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Abstract: Postmenopausal osteoporosis is a kind of degenerative disease, also described as “invisible killer.” Estrogen is
generally considered as the key hormone for women to maintain bone mineral content during their lives. Iron accumulation
refers to a state of human serum ferritin that is higher than the normal value but less than 1000 pg/L. It has been found that iron
accumulation and osteoporosis could occur simultaneously with the decrease in estrogen level after menopause. In recent years,
many studies indicated that iron accumulation plays a vital role in postmenopausal osteoporosis, and a significant correlation
has been found between iron accumulation and fragility fractures. In this review, we summarize and analyze the relevant
literature including randomized controlled trials, systematic reviews, and meta-analyses between January 1996 and July 2022.
We investigate the mechanism of the effect of iron accumulation on bone metabolism and discuss the relationship of iron
accumulation, osteoporosis, and postmenopausal fragility fractures, as well as the main clinical treatment strategies. We
conclude that it is necessary to pay attention to the phenomenon of iron accumulation in postmenopausal women with
osteoporosis and explore the in-depth mechanism of abnormal bone metabolism caused by iron accumulation, in order to
facilitate the discovery of effective therapeutic targets for postmenopausal osteoporosis.
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1 Introduction

Clinically, serum ferritin (SF) is commonly used
as an indicator of iron homeostasis in the body. One
ferritin molecule can bind 4500 iron atoms, and its
normal value in females is 12 to 150 pg/L; when the
SF is >1000 pg/L, the case is considered to be iron
overload; SF levels exceeding the normal value but
less than 1000 pg/L are often regarded as iron accu-
mulation (Chen et al., 2015; Yuan et al., 2019). Among
the essential trace elements, iron has the highest con-
tent and demand in the human body, accounting for
0.0057% of the body mass and measuring a total
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amount of 4-5 g. A total of 75% of the iron exists in
porphyrins, while 25% is found in non-porphyrin iron-
containing compounds, mainly including flavin, iron-
sulfur protein, ferritin, and transferrin (Tf). The life
cycle of intestinal mucosal epithelial cells is 2 to 6 d,
and the iron content of these cells stored in ferritin is
excreted from the intestinal cavity with their exfoli-
ation, which is the principal means to excrete iron from
human body. Women can discharge iron during men-
strual blood loss; however, urine, sweat, digestive juice,
or bile does not contain iron (Wang and Xu, 2022).
Accordingly, iron accumulation often occurs in post-
menopausal women for the following reasons: (1) the
amount of iron excreted by menstruation is about
36 mg/year; (2) the level of postmenopausal estrogen
decreases to 10% of the premenopausal normal value;
however, the level of SF can elevate by two to three
times. Since menstruation is the principal means for
women to discharge excess iron, with the onset of
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menopause, the main iron-discharging pathway be-
comes blocked, iron excretion is sharply reduced, and
iron can accumulate (Wang and Xu, 2022). The inci-
dence of postmenopausal osteoporosis in women aged
over 50 years is approximately 50% (Yuan et al., 2019).

In clinical practice, it is often found that iron ac-
cumulation and osteoporosis take place simultaneously
in female patients with the decrease in estrogen level
after menopause (Chen et al., 2015; Wang and Xu,
2022). As such, iron accumulation may be related to
the level of estrogen and postmenopausal osteopor-
osis. In many rat models of iron accumulation, it has
been proved that iron accumulation could decrease
bone mineral density and raise the incidence of osteo-
porosis (Yuan et al., 2019; Hang et al., 2020; Liu LL
et al., 2021). All these findings indicate that iron ac-
cumulation is an independent risk factor of osteo-
porosis in postmenopausal women (Chen et al., 2015;
Wang and Xu, 2022).

In this review, we firstly describe the impact of
iron accumulation on bone metabolism and introduce
its mechanism. Next, the relationship between iron
accumulation and postmenopausal fragility fracture
is discussed. Finally, we introduce clinical treatment
strategies for postmenopausal osteoporosis.

