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ABSTRACT 

Iron is a necessary trace element in the human body, and it participates in many 

physiological processes. Disorders of iron metabolism can cause lesions in many tissues 

and organs, including bone. Recently, iron has gained attention as an independent 

factor influencing bone metabolism disorders, especially the involvement of iron 

overload in osteoporosis. The aim of this review was to summarize the findings from 

clinical and animal model research regarding the involvement of iron in bone 

metabolism disorders and to elucidate the mechanisms behind iron overload and 

osteoporosis. Lastly, we aimed to describe the association between bone loss and iron 

overload. We believe that a reduction in iron accumulation can be used as an 

alternative treatment to assist in the treatment of osteoporosis, to improve bone mass, 

and to improve the quality of life of patients. 

ABBREVIATIONS 

DMT1: Divalent Metal Transporter 1; HJV: Haemojuvelin; FPN: Ferroportin; BMP: Bone 

Morphogenetic Protein; PD: Parkinson’s Disease; AD: Alzheimer's Disease; ROS: 

Reactive Oxygen Species; MSC: Mesenchymal Stem Cell; GDF: Growth Differentiation 

Factor; AMH: Anti-Mullerian Hormone; MMP: Matrix Metalloproteinase; BMPR: Bone 

Morphogenetic Protein Receptor; M-CSF: Macrophage Colony-Stimulating Factor; Hh: 

Hedgehog; Ptch: Patched-1; Smo: Smoothened; Ihh: Indian Hedgehog; Dsh/Dvl: 

Dishevelled; GSK-3β: Glycogen Synthetase Kinase 3β; APC: Adenomatous Polyposis 

Coli; TNF: Tumor Necrosis Factor; TRAF: TNF Receptor Linker; PI3K: 

Phosphatidylinositol 3-Kinase; BMD: Bone Mineral Density; HH: Hereditary 

Hemochromatosis; TfR2: Transferrin Receptor 2; Hbs: Sickle Hemoglobin; HbA: Normal 

Hb; NAC: N-acetyl-L-cysteine; DFO: Desferoxamine 

INTRODUCTION  

Iron is a necessary trace element in the human body, and it participates in many 

physiological processes such as oxygen transportation, electron transportation in the 

respiratory chain, and production of metabolism-related coenzymes [1-3]. Iron 

metabolism is affected by intaking, transporting, distribution, storage and excreting 

[4]. Iron is obtained from nutritional sources. Thus, its quantity is affected by the level 

of nutritional intake, which is also crucial for the regulation of iron metabolism. Iron 

metabolism disorders can cause lesions in many tissues and organs, such as the heart, 

kidneys, liver, and nerve tissue [5-8]. Recent studies have found that iron metabolism 

disorders may also be directly related to bone metabolism defects [9-13]. Both iron 

deficiency and iron overload in the body can result in bone metabolism disorders, and 
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there is an association between iron overload and osteoporosis. 

Furthermore, research has shown that the role of iron in 

osteoporosis cannot be ignored. In this article, we review recent 

literature on iron metabolism and the opinions on bone loss 

associated with iron overload from teams within our institution. 

NUTRITION AND IRON METABOLISM 

As a major source of nutrition, food is also the main source of 

iron intake. Animal-derived foods in daily diets, such as fish, 

meat, and poultry, contain a large amount of heme iron, a rich 

source of iron. This part of iron absorption is not affected by 

other factors, but also promotes absorption of non-heme iron, 

which accounts for about 40% of the total iron intake in this 

process [14]. Cereals are rich in non-heme iron and are a 

staple food for many people in the world, making cereals one 

of the main sources of iron. Because cereals can be processed 

in a solid form, they are often fortified with iron [15]. In 

addition, when beer was brewed using iron cans, the acidity of 

the beer allowed a large amount of iron to enter the wine, and 

the iron intake of the consumer was increased [16]. Even with 

the current improvement in wine-making technology, the iron 

content in wine is reduced. However, alcohol can still promote 

the absorption of iron, evident by the increased iron levels of 

many alcohol consumers [17, 18]. Similarly, cooking food in 

iron skillets and pots can also increase the iron content of food 

by 3-400% [19]. Interestingly, some herbs, such as mint leaves, 

mint roots, black bean roots, garbanzo beans, and gold roots, 

have a higher iron content than other foods [19]. Details 

regarding the nutritional sources of iron and its involvement in 

many physiological processes are not described in this article, 

but can be obtained from other reviews. 

RELATED DISEASES CAUSED BY IRON METABOLISM 

DISORDERS 

The iron transport process and regulation mechanism in vivo 

The absorption and homeostasis of iron in the body is precisely 

regulated, and the absorption of iron is mainly accomplished 

through the intestinal tract. Divalent Metal Transporter 1 

(DMT1) in the small intestinal cell membrane transfers the 

ferrous particles into the cytosol [20]. DMT1 can be used not 

only as a carrier transporter for small-intestine chorion, but also 

as a carrier of iron in many other tissues in the body that are 

involved in intracellular metastasis of iron. There are two 

pathways for the iron that enters the intestinal mucosal cells. 

One is to enter the blood circulation, and the other is to bind to 

ferritin in the cytosol as storage iron. The ferrous particles 

absorbed into the blood are oxidized by caeruloplasmin to 

ferric ions, which bind to plasma transferrin and are 

transported to tissue cells. 

The homeostasis of iron, including iron absorption, transport, 

release, and storage, is primarily regulated by protein, 

transporters, and hormones. In recent years, with the continuous 

development of molecular biology technology, gene knockout 

and over-expression technology have become more and more 

sophisticated. Scientists have found that many genes and 

proteins, including Hemojuvelin (HJV), hepcidin, and Ferroportin 

(FPN), are involved in regulating the homeostasis of iron [21]. 

Hepcidin is a hormone secreted mainly by the liver. It is 

encoded by the hepcidin gene, which plays a central role in the 

process of negative regulation of iron. The action of hepcidin is 

accomplished by FPN1. FPN1 is expressed in the cell 

membrane and transports intracellular iron out of the cells. 

When the iron concentration is increased, hepcidin binds to 

FPN1, which induces internalization and degradation. Thus, the 

iron in the cells cannot be transported out, and this increases 

the absorption of iron by the cells. As a result, intracellular iron 

is increased and the iron concentration is maintained. The 

regulation of hepcidin has been demonstrated in many studies, 

and it is mainly regulated by the HJV-Bone Morphogenetic 

Protein (BMP)/SMAD signaling pathway, TMPRSS6, 

inflammation, and interleukin (IL)-6[11,22,23]. The details are 

described in other review articles. 

Tissue and organ diseases caused by iron metabolism 

disorders 

Disorders of iron metabolism include both iron deficiency and 

iron overload in the body. Iron deficiency is mainly caused by 

insufficient intake of iron or excessive iron loss. Iron overload is 

mainly caused by iron regulation of metabolic disorders or the 

termination of iron emission pathways. Iron deficiency or iron 

overload cause many diseases and even organ lesions, such as 

brain neurological diseases, liver disease, diabetes, heart 

damage, and osteoporosis (Figure 1). 
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PD, Parkinson’s disease; AD, Alzheimer’s disease; ROS, Reactive Oxygen Species; Fe, Ferritin; MDS, ; MRC, ; HJV, Haemojuvelin; 

LDL, Low-Density Lipoprotein. 

  

OVERVIEW OF BONE METABOLISM 

Bone is a highly metabolic organ. It consists mainly of bone 

cells, collagen fibers, and matrices. It has certain morphology. It 

is surrounded by periosteum and contains bone marrow and 

abundant blood vessels, lymphatic vessels, and nerve tissue. 

Although bone does not grow during adulthood, it still has a 

strong ability to repair and regenerate, and this is called bone 

re-modelling. 

Osteogenesis  

Types of bone formation can be divided into endochondral 

ossification and intramembranous ossification. Endochondral 

ossification can be seen in trunk bones, limb long bones, and 

parts of the skull base. Its mode of growth and development is 

based on the pre-formed cartilage, which gradually calcifies 

and is replaced by bone tissue. In the human body, only a few 

bones are formed by intramembranous ossification, which has 

no cartilage template in the process of development. It occurs 

mainly in some flat bones, such as the parietal bone and 

frontal bone. Initially, the connective tissue membrane and 

mesenchyme form the original embryonic form of bone, then 

the intramembranous osteogenesis begins at one or more 

ossification centers, and osteoblasts appear. The osteoblasts 

deposit materials to form parallel dense bone plates. 

Bone tissue cell types 

Bone is mainly composed of bone cells and interstitial bone 

cells. The cells in bone tissue can be divided into three types 

according to cell function: osteoclasts, osteoblasts, and 

osteocytes. During the process of bone destruction and 

remodeling, these three types of cells work together to absorb 

old bone and generate new bone. Osteoblasts are different 

from progenitor cells, which are also known as pre-osteoblasts. 

