
Elevated Levels of Serum Ferritin May be 
Related to Non-Alcoholic Steatohepatitis

Yüksek Serum Ferritin Düzeyleri Alkolik Olmayan Steatohepatit 
ile İlgili Olabilir

ABSTRACT

Non-alcoholic steatohepatitis can progress to cirrhosis and hepatocellular car-
cinoma. Our aim is to evaluate serum ferritin and iron levels in patients with 
non-alcoholic steatohepatitis (NASH). 53 patients with NASH (36 males and 
17 females) were selected from the Specialized Medical Hospital, Mansoura, 
Egypt. This is in addition to 50 apparently healthy subjects (30 males and 
20 females) of age and sex matched as a control group. We detected serum 
ferritin, iron, immune-reactive insulin (IRI) and the calculated homeostasis 
model for assessment of insulin resistance (HOMA-IR), in addition to markers 
of oxidative stress (MDA and thiol) and tumor necrosis factor alpha (TNF-α). 
Patients with NASH have higher levels of ferritin, iron, IRI, HOMA-IR, MDA, 
TNF- α (p= 0.001) and thiol (p= 0.01) than control subjects. Serum ferritin has a 
significant positive correlation with body mass index, ALT, AST, fasting plasma 
glucose (FPG), total cholesterol, LDL-cholesterol, triglyceride, IRI, HOMA-IR, 
MDA, thiol and TNF-α (p=0.001) in NASH patients. However, after adjustment 
for age, sex, BMI and HOMA-IR in cases of NASH, ferritin still has a significant 
positive correlation with ALT, FPG, total cholesterol, TNF-α, MDA (p=0.001) 
and thiol (p=0.003). Serum iron has no significant correlation with grade of 
NASH or fibrosis. Serum ferritin level is higher in patients with NASH more than 
control subjects. Moreover it has a significant positive correlation with oxida-
tive stress even after adjustment for age, sex, BMI and HOMA-IR.
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ÖZET

Alkolik olmayan steatohepatit (NASH) siroza veya hepa-
toselüler karsinoma ilerleyebilir. Amacımız hastalarda serum 
ferritin ve demir seviyelerini değerlendirmektir. NASH’li 53 
hasta (36 erkek and 17 kadın) Mansoura, Mısır’daki özel has-
taneden seçildi. Buna 50 sağlıklı görünen kişi (30 erkek and 
20 kadın) kontrol grubu olarak eklendi. Serum ferritin, demir, 
immün-reaktif insülin (IRI) tespit edildi ve insulin rezistansı 
değerlendiren hesaplanmış homestaz modeli (HOMA-IR), 
buna ilaveten oksidatif stress belirteçleri (MDA ve tiol) ve 
tümör nekroz faktör alfa (TNF-α). NASH’lı hastaların ferritin, 
iron, IRI, HOMA-IR, MDA (p=0.001), TNF- α (p= 0.001) ve tiol 
(p=0.003) düzeyleri kontrollerden daha yüksekti. NASH’lı has-
talarda serum ferritinin vücut kitle indeksiyle, AST, ALT, açlık 
plazma glikozu (FPG), total kolesterol, LDL-kolesterol, trigli-
serid, IRI, HOMA-IR, MDA, tiol ve  TNF-α, belirgin pozitif kore-
lasyon vardı. Serum demir NASH derecelemesinde  ve fibrozla 
korelasyon göstermediler. Serum ferritin düzeyleri NASH’lı 
hastalarda daha yüksekti. Daha ötesi, oksidatif stresle yaş, 
cinsiyet, VKİ ve HOMA_IR yüksek pozitif korelasyon mevcuttu.

Anahtar Kelimeler: Ferritin, Alkolik olmayan, steatohepatit 

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD)   is a clinical 
condition that comprises a wide spectrum of liver dam-
age, ranging from simple steatosis to steatohepatitis, ad-
vanced fibrosis and cirrhosis in patients with normal or 
elevated serum alanine transaminase enzyme (ALT) (1). 
NAFLD and non- alcoholic steatohepatitis (NASH) are high-
ly prevalent diseases, and is estimated that a quarter of 
the adult population currently has NAFLD. Furthermore, 
20- 30% of patients with NAFLD will develop NASH that 
may progress to cirrhosis, end stage liver disease and he-
patocellular   carcinoma (2).                           