2 Effect of iron accumulation on bone metab-
olism and its mechanism

Bone is a hard organ composed of bone tissue
and periosteum, which mainly acts as structural sup-
port, surface for muscle attachment, source of blood
cells, and mineral storage, and protects organs. The
internal structure of the bone conforms to the prin-
ciples of biomechanics and can be adaptively updated
and reconstructed. Bone tissue is composed of osteo-
progenitor cells, osteoblasts, osteocytes, and osteoclasts.
Although these four cell types have different structures
and functions, they are interrelated and participate in
the occurrence and remodeling of bone tissue. This
process involves the formation and absorption of bone
tissue. Firstly, osteoprogenitor cells proliferate and dif-
ferentiate into osteoblasts, which produce osteoids and
then transform into osteocytes after being embedded
in osteoids. With the calcification of osteoid into bone,
hard bone tissue is formed. During this process, some
parts of the original bone tissue can be eroded and
absorbed by osteoclasts. The formation and absorption

of bone tissue occur simultaneously and are in a dy-
namic equilibrium. It is currently believed that through
mutual regulation and cooperation, osteoblasts and
osteoclasts can form various specific forms of bone
and that bone growth and development can adapt to
the growth and development of individuals (Wang and
Xu, 2022). Therefore, the main purpose of studying
the effect of iron accumulation on bone metabolism
is to clarify the effects of iron accumulation on osteo-
blasts and osteoclasts (Fig. 1).

2.1 Effect of iron accumulation on osteoblasts

Osteoblasts originate from bone marrow-mesen-
chymal stem cells (BM-MSCs) and are distributed
among the surface of bone tissue. They can produce
osteoids and secrete various cytokines, regulate the
formation and absorption of bone tissue, and pro-
mote bone calcification (Liu et al., 2017; Che et al.,
2021; Jorgensen and Khoury, 2021).

A growing number of experiments have indicated
that excessive iron can inhibit the growth of osteo-
blasts (Balogh et al., 2016; Liu et al., 2017; Che et al.,
2021). The following views are held on this topic.

(1) Excessive iron can induce osteoblast apop-
tosis through the signal transduction pathway, leading to
apoptosis mediated by mitochondria. Several studies
have shown that many apoptosis signals (such as DNA
damage and oxidant) can cause mitochondrial dam-
age and membrane permeability changes (Ke et al.,
2017; Che et al., 2021; Xu et al., 2021). Several pro-
teins of the B-cell lymphoma-2 (Bcl-2) family, such
as Bcl-2, Bcel-2-associated X (Bax) and Bel-XL, are
located on the mitochondrial membrane. Bcl-2 can
inhibit apoptosis by preventing the release of cyto-
chrome C (cyto-C) from the mitochondria, while
Bax promotes the release of cyto-C and apoptosis via
binding to the membrane channels on the mitochon-
dria. Upon entering the cytoplasm, cyto-C can bind to
the precursor of caspase-9 together with apoptotic
protease-activating-factor 1 (Apaf-1), which leads to
the activation of caspase-9. This can activate caspase-3
to induce apoptosis. This view has been confirmed by
Tian et al. (2016). It is known that the production of
reactive oxygen species (ROS) plays an important
role in the process of osteogenesis. Iron produces high-
activity hydroxyl oxygen free radicals through the
Fenton reaction, which leads to an elevated ROS
level. Too much ROS can not only reduce the activity
of MSC differentiation into osteoblasts, but also weaken
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Fig. 1 Mechanism of iron accumulation and its impact on postmenopausal osteoporotic fractures. BM-MSCs: bone marrow-
mesenchymal stem cells; Runx2: Runt-related transcription factor 2; STEAP: six-transmembrane epithelial antigen of the
prostate; Tf: transferrin; TfR1: Tf receptor 1; DMT1: divalent metal transporter 1; JNK: Jun-N-terminal kinase; MAPK:
mitogen-activated protein kinase; BMP: bone morphogenetic protein; TGF-p: transforming growth factor-p; NF-kB:
nuclear factor-kB; RANK: receptor activator of NF-kB; RANKL: RANK ligand; ROS: reactive oxygen species; OPG:
osteoprotegerin; TRAF6: tumor necrosis factor receptor-associated factor 6.

the ability of MSC proliferation, which in turn leads to
decreased osteoblast formation (Jorgensen and Khoury,
2021). Xu et al. (2021) found that nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase 4 (NOX4) is
an important factor in the production of ROS. When
osteoblasts were treated individually with different con-
centrations of ferric ammonium citrate (FAC), the pro-
duction of ROS enhanced with increasing concentra-
tion. ROS can hinder the production of osteoblasts
through the above pathways. It can be inferred that
NOX4 is the key enzyme for the iron-induced produc-
tion of ROS in osteoblasts.

