent was obtained
from all individual participants included in the study. This study
is registered at https://clinicaltrials.gov/ct2/show/study/
NCT02330731?show_desc=Y#desc and the registration identifi-
cation number is NCT03250572.

Inclusion criteria: Patients with NAFLD with or without
hepatic fibrosis. The patients and controls were collected from
the ASCOT, Ain Shams Specialized Hospital, from donors for
living-related liver transplantation, for whom liver biopsy was
routinely conducted. Liver biopsies were also carried out for
patients with clinical and radiological evidence of NAFLD with
elevated liver enzymes in Ain Shams University Hospital.

Exclusion criteria: Patients with medical history, clinical
or laboratory evidence of any other liver diseases, such as alco-
holic or viral hepatitis, schistosomiasis, autoimmune hepatitis,
drug induced hepatitis, hereditary liver disease, and those with
decompensated liver cirrhosis.

This study included 113 patients who were classified into
three groups:

• Group I included 30 healthy subjects enrolled as control with
no clinical, radiological, or histological features of hepatic
steatosis in the liver biopsy.

• Group II included 31 patients with hepatic steatosis ≥5%, with
no histological evidence of hepatic fibrosis in the liver biopsy.

• Group III included 52 patients with hepatic fibrosis on top of
NAFLD evidenced in liver biopsy.

All patients and healthy controls were subjected to the
following:

• Complete medical history and clinical examination, including
abdominal examination, waist circumference measurement,
and body mass index (BMI).

• Laboratory assessment: Venous blood (8 mL) was withdrawn
aseptically into a sterile disposable syringe from each patient
and control, where 2 mL was placed in EDTA Vacutainer for
conducting complete blood count (CBC), 2 mL of blood was
collected on citrate for prothrombin time (PT) and interna-
tional normalized ratio (INR) determination, and 4 mL was
collected in two plain Vacutainers to be clotted and centri-
fuged (1500 g for 15 min) for the measurement of biochemical
markers, including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), bilirubin, albumin, creatinine, blood
urea nitrogen (BUN), and serum ferritin. The laboratory work
was conducted at Clinical Pathology Department.

• CBC was done using Coulter counter (T660) (Beckman Coul-
ter, Inc., Brea, CA, USA).

• AST, ALT, bilirubin, albumin, creatinine, and BUN were mea-
sured on Synchron CX9 autoanalyzer (Beckman Instruments
Inc.; Scientific Instruments Division, Fullerton, Brea City,
CA, USA).

• PT and INR were determined on Diagnostica Stago (Asnieres,
France)

• Full lipid profile, including total cholesterol, triglycerides,
high-density lipoprotein (HDL), and low-density lipoprotein
(LDL), was analyzed using Beckman Coulter AU480 System
(Beckman Coulter, Inc., Brea, CA, USA).

For exclusion of other liver diseases, viral markers, includ-
ing hepatitis B surface antigen (HBsAg) and hepatitis C virus
antibody (HCVAb), were tested using qualitative third-generation
enzyme linked immunosorbent assay (ELISA) method.

Autoimmune markers, including antinuclear antibody
(ANA) and antismooth muscle antibody (ASMA), were analyzed
using indirect immunofluorescence technique. Bilharzial anti-
bodies were examined using ELISA. Serum and urinary copper
were measured using an atomic absorption spectrophotometry by
Perkin Elmer Instruments Analyst 800 atomic absorption device.
Ceruloplasmin was measured using the photometric method with
an RA-1000 autoanalyzer.

Serum ferritin levels were determined for all samples using
ferritin quantitative test kit based on a solid-phase ELISA. Serum
samples were obtained under complete aseptic technique. They
were collected in serum separator tube (SST) and were left to clot
for 30 min at room temperature before centrifugation for 15 min
at 1000×g. Serum was removed, aliquoted, and stored at ≤−20�C.
Repeated freeze–thaw cycles were avoided. Reference ranges
were 20–300 ng/mL for adult male, 10–100 ng/mL for premeno-
pause female, and 20–200 ng/mL for postmenopause female.