In 1980, Ludwig et al (3) coined the term non-alcoholic 
steatohepatitis. The diagnosis of NASH is based solely on 
the liver histopathologic features which include mac-
rovesicular steatosis, lobular inflammation, hepatocyte 
degeneration or ballooning and ̸  or  hepatic fibrosis (4).   
It is suggested that there are multiple pathogenic mecha-
nisms underlying NASH including insulin resistance (5), 
oxidative stress (6) and cytokine production (7). However, 
the role of iron and ferritin in the pathogenesis of NASH 
is still controversial and not yet established. Kemal et al  

(8) said that there is no correlation between hepatic iron 
and the development of NASH. Other studies implicate 
serum ferritin (9) and hepatic iron concentration (10) in 
the pathogenesis of NASH. 

The aim of this study is to evaluate serum ferritin and 
iron levels in patients with NASH and the correlations of 
serum ferritin with insulin resistance and oxidative stress 
and the correlation of serum iron with grade of NASH and 
fibrosis.

MATERIALS AND METHODS

Patients

53 patients who were  diagnosed having NASH on the 
basis of liver biopsy (36 males and 17 females) accord-
ing to Brunt et al for grading/ staging system for NASH 
(11) were selected from 100 patients having bright liver 
on abdominal ultrasound examination together with el-
evated liver enzymes. They were taken from the outpa-
tient and inpatient sections of internal medicine depart-
ment, Specialized Medical Hospital, Mansoura, Egypt. 
All patients gave written informed consent before par-
ticipation in the study. Control group was formed from 
50 apparently healthy age and sex matched subjects 
(30 males and 20 females). They have undergone the 
following: Through history taking with special stress on 
symptoms suggestive of chronic liver diseases, history of 
drug intake that may affect the liver like amiodarone, 
tamoxifen and contraceptive pills.   

Full physical examination was performed including mea-
surement of weight, height and body mass index (BMI), 
systolic and diastolic blood pressures (SBP and DBP, 
respectively), abdominal examination with stress on 
hepatosplenomegaly and ascites in addition to examina-
tion of the other systems of body. Abdominal ultrasono-
graphic procedures were carried on to detect fatty liver 
and exclusion of other hepatic or abdominal problems 
and for ultrasound guided liver biopsy for diagnosis and 
grading of NASH.

Patients with history of alcohol and hepatotoxic drugs 
intake and jaundice following drug intake, with positive 
serology for hepatitis B or C virus infection or with auto-
immune hepatitis or primary biliary cirrhosis, Willson’s 
syndrome, hemachromatosis, decompensate liver cir-
rhosis who exhibited ascites, jaundice or hepatic en-
cephalopathy, hepatocellular carcinoma, major cardiac 
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and pulmonary diseases, uremia or inflammatory condi-
tions (total leucocyte count above 8000/mm3), hyper-
thyroidism, anemia, hemolysis, recent blood transfusion 
and recent iron therapy were excluded from the study.

Method 

Routine laboratory tests including liver function tests 
(liver enzymes -ALT and AST-, serum total bilirubin, 
albumin, prothrombin time and INR), complete blood 
count (CBC), fasting plasma glucose  (FPG) and fasting 
lipid profile including serum total cholesterol, triglyc-
eride (TG), low density lipoprotein cholesterol (LDL-C) 
and high density lipoprotein cholesterol (HDL-C) were 
performed. We have also determined serum ferritin, 
iron, immune-reactive insulin (IRI) and calculated ho-
meostasis model for assessment of  insulin resistance 
(HOMA-IR), in addition to markers of oxidative stress 
-malondialdehyde (MDA) and total thiol- and tumor ne-
crosis factor-alpha (TNF-α). Serum ceruloplasmin, anti-
nuclear antibody, antismooth muscle antibody and an-
timitochondrial antibody were measured for exclusion 
of cases of Wilson’s syndrome, autoim mune diseases 
of the liver and primary biliary cirrhosis (PBC), respec-
tively. 

We have 23 type 2 diabetic patients according to the cri-
teria of the American Diabetes Association for diagnosis 
of diabetes as fasting blood glucose is equal to or more 
than 126 mg ̸ dl (12). Diabetic patients in this study 
population were controlled with diet regimen.