(2) Iron accumulation accelerates the autophagy
of osteoblasts. It is known that divalent metal trans-
porter 1 (DMT1) can regulate the autophagy and apop-
tosis of osteoblasts, and the expression of microtubule-
associated protein 1 light chain 3-II (LC3-II) can be
used to measure this autophagy level. Liu et al. (2017)
cultured osteoblasts in medium containing different

concentrations of FAC, and determined the levels of
DMTT1 after FAC treatment by western blotting and
immunofluorescence. The results showed that FAC
could increase the contents of DMT1 and LC3-II in
osteoblasts and the autophagy of osteoblasts, which
confirmed the above speculation.

(3) By downregulating the Runt-related transcrip-
tion factor 2 (Runx2), excessive iron can inhibit the
osteogenic differentiation of BM-MSCs, while the
inhibitory effect of iron depends on the upregulation
of ferritin (Balogh et al., 2016). BM-MSCs are initially
regulated by osteogenic Runx2 in the process of dif-
ferentiation into active osteoblasts (Komori et al., 1997;
Otto et al., 1997). When Runx2 is activated, this pro-
cess becomes regulated by a variety of secretory fac-
tors, and the related signaling pathway is finally acti-
vated to complete osteogenic differentiation (Fiedler
et al., 2002; Tang et al., 2009). Zarjou et al. (2010) re-
ported that iron accumulation could inhibit osteoblast
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activity and reduce extracellular matrix mineraliza-
tion via increasing the activity of ferrous oxidase in
ferritin. Further studies have found that excessive iron
could inhibit the mineralization of extracellular matrix
induced by bone morphogenetic protein-2 (BMP-2)
through activating Hedgehog signal transduction (Yang
etal., 2011; Doyard et al., 2012).

In addition, Liu H et al. (2021) pointed out that
with increasing iron concentration, the expression of
messenger RNA (mRNA) of Tf receptor 1 (TfR1) and
DMT1 decreases, while the mRNA expression of
membrane iron transporter ferroportin 1 (FPN1) shows
an upward trend. Iron intake can be mediated by the
T{/TfR1 pathway or DMT1 and proton coupling path-
way, while FNP1 is related to iron ion excretion. There-
fore, it can be inferred that when iron accumulates,
the iron intake of osteoblasts decreases and the rate
of iron excretion increases.

2.2 Effect of iron accumulation on osteoclasts

Osteoclasts are a kind of huge multinucleated
cells, which are generally considered to form by the
fusion of monocytes in small numbers, scattered on
the surface of bone tissue, and are rich in cytoplas-
mic organelles, especially lysosomes and mitochon-
dria. Osteoclasts release a variety of hydrolases and
organic acids in bone resorption lacunae, and thereby
dissolve bone salts, decompose organic components,
and participate in bone resorption (Roodman, 2009;
Kodama and Kaito, 2020).

Osteoclast formation is a complex multi-step pro-
cess. Firstly, the precursor osteoclasts differentiate into
mononuclear osteoclasts, then fuse to form multi-
nucleated osteoclasts, and finally further differentiate
to maturity (Kodama and Kaito, 2020).

