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10.1  Introduction

Bone is a target tissue in many inflammatory dis-
eases including rheumatic diseases such as rheu-
matoid arthritis (RA), ankylosing spondylitis 
(AS), systemic lupus erythematosus (SLE), and 
psoriatic arthritis.

A relationship between inflammation and 
bone disease has been established in a variety of 
clinical settings and animal models of inflamma-
tory disease [1–4]. It has been established that the 
nature of the inflammatory disease can influence 
on the extent and type of bone disease and that 
even a small rise in the level of systemic inflam-
mation can impact on bone remodeling and 
increase fracture risk [5].

The inflammatory joint disorders, namely, 
rheumatic diseases, are usually accompanied 
with extra-articular side effects, mainly bone 
loss, or osteoporosis that would result in an 
increased risk of fractures and deformities, which 
are in turn associated with increased morbidity 
and mortality [6]. Therefore, such types of mus-
culoskeletal diseases are considered as one of the 
major causes of disability around the world and 
can explain the enormous cost of the musculo-
skeletal conditions to the community.

In order to easily understand the underlying 
pathology and mediators that affect bones in 
rheumatic conditions, a brief overview on bone 
structure, biology, physiology, and essential 
molecular mechanism and signaling pathways 
needs to be explained clearly.

10.2  Objectives

 1. To explain the underlying bones pathology 
among patients with rheumatic diseases.

 2. To identify the common bone lesions occur 
with rheumatic diseases.

 3. To recognize the serious impact of developing 
secondary osteoporosis among patients with 
rheumatic diseases.

 4. To provide an updated approach for preven-
tion and treatment of glucocorticoid-induced 
osteoporosis (GIOP) and bone fractures 
among patients with rheumatic diseases 
receiving glucocorticoids.

10.3  Bone Structures

Bone is a dynamic and highly specialized form 
of connective tissue, in which the extracellu-
lar components are mineralized, thus giving the 
property of marked rigidity and strength while 
retaining some degree of elasticity. Bone repre-
sents a store of calcium and other inorganic ions 
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and actively contributes to the maintenance of 
calcium homeostasis.

Two types of bone can be identified macro-
scopically: compact or cortical bone and cancel-
lous or trabecular bone. Microscopically both 
types of bone have the same histological structure. 
Like other supporting connective tissues, bone is 
composed of cells and extracellular matrix that is 
made up of 35% of organic component and 65% 
inorganic component [7]. The inorganic part con-
sists of calcium and phosphorus in hydroxyapa-
tite crystal form, while the organic component 
consists of type 1 collagen and ground substance 
containing proteoglycan aggregates and several 
specific structural glycoproteins [8] (Fig. 10.1).

10.4  Bone Remodeling and Bone 
Cells

Bone remodeling is the lifelong process whereby 
old bone is removed by bone resorbing cells and 
subsequently replaced by new bone via the action 
of bone-forming cells to maintain the bone struc-
ture. Bone remodeling occurs normally in all 
individuals, and in adults about 25% of trabecular 
and 3% of cortical bone is replaced by such pro-
cess each year [9]. Bone remodeling also helps 

to maintain mineral homeostasis via the libera-
tion of calcium and phosphorus into the circula-
tion. The remodeling process occurs at discrete 
sites on cortical and cancellous bone surfaces and 
involves the integrated and sequential actions of 
osteoclasts (bone resorbing cells) and osteoblasts 
(bone-forming cells), comprising anatomic struc-
tures known as basic multicellular units (BMUs).

10.4.1  Bone Cells

Mesenchymal stem cells have the potential to dif-
ferentiate into various cell types including osteo-
blasts, chondrocytes, adipocytes, myoblasts, and 
fibroblasts. Determination of the final fate of the dif-
ferentiation process is determined by and depend-
ing on the signaling transcription pathways that are 
activated during the initial phase of differentiation 
of mesenchymal progenitor cells [10, 11].

Among the important signaling pathways 
that are responsible to direct the differentia-
tion into osteoblast lineage are the mitogen-
activated protein kinase (MAPK) and protein 
kinase A  (PKA)-dependent pathway [12] and 
Wnt-signaling pathway with its related β-catenin 
protein [13, 14]. Moreover, of the transcriptional 
factors, at least two are shown to be absolutely 
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essential for osteoblast differentiation from mes-
enchymal precursors including Runx2 [15–17].

The plasma membrane of activated osteo-
blast is rich in alkaline phosphatase and exhibits 
receptors for parathyroid hormone (PTH) [18], 
whereas the nuclei have receptors for estrogens 
[19], vitamin D3 [20], and glucocorticoids [21], 
which all are involved in the regulation of osteo-
blast differentiation and activity.