Laboratory analysis

Fasting blood samples were collected from each sub-
ject, incubated at 37ºC. After centrifugation at 3000 
rpm for 15 minutes, serum samples were separated and 
kept at - 80ºC in aliquots until the time of assay.

Analysis of triglyceride was performed according to the 
method of Wahlefeld (13), and total cholesterol accord-
ing to Allian et al (14). HDL-C determinations were due to 
Bachrik and Alerbs (15) and LDL-C contents were calcu-
lated according to the Friedewald formula (LDL-C= Total 
cholesterol – (TG/5 + HDL-C). Serum total thiol levels 
were estimated by spectrophotometric assay described 
by Hu (16) and lipid peroxidation product (MDA) was 
measured in serum using thiobarbituric acid (TBA) assay 
desribed by Draper and Hadley (17). Serum ferritin was 
measured by a particle-enhanced immunoturbidimetric 
assay using the Hitachi 911 analyzer (Roche Diagnostics, 
Basle, Switzerland). Serum insulin levels were assayed 
by a specific enzyme linked immune sorbent assay 

Table 1. Comparison of the demographic characteristics and laboratory findings of the patient and control groups 

     Cases   Control  group   p- value

Age, years    48.39±5.02   47.09±5.97  ns
Sex F/M     17/36   20/30    ns
BMI kg/m2    37.11±1.95  22.91±0.35  0. 001** 
SBP (mmHg)     148.72±7.66  130.02±3.10  0. 001** 
DBP (mmHg)    92.72 ± 5.25  78.48 ± 3.56  0. 001** 
ALT (U/L)     55.64 ± 7.71  23.80 ± 2.59  0. 001**
AST (U/L)     55.96 ± 7.49  28.02 ± 4.62  0. 001** 
Total bilirubin (mg/dl)    0.93±0.13   0.89±0.19   ns 
Fasting plasma glucose (mg/dl)  174.49±31.32  95.10±7.45   0. 001** 
Total cholesterol (mg/dl)   285.47 ± 25.11  131.78 ± 12.90  0. 001** 
LDL-C (mg/dl)    186.32±18.06  115.72±12.13  0. 001** 
HDL-C (mg/dl)    45.44±6.36  54.33±7.39  0.031* 
TG (mg/dl)    121.25±26.83  104.58±26.69  0.002* 
Immuno-reactive insulin (mu/ml)  23.13±6.16  5.09±0.73   0.001** 
HOMA-IR*     8.07 ± 1.37  1.58 ± 2.01  0.001** 
Ferritin (ng/ml)    184.34 ± 55.18  94.62 ± 30.77  0.001** 
S. Iron (ug/dl)*    138.83 ± 30.78  100.78 ± 56.07  0.001** 
MDA (umol/L)    13.12 ± 3.70  2.31 ± 0.48  0.001** 
Thiol (mmol/L)*    1.17± 0.17*  0.35± 0.62  0.01* 
TNF-α (pg/ml)    49.06 ± 9.36  24.39 ± 3.51  0.001**
ALT: alanine aminotransferase , AST: aspartate aminotransferase ,BMI: body mass index, DBP: diastolic blood pressure, HDL-C : high density lipoprotein-cholesterol , 
HOMA-IR: homeostasis model for assessment of insulin resistance, LDL-C: low density lipoprotein-cholesterol , MDA: malondialdehyde, ns: non-significant,  SBP: systolic 
blood pressure, TG: triglyceride,  TNF-α: tumor necrosis factor alpha. * Mann-Whitney for non-parametric tests was applied for HOMA-IR, Iron & Thiol.
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(ELISA) using kits obtained from Bio-Source-Europe S.A 
(8rue DEL, Industries, D-1900, Nivelles, Belgium) and 
the tests were performed according to manufacturer’s 
instructions. HOMA-IR was calculated with the following 
equation: HOMA-IR= Fasting Plasma Glucose (FPG) (mg⁄ 
dl) × Immune Reactive Insulin (IRI) (uμ ̸ ml) ÷ 405 (18). 
Serum TNF- α was measured using a commercially avail-
able immunoassay (ELISA kit, Quantikine, R&D Systems, 
USA) according to the manufacturer instructions. 