At present, the receptor activator of nuclear
factor-kB (RANK) ligand (RANKL)/osteoprotegerin
(OPG) system is known as a central regulator of
osteoclast differentiation and activation (Udagawa et al.,
2021). OPG binds to RANKL on the surface of osteo-
clasts and competitively prevents RANKL from bind-
ing to RANK on the surface of the osteoclast lineage,
thereby inhibiting the differentiation of precursor osteo-
clasts (Simonet et al., 1997; Carrillo-Lopez et al.,
2021). There is increasing evidence that excessive iron
can affect not only osteoclastogenesis, but also osteo-
clast activity and bone resorption (Roodman, 2009;
Balogh et al., 2018). The process of iron absorption
mediated by TfR1 was found to be associated with

osteoclast differentiation (Roodman, 2009). When the
iron intake increases, the differentiation activity of
osteoclasts also rises. In addition, ROS can recognize
precursor osteoclasts and osteoclasts to transmit bone
resorption signals by stimulating bone formation-related
cells to produce a variety of cytokines, such as OPG,
macrophage-colony stimulating factor (M-CSF), and
RANKL (Zarjou et al., 2010). Tartrate-resistant acid
phosphatase (TRAP) is often used clinically as an in-
dicator of bone resorption. It is believed that bone re-
sorption can be prevented by inhibiting the activity of
TRAP in osteoclasts. TRAP mRNA contains iron regu-
latory elements in the 5'-flanking sequence, and hence
TRAP expression is regulated by iron at the gene tran-
scription level (Balogh et al., 2018).

In summary, iron accumulation can inhibit osteo-
blast activity and promote osteoclast differentiation,
which destroys bone homeostasis in the body and in-
creases the incidence of fragility fractures arising from
the loss of bone mass.

3 Correlation between iron accumulation and
other factors affecting bone metabolism

3.1 Effects of estrogen and iron accumulation on
bone metabolism

In adolescence, estrogen can promote bone mat-
uration and epiphyseal healing. If the level of estrogen
declines, bone maturation will be delayed. In addition,
estrogen can stimulate osteoblast activity and inhibit
osteoclast activity. The former promotes the depos-
ition of calcium in the bone and increases bone firm-
ness, while the latter inhibits the rate of bone resorp-
tion and reduces bone loss. After menopause, due to
the reduction in estrogen secretion, calcium in the bone
is gradually lost, which increases the prevalence of
osteoporosis. These changes are accompanied by in-
creased iron content in females, resulting in a nega-
tive correlation between estrogen content and iron con-
tent (Gaffney-Stomberg, 2019).

The balance transformation of intracellular iron
metabolism affects bone metabolism, and so is the
case with estrogen. Therefore, it is necessary to com-
prehensively consider the relationship between iron,
estrogen and bone metabolism on postmenopausal
osteoporosis.

Jian et al. (2009) proposed that estrogen has a
negative feedback effect on iron content in women.



After menopause, the level of estrogen decreases, and
the inhibition of iron content is significantly weak-
ened, resulting in iron overload. Hamad et al. (2020)
reported that estrogen can regulate intracellular iron
metabolism by inhibiting liver-derived hepcidin anti-
microbial peptide (HAMP) synthesis which maintains
the integrity of ferroportin. Iron and estrogen have dif-
ferent degrees of antagonistic effects during bone re-
sorption: iron ions can promote the progress of bone
resorption, while estrogen only inhibits it. Wang et al.
(2018) suggested that estrogen deficiency combined
with iron accumulation can promote osteoclast activity
and accelerate bone loss, which may be related to the
nuclear factor-xB (NF-kB) signaling pathway. The pro-
motion effect of iron on osteoclast differentiation may
be related to ROS, while estrogen negatively inhibits
ROS production. Other literature has shown that hep-
cidin plays a balancing and feedback role between iron
and estrogen, and affects bone metabolism through
changes in iron or estrogen level (Xu et al., 2011; Lu
et al., 2015; Nemeth and Ganz, 2021). By studying
the relationship between estrogen and hepcidin, it was
found that estrogen binds to the estrogen response
element half-site of the hepcidin gene and can thus
downregulate hepcidin. Hepcidin itself is the main regu-
lator of iron homeostasis (Nemeth and Ganz, 2021).