Abdominal ultrasound was conducted using a Toshiba
Aplio XV scanner (Toshiba, Japan) equipped with a broadband
2.5–5 MHz curved array probe to assess the presence of liver
steatosis (bright liver), which was defined and graded as follows:
(i) a diffuse hyperechoic echo texture (bright liver); (ii) increased
liver echo texture compared with the kidney; (iii) vascular blur-
ring; and (iv) deep attenuation. Steatosis was graded using this
semiquantitative scale from 1 to 4. Fibrosis, when present with
noticeable steatosis, was identified by a coarse echo pattern.
Therefore, the grade fibrofatty indicated the presence of a bright
liver, with a coarse texture.

Ultrasound-guided liver biopsy and histopathologic
examination: Ultrasonography-guided liver biopsies were con-
ducted under conscious sedation using a 16-gauge Klatskin needle.
The length of the histological specimens was no less than 2.5 cm.

The histological examination of liver biopsy was conducted
by the same pathologist. The samples were fixed in 10% neutral-
buffered formalin, embedded in paraffin blocks, and then cut into 5-
μm-thick sections and stained with hematoxylin and eosin. They were
examined under a light microscope for histopathologic evaluation.
Grading and staging of steatosis, microinflammation and fibrosis were
done. Steatosis was graded on a scale from 0 to 3, where 0 = no stea-
tosis, 5–33% = S1, 34–66% = S2, and >66% S3. Fibrosis staging
was graded on a scale from 0 to 4, where 0 = no fibrosis and 4 = cir-
rhosis, as per the classification of Brunt et al.10,11

Fibrosis 4 score (FIB4) was measured for all patients
using the equation:
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Table 1 Comparison between groups I, II, and III as regards laboratory investigations

Variables Group ANOVA P value Post hoc test

I II III
Mean � SD Mean � SD Mean � SD

Total cholesterol 161.00 � 21.51 180.84 � 27.62 171.75 � 45.06 2.364 0.099 (1,2)*
TG 78.27 � 31.91 112.10 � 52.13 99.21 � 53.80 3.794 0.026* (1,2)*
HDL 97.13 � 23.51 112.48 � 25.64 107.85 � 36.84 2.008 0.139
LDL 48.10 � 12.93 45.68 � 13.23 45.37 � 10.90 0.521 0.596
FBS 86.10 � 9.68 100.65 � 29.88 103.25 � 54.58 1.788 0.172
2hPP 91.70 � 19.45 118.32 � 71.42 116.15 � 65.47 2.035 0.136
HbA1c 4.82 � 0.52 5.31 � 1.40 5.24 � 1.27 1.689 0.190
AST 20.57 � 5.31 20.32 � 4.67 26.83 � 15.46 4.609 0.012* (1,3) *, (2,3)*
ALT 22.27 � 10.51 22.39 � 11.41 24.17 � 22.79 0.157 0.855
Total bilirubin 0.60 � 0.31 0.59 � 0.26 0.55 � 0.28 0.432 0.650
Direct bilirubin 0.19 � 0.10 0.18 � 0.08 0.19 � 0.15 0.008 0.992
Albumin 4.44 � 0.34 4.47 � 0.47 4.43 � 0.52 0.075 0.928
Creatinine 0.74 � 0.14 0.85 � 0.18 0.83 � 0.26 2.214 0.114
Alkaline ph. 61.37 � 21.36 76.42 � 24.11 73.14 � 23.64 3.654 0.029* (1,2)*, (1,3)*
HB 14.23 � 1.17 13.94 � 1.48 14.00 � 1.57 0.344 0.709
TLC 5.82 � 1.93 6.91 � 1.87 6.88 � 2.25 2.951 0.056 (1,2)*, (1,3)*
Platelets 224.57 � 55.15 242.97 � 56.28 232.65 � 72.96 0.630 0.535

*Statistically significant at P < 0.05.
2hPP, 2 hours postprandial blood sugar; Alkaline Ph., alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBS,
fasting blood sugar; HB, hemoglobin; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; TLC,
total leucocytic count.
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Interpretation:

• FIB4 < 1.45 exclude hepatic fibrosis.
• FIB4 > 1.45 < 3.25 ranging from mild to moderate (F1–F2)

hepatic fibrosis.
• FIB4 > 3.25 advanced fibrosis (F3–F4).

The results of different parameters were statistically
analyzed.