Statistical analysis

The statistical analysis of the data was done using SPSS 
(Statistical Package of Social Science) Program ver-
sion 10. The data was presented in the form of mean ± 
standard deviation for quantitative data and frequency 
and proportion for qualitative data. For comparison of 

statistical significance between two groups t-test was 
used. For qualitative data, Chi-square test was used. 
Mann-Whitney test was applied for HOMA-IR, iron and 
thiol because their values showed non-parametric 
distribution. Pearson correlation analyis was used to 
study correlation between variables. Linear regres-
sion analysis for the correlation of serum ferritin with 
the other variables after the adjustment for age, sex, 
BMI and HOMA-IR was done. Confusing variables in this 
case control study were the age, sex, BMI and HOMA-
IR. Significance was considered when the p value is less 
than 0.05 at a confidence interval 95%.

RESULTS

The levels of BMI, SBP, DBP, ALT, AST, FPG, total cho-
lesterol, LDL-C and TG in patients with NASH were sig-
nificantly higher than in control subjects. However, the 
levels of HDL-C were significantly lower in the patient 
group. Moreover, the levels of IRI, HOMA-IR, ferritin, 
iron, MDA, total thiol and TNF-α were significantly higher 
in cases of NASH than in control subjects. No significant 
difference in age or sex between cases and control sub-
jects was noted (Table 1). In cases of NASH there was a 
significant positive correlation of  ferritin with BMI, ALT, 
AST, FPG, TC, TG, LDL-C, MDA, thiol, IRI, HOMA-IR and 
TNF-α. However, there was no significant correlation of 
ferritin with total bilirubin or HDL-C (Table 2). After ad-
justment for age, sex, BMI and HOMA-IR, ferritin still 
presented  a significant positive correlation with ALT, 
FPG, total cholesterol, MDA, thiol and TNF-α. However, 
there was no significant correlation of ferritin with total 
bilirubin, AST, HDL-C, LDL-C or TG (Table 3). Serum iron 

Table 2. Correlation analysis of serum ferritin with 
other parameters in patients with NASH

   r p value

BMI   0.54 0.001**
Total bilirubin  0.041 ns
ALT   0.73 0.001**
AST   0.91 0.001**
Fasting plasma glucose 0.98 0.001**
Total cholesterol  0.43 0.001**
TG   0.92 0.001**
HDL-C   0.2 ns
LDL-C   0.88 0.001**
MDA   0.97 0.001**
Thiol   0.95 0.001**
Immuno-reactive insulin 0.95 0.001**
HOMA-IR   0.94 0.001**
TNF- α   0.95 0.001**

Table 3. Correlation analysis of serum ferritin with other parameters in patients with NASH after adjustment of 
age, sex, BMI & HOMA-IR

Variable   B Beta 95 % C. I.  p value

Total bilirubin  28.107 0.043 -49.21, 105.425 ns
AST   2.034 0.544 0.913, 3.155 ns
ALT   3.135 0.758 2.122, 4.149 0. 001**
Fasting plasma glucose 1.468 1.063 1.257, 1.678 0. 001**
Total cholesterol  0.041 0.051 0.26, 0.344 0.001**
LDL-C   1.265 0.769 0.754, 1.775 ns
HDL-C   2.351 0.213 -1.041, 3.66 ns
TG   1.055 0.463 0.763, 1.347 ns
MDA   12.092 1.15 9.913, 14.271 0.001**
Thiol   23.662 0.225 8.295, 39.029 0. 003**
TNF-α   3.272 0.736 2.379, 4.165 0. 001**
B= un-standardized coefficient, Beta= standardized coefficient, 95% CI= 95% Confidence Interval
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levels tended to increase with the progression of the 
grade of NASH and grade of fibrosis, but these changes 
were not statistically significant.