Mature osteoblasts can synthesize and secrete bone matrices to 

increase bone strength and toughness. They are the cells that 

form bone tissue, participate in bone calcification, and regulate 

 

Figure 1: Related diseases caused by iron metabolism disorders. Many organs are 

affected by iron metabolism disorders. Parkinson’s Disease (PD) and Alzheimer's 

Disease (AD) are common neurodegenerative diseases where ferritin is higher in 

the brain. Fatty liver disease is closely related to liver iron overload. The likelihood 

of type 2 diabetes is increased by iron overload caused by various factors. Iron 

overload can lead to cardiovascular system damage, including endothelial cell 

dysfunction, atherosclerotic coronary artery disease, vascular disease, and heart 

failure. 
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the amount of calcium and phosphorus in bone and other 

tissues. Osteoblasts often exist on the surface of new bone and 

are arranged in a single layer. Osteoblasts are embedded 

into osteoid tissue and transformed into osteocytes. Osteoclasts 

are giant multinucleated cells that play a major role in bone 

resorption. Normal bone metabolism depends on the dynamic 

balance between osteoclast absorption and osteoblast bone 

formation. The main functions of osteoclasts are bone 

resorption, regulation of the activity of osteoblasts, and 

participation in the migration of hematopoietic stem cells. 

Osteocytes are the primary cells in maturate bone tissue. They 

are derived from osteoblasts and located in bone lacunae and 

the protrusions in bone canaliculi. Osteocytes can produce new 

matrices, change crystal fluid, and maintain calcium and 

phosphorus depositions, which are released in a stable state in 

order to maintain the blood calcium balance. Osteocytes play 

an important role in bone resorption and bone formation, and 

are the primary cells involved in the maintenance of mature 

bone metabolism. The balance of bone metabolism and bone is 

maintained mainly by osteoblasts and osteoclasts. Under 

normal physiological conditions, the number and function of the 

two types of cells are in a real-time dynamic balance, thus 

maintaining the balance of bone metabolism, which is more 

important for maintaining the normal renewal of bone. Once 

the balance is disturbed, this leads to an imbalance in bone 

homeostasis, resulting in osteopenia, and eventually 

osteoporosis. 

Osteoblasts and bone formation: Osteoblasts originate from 

bone marrow mesenchymal stem cells (BMSCs). BMSCs are 

multifunctional stem cells founded by Frieden, a German 

pathologist, in 1968 [24]. They are located in muscle, bone 

and adipose tissue and can differentiate into osteoblasts, 

chondrocytes, and adipocytes. Subsequent studies have 

revealed that MSCs are the main source of osteoblast 

differentiation during bone tissue maturation and remodeling. 

They gradually differentiate into osteoblast progenitor cells, 

preosteoblasts, and osteoblasts. The differentiation process of 

osteoblasts can be divided into several stages, including 

proliferation and deposition in the extracellular matrix. The 

process of differentiation of BMSCs into osteoblasts involves 

multiple signaling pathways and is regulated by a series of 

cytokines, including Transforming Growth Factor (TGF)-β, BMP, 

Hedgehogs, and Wnt signaling pathway (Figure 2).The details 

of this can be found in other reviews.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

DFO: Desferoxamine; M-CSF: Macrophage Colony-Stimulating Factor; VEGF: Vascular Endothelial Growth Factor; ECs: Endothelial 

Cells  

 

Figure 2: The mechanisms involved in iron overload associated bone 

loss. Iron can affect many signaling pathways to inhibit osteoblasts and 

activate osteoclasts, which contributes to the development of 

osteoporosis. 
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Osteoclasts and bone resorption: It is now generally accepted 

that osteoclasts are derived from CD34-positive bone marrow 

hematopoietic stem cells, which are prerequisite cells for 

mononuclear/macrophage cell lines in the bone marrow. 

Undifferentiated bone marrow hematopoietic stem cells are 

transformed into myeloid precursor cells by some early factors 

such as transcription factor PU.1 and Melanocyte Inducing 

Transcription Factor (MITF), which combination with Colony-

Stimulating Factor (M-CSF) and its receptor c-Fos to 

transformed steoclast precursor cell. Under the action of NF-κB 

and NFATc1 transcription factors, osteoclast precursor cells are 

activated and exposed to RANKL stimulation through osteoclast 

differentiation and maturation factors and multiple signaling 

pathways, and they are finally differentiated and developed 

to form a fusion of mature osteoclasts. Several important 

signaling pathways, such as OPG/RANKL/RANK signaling 

pathway, NF-κB clasical signaling pathway, C-SRC-PI3K-AKt 

signaling pathway, Mitogen-Activated Protein Kinases (MAPK) 

signaling pathway, and calcineurin/nuclear factor of activated 

T cells (CN/NFAT) signaling pathway, are involved in osteoclast 

differentiation (Figure 2), the details of which are presented in 

a previous review. 

CLINICAL STUDIES ON IRON METABOLISM DISORDERS AND 

RELATED BONE METABOLISM DISORDERS 

Thalassemia 

Thalassemia is a hereditary hemolytic anemia disease. The 

anemia, the pathological condition resulting from the loss or 

deficiency of one or more globin chains in hemoglobin, is due 

to genetic defects. Patients with thalassemia are treated with 

regular blood transfusions to maintain adequate hemoglobin 

levels. The human body lacks a mechanism for excreting excess 

iron, and repeated blood transfusions cause iron overload in 

these patients. Excess iron will deposit in organs of the body, 

especially the pancreas, liver, pituitary glands, and heart [24]. 

Despite iron chelation therapy, the main manifestation of this 

disease is iron overload. Osteoporoses, and its resulting 

fractures, are one of the common complications of thalassemia. 

Baldini reported bone mass assessment in 70 patients with 

thalassemia (37 males and 33 females), 53 of whom 

developed osteoporosis, showing symptoms of reduced bone 

mass [25]. In a cross-sectional study of 80 patients with 

thalassemia, it was revealed that serum ferritin and cardiac 

iron load (T2*) were inversely correlated with Bone Mineral 

Density (BMD). The study revealed that serum ferritin and 

cardiac iron levels were good indicators of BMD in patients 

with thalassemia [26]. In another five-year population study on 

thalassemia chelation therapy, treatment with iron chelators 

instead of the other four chelator treatments, had a significant 

effect on BMD improvement [27]. The above studies show that 

the main complication in patients with thalassemia is 

osteoporosis, and patients have significant bone metabolism 

problems. Furthermore, osteoporosis has a significant 

correlation with serum ferritin levels, and iron chelation therapy 

can improve the symptoms of osteoporosis more than other 

chelator treatments. 

Hereditary hemochromatosis 

Hereditary Hemochromatosis (HH) is an autosomal hereditary 

disease that is a congenital iron metabolism disorder of the 

tissues of the body. The most common HH is caused by 

mutations in the Cys282Tyr HFE gene in the Caucasian 

population [28]. Subsequently, a large number of clinical 

studies have found that mutations in any one of the HJV, 

Transferrin Receptor 2 (TfR2), ferritin, and hepcidin genes can 

also result in HH, and different gene mutations exhibit different 

clinical symptoms [29-32]. A mouse model of hemochromic 

deposition was constructed using HFE knockout mice. The results 

showed that the iron-overloaded mice had a reduced bone 

formation rate, resulting in damage to the bone microstructure 

[33]. Other studies have shown that iron-rich diets do not 

contribute to bone loss in wild-type male rats, leading to an 

osteoporosis phenotype in HFE knockout mice [34]. Other 

studies have shown that iron overload caused by 

hemochromatosis affects bone metabolism by affecting the 

S1P/S1PR and Wnt signalling pathways [35,36]. 

Sickle cell anemia 

Sickle cell anemia is an autosomal dominant Hemoglobin (Hb) 

disease. Glutamic acid, which is the sixth amino acid of the β-

peptide chain, is replaced by proline to form sickle hemoglobin 

(HbS), which replaces normal Hb (HbA). Clinical manifestations 

of chronic hemolytic anemia including the susceptibility to 

infections and recurrent pain crises lead to chronic tissue 

ischemia, ultimately leading to organ damage. Sickle cell 

anemia is an inherited hemoglobin disorder. Studies have 

found that low bone mass is prevalent in children with sickle cell 



SL Nutrition And Metabolism  

 06 

The Influence of Iron on Bone Metabolism Disorders: A Systematic Review. SL Nutrition And Metabolism. 2022; 2(1):120. 

anemia, and bone mass is inversely related to hemoglobin [37]. 