Statistical analysis. The data collected were revised, coded,
tabulated, and introduced to a PC using Statistical Package for
Social Sciences (IBM SPSS version 20.0; Chicago, IL, USA).
Data were presented, and a suitable analysis was carried out as per
the type of data obtained for each parameter. Data were described
as mean � SD, range for parametric numerical data, and as fre-
quency and percentage for non-numerical data. ANOVA test was
used to assess the statistical significance of the difference of a
parametric variable between means of more than two study
groups. Chi-square test was used to examine the relationship
between two qualitative variables, while Fisher’s exact test was
used when the expected count is less than five in more than 20%
of the cells. Pearson’s correlation coefficient (r) was used as a
measure of the strength of a linear association between two quanti-
tative variables. Receiver operating characteristic (ROC) curve
analysis was carried out to test the diagnostic performance of a test
or the accuracy of a test to discriminate diseased cases from

normal cases. In a ROC curve, the true-positive rate (sensitivity) is
plotted in function of the false-positive rate (100-specificity) for
different cutoff points of a parameter. Each point on the ROC
curve represents a sensitivity/specificity pair corresponding to a
decision threshold. The area under the ROC curve (AUC) is a
measure of how well a parameter can distinguish between two
diagnostic groups (diseased/normal). Logistic regression analysis
was conducted to find out significant predictors for the occurrence
of NAFLD and fibrosis in the studied patients. Level of signifi-
cance: P value > 0.05 is non-significant (NS), P ≤ 0.05 is signifi-
cant (S), while P ≤ 0.01 is highly significant (HS).

Results
The mean ages of the studied groups were 28.03 � 6.99,
29.94 � 9.27, and 32.92 � 12.66 for groups I, II, and III, respec-
tively, with no significant difference between them regarding the
age and sex. Thirty-seven (71.2%) of group III patients had F1
stage of hepatic fibrosis, 5 (9.6%) had F2 stage, and 10 (19.2%)
had F3 stage. Twenty-five (80.6%) of group II patients had steato-
sis from 5 to 32%, and 6 (12%) had steatosis from 33 to 66%.
Forty (76.9%) of group III patients had steatosis from 5 to 32%,
and 12 (23%) had steatosis 33–66%. No patients in both groups
had steatosis >66%, with an insignificant difference between both
groups regarding grade of steatosis.

There was significantly higher levels of total cholesterol
and triglycerides among NAFLD patients without fibrosis (group
II) when compared with controls (group I). Alkaline phosphatase
was significantly higher in group II and group III patients when
compared with controls (group I). Significantly higher levels of
AST were found in patients with NAFLD and hepatic fibrosis
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(group III) when compared with patients with NAFLD without
hepatic fibrosis (group II) and control (group I). Total leukocytic
count was significantly higher in NAFLD groups in comparison
with controls (Table 1).

Serum ferritin was significantly higher in group III in com-
parison with group I. No significant difference was found
between the three groups regarding serum iron. Significantly
higher scores of FIB4 were found among NAFLD patients with

Table 2 Comparison between groups I, II, and III as regards FIB4, iron study, and grade of steatosis by liver biopsy

Variables Group ANOVA P value Post hoc test

I II III
Mean � SD Mean � SD Mean � SD

FIB4 0.60 � 0.25 0.57 � 0.21 1.14 � 1.62 3.506 0.033* (1,3)*, (2,3)*
Serum ferritin 51.95 � 39.38 76.94 � 57.41 114.55 � 120.85 4.915 0.009** (1,3)**
Serum iron 100.77 � 30.15 115.19 � 60.26 108.42 � 34.77 0.887 0.415
Steatosis % by liver biopsy 0.00 � 0.00 15.5 � 19.09 16.28 � 22.1 2.493 0.087 (1,2)*,(1,3)*

*Statistically significant at P < 0.05.
**Highly statistically significant at P < 0.01.
FIB4, fibrosis 4 score.

Table 3 Correlation between serum ferritin and laboratory variables in groups I, II, and III

Variables Serum ferritin in group II Serum ferritin in group III

Pearson’s correlation Significance (two-tailed) Pearson’s correlation Significance (two-tailed)