3.2 Relationship between hepcidin and iron
accumulation

Hepcidin is a cysteine-rich antibacterial peptide
synthesized and secreted by the liver. It plays a nega-
tive regulatory role in the iron balance of the body,
and has a certain therapeutic effect in disorders of
iron metabolism. In the process of iron metabolism,
FPN1 is the only channel through which iron is trans-
ported from cells to the blood (Liu H et al., 2021).
Hepcidin binds to FPN1 to promote its internalization
and degradation. When the body is overloaded with
iron, the hepcidin gene is highly expressed, causing
the liver to synthesize and secrete hepcidin, deceler-
ate the degradation of FPN1, and block the export of
iron transport to the blood; that is, the transport of
iron from the intestinal epithelium and macrophages
to the blood is reduced. In iron deficiency, the above
process shows the opposite trend, thereby maintaining
the body’s iron homeostasis.

Many studies indicated that hepcidin can pro-
mote the differentiation of MSCs into osteoblasts and
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osteoblast gene expression by activating the BMP-2/
small mothers against decapentaplegic protein (Smad)
signaling pathway and mitogen-activated protein
kinase (MAPK)/P38 signaling pathway; hepcidin can
also increase the concentration of Ca* in osteoblasts
through L-type calcium channels (Xu et al., 2011;
Lu et al., 2015). In animal research, Jiang et al. (2019)
constructed zebrafish models with ferritin gene knock-
out, and found that iron accumulated in zebrafish, the
osteogenic gene was inhibited, and bone mass was
greatly reduced. Zhang YQ et al. (2018) showed that
adenine is an activator of hemoglobin, which upregu-
lates hemoglobin by promoting the cyclic adenosine
monophosphate (CAMP)/protein kinase A (PKA) sig-
naling pathway to Smad, thus regulating iron balance
and preventing the iron overload effect.

3.3 Relationship between iron accumulation and
special blood vessels in the bone (H-type blood
vessels), and its impact on osteoporosis

Bone is a connective tissue that is rich in blood
vessels, and there is growing evidence that angiogen-
esis plays an active role in bone formation, bone repair,
and bone remodeling. Blood vessels nourish the skel-
etal system and remove metabolites by transporting oxy-
gen, nutrients, and other essential cytokines, thereby
maintaining the vital life functions of bone cells (Fili-
powska et al., 2017).

Bone appears in the embryonic period and is
derived from the mesenchyme by two ways: intramem-
branous osteogenesis and cartilage osteogenesis. Dio-
mede et al. (2020) confirmed that these two kinds of
bone occurrences are dependent on vascular endothe-
lial growth factor (VEGF). VEGF has a strong role
in promoting vascular endothelial cell proliferation
and angiogenesis by binding to specific receptors on
vascular endothelial cells. Since only endothelial cells
have VEGF receptors, the promotive effect of VEGF
on the proliferation of other cells is indirect. As early
as 2004, low-energy pulsed ultrasound irradiation
was applied to promote the formation of new blood
vessels in osteoporotic fractures and increase blood
flow in the early stage of fracture healing, which was
conducive to hematoma mechanization, cell prolifer-
ation, and osteogenesis, and enhanced the healing pro-
cess of osteoporotic fractures (Cheung et al., 2012).

Some scholars performed immunofluorescence
staining of mouse bone tissue, and confirmed the
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presence of a special vascular subtype (H-type blood
vessel) in the bone of mice, which is mainly distributed
in the metaphysics of the bone and can stimulate
bone formation (Kusumbe et al., 2014; Wang et al.,
2017). Wang et al. (2017) showed that H-type vessels
also exist in human bones, and their number gradually
decreases with age, while bone mineral density is
positively correlated with the number of H-type ves-
sels. However, existing literature indicated that angio-
genesis is induced when the intracellular iron content
is decreased or under simulated hypoxia, but the re-
versal of these conditions will have an anti-angiogenic
effect (Kir et al., 2016). Iron is known to be an essen-
tial factor for the activation of prolyl hydroxylase. When
there is iron deficiency in cells, it will cause the inacti-
vation of prolyl hydroxylase, and increase the stability
of hypoxia inducible factor-a (HIF-a), which induces
angiogenesis (Jandial et al., 2011; Fan et al., 2014;
Erber et al., 2022).