Sickle cell anemia also has an effect on the cementum. The 

calcification of the pulp and the external absorption of the root 

are the most common changes in the dentin size and the 

frequency of changes in morphology are higher in the 

periapical area and root [38]. Another clinical study showed 

that in patients with sickle cell anemia, more than 65% of men 

and 65.2% of women had osteoporosis, with a high rate of 

lumbar osteoporosis [39]. A retrospective study analyzed the 

prevalence and predisposing factors of low BMD in adult 

patients with sickle cell anemia. Three patients with lumbar 

spine, femoral neck, and distal radius fractures were treated 

with double x-ray absorptiometry. A total of 79.6% of 

patients had abnormal bone density, especially in the lumbar 

vertebrae. BMD abnormalities are associated with lower body 

mass index, lower hemoglobin levels, and higher ferritin levels 

[40]. 

Post-menopausal osteoporosis 

With increasing age, iron accumulates in the human body (the 

iron content stored in the body is reflected by serum ferritin), 

especially after menopause in women. This is due to the 

decrease in uterine blood discharge. The iron in the body 

increases rapidly, with the average ferritin value rising to106 

ng/mL, which is twice the concentration of iron in women who 

are still menstruating [41]. In 2006, Weinberg first proposed 

the idea that iron is a risk factor for osteoporosis [42]. Since 

then, more and more studies have shown that iron accumulation 

is directly related to osteoporosis, especially to post-

menopausal osteoporosis. In 2012, Kim et al. conducted a 

three-year large-scale clinical study of 1,729 subjects, 

including 789 middle-aged men and 940 post-menopausal 

women. The results showed that the prevalence of vertebral 

fractures in post-menopausal women was related to serum 

ferritin levels, whereas this relationship did not exist in male 

subjects [43]. In addition, Kim et al. also found that in healthy 

individuals, elevated serum ferritin levels were positively 

correlated with the rate of bone loss. Furthermore, elevated 

ferritin levels were most pronounced in women over 45 years 

of age [44]. Our findings also support these observations. Xu et 

al. found that ferritin levels in elderly women with hip fractures 

were significantly higher than those in older women who had 

not experienced fractures, and in these two groups, BMD and 

ferritin content in the body were negatively related [45]. 

MECHANISM OF THE EFFECT OF IRON OVERLOAD ON BONE 

METABOLISM 

Iron is an indispensable trace element in the human body, but 

iron accumulation is an independent risk factor for osteoporosis 

[42,43]. Studies on the effects of iron accumulation on bone 

metabolism have been carried out at the cellular level and 

individual level (studies involving mouse and zebrafish models 

and clinical studies on humans have been described above). 

These studies have helped to reveal the mechanisms by which 

iron overload causes osteopenia or osteoporosis (Figure 2). 

Research in animal models  

Mouse research: The effect of iron overload on mice was 

established as early as 2010. By injecting iron dextran (1 

g/kg/wk) into C57/BL6 mice for 2 months, it was found that 

the trabecular bone and cortical bone of the iron-overload 

mice were significantly thinner, and the concentrations of IL6 

and Tumor Necrosis Factor Alpha (TNFa) were increased, 

resulting in an increased production of ROS. These studies also 

found that antioxidant N-Acetyl-L-Cysteine (NAC) can rescue 

this phenotype (Figure 2) [46]. In our research, we injected FAC 

using the same approach, to construct a model of iron overload 

in mice, to explore the mechanism behind bone loss after iron-

overload. Our results showed that in the absence of estrogen, 

iron can deepen the damage to bone, and osteoclasts play an 

important role in this process [47]. Further studies have shown 

that ROS, produced by iron overload, promotes osteoclast 

differentiation through the NF-κB signaling pathway [48]. In 

addition, we found that the H-type blood vessel is a type of 

blood vessel specifically expressed by bone tissue, and its 

abundance is an indicator of bone mass [49]. Iron overload can 

inhibit bone formation and angiogenesis by increasing the 

mammalian target of rapamycin. Rapamycin is used to improve 

blood vessels and bone mass (Figure 2) [50]. In addition to the 

exogenous iron overload model, studies also found that HFE 

and hepcidin knockout mice exhibited significant endogenous 

iron overload, and HFE knockout mice also developed 

hemochromatosis [51-53]. In HFE knockout mice, there was a 

low bone mass and bone microstructural disorder similar to the 

osteoporotic phenotype in humans [51]. Hepcidin is a major 

hormone, which functions to regulate iron metabolism. The 



SL Nutrition And Metabolism  

 07 

The Influence of Iron on Bone Metabolism Disorders: A Systematic Review. SL Nutrition And Metabolism. 2022; 2(1):120. 

knock-out of hepcidin also leads to a mouse model of 

endogenous iron overload. In 2014, our teams found that iron 

content and ferritin concentrations were significantly elevated 

in hepcidin knockout mice. The bone density and microstructure 

of bone changed significantly and the osteogenesis activity 

related to gene expression decreased [52]. It has recently 

been found that in hepcidin knocked out mice, the activity of 

ROS is increased, and the function of osteoblasts is weakened 

[53]. 

Zebrafish research: Zebrafish is a very good biological model 

for use in biomedical research, especially research on bone 

development and bone metabolism. In our research group, in 

2014, the iron overloaded zebrafish model was first 

constructed, and iron overload inhibited the expression of the 

osteogenic marker gene (runx2, gblap, spp1, alpl, and acp5b). 

Desferrioxamine (DFO), a chelating agent for iron, has a 

therapeutic effect on the inhibition of bone development 

caused by zebrafish iron overload [54]. Using MO technology, 

we knocked down the hepcidin gene of zebrafish and found 

that it resembled the osteoporosis phenotype of mice, similar to 

the mouse endogenous iron overload model [55]. We also 

found that zebrafish mutants showed decreased bone 

mineralization, increased ROS, and decreased osteogenic-

specific gene expression. Over expression of hepcidin also 

protected bone development delays caused by iron overload 

[56]. In addition, we also found that in the zebrafish FPN 

mutant, bone development showed a markedly low change 

[57]. The osteoporosis model caused by iron overload in 

zebrafish can also facilitate high-throughput screening of 

osteoporosis drugs in the future. 

The Negative effect of iron overload on osteoblasts  

Osteoblasts are one of the cells targeted for iron action, and a 

series of experiments have found that iron can inhibit 

osteoblast function and differentiation. In 2009, the fetal rat 

calvaria cultures cell line was used for 0–10 μM ferrous sulfate 

treatment. It was found that iron caused down-regulation of the 

Transferrin Receptor (TrfR) expression, up-regulation of ferritin 

expression, down-regulation of osteogenic differentiation, and 

decreased mineralization ability [58]. In other clinical models 

on osteoblast cell lines, it has been found that iron overload 

can increase the concentration of ferritin in cells, suggesting 

that ferritin plays a central role in the process of iron-induced 

osteoblast inhibition (Figure 3) [59-61]. Ferritin has iron 

oxidase properties [62]. The inhibitory effect of iron on 

osteoblasts is due to the inhibition of osteogenic gene 

expression by iron oxidase activity; however, it is still unclear 

just how ferritin affects the expression of osteoblast-associated 

genes and inhibits osteogenic formation. Using the MG-63 

osteoblast cell line, it was found that iron can reduce the 

activity of osteoblasts through HHIPL2 [63]. It is now believed 

that osteoblasts differentiate from MSCs, and iron can increase 

ROS levels and apoptosis in mouse mesenchymal stem cells by 

enhancement of the Caspase-3 dependent pathway [64]. 

During the differentiation of MSCs and mitochondrial 

complexes 1 and 2, NADPH oxidase is the main source of ROS, 

and ROS can initiate the inhibition and apoptosis of MSCs 

through signaling pathways such as Wnt, Hedgehog, and 

FOXO, thereby initiating adipogenesis, and chondrocytes of 

MSCs reduce differentiation into osteoblasts [65,66]. The iron 

chelator DFO can rescue the phenotype of the above 

osteoblasts and pre-osteoblasts [67,68]. In pre-osteoblasts, 

treatment with DFO enabled initiation of osteoblast 

differentiation in a time- and dose-dependent manner, and 

DFO was found to mediate osteogenic differentiation via 

WNT5a. This study also found that lowering basal level iron 

content with DFO seemed to accelerate the differentiation of 

osteoblasts, which suggests that low concentrations of iron may 

be a process or a necessary condition for osteoblast 

differentiation [68]. In summary, iron can inhibit osteoblast 

differentiation and mineralization to affect osteogenesis. 