Age 0.112 0.548 0.437 0.001**
Weight 0.441 0.013* 0.525 0.000**
BMI 0.292 0.111 0.481 0.000**
Waist circumference 0.457 0.010* 0.501 0.000**
Hb −0.147 0.431 −0.059 0.678
TLC 0.075 0.688 −0.061 0.666
ANC 0.212 0.252 −0.031 0.825
Lymphocytes 0.168 0.367 −0.126 0.373
Platelets −0.449 0.011* −0.543 0.000**
CRP 0.016 0.932 0.108 0.448
Total cholesterol 0.361 0.046* 0.194 0.167
TG 0.180 0.334 0.508 0.000**
LDL 0.320 0.079 0.177 0.210
HDL −0.033 0.861 −0.282* 0.043*
FBS 0.425 0.017* 0.424 0.002**
2hPP 0.350 0.054 0.517 0.000**
HbA1C 0.444 0.012* 0.394 0.004**
AST 0.209 0.259 0.659 0.000**
ALT 0.522 0.003** 0.471 0.000**
Total bilirubin 0.191 0.303 0.466 0.000**
Direct bilirubin 0.156 0.402 0.639 0.000**
Albumin 0.122 0.514 −0.315 0.023*
TP −0.035 0.851 −0.229 0.102
PT 0.000 0.999 0.277 0.046*
PTT −0.171 0.358 0.362 0.008**
INR −0.353 0.051 0.397 0.004**
Creatinine 0.133 0.475 0.216 0.124
FIB4 0.251 0.173 0.849 0.000**
Serum iron −0.018 0.923 0.439 0.001**
Alk. Ph. 0.102 0.586 0.212 0.131
Steatosis 0.009 0.962 0.745 0.000**

*Statistically significant at P < 0.05.
**Highly statistically significant at P < 0.01.
2hPP, 2 hours postprandial blood sugar; ANC, absolute neutophilic count; Alk. Ph., alkaline phosphatase; ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; BMI, body mass index; CRP, c-reactive protein; FBS, fasting blood sugar; FIB4, fibrosis 4 score; HB, hemoglobin; HbA1c,
hemoglobin A1c; HDL, high-density lipoprotein; INR, international normalized ratio; LDL, low-density lipoprotein; PT, prothrombin time; PTT, partial
thromboplastin time; TG, triglycerides; TP, total proteins; TLC, total leucocytic count.
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fibrosis (group III) when compared with groups I and II
(Table 2).

In NAFLD patients, there was a significantly positive cor-
relation between serum ferritin and age, weight, waist circumfer-
ence, BMI, blood sugar, total cholesterol, triglycerides, liver
enzymes, serum bilirubin, PT, INR, partial thromboplastin time
(PTT), serum iron, FIB4 score, and grade of hepatic steatosis;
and a significantly negative correlation with platelet count, HDL,
and serum albumin (Table 3).

ROC curve analysis revealed that the best cutoff value of
serum ferritin to assess its diagnostic performance in the predic-
tion of the occurrence of NAFLD was ≥39.5 ng/mL with a sensi-
tivity of 74.2% and a specificity of 66.7% (Fig. 1), while the
cutoff value of serum ferritin ≥51.95 ng/mL was the best in pre-
dicting the occurrence of fibrosis in NAFLD patients with a sen-
sitivity of 65.4% and a specificity of 40% (Fig. 2).

Logistic regression analysis was conducted to find out the
significant predictors for the occurrence of NAFLD and fibrosis
in the studied patients. High BMI, total leucocytic count (TLC),
and alkaline phosphatase were found to be independent predic-
tors of the occurrence of NAFLD, while high TLC was the only
independent predictor of the occurrence of fibrosis on top of
NAFLD (Tables 4–5).

Discussion
Increased ferritin with normal transferrin saturation is frequently
found in patients with hepatic steatosis. The elevated ferritin is
thought to be due to the combination of disrupted glucose, lipid,
and iron metabolism.12

Serum ferritin levels >1.5 over the upper limit level of
normal range were associated with worsened NAFLD histologi-
cal activity and were an independent predictor of advanced
hepatic fibrosis among NAFLD patients.13 Serum ferritin, but not
serum iron, transferrin saturation, or hepatic iron concentration
has been proposed to be higher in patients with severe (stages
3–4) than with mild (stages 1–2) fibrosis, but not steatosis or
inflammation, and could independently predict severe fibrosis.14

In the present study, there was a significantly higher waist
circumference and BMI among the NAFLD patients when com-
pared with the controls. These findings match with the results of
Hsiao et al.15 who concluded that waist circumference is inde-
pendently associated with fatty liver. BMI was found to be an
independent predictor of occurrence of NAFLD in the current
study. These results were in congruence with Loomis et al.16

who found that the prevalence of NAFLD increases with
increased BMI.