Recently, Hang et al. (2020) constructed rat
models and divided them into control group and iron
intervention group. The rats in the experimental group
were injected with FAC, while those in the control
group were administered the same amount of normal
saline. After nine weeks, micro-computed tomography
analysis, hematoxylin-eosin (HE) staining, and micro-
vascular staining analysis on the femur of rats revealed
that iron accumulation led to reduced bone mineral
density, accompanied by the decrease in bone vascular
bed and the formation of bone microthrombosis. These
findings suggested that iron accumulation may inter-
fere with bone formation by reducing the bone vascu-
lar bed.

3.4 Gender differences in the effects of iron
metabolism on bone metabolism

Osteoporosis is a bone metabolic disease charac-
terized by the destruction of bone microstructure,
decreased bone density, and elevated fracture risk. It
occurs in postmenopausal women and older men, and
is accompanied by the serious complication of fragility
fractures.

Clinically, SF is the iron storage status index in
the human body. Kim et al. (2013) explored the gen-
der differences in iron metabolism and bone metab-
olism through a cross-sectional study by enrolling 14 017
subjects (6817 males and 7200 females), and each gen-
der was divided into three groups according to age.
Bone mineral density and SF were tested, and the

results suggested that: (1) the level of SF in women
was markedly lower than that in men, and the associ-
ation between SF and bone mineral density was only
significant in women =45 years old; (2) the content
of SF in postmenopausal women increased with age,
while that in old men remained consistently high,
which may be related to the special bone metabolism
status of elderly male patients with fragility fracture.
The above results suggest that the content of SF in
postmenopausal women increases with age, and SF
is positively correlated with bone resorption index
and bone formation index, which further confirms
the existence of iron accumulation. Moreover, iron
accumulation is closely related to high bone turn-
over, while in elderly men, SF maintains a high con-
centration and is positively correlated with bone re-
sorption and negatively associated with bone forma-
tion. Thus, the rate of bone resorption increases and
the speed of bone formation slows down; that is, the
balance of bone metabolism becomes disordered, which
leads to osteoporosis.

4 Correlation analysis between iron accumu-
lation and postmenopausal fragility fracture

Fung et al. (2008) conducted a multicenter study
using 420 cases of sickle cell disease or thalassemia.
They analyzed the clinical data on patients’ gender, SF,
and fracture incidence, and found that the increased
risk of fracture was associated with iron overload in
these patients. Thalassemia is the most common cause
of secondary iron overload with ineffective erythro-
poiesis with hepcidin suppression, which leads to in-
creased intestinal absorption and increased iron circu-
lation (Hsu et al., 2022).

Zhuang et al. (2020) explored related factors
of brittle hip fracture by analyzing 252 postmeno-
pausal osteoporosis women, among which 135 were
affected by brittle hip fracture. It was found that in
the group of brittle hip fracture, the level of serum
25-hydroxyvitamin was (15.9+8.9) ng/mL, which was
far below its normal level. Also, those who suffered
from fragility fractures were significantly older than
those in the non-hip fracture group. The results high-
lighted that older age and lower level of serum 25-
hydroxyvitamin are the main independent factors of
brittle hip fracture in postmenopausal women.