Iron overload activates osteoclast activity 

Abnormal bone resorption is a key reason for the development 

of osteoporosis. Bone resorption involves an increased ability 

of osteoclast differentiation and activity. In patients with 

hemochromatosis, there is a negative correlation between TRAP 

and phosphoric acid concentration and bone density [69]. In 

RAW264.7 cells, iron can initiate RANKL expression and ROS 

production, and the latter is also a factor in promoting 

osteoclast differentiation [70]. After intraperitoneal injection of 

iron citrate in ovariectomized mice, the production of ROS 

increased in osteoclasts, the expression of RANKL-induced 

genes such as Trap-5b, Ctsk and Mmp9 increased, the 

expression of phosphorylated Iκ-Bα increased, and the NF-kB 

signaling pathway was activated, enhancing osteoclast 
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differentiation and bone resorption capacity, eventually 

leading to more serious bone loss in mice [47]. In our recent 

study, iron was able to influence osteoclast differentiation 

through the NF-kB signaling pathway [48]. Previous studies 

have also found that osteoclasts have an increased demand for 

iron during differentiation. Increasing iron intake synergizes 

with PGC-1β to up-regulate the number and function of 

mitochondria in osteoclasts. Increased mitochondria leads to 

more ROS, which enhances the expression of PGC-1β and 

stimulates osteoclast differentiation [71]. However, if FPN1 is 

specifically knocked out in the bone marrow macrophages, it 

specifically binds to hepcidin. Iron accumulation occurs in the 

cells, and the expression of NFATc1 and phosphorylated ERK is 

increased, which stimulates osteoclast differentiation and 

increases the number of TRAP-positive osteoclasts. The bone 

resorption capacity is enhanced, while the activity of mature 

osteoclasts is not affected by FPN1 knockout. It has been shown 

that endogenous iron elevation is a systemic regulatory 

process, and increasing intracellular iron levels can promote 

osteoclast differentiation [72]. In addition to the activation of 

osteoclasts by the above pathways, iron can also directly 

regulate the transcription of osteoclast-associated genes 

through the iron response element of the TRAP promoter region 

[73]. Thus, iron can promote the absorption of bone tissue by 

promoting osteoclast activation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ROS: Reactive Oxygen Species 

 

The core role of ROS in the process of bone loss caused by 

iron overload 

Iron is a coenzyme in many intracellular metabolic processes, 

especially in the processes of the aerobic respiratory chain. In 

cells, aerobic respiration mainly occurs in the mitochondria. The 

ATP produced by this process is the main source of energy for 

each cell, and is also the main pathway and site for 

intracellular ROS production. In clinical patients with iron 

overload, as well as in mouse models and cell lines, ROS are 

found to be significantly elevated by iron, and this increase is 

directly related to bone mass loss and abnormal bone 

metabolism [47,48,69-71,74,75]. Studies have also found that 

there is a significant increase in ROS in both iron overloaded 

osteoblasts and osteoclasts, suggesting that ROS may play a 

role in iron-affecting bone metabolism [48,53,70]. The way 

ROS acts on osteoblasts and osteoclasts are different (Figure 

 

Figure 3: The core role of ROS and ferritin in osteoporosis caused 
by iron overload. In osteoblasts, iron increases ROS and ferritin 

content, and this results in negatively regulated osteoblast 
differentiation and function, leading to decreased bone formation. 

In osteoclasts, iron increases ROS, enhancing osteoblast 
differentiation and function, leading to increased bone absorption. 
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3). The results of the study found that iron-induced ROS can 

cause osteogenesis and osteoclasts to develop in the opposite 

direction. ROS can promote the differentiation and function of 

osteoclasts, but it can inhibit the differentiation and function of 

osteoblasts (Figure 3) [53,70]. The combination of these two 

functions enhances the loss of bone mass and aggravates the 

development of osteoporosis. ROS in osteoclasts can synergize 

with PGC-1β to increase mitochondria and promote osteoclast 

differentiation and function [71]. In osteoblasts, ROS can 

suppress osteoblast genes expression and extracellular matrix 

mineralization [50,51,58,63]. The use of iron chelators (DFO) 

or inhibitors of ROS (NAC) can effectively remove ROS, 

thereby restoring the function of osteoblasts and enhancing the 

osteoblast’s ability and bone mass [67,68]. Thus, reducing ROS 

is one of the most effective ways of treating osteoporosis 

caused by iron overload in the clinical setting (Figure 3). 

CLINICAL APPLICATION OF IRON REDUCTION IN THE 

TREATMENT OF OSTEOPOROSIS 

As research technology has progressed, the mechanism by 

which iron overload causes bone loss has been further clarified, 

but the detailed mechanisms require more research. The role of 

ROS in inhibiting osteoblasts and promoting osteoclasts, as well 

as the role of ferritin in iron inhibition of osteoblast 

differentiation and its key genes, requires more research. In 

post-menopausal women, the serum ferritin levels increase year 

by year, but bone density decreases with the increase of 

ferritin [76]. Thus, reducing the concentration of iron and ferritin 

in the body is one of the ways to prevent osteoporosis. In 

recent times, drugs such as deferoxamine, deferiprone, and 

deferasirox, have been tried in the clinical setting [77]. In 

addition, endogenous iron reduction, especially the 

enhancement of hepcidin expression, has also been shown to 

have a protective effect on osteoporosis. Furthermore, hepcidin 

can be used as a new target to improve the bone mass of 

patients with osteoporosis [52-56, 78]. Osteoporosis is the 

result of multiple factors in the process of bone metabolism. At 

present, intervention methods for osteoporosis have focused on 

the regulation of osteogenesis and osteoclast function, but this 

intervention does not help all patients. Reducing iron 

accumulation can be used as an individual treatment to assist in 

the treatment of osteoporosis, to improve bone mass, and to 

improve the quality of life of patients. 

REFERENCES 

1. Grzybkowska A, Anczykowska K, Ratkowski W, 

Aschenbrenner P, Antosiewicz J, et al. (2019). Changes in 

Serum Iron and Leukocyte mRNALevels of Genes Involved 

in Iron Metabolism in Amateur Marathon Runners-Effect of 

the Running Pace. Genes (Basel). 10: 460. 

2. Dziegala M, Kobak KA, Kasztura M, Bania J, Josiak K, et 

al. (2018). Iron Depletion Affects Genes Encoding 

Mitochondrial Electron Transport Chain and Genes of Non-

Oxidative Metabolism, Pyruvate Kinase and Lactate 

Dehydrogenase, in Primary Human Cardiac Myocytes 

Cultured upon Mechanical Stretch. Cells. 7. 

3. Berti CC, Dallabona C, Lazzaretti M, Dusi S, Tosi E, et al. 

(2015). Modeling human Coenzyme A synthase mutation in 

yeast reveals altered mitochondrial function, lipid content 

and iron metabolism. Microb Cell. 2: 126-135. 

4. Guo S, Frazer DM, Anderson GJ. (2016). Iron homeostasis: 

transport, metabolism, and regulation. 

CurrOpinClinNutrMetab Care. 19: 276-281. 

5. Grote BN, van der Wal HH, Klip IT, Anker SD, Cleland J, 

et al. (2019). Differences in Clinical Profile and Outcomes 

of Low Iron Storage vs Defective Iron Utilization in Patients 

With Heart Failure: Results From the DEFINE-HF and 

BIOSTAT-CHF Studies. JAMA Cardiol. 4: 696-701. 

6. Greene CJ, Sharma NJ, Fiorica PN, Forrester E, Smith GJ, 

et al. (2019). Suppressive effects of iron chelation in clear 

cell renal cell carcinoma and their dependency on VHL 

inactivation. Free Radic Biol Med. 133: 295-309. 

7. Wang H, An P, Xie E, Wu Q, Fang X, et al. (2017). 

Characterization of ferroptosis in murine models of 

hemochromatosis. Hepatology. 66: 449-465. 

8. Dusi S, Valletta L, Haack TB, Tsuchiya Y, Venco P, et al. 

(2014). Exome sequence reveals mutations in CoA synthase 

as a cause of neurodegeneration with brain iron 

accumulation. Am J Hum Genet. 94: 11-22. 

9. Huang X, Xu Y, Partridge NC. (2013). Dancing with sex 

hormones, could iron contribute to the gender difference in 

osteoporosis. Bone. 55: 458-460. 