In the current study, patients with NAFLD and hepatic
fibrosis had higher age, waist circumference, and BMI in com-
parison with the control. Similarly, Moon et al.9 and Angulo
et al.17 stated that age and BMI were predictors of fibrotic sever-
ity in NASH. Also, Chandok et al.18 stated that age in associa-
tion with AST/ALT ratio predicted the stage of NAFLD-induced
liver disease.

The current study showed significantly higher total leuko-
cytic count among NAFLD patients with or without hepatic
fibrosis when compared with the control group. TLC was found
to be an independent predictor of the occurrence of NAFLD in
the studied patients and the occurrence of fibrosis among
NAFLD patients in the current study. This agrees with Kim HL
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Figure 1 Receiver operating characteristic (ROC) curve displaying the
diagnostic accuracy of serum ferritin to predict the occurrence of non-
alcoholic fatty liver disease in the studied patients.
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Figure 2 Receiver operating characteristic (ROC) curve displaying the
diagnostic accuracy of serum ferritin to predict the occurrence of fibro-
sis in the studied patients.
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et al.19 and Chung GE et al.20 and could be explained by the
state of systemic inflammation in NAFLD patients and endotoxin
production from the fat stores. The accumulation of lipophilic
persistent organic pollutants (POPs) in the adipose tissue leads to
its slow release into the bloodstream. Thus, adipose tissue consti-
tutes a continual source of internal exposure to POPs. Some
POPs induce a proinflammatory state, which may lead to detri-
mental metabolic effects.21 There are several explanations linking
elevated total leukocyte counts to NAFLD and hepatic fibrosis
on top. The insulin resistance and hyperinsulinemia serve as oxi-
dative stress and thus stimulate inflammatory process, with the
resultant activation of the transforming growth factor-beta path-
way, dysregulation of multiple adipokines, apoptosis or activa-
tion of liver stellate cells, and hepatic inflammation.22 Adipose
tissue is an active endocrine organ with the capacity to synthesize
and secrete various adipokines and cytokines. Adipose tissue
imbalances caused by obesity increase the secretion of proinflam-
matory cytokines, such as tumor necrosis factor (TNF) and
interleukin-6 (IL-6), and reduce the secretion of anti-
inflammatory factors, such as IL-10 and adiponectin.23 Gut
microbiome alterations play a pathological role in NAFLD
through exposing the liver to high concentrations of harmful
intestinal contents. Certain microbiome members, such as
Escherichia, produce endogenous alcohol resulting in reactive
oxygen species production and liver inflammation. In addition,
microbial products, such as lipopolysaccharides, are potentially
cytotoxic and induce inflammation.24,25

In the present study, there were higher levels of total cho-
lesterol and triglycerides among NAFLD patients when

compared with controls. This agrees with Kleeman et al.,26 Lee
et al.,27 and Ma et al.,28 who investigated the relation between
NAFLD and hypercholesterolemia.

The significantly higher AST levels among NAFLD
patients with hepatic fibrosis in the current study agree with the
results of Mcpherson et al.29, who stated that AST: ALT ratio
was higher in hepatic fibrosis patients and has a negative predic-
tive value in ruling out the presence of advanced fibrosis in
NAFLD.

Alkaline phosphatase was significantly higher among
NAFLD patients with or without hepatic fibrosis of the present
study. Moreover, alkaline phosphatase was found to be an inde-
pendent predictor of occurrence of NAFLD in the studied patients.
These results agreed with those of Pantsari and Harrison.30

In this study, higher FIB4 scores were found among
hepatic fibrosis patients in comparison with those without hepatic
fibrosis and controls. Shah et al.27 compared FIB4 with 7 other
non-invasive markers of fibrosis in patients with NAFLD. FIB4
was found to be superior to NAFLD fibrosis score, Goteborg
University Cirrhosis Index, AST: ALT ratio, AST: platelet ratio,
body mass index, AST: ALT, diabetes (BARD) score, and cir-
rhosis discriminant score in the prediction of hepatic fibrosis
among NAFLD patients.31

In this study, serum ferritin showed significant positive
correlation with weight, waist circumference, total cholesterol,
TG, fasting blood sugar (FBS), 2 hours postprandial blood sugar
(2hPP), hemoglobin A1c (HbA1c), AST, ALT, serum iron,
FIB4, and steatosis and significantly negatively correlated with
platelets and albumin among NAFLD patients. Similarly, Zelber-