DISCUSSION

In cases of non-alcoholic steatohepatitis (NASH), it has 
been suggested that progression from simple steatosis 
to steatohepatitis and then advanced fibrosis is caused 
by 2 distinct events. Firstly, insulin resistance leads to 
accumulation of fat within hepatocytes, and secondly, 
mitochondrial reactive oxygen species cause lipid per-
oxidation, cytokine induction, and the induction of Fas 
ligand. The lipid peroxidation products malondialde-
hyde (MDA), 4-hydroxynonenal (HNE) and some cyto-
kines (tumour necrosis factor-alpha (TNF- α), transform-
ing growth factor-beta (TGF-β) and interleukin-8 (IL-8) 
can start the inflammatory response in the liver which 
either directly causes cellular damage or draws the in-
flammatory cells to the liver parenchyma (19-22). Lipid 
peroxidation is probably the most important pathogenic 
mechanism in NASH, but other factors also likely con-
tribute to the development of NASH either by enhancing 
lipid peroxidation or by directly stimulating fibrogenesis 
and the inflammatory response characteristic of NASH 
(4).   

In our study, IRI and HOMA-IR were significantly higher 
in patients with NASH compared to the control group 
(p=0.001, Table 1) and these results agree with the 
other studies that suggested that insulin resistance was 
the core pathogenic mechanism underlying NASH(5,9). 
NASH patients in our study had higher values of BMI, 
FPG, TC, LDL-C (p=0.001) and TG (p= 0.002) than con-
trol subjects (Table 1). These results agree with the 
other studies that linked obesity especially visceral type 
and diabetes with NASH. Visceral obesity in particular 
has been strongly associated with metabolic syndrome 
and NASH (23,24). 

Visceral fat promotes fatty liver disease by several 
mechanisms. Firstly, intra- abdominal fat provides an 
immediate source of free fatty acids that are delivered 
directly into the portal vein (24). Secondly, individuals 
with truncal obesity have extremely low levels of adi-
ponectin and relatively high levels of   TNF- α (25). In 
accordance with this, our study revealed a significantly 
higher level of TNF- α in patients of NASH compared to 
control subjects (p= 0.001, Table 1). TNF- α is known 

to activate intracellular signaling molecules, including 
stress related kinases such as Jun N-terminal kinase and 
inhibitor kappa beta kinase beta, that make cells resis-
tant to the actions of insulin (26). Adiponectin antago-
nizes both the production and activity of TNF- α (27-30). 
Therefore, TNF- α actions are potentiated when adipo-
nectin is scarce (31). In addition, TNF- α itself inhibits 
adiponectin (32,33). Adiponectin acts directly on hepa-
tocytes to inhibit fatty acid synthesis and uptake while 
stimulating fatty acid oxidation (34,35). Therefore, 
adiponectin itself also enhances hepatocyte sensitivity 
to insulin (36). The combination of low adiponectin and 
high TNF- α levels in the context of increased hepatic 
exposure to free fatty acids results in hepatic steatosis 
and severe hepatic insulin resistance (37). 

Ferritin is a high molecular weight iron storage protein 
occurring mainly in the cells of the liver and reticulo-
endothelial system (38). Although serum ferritin levels 
could increase to a degree disproportionate to that of 
iron stores in some forms of inflammation, liver disease 
and increased red-cell turnover, it closely reflects the 
size of the total iron burden (39) and ferritin iron (40).         
In the present work, serum levels of ferritin and iron 
was found to be significantly higher in the patient’s 
group of NASH than in the control group (p=0.001, Table 
1). Moreover, serum ferritin had a significant positive 
correlation with BMI, ALT, AST, FPG, TG, total cholester-
ol, LDL-C, serum insulin and insulin resistance (p=0.001, 
Table 2). Our results are in agreement with Shira et 
al (9) and Mehmet et al (41).  However, after adjust-
ment for age, sex, BMI and HOMA-IR, serum ferritin still 
showed a significant positive correlation with ALT, FPG 
and total cholesterol (p=0.001), but there was no signifi-
cant correlation with AST, LDL-C, HDL-C or TG (Table 3). 

The significant positive correlation of serum ferritin 
with insulin and insulin resistance (Table 2) suggests 
that hepatic iron or iron-induced oxidative stress is 
closely related to insulin resistance (42). It has been 
reported that serum ferritin level, a major determinant 
of NAFLD in apparently healthy obese individuals (43), 
is significantly correlated with the amount of visceral 
fat mass and hepatic steatosis (44). Furthermore, se-
rum ferritin level has been reported to be significantly 
higher in NASH than that in simple steatosis, which may 
reflect increased hepatic iron overload and enhanced 
oxidative stress (45). In this respect, dietary restriction 
of calories, fat and iron leads to improvement of NAFLD 
and reduced serum ferritin levels appear to reduce oxi-
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dative stress in the liver (46). In the present work, we 
found that serum ferritin presented a significant posi-
tive correlation with serum TNF- α (p=0.001, Table 2) 
even after adjustment for age, sex, BMI and HOMA-IR 
(p=0.001, Table 3), which may indicate that the serum 
ferritin had a relation to the inflammatory and fibrotic 
process ongoing in the liver in cases of NASH. 