10. Kim BJ, Ahn SH, Bae SJ, Kim Eh, Lee SH, et al. (2012). Iron 

overload accelerates bone loss in healthy postmenopausal 

women and middle-aged men: a 3-year retrospective 

longitudinal study. J Bone Miner Res. 27: 2279-2290. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627308/
https://www.ncbi.nlm.nih.gov/pubmed/30347796
https://www.ncbi.nlm.nih.gov/pubmed/30347796
https://www.ncbi.nlm.nih.gov/pubmed/30347796
https://www.ncbi.nlm.nih.gov/pubmed/30347796
https://www.ncbi.nlm.nih.gov/pubmed/30347796
https://www.ncbi.nlm.nih.gov/pubmed/30347796
https://www.ncbi.nlm.nih.gov/pubmed/28357284
https://www.ncbi.nlm.nih.gov/pubmed/28357284
https://www.ncbi.nlm.nih.gov/pubmed/28357284
https://www.ncbi.nlm.nih.gov/pubmed/28357284
https://www.ncbi.nlm.nih.gov/pubmed/27137899
https://www.ncbi.nlm.nih.gov/pubmed/27137899
https://www.ncbi.nlm.nih.gov/pubmed/27137899
https://www.ncbi.nlm.nih.gov/pubmed/31188392
https://www.ncbi.nlm.nih.gov/pubmed/31188392
https://www.ncbi.nlm.nih.gov/pubmed/31188392
https://www.ncbi.nlm.nih.gov/pubmed/31188392
https://www.ncbi.nlm.nih.gov/pubmed/31188392
https://www.ncbi.nlm.nih.gov/pubmed/30553971
https://www.ncbi.nlm.nih.gov/pubmed/30553971
https://www.ncbi.nlm.nih.gov/pubmed/30553971
https://www.ncbi.nlm.nih.gov/pubmed/30553971
https://www.ncbi.nlm.nih.gov/pubmed/28195347
https://www.ncbi.nlm.nih.gov/pubmed/28195347
https://www.ncbi.nlm.nih.gov/pubmed/28195347
https://www.ncbi.nlm.nih.gov/pubmed/24360804
https://www.ncbi.nlm.nih.gov/pubmed/24360804
https://www.ncbi.nlm.nih.gov/pubmed/24360804
https://www.ncbi.nlm.nih.gov/pubmed/24360804
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038444/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038444/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038444/
https://www.researchgate.net/publication/228063766_Iron_overload_accelerates_bone_loss_in_healthy_postmenopausal_women_and_middle-aged_men_A_3-year_retrospective_longitudinal_study
https://www.researchgate.net/publication/228063766_Iron_overload_accelerates_bone_loss_in_healthy_postmenopausal_women_and_middle-aged_men_A_3-year_retrospective_longitudinal_study
https://www.researchgate.net/publication/228063766_Iron_overload_accelerates_bone_loss_in_healthy_postmenopausal_women_and_middle-aged_men_A_3-year_retrospective_longitudinal_study
https://www.researchgate.net/publication/228063766_Iron_overload_accelerates_bone_loss_in_healthy_postmenopausal_women_and_middle-aged_men_A_3-year_retrospective_longitudinal_study


SL Nutrition And Metabolism  

 010 

The Influence of Iron on Bone Metabolism Disorders: A Systematic Review. SL Nutrition And Metabolism. 2022; 2(1):120. 

11. Camaschella C. (2013). Treating iron overload. N Engl J 

Med. 368: 2325-2327. 

12. Li GF, Pan YZ, Sirois P, Li K, Xu YJ. (2012). Iron 

homeostasis in osteoporosis and its clinical implications. 

Osteoporos Int. 23: 2403-2408. 

13. Zwart SR, Morgan JL, Smith SM. (2013). Iron status and its 

relations with oxidative damage and bone loss during 

long-duration space flight on the International Space 

Station. Am J ClinNutr. 98: 217-223. 

14. Ruth BR, Pilar V. (2019). ron bioavailability from food 

fortification to precision nutrition. A review. Innovative 

Food Science and Emerging Technologies. 51: 126-138. 

15. Diego QK.,Barberá R, Cilla A. (2017). Iron bioavailability 

in iron-fortified cereal foods: The contribution of in vitro 

studies. Critical Reviews in Food Science and Nutrition. 57: 

2028-2041. 

16. Bothwell TH, Seftel H, Jacobs P, Torrance JD, Baumslag N. 

(1964). Iron Overload in Bantu Subjects: Studies on the 

Availability of Iron in Bantu Beer. Am J ClinNutr. 14: 47-

51. 

17. Rossi E, Bulsara MK, Olynyk JK, Cullen DJ, Summerville L, 

et al. (2001). Effect of hemochromatosis genotype and 

lifestyle factors on iron and red cell indices in a community 

population. Clin Chem. 47: 202-208. 

18. Whitfield JB, Zhu G, Heath AC, Powell LW, Martin NG. 

(2001). Effects of alcohol consumption on indices of iron 

stores and of iron stores on alcohol intake markers. Alcohol 

ClinExp Res. 25: 1037-1045. 

19. David LW. (1988). The Nutritional Relationships of Iron. 

Journal of Orthomolecular Medicine. 3: 110-116. 

20. Zoller H, Koch RO, Theurl I, Obrist P, Pietrangelo A, et al. 

(2001). Expression of the duodenal iron transporters 

divalent-metal transporter 1 and ferroportin 1 in iron 

deficiency and iron overload. Gastroenterology. 120: 

1412-1419. 

21. Pietrangelo A. (2015). Genetics, Genetic Testing, and 

Management of Hemochromatosis: 15 Years 

SinceHepcidin. Gastroenterology. 14: 1240-1251.e4. 

22. Shen GS, Yang Q, Jian JL, Zhao GY, Liu LL, et al. (2014). 

Hepcidin1 knockout mice display defects in bone 

microarchitecture and changes of bone formation markers. 

Calcif Tissue Int. 94: 632-639. 

23. Pietrangelo A, Dierssen U, Valli L, Garuti C, Rump A, et al. 

(2007). STAT3 is required for IL-6-gp130-dependent 

activation of hepcidin in vivo. Gastroenterology. 132: 

294-300. 

24. Bayanzay K, Alzoebie L. (2016). Reducing the iron burden 

and improving survival in transfusion-dependent 

thalassemia patients: current perspectives. J Blood Med.7: 

159-69. 

25. Baldini Marina, Marcon A, Ulivieri F M, Seghezzi S, Cassin 

R, et al. (2017). Bone quality in beta-thalassemia 

intermedia: relationships with bone quantity and endocrine 

and hematologic variables. Ann Hematol. 96: 995-1003. 

26. Ebrahimpour L, Akhlaghpoor S, Azarkayvan A, Salehi M, 

Morteza A, et al. (2012). Correlation between bone 

mineral densitometry and liver/heart iron overload 

evaluated by quantitative T2* MRI. Hematology. 17: 297-

301. 

27. Poggi M, Sorrentino F, Pugliese P, Smacchia MP, Daniele 

C, et al. (2016). Longitudinal changes of endocrine and 

bone disease in adults with β-thalassemia major receiving 

different iron chelators over 5 years. Ann Hematol. 95: 

757-763. 

28. Feder JN, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA, 

et al. (1996). A novel MHC class I-like gene is mutated in 

patients with hereditary haemochromatosis. Nat Genet.13: 

399-408. 

29. Lanzara C, Roetto A, Daraio F, Rivard S, Ficarella R, et al. 

(2004). Spectrum of hemojuvelin gene mutations in 1q-

linked juvenile hemochromatosis. Blood. 103: 4317-4321. 

30. Le Gac G, Mons F, Jacolot S, Scotet V, Férec C, et al. 

(2004). Early onset hereditary hemochromatosis resulting 

from a novel TFR2 gene nonsense mutation (R105X) in two 

siblings of north French descent. Br J Haematol. 125: 674-

678. 

31. Kato J, Fujikawa K, Kanda M, Fukuda N, Sasaki K, et al. 

(2001). A mutation, in the iron-responsive element of H 

ferritin mRNA, causing autosomal dominant iron overload. 

Am J Hum Genet. 69: 191-197. 

32. Roetto A, Papanikolaou G, Politou M, Alberti F, Girelli D, 

et al. (2003). Mutant antimicrobial peptide hepcidin is 

associated with severe juvenile hemochromatosis. Nat 

Genet. 33: 21-22. 