Table 4 Logistic regression analysis displaying the independent predictors of the occurrence of non-alcoholic fatty liver disease in the studied
patients

Variables B SE Wald Significance Exp (B)

Weight 0.040 0.082 0.233 0.629 1.040
BMI 0.547 0.207 7.000 0.008** 1.728
Waist circumference −0.004 0.089 0.003 0.960 0.996
TLC 0.506 0.222 5.185 0.023* 1.659
Total cholesterol 0.031 0.017 3.501 0.061 1.032
TG 0.016 0.011 2.172 0.141 1.016
Alk. ph 0.038 0.018 4.245 0.039* 1.039
Constant −28.951 8.855 10.690 0.001 0.000

*Statistically significant at P < 0.05.
**Highly statistically significant at P < 0.01.
Alk. ph., alkaline phosphatase; BMI, body mass index; TG, triglycerides; TLC, total leucocytic count.

Table 5 Logistic regression analysis displaying the independent predictors of the occurrence of fibrosis in the studied patients

Variables B SE Wald Significance Exp (B)

Age 0.028 0.037 0.548 0.459 1.028
BMI 0.089 0.120 0.544 0.461 1.093
Waist circumference −0.005 0.033 0.022 0.881 0.995
TLC 0.286 0.139 4.258 0.039* 1.331
AST 0.058 0.039 2.235 0.135 1.060
Serum ferritin 0.006 0.006 0.947 0.330 1.006
Alk. ph 0.020 0.013 2.544 0.111 1.020
Constant −6.906 3.085 5.012 0.025 0.001

Alk. ph., alkaline phosphatase; AST, aspartate aminotransferase; BMI, body mass index; TLC, total leucocytic count.
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Sagi et al.32 and Kowdley et al.13 stated that elevated serum fer-
ritin >1.5 × upper limit of normal (i.e., >300 ng/mL in women
and >450 ng/mL in men) was significantly associated with ele-
vated serum ALT, AST, iron, decreased platelets, and worsened
histological activity, including steatosis, in patients with NAFLD
complicated with fibrosis.

There was a positive correlation between serum ferritin
and PT, PTT, and INR among NAFLD patients. These findings
agreed with Na et al.33 who stated that FIB4, AST, ALT, INR,
cholesterol, and triglyceride showed a significant correlation with
serum ferritin in NAFLD patients. However, Ghamarchehreh
et al.34 found no correlation between serum ferritin and PT in
NAFLD patients.

The best cutoff value of serum ferritin was found to be
51.95 ng/mL, for predicting the occurrence of fibrosis on top of
NAFLD in the current study, with a 65% sensitivity and a 60%
specificity with AUC 0.658. Similarly, Parikh et al.35 found that
the cutoff value of 48 ng/mL was the best to predict fibrosis in
NAFLD with AUC 0.779. On the other hand, Manousou et al.8

found that the cutoff value of serum ferritin 240 ng/mL or more
combined with BMI >28.2 identified patients at risk of develop-
ing fibrosis with an 82% sensitivity and a 79% specificity.

In the present study, serum ferritin was not one of the
independent predictors of fibrosis in NAFLD patients. This
agreed with the results of Moon et al.9 However, Manousou
et al.8 and Fracanzani et al.36 found that serum ferritin is an inde-
pendent predictor of fibrosis in NAFLD patients. Similarly, Can-
bakan et al.33 concluded that serum ferritin level has some
prognostic significance in liver damage and fibrosis. Bugianesi
et al.,14 Kowdley et al.,13 and Fracanzani et al.36 found that ferri-
tin level is an independent predictor of severe fibrosis.

Conclusion
Higher serum ferritin was found in patients with hepatic fibrosis
on top of NAFLD. Serum ferritin was found to be a predictor of
fibrosis on top of NAFLD with moderate sensitivity and
specificity.

Acknowledgments
The authors thank Dr Ghada Osama, Lecturer at Community,
Environmental and Occupational Medicine Department, Faculty
of Medicine, Ain Shams University, for her help in data manage-
ment and statistical analysis of the current work. The authors
gratefully acknowledge the members of the Ain Shams Center
for Organ Transplant, Cairo, Egypt, for their support.

References

1 Ratziu V, Bellentani S, Cortez-Pinto HDC, Marchesini G. A position
statement on NAFLD/NASH based on the EASL 2009 special confer-
ence. J. Hepatol. 2010; 53: 372–84.