Osteoblasts contribute in the synthesis and 
secretion of new organic part of bone matrix (but 
not yet mineralized), called osteoid, between the 
secreting osteoblast layer and in contact with 
older bone matrix of previously formed bone. 
This process is referred to as bone apposition 
and is completed by further mineralization of the 
newly formed bone matrix (deposition of cal-
cium salts into matrix), a process regulated by 
osteoblast too. At the end of the secreting period 

of osteoblasts, those osteoblasts are embedded 
within the bone and differentiated into osteocytes.

Osteoclasts originate from hematopoietic 
stem cells (HSCs), precisely from cells of the 
colony-forming unit of macrophage (CFU-M) 
that differentiate to multinucleated, giant, motile 
cells on stimulation with macrophage colony- 
stimulating factor (M-CSF) and receptor acti-
vator of nuclear factor-kappa B “NFkB” ligand 
(RANKL) (Fig. 10.2).

Firstly, the osteoclast progenitors proliferate 
and differentiate into mononuclear preosteoclasts 
and then fuse with each other to form multinu-
cleated cells. The terminal differentiation in this 
lineage is characterized by acquisition of mature 
phenotypic markers, such as the calcitonin recep-
tor, tartrate resistant acid phosphatase (TRAP), 
and integrin αvβ3 [22]. The mature and active 
osteoclasts are characterized by a moderate 
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Fig. 10.2 Pathways regulating the development of (a) 
osteoblasts and (b) osteoclasts. Hormones, cytokines, and 
growth factors that control cell proliferation and differen-
tiation are shown above the arrows. Transcription factors 
and other markers specific for various stages of develop-
ment are depicted below the arrows. BMPs, bone morpho-
genetic proteins; Wnts, wingless-type mouse mammary 
tumor virus integration site; PTH, parathyroid hormone; 

Vit D, vitamin D; IGFs, insulin-like growth factors; 
Runx2, Runt-related transcription factor 2; M-CSF, mac-
rophage colony-stimulating factor; PU-1, a monocyte- 
and B lymphocyte-specific ets family transcription factor; 
NFB, nuclear factor B; TRAF, tumor necrosis factor 
receptor-associated factors; RANK ligand, receptor acti-
vator of NFB ligand; IL-1, interleukin-1; IL-6, interleu-
kin- 6 [24]
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rough endoplasmic reticulum, a well-developed 
Golgi apparatus, and abundant mitochondria, 
while the surface of their plasma membrane fac-
ing bone matrix is having ruffled border (clear 
or sealing zone), which is devoid of organelles 
but rich in actin microfilaments that form a ring 
of contractile protein serving to attach the cell to 
the bone surface via integrin receptors during the 
resorptive process [8]. The clear zone is a site of 
adhesion of the osteoclast to the bone matrix and 
creates a microenvironment where bone resorp-
tion takes place. From the ruffled border, osteo-
clasts secrete collagenase (and other proteolytic 
enzymes) and pump protons (low pH) into micro-
environment and thus promoting the localized 
digestion of matrix and the dissolving of bone 
mineral (calcium salt crystal), respectively.

Several systemic and local factors have influ-
enced osteoclasts and their bone resorption 
ability. In normal physiological conditions, the 
osteoclast activity is highly balanced by those 
factors. However, in pathological conditions, this 
balance becomes disturbed such as during exces-

sive activation of the immune system, due to the 
secretion of additional pro-inflammatory cyto-
kines, produced mainly by activated T cells [23].

10.4.2  The Remodeling Cycle

The remodeling cycle is comprised of four dis-
tinct phases including activation, resorption, 
reversal, and formation phase (Fig. 10.3). Bone 
remodeling starts with activation of the lining 
cells via increasing the surface expression of 
RANKL.

In the activation phase, RANKL interacts with 
its receptor RANK, thus triggering the recruit-
ment of osteoclast progenitors to bone where 
they proliferate and differentiate into osteoclasts 
and attach tightly to the bone matrix.

Next is the resorption phase, when the acti-
vated osteoclasts possess ruffled borders under 
which the proteolytic enzymes are secreted and 
the hydrogen ions are pumped resulting in diges-
tion of collagens and dissolving the mineralized 
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matrix with the formation of a resorption cavity 
and allowing the release of several growth factors 
usually stored in the bone matrix. In addition, 
there is an accumulation of high concentration of 
calcium that directly controls osteoclasts activity 
resulting in cell retraction [25] and movement of 
osteoclasts across the bone surface to resorb a new 
area. At the end of this stage, osteoclasts undergo 
apoptosis after a life span of about 3 weeks, and 
thus the process of remodeling requires the con-
tinual production of osteoclast precursors.

In the reversal phase, the remnant debris of 
matrix degradation will be removed, while the 
released growth factors including bone morpho-
genetic proteins (BMPs), fibroblast growth fac-
tors (FGFs), and transforming growth factor-β 
(TGFβ) are likely to be responsible for recruit-
ment of osteoblasts to cover the bottom of the 
resorption cavity, forming osteoid tissue until the 
cavity is filled.