https://www.ncbi.nlm.nih.gov/pubmed/23758239
https://www.ncbi.nlm.nih.gov/pubmed/23758239
https://www.ncbi.nlm.nih.gov/pubmed/22525981
https://www.ncbi.nlm.nih.gov/pubmed/22525981
https://www.ncbi.nlm.nih.gov/pubmed/22525981
https://www.ncbi.nlm.nih.gov/pubmed/23719548
https://www.ncbi.nlm.nih.gov/pubmed/23719548
https://www.ncbi.nlm.nih.gov/pubmed/23719548
https://www.ncbi.nlm.nih.gov/pubmed/23719548
https://pubag.nal.usda.gov/catalog/6301975
https://pubag.nal.usda.gov/catalog/6301975
https://pubag.nal.usda.gov/catalog/6301975
https://www.ncbi.nlm.nih.gov/pubmed/25830598
https://www.ncbi.nlm.nih.gov/pubmed/25830598
https://www.ncbi.nlm.nih.gov/pubmed/25830598
https://www.ncbi.nlm.nih.gov/pubmed/25830598
https://www.ncbi.nlm.nih.gov/pubmed/14106870
https://www.ncbi.nlm.nih.gov/pubmed/14106870
https://www.ncbi.nlm.nih.gov/pubmed/14106870
https://www.ncbi.nlm.nih.gov/pubmed/14106870
https://www.ncbi.nlm.nih.gov/pubmed/11159767
https://www.ncbi.nlm.nih.gov/pubmed/11159767
https://www.ncbi.nlm.nih.gov/pubmed/11159767
https://www.ncbi.nlm.nih.gov/pubmed/11159767
https://www.ncbi.nlm.nih.gov/pubmed/11505030
https://www.ncbi.nlm.nih.gov/pubmed/11505030
https://www.ncbi.nlm.nih.gov/pubmed/11505030
https://www.ncbi.nlm.nih.gov/pubmed/11505030
http://www.orthomolecular.org/library/jom/1988/pdf/1988-v03n03-p110.pdf
http://www.orthomolecular.org/library/jom/1988/pdf/1988-v03n03-p110.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11313311
https://www.ncbi.nlm.nih.gov/pubmed/11313311
https://www.ncbi.nlm.nih.gov/pubmed/11313311
https://www.ncbi.nlm.nih.gov/pubmed/11313311
https://www.ncbi.nlm.nih.gov/pubmed/11313311
https://www.gastrojournal.org/article/S0016-5085(15)00935-X/fulltext
https://www.gastrojournal.org/article/S0016-5085(15)00935-X/fulltext
https://www.gastrojournal.org/article/S0016-5085(15)00935-X/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/17241879
https://www.ncbi.nlm.nih.gov/pubmed/17241879
https://www.ncbi.nlm.nih.gov/pubmed/17241879
https://www.ncbi.nlm.nih.gov/pubmed/17241879
https://www.ncbi.nlm.nih.gov/pubmed/27540317
https://www.ncbi.nlm.nih.gov/pubmed/27540317
https://www.ncbi.nlm.nih.gov/pubmed/27540317
https://www.ncbi.nlm.nih.gov/pubmed/27540317
https://www.ncbi.nlm.nih.gov/pubmed/28321531
https://www.ncbi.nlm.nih.gov/pubmed/28321531
https://www.ncbi.nlm.nih.gov/pubmed/28321531
https://www.ncbi.nlm.nih.gov/pubmed/28321531
https://www.ncbi.nlm.nih.gov/pubmed/22971536
https://www.ncbi.nlm.nih.gov/pubmed/22971536
https://www.ncbi.nlm.nih.gov/pubmed/22971536
https://www.ncbi.nlm.nih.gov/pubmed/22971536
https://www.ncbi.nlm.nih.gov/pubmed/22971536
https://www.ncbi.nlm.nih.gov/pubmed/26957357
https://www.ncbi.nlm.nih.gov/pubmed/26957357
https://www.ncbi.nlm.nih.gov/pubmed/26957357
https://www.ncbi.nlm.nih.gov/pubmed/26957357
https://www.ncbi.nlm.nih.gov/pubmed/26957357
https://www.ncbi.nlm.nih.gov/pubmed/8696333
https://www.ncbi.nlm.nih.gov/pubmed/8696333
https://www.ncbi.nlm.nih.gov/pubmed/8696333
https://www.ncbi.nlm.nih.gov/pubmed/8696333
https://www.ncbi.nlm.nih.gov/pubmed/14982873
https://www.ncbi.nlm.nih.gov/pubmed/14982873
https://www.ncbi.nlm.nih.gov/pubmed/14982873
https://www.ncbi.nlm.nih.gov/pubmed/15147384
https://www.ncbi.nlm.nih.gov/pubmed/15147384
https://www.ncbi.nlm.nih.gov/pubmed/15147384
https://www.ncbi.nlm.nih.gov/pubmed/15147384
https://www.ncbi.nlm.nih.gov/pubmed/15147384
https://www.ncbi.nlm.nih.gov/pubmed/11389486
https://www.ncbi.nlm.nih.gov/pubmed/11389486
https://www.ncbi.nlm.nih.gov/pubmed/11389486
https://www.ncbi.nlm.nih.gov/pubmed/11389486
https://www.ncbi.nlm.nih.gov/pubmed/12469120
https://www.ncbi.nlm.nih.gov/pubmed/12469120
https://www.ncbi.nlm.nih.gov/pubmed/12469120
https://www.ncbi.nlm.nih.gov/pubmed/12469120


SL Nutrition And Metabolism  

 011 

The Influence of Iron on Bone Metabolism Disorders: A Systematic Review. SL Nutrition And Metabolism. 2022; 2(1):120. 

33. Doyard M, Chappard D, Leroyer P, Roth MP, Loréal O, et 

al. (2016). Decreased Bone Formation Explains 

Osteoporosis in a Genetic Mouse Model of 

Hemochromatosiss. PLoS ONE. 11: e0148292. 

34. Simão M, Camacho A, Ostertag A, Cohen-Solal M, Pinto IJ, 

et al. (2018). Iron-enriched diet contributes to early onset 

of osteoporotic phenotype in a mouse model of hereditary 

hemochromatosis. PLoS ONE. 13: e0207441. 

35. Peltier L, Bendavid C, Cavey T, Island ML, Doyard M, et 

al. (2018). Iron excess upregulates SPNS2 mRNA levels 

but reduces sphingosine-1-phosphate export in human 

osteoblastic MG-63 cells. Osteoporos Int. 29: 1905-1915. 

36. Baschant U, Rauner M, Balaian E, Weidner H, Roetto A, et 

al. (2016). Wnt5a is a key target for the pro-osteogenic 

effects of iron chelation on osteoblast progenitors. 

Haematologica. 101: 1499-1507. 

37. Bordbar MR, Haghpanah S, Zarei T, Dabbaghmanesh MH, 

Omrani GR, et al. (2017). Evaluation of bone mineral 

density in children with sickle-cell anemia and its 

associated factors in the south of Iran: a case-control study. 

Arch Osteoporos. 12: 70. 

38. Souza S,  de Carvalho H, Costa C, Thomaz E. (2018). 

Association of sickle cell haemoglobinopathies with dental 

and jaw bone abnormalities. Oral Dis. 24: 393-403. 

39. Sadat-Ali M, Al-Elq AH, Sultan O, Al-Turki H, Bukhari R, et 

al. (2008). Low bone mass due to sickle cell anemia: is it 

becoming a real issue? West Afr J Med. 27: 218-23. 

40. Sarrai M, Duroseau H, D'Augustine J, Moktan S, Bellevue R. 

(2007). Bone mass density in adults with sickle cell disease. 

Br J Haematol. 136: 666-672.  

41. Kato I, Dnistrian AM, Schwartz M, , Toniolo P, Koenig K, et 

al. (2000). Risk of iron overload among middle-aged 

women. Int J Vitam Nutr Res. 70: 119-125. 

42. Weinberg ED. (2006). Iron loading: A risk factor for 

osteoporosis. Biometals. 19: 633-635.  

43. Kim BJ, Ahn SH, Bae SJ, Kim EH, Lee SH, et al. (2012). Iron 

overload accelerates bone loss in healthy postmenopausal 

women and middle-aged men: A 3-year retrospective 

longitudinal study. J Bone Miner Res. 27: 2279-2290. 

44. Kim BJ, Lee SH, Koh JM, Kim GS. (2013). The association 

between higher serum ferritin level and lower bone 

mineral density is prominent in women ≥45 years of age. 

Osteoporos Int. 24: 2627-2637. 

45. Xu YJ, Sirois P, Li K. (2015). Iron overload plays a unique 

role in osteoporosis. Blood(E-letter). 

46. Tsay J, Yang Z, Ross FP, Cunningham-Rundles S, Lin H, et 

al. (2010). Bone loss caused by iron overload in a murine 

model: importance of oxidative stress. Blood. 116: 2582-

2589. 

47. Xiao W, Beibei F, Guangsi S, Yu J, Wen Z, et al. (2015). 

Iron overload increases osteoclastogenesis and 

aggravates the effects of ovariectomy on bone mass. J 

Endocrinol. 226: 121-134. 

48. Wang X, Chen B, Sun J, Jiang Y, Zhang H, et al. (2018). 

Iron-induced oxidative stress stimulates osteoclast 

differentiation via NF-κB signaling pathway in mouse 

model. Metabolism. 83: 167-176. 

49. Wang L, Zhou F, Zhang P, Wang H, Qu Z, et al. (2017). 

Human type H vessels are a sensitive biomarker of bone 

mass. Cell Death Dis. 8: e2760. 

50. Wu J, Wang A, Wang X, Li G, Jia P, et al. (2019). 

Rapamycin improves bone mass in high-turnover 

osteoporosis with iron accumulation through positive effects 

on osteogenesis and angiogenesis. Bone. 121: 16-28. 