5 Clinical treatments of postmenopausal
osteoporosis

At present, the clinical treatments of postmeno-
pausal osteoporosis are mainly divided into two main
types: Western medicine treatment and Chinese trad-
itional medicine treatment (Table 1). The Western ap-
proach mainly involves treating postmenopausal osteo-
porosis by inhibiting bone resorption, promoting bone
formation, and enhancing bone calcification (Antha-
matten and Parish, 2019). Inhibiting bone formation
means blocking the activity of osteoclasts and reduc-
ing bone calcium loss. Bisphosphonates are mainly
used to treat osteoporosis, but are limited in that they
can only inhibit bone resorption but cannot produce
bone tissue. Therefore, their long-term administration
can over-inhibit bone turnover and trigger nephrotox-
icity. Promoting bone formation can significantly en-
hance bone mineral density and improve the symptoms
of osteoporosis. Leder (2017) reported that the recom-
binant human parathyroid hormone 1-34 (PTH 1-34)
acts on osteoblasts to stimulate bone formation, thereby
increasing bone density and improving bone structure.
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Its long-term use can reduce the incidence of frac-
tures in postmenopausal osteoporosis patients. Bone
mineralization, that is, bone calcification, can promote
bone calcification by supplementing calcium prepar-
ations or vitamin D drugs to increase blood calcium
level. In-depth studies of fragility fractures caused by
postmenopausal osteoporosis have yielded a new treat-
ment strategy: vitamin D combined with injectable
zoledronic acid. The latter not only has a strong inhib-
itory effect on osteoclasts, but also significantly in-
creases bone density and bone mineral content. This
can greatly benefit postmenopausal women suffering
from osteoporosis (Mei et al., 2020). Hormone re-
placement therapy (HRT) has a consistent favorable
effect on postmenopausal osteoporosis, while it carries
increased risks of cardiovascular events, thrombo-
embolic disease, stroke, and breast cancer (Rozenberg
et al., 2020). As a selective estrogen receptor modula-
tor (SERM), raloxifene can bind tightly to estrogen
receptors (ERs), showing the function of estrogen
agonist to prevent bone loss and reduce fractures (Ma
et al., 2021). Denosumab is a fully human monoclonal
antibody that blocks the RANKL binding to RANK,

Table 1 Clinical treatment strategies of postmenopausal osteoporosis

Treatment Therapies Mechanism Reference
method
Western Recombinant human Binds to the PTH receptor of osteoblasts and stimulates Leder, 2017
medicine PTH 1-34: osteoblast proliferation and bone formation
treatments  teriparatide
Bisphosphonates: Inhibits the farnesyl diphosphate synthase pathway and Mei et al., 2020
zoledronic acid promotes osteoclast apoptosis
HRT: estradiol Promotes the Wnt/B-catenin signaling pathway to stimulate Rozenberg et al., 2020
osteoblast proliferation and reduce bone resorption by
inhibiting the NF-«xB signaling pathway
SERM: raloxifene Binds tightly to ER as an estrogen agonist Ma et al., 2021
Denosumab Blocks the RANKL binding to RANK, thus inhibiting the ~Kobayakawa et al., 2021
development and activity of osteoclasts
Odanacatib Inhibits CatK and decreases bone resorption Papapoulos et al., 2021
Hepcidin Regulates iron homeostasis and plays a role in binding to ~ Huang, 2015; Zhang P et al.,
membrane iron transporters on the cell membrane to 2018; Ginzburg, 2019;
reduce iron levels Camaschella et al., 2020
Chinese Icariin Regulates many signaling pathways, such as Zhang et al., 2008; Jing et al.,
traditional anti-osteoporosis, osteogenesis, anti-osteoclast, cartilage 2019; He et al., 2020
medicine formation, angiogenesis, and anti-inflammation
treatments  APS Exerts the same estrogen-like effect as icariin Huo and Sun, 2016; Yang
etal., 2016; Ou et al., 2019
Acupuncture Upregulates the levels of serum growth hormone and IGF-1 Chen et al., 2022

PTH: parathyroid hormone; HRT: hormone replacement therapy; NF-kB: nuclear factor-kB; SERM: selective estrogen receptor modulator; ER:
estrogen receptor; RANK: receptor activator of NF-kB; RANKL: RANK ligand; CatK: cathepsin K; APS: Astragalus polysaccharide; IGF-1:

insulin-like growth factor-1.
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thus inhibiting the activity of osteoclasts and decreas-
ing bone resorption (Kobayakawa et al., 2021). Other
than bisphosphonates and denosumab, odanacatib
(ODN) is a cathepsin K (CatK) inhibitor that decreases
bone resorption with only a transient reduction in
serum procollagen type 1 N-terminal propeptide (Pa-
papoulos et al., 2021).

According to Chinese traditional medicine, kidney
deficiency, spleen deficiency, and blood stasis are the
main culprits hindering the balance of bone metab-
olism (Liang et al., 2020). Therefore, the basic prin-
ciple of Chinese traditional medicine treatment is ton-
ifying kidney essence, invigorating the spleen and stom-
ach, soothing the liver, nourishing the blood, promot-
ing blood circulation, and removing blood stasis. At the
same time, acupuncture (Chen et al., 2022), Chinese
medicine ironing (Reyan bag), exercise, and other
ancillary treatments are used to improve postmeno-
pausal osteoporosis.