2 Szczepaniak LS, Nurenberg P, Leonard D, Browning JD,
Reingold JS. Magnetic resonance spectroscopy to measure hepatic tri-
glyceride content: prevalence of hepatic steatosis in the general popu-
lation. Am. J. Physiol. Endocrinol. Metab. 2005; 288: E462–8.

3 Bugianesi E, Leone N, Vanni E et al. Expanding the natural history
of nonalcoholic steatohepatitis from cryptogenic cirrhosis to hepato-
cellular carcinoma. Gastroenterology. 2002; 123: 134–40.

4 Wieckowska A, Feldstein AE. Diagnosis of nonalcoholic fatty liver dis-
ease: invasive versus noninvasive. Semin. Liver Dis. 2008; 28: 386–95.

5 Angulo P, Lindor KD. Non-alcoholic fatty liver disease.
J. Gastroenterol. Hepatol. 2002; 17: 186–90.

6 Bedossa P, Carrat F. Liver biopsy: the best, not the gold standard.
J. Hepatol. 2009; 50: 1–3.

7 Dongiovanni P, Valenti L, Swinkels DW et al. Serum ferritin
levels are associated with vascular damage in patients with non-
alcoholic fatty liver disease. Nutr. Metab. Cardiovasc. Dis. 2011;
21: 568–75.

8 Manousou P, Kalambokis G, Grillo F et al. Serum ferritin is a discrimi-
nant marker for both fibrosis and inflammation in histologically proven
non-alcoholic fatty liver disease patients. Liver Int. 2011; 31: 730–9.

9 Moon JH, Park SH, Oh KC et al. Association of hepatic iron deposi-
tion and serum iron indices with hepatic inflammation and fibrosis
stage in nonalcoholic fatty liver disease. Korean J. Gastroenterol.
2006; 47: 432–9.

10 Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA,
Bacon BR. Nonalcoholic steatohepatitis: a proposal for grading and stag-
ing the histological lesions. Am. J. Gastroenterol. 1999; 94: 2467–74.

11 Kleiner DE, Brunt EM, Van Natta M et al. Design and validation of
a histological scoring system for nonalcoholic fatty liver disease.
Hepatology. 2005; 41: 1313–21.

12 Farigion S, Mattioli M, Fracanzani AL et al. Hyperferritinemia, iron over-
load, and multiple metabolic alterations identify patients at risk for nonal-
coholic steatohepatitis. Am. J. Gastroenterol. 2001; 96: 2448–55.

13 Kowdley KV, Belt P, Wilson LA, Yeh MM, Neuschwander-Teri BA,
Elevated CN. Serum ferritin is an independent predictor of histologic
severity and advanced fibrosis among patients with nonalcoholic fatty
liver disease. Hepatology. 2012; 55: 77–85.

14 Bugianesi E, Manzini P, D’Antico S et al. Relative contribution of
iron burden, HFE mutations, and insulin resistance to fibrosis in non-
alcoholic fatty liver. Hepatology. 2014; 39: 179–87.

15 Hsiao TJ, Chen JC, Wang JD. Insulin resistance and ferritin as major
determinants of nonalcoholic fatty liver disease in apparently healthy
obese patients. Int. J. Obse. Relat. Metab. Disord. 2004; 28: 167–72.

16 Loomis AK, Kabadi S, Preiss D et al. Body mass index and risk of
nonalcoholic fatty liver disease: two electronic health record prospec-
tive studies. J. Clin. Endocrinol. Metab. 2016; 101: 945–52.

17 Angulo P, Hui JM, Marchesini G et al. The NAFLD fibrosis score: a
noninvasive system that identifies liver fibrosis in patients with
NAFLD. Hepatology. 2007; 45: 846–54.

18 Chandok N, Minuk G, Wengiel M, Uhanova J. Serum ferritin levels
do not predict the stage of underlying non-alcoholic fatty liver dis-
ease. J. Gastrointestin. Liver Dis. 2012; 21: 53–8.

19 Kim HL, Chung GE, Park IY et al. Elevated peripheral blood mono-
cyte fraction in nonalcoholic fatty liver disease. Tohoku J. Exp. Med.
2011; 223: 227–33.

20 Chung GE, Yim JY, Kim D et al. Associations between white blood
cell count and the development of incidental nonalcoholic fatty liver
disease. Gastroenterol. Res. Practice. 2016; 10: 7653689.