51. Yang Q, Jian J, Abramson SB, Huang X. (2011). Inhibitory 

effects of iron on bone morphogenetic protein 2-induced 

osteoblastogenesis. J Bone Miner Res. 26: 1188-1196. 

52. Shen GS, Yang Q, Jian JL, Zhao GY, Liu LL, et al. (2014). 

Hepcidin 1 knockout mice display defects in bone 

microarchitecture and changes of bone formation markers. 

Calcif Tissue Int. 94: 632-639. 

53. Zhang P, Wang S, Wang L, Shan BC, Zhang H, et al. 

(2018). Hepcidin is an endogenous protective factor for 

osteoporosis by reducing iron levels. J Mol Endocrinol. 60: 

297-306. 

54. Chen B, Yan YL, Liu C, Bo L, Li GF, et al. (2014). 

Therapeutic effect of deferoxamine on iron overload-

induced inhibition of osteogenesis in a zebrafish model. 

Calcif Tissue Int. 94: 353-360. 

55. Jiang Y, Yan Y, Wang X, Zhu G, Xu YJ. (2016). Hepcidin 

inhibition on the effect of osteogenesis in zebrafish. 

BiochemBiophys Res Commun. 476: 1-6. 

56. Jiang Y, Chen B, Yan Y, Zhu GX. (2019). Hepcidin protects 

against iron overload-induced inhibition of bone formation 

https://www.ncbi.nlm.nih.gov/pubmed/26829642
https://www.ncbi.nlm.nih.gov/pubmed/26829642
https://www.ncbi.nlm.nih.gov/pubmed/26829642
https://www.ncbi.nlm.nih.gov/pubmed/26829642
https://www.ncbi.nlm.nih.gov/pubmed/30427936
https://www.ncbi.nlm.nih.gov/pubmed/30427936
https://www.ncbi.nlm.nih.gov/pubmed/30427936
https://www.ncbi.nlm.nih.gov/pubmed/30427936
https://www.ncbi.nlm.nih.gov/pubmed/29721575
https://www.ncbi.nlm.nih.gov/pubmed/29721575
https://www.ncbi.nlm.nih.gov/pubmed/29721575
https://www.ncbi.nlm.nih.gov/pubmed/29721575
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pubmed/28779437
https://www.ncbi.nlm.nih.gov/pubmed/28779437
https://www.ncbi.nlm.nih.gov/pubmed/28779437
https://www.ncbi.nlm.nih.gov/pubmed/28779437
https://www.ncbi.nlm.nih.gov/pubmed/28779437
https://www.ncbi.nlm.nih.gov/pubmed/28833998
https://www.ncbi.nlm.nih.gov/pubmed/28833998
https://www.ncbi.nlm.nih.gov/pubmed/28833998
https://www.ncbi.nlm.nih.gov/pubmed/19469399
https://www.ncbi.nlm.nih.gov/pubmed/19469399
https://www.ncbi.nlm.nih.gov/pubmed/19469399
https://www.ncbi.nlm.nih.gov/pubmed/17223909
https://www.ncbi.nlm.nih.gov/pubmed/17223909
https://www.ncbi.nlm.nih.gov/pubmed/17223909
https://www.ncbi.nlm.nih.gov/pubmed/10883405
https://www.ncbi.nlm.nih.gov/pubmed/10883405
https://www.ncbi.nlm.nih.gov/pubmed/10883405
https://www.ncbi.nlm.nih.gov/pubmed/16648989
https://www.ncbi.nlm.nih.gov/pubmed/16648989
https://www.ncbi.nlm.nih.gov/pubmed/22729843
https://www.ncbi.nlm.nih.gov/pubmed/22729843
https://www.ncbi.nlm.nih.gov/pubmed/22729843
https://www.ncbi.nlm.nih.gov/pubmed/22729843
https://www.ncbi.nlm.nih.gov/pubmed/23592044
https://www.ncbi.nlm.nih.gov/pubmed/23592044
https://www.ncbi.nlm.nih.gov/pubmed/23592044
https://www.ncbi.nlm.nih.gov/pubmed/23592044
https://www.ncbi.nlm.nih.gov/pubmed/20554970
https://www.ncbi.nlm.nih.gov/pubmed/20554970
https://www.ncbi.nlm.nih.gov/pubmed/20554970
https://www.ncbi.nlm.nih.gov/pubmed/20554970
https://www.ncbi.nlm.nih.gov/pubmed/26116610
https://www.ncbi.nlm.nih.gov/pubmed/26116610
https://www.ncbi.nlm.nih.gov/pubmed/26116610
https://www.ncbi.nlm.nih.gov/pubmed/26116610
https://www.ncbi.nlm.nih.gov/pubmed/29378199
https://www.ncbi.nlm.nih.gov/pubmed/29378199
https://www.ncbi.nlm.nih.gov/pubmed/29378199
https://www.ncbi.nlm.nih.gov/pubmed/29378199
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5520742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5520742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5520742/
https://www.ncbi.nlm.nih.gov/pubmed/30610968
https://www.ncbi.nlm.nih.gov/pubmed/30610968
https://www.ncbi.nlm.nih.gov/pubmed/30610968
https://www.ncbi.nlm.nih.gov/pubmed/30610968
https://www.ncbi.nlm.nih.gov/pubmed/21308772
https://www.ncbi.nlm.nih.gov/pubmed/21308772
https://www.ncbi.nlm.nih.gov/pubmed/21308772
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/24652331
https://www.ncbi.nlm.nih.gov/pubmed/29563156
https://www.ncbi.nlm.nih.gov/pubmed/29563156
https://www.ncbi.nlm.nih.gov/pubmed/29563156
https://www.ncbi.nlm.nih.gov/pubmed/29563156
https://www.ncbi.nlm.nih.gov/pubmed/24414856
https://www.ncbi.nlm.nih.gov/pubmed/24414856
https://www.ncbi.nlm.nih.gov/pubmed/24414856
https://www.ncbi.nlm.nih.gov/pubmed/24414856
https://www.ncbi.nlm.nih.gov/pubmed/27233600
https://www.ncbi.nlm.nih.gov/pubmed/27233600
https://www.ncbi.nlm.nih.gov/pubmed/27233600
https://www.ncbi.nlm.nih.gov/pubmed/30361820
https://www.ncbi.nlm.nih.gov/pubmed/30361820


SL Nutrition And Metabolism  

 012 

The Influence of Iron on Bone Metabolism Disorders: A Systematic Review. SL Nutrition And Metabolism. 2022; 2(1):120. 

in zebrafish. Fish Physiol Biochem. 45: 365-374. 

57. Bo L, Liu Z, Zhong Y, Huang J, Chen B et al. (2016). Iron 

deficiency anemia's effect on bone formation in zebrafish 

mutant. Biochem Biophys Res Commun. 475: 271-276. 

58. Messer JG, Kilbarger AK, Erikson KM, Kipp DE. (2009). 

Iron overload alters iron-regulatory genes and proteins, 

down-regulates osteoblastic phenotype, and is associated 

with apoptosis in fetal rat calvaria cultures. Bone. 45: 972-

979. 

59. Jeney V. (2017). Clinical Impact and Cellular Mechanisms 

of Iron Overload-Associated Bone Loss. Front Pharmacol. 

8: 77. 

60. Cheng Q, Zhang X, Jiang J, Zhao G, Wang Y, et al. 

(2017). Postmenopausal Iron Overload Exacerbated Bone 

Loss by Promoting the Degradation of Type I Collagen. 

Biomed Res Int. 2017: 1345193. 

61. Zarjou A, Jeney V, Arosio P, Poli M, Antal-Szalmás P, et al. 

(2009). Ferritin prevents calcification and osteoblastic 

differentiation of vascular smooth muscle cells. J Am Soc 

Nephrol. 20: 1254-1263. 

62. Zarjou A, Jeney V, Arosio P, Poli M, Zavaczki E, et al. 

(2010). Ferritin ferroxidase activity: a potent inhibitor of 

osteogenesis. J Bone Miner Res. 25: 164-172. 

63. Doyard M, Fatih N, Monnier A, Island ML, Aubry M, et al. 

(2012). Iron excess limits HHIPL-2 gene expression and 

decreases osteoblastic activity in human MG-63 cells. 

Osteoporos Int. 23: 2435-2445. 

64. Yuan Y, Xu F, Cao Y, Xu L, Yu C, et al. (2019). Iron 

Accumulation Leads to Bone Loss by Inducing Mesenchymal 

Stem Cell Apoptosis Through the Activation of Caspase 3. Biol 

Trace Elem Res. 187: 434-441. 