5.1 Potential value of reducing the iron level in
the clinical treatment of osteoporosis

As introduced above, hepcidin is an endogenous
polypeptide hormone, which is an essential signal
peptide for iron homeostasis regulation and plays
a role in binding to membrane iron transporters on
the cell membrane. Zhang P et al. (2018) reported that
hepcidin could prevent osteoporosis by reducing iron
levels in the body. Huang (2015) first proposed the
patent application of “ferritin for the treatment of peri-
menopausal and postmenopausal women with osteo-
porosis.” Ginzburg (2019) established a direct link
among iron, iron overload, and osteoporosis, and
showed that upregulation of hepcidin can be used
as an alternative treatment strategy for osteoporosis.
Camaschella et al. (2020) proposed that hepcidin has
clinical application value in B-thalassemia, which is
mainly caused by iron overload.

Osteoporosis is a systemic disease characterized
by reduced bone mass and the microstructural destruc-
tion of bone tissue, resulting in an increased risk of
bone fragility and fracture. Postmenopausal women are
four times more likely to develop osteoporosis than
men. On the one hand, this is due to estrogen deficiency
after menopause; on the other hand, high iron level is
a risk factor of postmenopausal osteoporosis in post-
menopausal women. Therefore, reducing iron levels is
a promising strategy to prevent and treat osteoporosis.

5.2 Positive effect of icariin on improving post-
menopausal osteoporosis

According to the Compendium of Materia Medica,
icariin exerts the effect of “reinforcing the essence,
strengthening muscles and bones as well as strength-
ening the heart.” It is currently considered as a natu-
ral herb for the treatment of osteoporosis. As a flavon-
oid, icariin can mimic the effects of estrogen and
stimulate the proliferation and differentiation of osteo-
blasts by binding to ERs.

Icariin can increase the activity of alkaline phos-
phatase and promote bone regeneration by inducing
the expression of Runx2 and the production of BMP-
4, and activating BMP signals (Zhang et al., 2008). Jing
et al. (2019) confirmed that icariin can prevent osteo-
porosis caused by iron overload by inhibiting oxida-
tive stress. In 2020, it was proposed that icariin has
the potential to induce bone fracture healing by partici-
pating in the regulation of a variety of signaling path-
ways, such as anti-osteoporosis, osteogenesis, anti-
osteoclast, cartilage formation, angiogenesis, and anti-
inflammation (He et al., 2020). The above data indi-
cate that icariin can be used as a natural development
drug to treat osteoporosis.

5.3 Astragalus polysaccharides as potential
candidates for the prevention and treatment of
postmenopausal osteoporosis

Astragalus polysaccharide (APS) is the main
active ingredient of the traditional Chinese medicine
Astragalus, which has the same estrogen-like effect as
icariin. In recent years, it has been found that APS can
attenuate iron overload-induced MSC dysfunction by
inhibiting ROS production by mitochondria (Huo and
Sun, 2016; Yang et al., 2016). The mouse model in-
duced by ovariectomy (OVX) showed that APS had
great anti-osteoporotic activity and could significantly
increase bone mineral density, which was achieved by
regulating the forkhead box O3 (FoxO3a)/Wnt signal-
ing pathway (Ou et al., 2019). These findings suggest
that APS may be a potential strategy for the preven-
tion and treatment of postmenopausal osteoporosis.

6 Conclusions and prospects
Osteoporosis, known as the “invisible killer” in

postmenopausal women, has no obvious early symp-
toms. Iron accumulation is not only a risk factor of



postmenopausal osteoporosis in elderly women, but
also affects the treatment outcomes of osteoporosis,
although the relevant mechanism remains to be further
investigated. Therefore, in postmenopausal women with
osteoporosis, studies on the phenomenon of iron accu-
mulation and its influence on abnormal bone metab-
olism are of great value for the clinical treatment of
postmenopausal osteoporosis.
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