The markers of oxidative stress in our study (MDA and 
thiol) were higher in NASH group of patients more than 
in control group (p=0.001 and 0.01, respectively, Table 
1) and they showed a significant positive correlation 
with serum ferritin (p=0.001, Table 2) even after adjust-
ment for age, sex, BMI and HOMA-IR (p=0.001and 0.003, 
respectively, Table 3), and these results agree with 
Bahcecioglu et al (47). Oxidative stress influences both 
glucose and iron metabolism. Oxidative stress induces 
both insulin resistance, by decreasing internalization of 
insulin and increased ferritin synthesis (48). 

Fargion et al (49) documented that hyperferritinemia 
with normal transferrin saturation was a hallmark of a 
glucose and lipid metabolism disorder and that patients 
with increased serum ferritin and normal transferrin 
saturation, a mild iron overload and multiple coexist-
ing metabolic alterations are at high risk of developing 
NASH. In addition, they observed no correlation between 
liver iron concentration and histological grade and stage 
within a group of patients with NASH. These findings 
agree with the results in our study in which there is no 
significant correlation of the serum iron level with ei-
ther grade of NASH or fibrosis. The increase in ferritin 
level may be due to a synergestic induction of synthesis 
due to increased iron stores and hepatic steatosis. It is 
also possible that an increase in ferritin occurs as a re-
sult of acute phase response (8). The previous studies in 
addition to the present work strengthen the role of fer-
ritin and iron in NASH and in according to these results, 
there is at least one study showed improvement in in-
sulin sensitivity with the use of venesection in patients 
with NASH. Biweekly phlebotomy until serum ferritin 
concentration became lower than or equal to 30 pg/ml 
reduced mean serum ALT activity without a significant 
change of body weight, suggesting that iron reduction 
therapy by phlebotomy will be one of the promising 
therapies for NASH (50), although this approach cannot 
be implemented without extensive review.                                                                                               

There are several limitations applied to our study. First 
limitation was the small sample size. We planned to in-

clude a larger number of cases, but unfortunately many 
patients refused to give liver biopsy, so they were ex-
cluded from the study. The proposed design of our study 
was to admit the patients in our hospital with the aim 
to be under medical supervision for one day with no 
specific cause of admission, but actually many of our 
patients refused admission, so they were taken from 
the outpatient clinic. Of course, we know that the re-
sults of the present study are confirmatory to previously 
published information, but we think that the pattern of 
liver diseases including NASH which is related mainly to 
metabolic syndrome may be different in different popu-
lations and up to our knowledge, this is the first study 
for relation of serum ferritin to NASH in Egyptian popu-
lation. Secondly a single measurement of serum ferri-
tin may not be representative of the ‛true’ exposure 
to stored iron (if e.g. recent blood loss or recent use 
of aspirin has occurred). Thus, an optimal indicator of 
exposure would be serial measurements of the ferritin 
level over a given period of time. Third, although mea-
surement of insulin resistance by the HOMA-IR index has 
been demonstrated to correlate with results obtained 
using the glucose clamp technique or minimal model 
analysis, its validity in different populations has never 
been tested. Fourth, in our study, it was not possible to 
measure hepatic iron content. 

It has been suggested that NASH has multiple patho-
genic mechanisms including insulin resistance, oxidative 
stress, mitochondrial dysfunction and cytokines produc-
tion. Serum ferritin is correlated with oxidative stress 
and insulin resistance in cases of NASH. The elevated 
level of serum ferritin and its role in the pathogenesis 
of NASH was the basis of the idea for dietary restriction 
of iron and iron reduction therapies like venesection in 
the treatment of NASH, but this needs to be tried in a 
large population studies before it is established as an 
approved line of treatment.
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