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Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease 
characterized by glucose and lipid metabolism disorders, which 
are mainly characterized by decreased number, hypofunction 
and increased apoptosis of pancreatic β-cells. It has been 
shown that the mechanisms involved in the development of 
T2DM caused by multidimensional pathogenic responses in 
pancreatic β-cells include pathological processes such as cell 
iron death, endoplasmic reticulum (ER) stress, reactive oxygen 
species activation, membrane disruption, and receptor-mediated 
signaling impairment transduction cascades [1]. Iron metabolism 
plays an important role in the development and progression of a 
variety of metabolic diseases, especially T2DM.The first case to 
investigate the relationship between iron metabolism and diabetes 
is hereditary hemochromatosis (HH), and the specific mechanism 
of HH-associated diabetes pathogenesis remains incompletely 
clarified, and insulin deficiency and insulin resistance (IR) may 
be important contributing factors. Patients with HH are unable 
to regulate insulin secretion levels in a timely manner due to the 
decline of pancreatic β-cell function, so the risk of developing 
diabetes is significantly increased when IR is present [2, 3]. 
Experiments have shown that iron accumulation is an important 
determinant of islet cell inflammation and has been considered 
as a biomarker of the risk of diabetes development and mortality 
[4]. When iron homeostasis is impaired in vivo, it can lead to iron 
overload and increased reactive oxygen species, thus affecting 
insulin synthesis and secretion, affecting the regulation of glucose 
homeostasis in vivo, and dietary iron restriction can improve islet 
β cell function and glucose tolerance in obese mice [5]. At the 
same time, excessive iron accumulation triggers oxidative stress 

and transforms into a macrophage pro-inflammatory state, which 
has some correlation with steatosis and late complications of 
diabetes in T2DM, such as diabetic cardiomyopathy, retinopathy, 
nephropathy, and neuropathy, and can significantly affect the 
mortality of diabetes and its related complications [6, 7]. Studies 
have confirmed that there is also a certain correlation between 
iron metabolism and the level of adiponectin (ADPN), which 
can improve placental damage caused by gestational diabetes by 
correcting iron death induced by fatty acid oxidation/peroxide 
imbalance [8].

Iron dysfunction is associated with T2DM, particularly iron 
deposition in islet cells. Animal studies have shown that iron 
concentrations in both serum and pancreatic tissue are increased 
in T2DM mice, with massive ferritin deposition around pancreatic 
β-cells, suggesting a large iron overload in pancreatic tissue, 
indicating that iron overload is involved in the progression of 
T2DM. Excess tissue iron may help explain the loss of β-cells 
in T2DM, as cellular iron import is upregulated by iron import 
protein (DMT1), which confers iron toxicity to pancreatic β-cells 
[9, 10]. Iron metabolism disorders also lead to mitochondrial 
defects, which are important for β-cell damage in the progression 
of T2DM. However, the presence of ferrin levels in T2DM patients 
is a marker of increased iron storage in the body, indicating that 
diabetes may also be involved in regulatory mechanisms of iron 
homeostasis. Although there are now numerous studies confirming 
that iron overload is associated with the risk of diabetes, iron 
deficiency is associated with obesity, another major risk factor 
for diabetes, and the combination of obesity and iron overload 
particularly easily leads to the development of T2DM through 
the combination of insulin deficiency and insulin resistance [11].

