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Introduction

Diabetes mellitus is a group of metabolic diseases
characterized by chronic hyperglycemia resulting from defects in
insulin secretion, insulin action, or both. Metabolic abnormalities
in carbohydrates, lipids, and proteins result from the importance
of insulin as an anabolic hormone [1-3]. 425 million people in the
world have diabetes, 212 million undiagnosed diabetic patients,
over 1 million children and adolescence have DM1, 279 million
people with diabetes live in urban area, 327 million people
with diabetes are working-age (aged 20-64), 98 million people
are 65-79 years [4]. Type 2 diabetes is the most common type
of diabetes, accounting for around 90% of all cases of diabetes.
In type 2 diabetes, hyperglycemia is the result of an inadequate
production of insulin and inability of the body to respond fully
to insulin, defined as insulin resistance. During a state of insulin
resistance, insulin is ineffective and therefore initially prompts
an increase in insulin production to reduce rising glucose levels
but over time a state of relative inadequate production of insulin
can develop. Type 2 diabetes is the most commonly seen in older
adults, but it is increasingly seen in children, adolescents and
younger adults due to rising levels of obesity, physical inactivity
and poor diet.

Insulin resistance in DM2 has many manifestations
that include obesity, nephropathy, essential hypertension,
dyslipidemia, ovarian hyperandrogenism and premature
adrenarche, non-alcoholic fatty liver disease and systemic
inflammation [5,6]. The presence of abdominal obesity and
accompanying insulin resistance provide fertile conditions for
the development of NAFLD. Indeed, NAFLD is often considered
as the hepatic manifestation of insulin resistance and the
metabolic syndrome [7]. It is well known that the prevalence
of NAFLD associated with several risk factors such as obesity,
metabolic syndrome, insulin resistance and type 2 diabetes
[8,9]. Compared to healthy populations, patients with type 2
diabetes mellitus show increased risk for catching of advanced
liver disease including fibrosis, cirrhosis and hepatocellular
carcinoma [10]. A significant increase in the prevalence of

NAFLD in type 2 diabetes mellitus patients was observed. The

pooled prevalence was 54% (95% CI 45% - 64%). Whereas, in
eligible studies involved in this meta-analysis, the prevalence of
NAFLD in type 2 diabetes mellitus patients ranged from 5% (24)
to 87% [11].

Here, the high prevalence of NAFLD in type 2 diabetes
mellitus patients indicated the importance of management
and early evaluation of NAFLD in type 2 diabetes patients [12].
Obesity and iron deficiency (ID) are considered the two most
common nutritional disorders worldwide [13]. The association
between obesity and iron status was first described by Wenzel
in 1962, who noted that obese adolescents had lower serum
iron compared to non-obese adolescents [14]. More recently,
research has focused on the role of systemic, obesity-related,
low-grade inflammation leading to ID via increased hepcidin
expression [15-17].

When the body is iron replete, hepcidin concentrations are
high, and the iron supply to the plasma is reduced; however, when
iron demands are high, hepcidin concentrations are reduced,
and more iron enters the circulation. Major iron-exporting
cells include macrophages, which recycle heme-derived iron
from senescent RBCs; hepatocytes, which are the major site of
iron storage; and intestinal enterocytes, which facilitate dietary
intake of iron.

However, most cells can export iron through FPN1 and,
thus, are potential hepcidin targets. The bone morphogenetic
protein-SMAD regulatory pathway is central to hepcidin
regulation, and it is likely the pathway through which the iron
dependent regulation of hepcidin occurs but inflammatory
cytokines hypoxia and several other factors [18-22] also can
activate signaling pathways that lead to alterations in hepcidin
transcription. Increased iron stores and inflammation enhance
hepcidin expression, whereas reduced iron stores and hypoxia
lower expression. Hepcidin expression increased in chronic
inflammation, by inflammatory cytokines interleukin-6 (IL-
6) and interleukin-13 (IL-1f) via STAT3 [23]. Hepcidin is
predominantly expressed in the liver, but also in subcutaneous
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and visceral adipose tissue, albeit at such a low level it may not
contribute to systemic hepcidin levels [24,25] (Figure 1). Iron
deficiency is common in NAFLD patients. Circulating serum
hepcidin levels in NAFLD patients with iron deficiency are low
reflecting an appropriate physiologic response of hepcidin
signaling to iron deficiency. Obesity and female sex are likely the

most important risk factors of ID in NAFLD subjects; however,
alcohol consumption, presence of diabetes and potentially racial
background may also be contributing factors. Increased hepcidin
as a result of obesity-induced systemic inflammation may
initially contribute to iron deficiency but once ID is established
hepcidin is appropriately down regulated [26].
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Figure 1: Iron deficiency is common in NAFLD patients
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Thus, the impact of obesity-induced hepcidin upregulation cardiovascular disease. Diabetes Care 37: 1178-1181.
and the relationship between liver vs adipose-derived

hepcidin, and iron regulation in the setting of obesity is not
well understood. Moreover, as we can see from the conducted
numerous studies, the occurrence of anemia was studied in fatty
hepatosis (NAFLD), especially the emphasis was on the role in
appearance of anemia of the insufficiently explored protein
hepcidin secreted by the liver. According to the latest data,
hepcidin is a cellular bioregulator of iron metabolism in the
body. Thus, since fatty hepatosis (NAFLD) causes inflammatory
and destructive changes in the liver, it can cause an increase of
hepcidin levels which in turn will inhibit the absorption of iron
through the intestines and the release of iron from macrophages,
which in turn leads to iron deficiency anemia. As we all know,
in 60-70 percent of all cases, fatty hepatosis (NAFLD) appears
in patients with type 2 diabetes, and therefore we decided to
conduct a study in this direction. We want to prove the role of
hepcidin in the appearance of anemia in diabetes mellitus with
fatty hepatosis (NAFLD).
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