21 La Merrill M, Emond C, Kim MJ et al. Toxicological function of adi-
pose tissue: focus on persistent organic pollutants. Environ. Health
Perspect. 2013; 121: 162–9.

22 Alam S, Mustafa G, Alam M, Ahmad N. Insulin resistance in devel-
opment and progression of nonalcoholic fatty liver disease. World
J. Gastrointest. Pathophysiol. 2016; 7: 211–7.

23 Stojsavljevi�c MG, Pal�ci�c LV, Juki�c LS, Duvnjak M. Adipokines and
proinflammatory cytokines, the key mediators in the pathogenesis of
nonalcoholic fatty liver disease. World J. Gastroenterol. 2014; 20:
18070–91.

Ferritin in non-alcoholic fatty liver disease N El Nakeeb et al.

118 JGH Open: An open access journal of gastroenterology and hepatology 1 (2017) 112–119

© 2017 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Parikh%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26108652


24 Machado MV, Cortez-Pinto H. Gut microbiota and nonalcoholic fatty
liver disease. Ann. Hepatol. 2012; 11: 440–9.

25 Ilan Y. Leaky gut and the liver: a role for bacterial translocation in non-
alcoholic steatohepatitis.World J. Gastroenterol. 2012; 18: 2609–18.

26 Kleemann R, Verschuren L, van Erk MJ et al. Atherosclerosis and liver
inflammation induced by increased dietary cholesterol intake: a combined
transcriptomics and metabolomics analysis. Genome Biol. 2007; 8: R200.

27 Lee L, Alloosh M, Saxena R et al. Nutritional model of steatohepati-
tis and metabolic syndrome in the Ossabaw miniature swine. Hepatol-
ogy. 2009; 50: 56–67.

28 Ma KL, Ruan XZ, Powis SH, Chen Y, Moorhead JF, Varghese Z.
Inflammatory stress exacerbates lipid accumulation in hepatic cells
and fatty livers of apolipoprotein E knockout mice. Hepatology.
2008; 48: 770–81.

29 McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. Simple non-
invasive fibrosis scoring systems can reliably exclude advanced fibrosis in
patients with non-alcoholic fatty liver disease. Gut. 2010; 59: 1265–9.

30 Pantsari MW, Harrison SA. Nonalcoholic fatty liver disease present-
ing with an isolated elevated alkaline phosphatase. J. Clin. Gastroen-
terol. 2006; 40: 633–5.

31 Shah AG, Lydecker A, Murray K, Tetri BN, Contos MJ, Sanyal AJ.
Comparison of noninvasive markers of fibrosis in patients with nonal-
coholic fatty liver disease. Clin. Gastroenterol. Hepatol. 2009; 7:
1104–12.

32 Zelber-Sagi S, Nitzan-Kaluski D, Halpern Z, Oren R. NAFLD and
hyperinsulinemia are major determinants of serum ferritin levels.
J. Hepatol. 2007; 46: 700–70.

33 Na JH, Park SW, Kang Y, Koh H, Kim S. The clinical significance
of serum ferritin in pediatric non-alcoholic fatty liver disease. Pediatr.
Gastroenterol. Heptol. Nutr. 2014; 17: 248–56.

34 Ghamarchehreh ME, Jonaidi-Jafari N, Bigdeli M, Khedmat H,
Saburi A. Iron status and metabolic syndrome in patients with non-
alcoholic fatty liver disease. Middle East J. Dig. Dis. 2016; 8: 31–8.

35 Parikh P, Patel J, Ingle M, Sawant P. Serum ferritin levels predict his-
tological severity in patients with nonalcoholic fatty liver disease in
India. Indian J. Gastroenterol. 2015; 34: 200–8.

36 Fracanzani AL, Valenti L, Bugianesi E et al. Risk of severe liver dis-
ease in nonalcoholic fatty liver disease with normal aminotransferase
levels: a role for insulin resistance and diabetes. Hepatology. 2008;
48: 792–8.

N El Nakeeb et al. Ferritin in non-alcoholic fatty liver disease

JGH Open: An open access journal of gastroenterology and hepatology 1 (2017) 112–119

© 2017 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

119


	 Serum ferritin as a non-invasive marker in the prediction of hepatic fibrosis among Egyptian patients with non-alcoholic f...
	Introduction
	Patients and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