ABSTRACT
Iron metabolism plays a regulatory role in a variety of metabolic diseases, and certain levels of serum iron are essential for maintaining homeostasis in the 
body, while excessive iron accumulation increases the risk of metabolic diseases, especially type 2 diabetes mellitus (T2DM). Pathological processes such as 
iron deposition, iron ptosis and iron death can activate oxidative stress, lipid peroxidation, autophagy, etc., promote the amplification of the inflammatory 
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important physiological sex hormone secreted by intestinal L cells. GLP-1 analogues or GLP-1 receptor agonists can regulate the process of iron metabolism, 
reduce iron overload or iron death-related inflammatory response, promote islet β cell proliferation and differentiation, and then improve insulin resistance 
and inhibit endothelial cell injury, playing an important role in the prevention and treatment of T2DM and its complications.
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Iron ptosis is cell death induced by iron dysregulation characterized 
by intracellular lipid peroxidation and iron accumulation, which 
is different from apoptosis and necrosis, and has been reported 
to be closely related to a variety of diseases, such as metabolism-
related diseases, tumors, and immune diseases [12]. Because 
pancreatic β-cells express low levels of antioxidant enzymes, 
such as superoxide dismutase (SOD), glutathione peroxidase 
(GPX) and catalase, they lack strong antioxidant capacity and 
easily lead to the accumulation of reactive oxygen species, which 
easily triggers the occurrence of iron ptosis.In mouse MIN6 cells, 
iron ptosis and insulin secretion dysfunction have been found 
to be induced when the endoplasmic reticulum stress-related 
pathway (PERK pathway) is activated [13]. High glucose (HG), 
hydrogen peroxide (H2O2), or streptozotocin (STZ) can all act 
as inducers of iron ptosis, promote pancreatic β-cell apoptosis, 
and significantly decrease insulin secretion (GSIS) levels from 
glucose, while treatment with ferrostatin-1 (Fer-1) or deferoxamine 
(DFO), an inhibitor of iron ptosis, can reduce the damage to GSIS 
and has a certain protective effect on pancreatic β-cells [14, 15]. 
Zhou et al found that iron ptosis is closely related to IR, and 
cryptochlorogenic acid (CCA), an extract of mulberry leaves, 
can achieve antioxidant and protective effects on diabetes by 
increasing glutathione peroxidase 4 (GPX4) levels and activating 
the Xc-/GPX4 system as well as Nrf2, thereby inhibiting iron 
ptosis and improving diabetes-induced lipid peroxidation and 
oxidative stress processes [16, 17]. Meanwhile, to a certain extent, 
CCA can promote islet cell regeneration, reduce islet cell damage 
caused by hyperglycemia, and promote islet β-cell regeneration 
[14]. Many animal and clinical studies have also confirmed the 
presence of varying degrees of iron deposition in various tissues 
of diabetes, which may be a further cause of iron ptosis [18, 
19]. Iron ptosis is involved in GSIS injury and arsenic-induced 
islet cell injury, which plays an important role in maintaining 
homeostasis and glucose metabolism homeostasis in islet cells 
[20]. Therefore, monitoring and controlling factors associated with 
iron ptosis may be one of the new intervention targets for the early 
diagnosis and treatment of T2DM [21]. Similarly, studies have 
shown that iron ptosis and ferrite phagocytosis play an important 
role in the development and progression of diabetic complications 
such as diabetic nephropathy, diabetic cardiomyopathy, diabetic 
atherosclerosis, diabetic stroke and neurodegenerative changes, 
which may be related to the involvement of iron metabolism in 
diabetes-induced endothelial dysfunction, and inhibition of iron 
ptosis has a protective effect on ischemia-reperfusion injury in 
diabetic cardiomyocytes [12, 22-25]. The specific mechanism 
by which iron ptosis is involved in diabetes-induced endothelial 
dysfunction is not fully clarified, and reports have shown that 
p53 signaling is activated during the course of diabetes, further 
activating the p53-XCT (substrate-specific subunit of system 
XC-) -glutathione (GSH) axis, resulting in reduced glutathione 
synthesis, which is involved in triggering endothelial cell iron 
ptosis, thereby leading to impaired endothelial function [26]. 
While there are currently few studies on the role of iron death in 
diabetic liver injury, it is necessary to explore this aspect because 
it promotes various complications of fatty liver and T2DM [27].

Iron death is a specific form of regulated cell death that is 
accompanied by iron-dependent increases in lipid peroxides. 
Quercetin, as a natural iron chelator in the plant kingdom, is 
beneficial for a variety of iron overload-related diseases in the 
body. Li et al first demonstrated that quercetin can exert anti-
inflammatory and antioxidant effects, reduce oxidative stress in 
pancreatic β-cells, and improve insulin resistance (IR) in peripheral 
tissues by inhibiting iron deposition in pancreatic and endothelial 

cells and iron death in pancreatic β-cells, which has become one 
of our new approaches to prevent and treat T2DM. In addition, 
quercetin may represent a potential therapeutic chemical involved 
in iron death during the development of T2DM [28, 29-32].