65. Atashi F, Modarressi A, Pepper MS. (2015). The role of 

reactive oxygen species in mesenchymal stem cell adipogenic 

and osteogenic differentiation: a review. Stem Cells Dev. 24: 

1150-1163. 

66. Balogh E, Tolnai E, Nagy B, Nagy B, Balla G, et al. (2016). 

Iron overload inhibits osteogenic commitment and 

differentiation of mesenchymal stem cells via the induction of 

ferritin. Bio chim Biophys Acta. 1862: 1640-1649. 

67. Qu ZH, Zhang XL, Tang TT, Dai KR. (2008). Promotion of 

osteogenesis through beta-catenin signaling by 

desferrioxamine. Bio chem. Biophys Res Commun. 370: 332-

337. 

68. Baschant U, Rauner M, Balaian E, Weidner H, Roetto A, et al. 

(2016). Wnt5a is a key target for the pro-osteogenic effects 

of iron chelation on osteoblast progenitors. Haematologica. 

101: 1499-1507. 

69. Rossi F, Perrotta S, Bellini G, Luongo L, Tortora C, et al. 

(2014). Iron overload causes osteoporosis in thalassemia 

major patients through interaction with transient receptor 

potential vanilloid type 1 (TRPV1) channels. Haematologica. 

99: 1876-1884. 

70. Jia P, Xu YJ, Zhang ZL, Li K, Li B, et al. (2012). Ferric ion could 

facilitate osteoclast differentiation and bone resorption 

through the production of reactive oxygen species. J Orthop 

Res. 30: 1843-1852. 

71. Ishii KA, Fumoto T, Iwai K, Takeshita S, Ito M, et al. (2009). 

Coordination of PGC-1beta and iron uptake in mitochondrial 

biogenesis and osteoclast activation. Nat Med. 15: 259-266. 

72. Wang L, Fang B, Fujiwara T, Krager K, Gorantla A, et al. 

(2018). Deletion of ferroportin in murine myeloid cells 

increases iron accumulation and stimulates osteoclastogenesis 

in vitro and in vivo. J Biol Chem. 293: 9248-9264. 

73. Alcantara O, Reddy SV, Roodman GD, Boldt DH. (1994). 

Transcriptional regulation of the tartrate-resistant acid 

phosphatase (TRAP) gene by iron. Biochem J. 298: 421-425. 

74. Crippa S, Rossella V, Aprile A, Silvestri L, Rivis S, et al. 

(2019). Bone marrow stromal cells from β-thalassemia 

patients have impaired hematopoietic supportive capacity. J 

Clin Invest. 129: 1566-1580. 

75. Tarng DC, Huang TP, Liu TY, Chen HW, Sung YJ, et al. (2000). 

Effect of vitamin E-bonded membrane on the 8-hydroxy 2'-

deoxyguanosine level in leukocyte DNA of hemodialysis 

patients. Kidney Int. 58: 790-799. 

76. Huang X, Xu Y, Partridge NC. (2013). Dancing with sex 

hormones, could iron contribute to the gender difference in 

osteoporosis. Bone. 55: 458-460. 

77. Peng CT, Chang JS, Wang LY, Chiou SS, Hsiao CC, et al. 

(2009). Update on thalassemia treatment in Taiwan, including 

bone marrow transplantation, chelation therapy, and 

cardiomyopathy treatment effects. Hemoglobin. 33: 304-

311. 

78. Sun L, Guo W, Yin C, Zhang S, Qu G, et al. (2014). Hepcidin 

deficiency undermines bone load-bearing capacity through 

inducing iron overload. Gene. 543: 161-165. 

 

https://www.ncbi.nlm.nih.gov/pubmed/30361820
https://www.ncbi.nlm.nih.gov/pubmed/27184405
https://www.ncbi.nlm.nih.gov/pubmed/27184405
https://www.ncbi.nlm.nih.gov/pubmed/27184405
https://www.sciencedirect.com/science/article/abs/pii/S8756328209017736
https://www.sciencedirect.com/science/article/abs/pii/S8756328209017736
https://www.sciencedirect.com/science/article/abs/pii/S8756328209017736
https://www.sciencedirect.com/science/article/abs/pii/S8756328209017736
https://www.sciencedirect.com/science/article/abs/pii/S8756328209017736
https://www.ncbi.nlm.nih.gov/pubmed/28270766
https://www.ncbi.nlm.nih.gov/pubmed/28270766
https://www.ncbi.nlm.nih.gov/pubmed/28270766
https://www.ncbi.nlm.nih.gov/pubmed/28620614
https://www.ncbi.nlm.nih.gov/pubmed/28620614
https://www.ncbi.nlm.nih.gov/pubmed/28620614
https://www.ncbi.nlm.nih.gov/pubmed/28620614
https://www.ncbi.nlm.nih.gov/pubmed/19423691
https://www.ncbi.nlm.nih.gov/pubmed/19423691
https://www.ncbi.nlm.nih.gov/pubmed/19423691
https://www.ncbi.nlm.nih.gov/pubmed/19423691
https://www.ncbi.nlm.nih.gov/pubmed/19821764
https://www.ncbi.nlm.nih.gov/pubmed/19821764
https://www.ncbi.nlm.nih.gov/pubmed/19821764
https://www.ncbi.nlm.nih.gov/pubmed/22237814
https://www.ncbi.nlm.nih.gov/pubmed/22237814
https://www.ncbi.nlm.nih.gov/pubmed/22237814
https://www.ncbi.nlm.nih.gov/pubmed/22237814
https://www.ncbi.nlm.nih.gov/pubmed/29948914
https://www.ncbi.nlm.nih.gov/pubmed/29948914
https://www.ncbi.nlm.nih.gov/pubmed/29948914
https://www.ncbi.nlm.nih.gov/pubmed/29948914
https://www.ncbi.nlm.nih.gov/pubmed/25603196
https://www.ncbi.nlm.nih.gov/pubmed/25603196
https://www.ncbi.nlm.nih.gov/pubmed/25603196
https://www.ncbi.nlm.nih.gov/pubmed/25603196
https://www.ncbi.nlm.nih.gov/pubmed/27287253
https://www.ncbi.nlm.nih.gov/pubmed/27287253
https://www.ncbi.nlm.nih.gov/pubmed/27287253
https://www.ncbi.nlm.nih.gov/pubmed/27287253
https://europepmc.org/abstract/med/18375202
https://europepmc.org/abstract/med/18375202
https://europepmc.org/abstract/med/18375202
https://europepmc.org/abstract/med/18375202
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pubmed/27540134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258755/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258755/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258755/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258755/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258755/
https://www.ncbi.nlm.nih.gov/pubmed/22570238
https://www.ncbi.nlm.nih.gov/pubmed/22570238
https://www.ncbi.nlm.nih.gov/pubmed/22570238
https://www.ncbi.nlm.nih.gov/pubmed/22570238
https://www.ncbi.nlm.nih.gov/pubmed/19252502
https://www.ncbi.nlm.nih.gov/pubmed/19252502
https://www.ncbi.nlm.nih.gov/pubmed/19252502
https://www.ncbi.nlm.nih.gov/pubmed/29724825
https://www.ncbi.nlm.nih.gov/pubmed/29724825
https://www.ncbi.nlm.nih.gov/pubmed/29724825
https://www.ncbi.nlm.nih.gov/pubmed/29724825
https://www.ncbi.nlm.nih.gov/pubmed/8135751
https://www.ncbi.nlm.nih.gov/pubmed/8135751
https://www.ncbi.nlm.nih.gov/pubmed/8135751
https://www.ncbi.nlm.nih.gov/pubmed/30830876
https://www.ncbi.nlm.nih.gov/pubmed/30830876
https://www.ncbi.nlm.nih.gov/pubmed/30830876
https://www.ncbi.nlm.nih.gov/pubmed/30830876
https://www.ncbi.nlm.nih.gov/pubmed/10916104
https://www.ncbi.nlm.nih.gov/pubmed/10916104
https://www.ncbi.nlm.nih.gov/pubmed/10916104
https://www.ncbi.nlm.nih.gov/pubmed/10916104
https://www.ncbi.nlm.nih.gov/pubmed/23523718
https://www.ncbi.nlm.nih.gov/pubmed/23523718
https://www.ncbi.nlm.nih.gov/pubmed/23523718
https://www.ncbi.nlm.nih.gov/pubmed/19814676
https://www.ncbi.nlm.nih.gov/pubmed/19814676
https://www.ncbi.nlm.nih.gov/pubmed/19814676
https://www.ncbi.nlm.nih.gov/pubmed/19814676
https://www.ncbi.nlm.nih.gov/pubmed/19814676
https://www.ncbi.nlm.nih.gov/pubmed/24561287
https://www.ncbi.nlm.nih.gov/pubmed/24561287
https://www.ncbi.nlm.nih.gov/pubmed/24561287