Second, the effect of GLP-1 on iron metabolism in T2DM and 
its complications
It has been shown that lipid peroxidation, antioxidant capacity 
reduction and mitochondrial morphological and structural 
changes in pancreatic β-cells are consistent with the pathological 
process of cellular iron death during the development of T2DM. 
Liraglutide (LIRA), as a GLP-1 analogue commonly used in 
clinical practice, has been demonstrated to have a good effect 
in improving pancreatic β-cell function and increasing β-cell 
mass [33, 34]. LIRA attenuated iron deposition by decreasing 
transferrin receptor (TFR1) expression and increasing iron export 
protein (FPN1) expression, and increased the expression of Nrf2/
HO-1/GPX4 signaling pathway in the liver of diabetic mice to 
reduce iron death. In addition, LIRA reduces high glucose-induced 
high levels of labile iron pools (LIPs) and intracellular reactive 
oxygen species accumulation in vitro. Reports have proposed 
that LIRA ameliorates diabetes-induced liver fibrosis, which may 
be associated with inhibition of the iron death pathway [27]. 
Therefore, we hypothesize that LIRA plays a crucial role in 
reducing iron accumulation, oxidative damage, and iron death 
in diabetic mice. Meanwhile, LIRA could play a protective 
role in the presence of high glucose by inhibiting autophagy in 
HK-2 cells and kidney cells of diabetic rats. While another study 
proposed that LIRA attenuates glucolipotoxicity in pancreatic 
β-cells by activating autophagy [35]. These studies suggest that 
the mechanisms underlying autophagic dysfunction under different 
conditions may determine the effects of GLP-1 analogues.

An and other teams have demonstrated for the first time in T2DM 
models that iron death often occurs in the hippocampus, and 
LIRA can further inhibit iron death by increasing the expression 
of GPX4 and glutamate/cystine reverse transporter (SLC7A11) 
and inhibiting excessive acyl-CoA synthase long chain family 
member 4 (ACSL4) to reduce oxidative stress, lipid peroxidation, 
and iron overload in diabetic cognitive impairment, thereby 
attenuating damage to hippocampal neurons and synaptic plasticity 
and ultimately restoring cognitive function, which provides a 
new means for the prevention and treatment of diabetes-related 
cognitive dysfunction. Exenatide, as a novel GLP-1 receptor 
agonist, has recently been demonstrated to improve glucose 
homeostasis by increasing insulin release and inducing Frataxin 
and Fe-S cluster protein expression to reduce oxidative stress, 
further elucidating the relationship between iron homeostasis 
maintenance and functional reserve in pancreatic β-cells. At the 
same time, exenatide induced Frataxin and iron-sulfur cluster 
protein expression in pancreatic β-cells and sensory neurons, 
decreased oxidative stress and apoptosis, improved mitochondrial 
function, and protected sensory neurons in dorsal root ganglia [36, 
37].In conclusion, more and more studies have confirmed that iron 
metabolism disorders are closely related to the occurrence and 
development of diabetes, low levels of iron in the body are closely 
related to obesity and can increase the risk of diabetes, while when 
iron overload in the body, it can promote the activation of oxidative 
stress response and the occurrence of inflammatory response in 
the body, especially the damage to pancreatic β-cells, which can 
lead to decreased insulin levels and promote the occurrence and 
development of diabetes. At present, there are few studies on 
the specific mechanism of iron metabolism on the development 
of diabetes and its chronic complications, and more evidence 
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may be needed to support iron metabolism as one of the new 
targets for intervening T2DM and its related complications in 
the future. In summary, appropriate serum iron levels play an 
important role in maintaining homeostasis, and drugs such as GLP-
1 analogues and GLP-1 receptor agonists play an important role 
in increasing insulin sensitivity and enhancing anti-inflammatory 
and antioxidant capacity in diabetic patients, but their relevant 
studies on the process of cellular iron metabolism (such as iron 
deposition, iron death, etc.) still need to be further explored.
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