In the final formation phase of bone remod-
eling, osteoblasts initially synthesize the organic 
matrix and then preside over its mineralization, 
thus completing the bone remodeling process. 
Toward the end of this process, some osteoblasts 
start to flatten and become quiescent lining cells; 
others become embedded in the matrix and dif-
ferentiate into osteocytes, while the remaining of 
osteoblasts will undergo programmed cell death.

10.4.3  Factors Influencing 
Remodeling

The rate at which new osteoblasts and osteoclasts 
are supplied and the timing of apoptosis of these 
cells are crucial determinants of bone remodeling. 
The development of osteoclasts and osteoblasts is 
controlled by growth factors and cytokines pro-
duced in the bone marrow microenvironment and 
is modulated by systemic hormones and immu-
nological mechanisms [27–30]. Certain signaling 
pathways, systemic hormones, pro-inflammatory 
cytokines, and growth factors are considered as 
fundamental regulators of bone remodeling.

Taken together, positive stimulator of osteo-
blast activity includes PTH, vitamin D3, IGFs, 
BMPs, and Wnt signaling, while those that 

promote osteoclast activation are monocyte- 
macrophage colony-stimulating factor M-CSF, 
RANKL, IL-1, and IL-6.

Eventually, the recent discovery of osteopro-
tegerin (OPG) and the subsequent identification 
of its cognate ligand, OPG ligand (OPGL or 
RANKL), have illuminated our understanding of 
the molecular basis that links between osteoblas-
togenesis and osteoclastogenesis and thereby the 
rate of bone remodeling upon which other inputs 
(hormonal, biomechanical, etc.) operate.

10.4.4  RANK/RANKL/OPG System

Despite that the principal function of the osteo-
blasts is to synthesize bone matrix proteins and 
to enhance bone mineralization, osteoblasts also 
play a crucial role in osteoclast biology that has 
been clearly demonstrated by the release of key 
molecules, which regulate osteoclastogenesis and 
bone resorption. Of these regulators are RANKL 
which is expressed on the surface of the osteo-
blast and interact with its receptor RANK [22] to 
mediate signals for osteoclast proliferation, dif-
ferentiation, activation, and function [31] (Fig. 
10.4), while OPG is acting as a decoy receptor 
for RANKL [32], noting that the OPG/RANK/
RANKL system accounts only for signaling of 
osteoblasts to osteoclasts.

The human RANK is a polypeptide of 616 
amino acids, related to the type 1 transmembrane 
protein class [33], and is expressed in various 
tissues such as the skeletal muscle, liver, and 
small and large intestines. Among bone cells 
RANK- mRNA is exclusively expressed in osteo-
clast precursor cells [22, 32]. On the other hand, 
RANKL is a TNF-related cytokine that exists in 
both transmembrane, the predominant form, and 
soluble (cleaved) forms [22]. The gene expres-
sion of RANKL can be found abundantly in the 
skeleton and lymphoid tissues and is produced by 
osteoblasts, bone marrow stromal cells, and other 
cells under the control of various pro-resorp-
tive growth factors, hormones, and cytokines. 
Moreover, osteoblasts and stromal cells produce 
OPG, which binds to and thereby inactivates 
RANKL.
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Collectively, RANKL is of great importance 
for the development and function of osteoclasts 
through binding to its transmembrane-signaling 
receptor RANK [35]. RANK-RANKL interac-
tions lead to pre-osteoclast recruitment, fusion 
into multinucleated osteoclasts, osteoclast acti-
vation, and osteoclast survival. These effects are 
very selective to bone and can be inhibited by the 
natural, soluble, decoy receptor OPG [32].

OPG is considered as a humoral regulator of 
bone resorption. It blocks osteoclast maturation 
and differentiation, and subsequently it can pro-
tect the bone from both normal osteoclast remod-
eling and ovariectomy-associated bone loss [36].

Certain human adult tissues showed a high 
level of OPG mRNA expression, namely, the 
heart, the bone, the placenta, and the thyroid 
gland [37]. It has been demonstrated that OPG 
expression is upregulated in various human 
osteoblastic cell systems by 1,25-dihydroxyvita-
min D3, bone morphogenetic protein-2 (BMP-2), 
pro- inflammatory cytokines such as interleukin-1 
(IL-1) [38], estrogen [39], as well as transform-
ing growth factor-β (TGF-β) [40]. However, 
some discrepancies were noticed in the effect of 
these modulators on the expression of the OPG 

mRNA and OPG protein levels depending on 
the species of the cells used and on the stage of 
osteoblastic differentiation. In contrast, it has 
been established that glucocorticoids downregu-
late the OPG transcript in human osteoblast and 
in human marrow stromal cells [41, 42], and they 
can suppress OPG production resulting in accel-
eration of osteoclastic bone resorption [43].

10.5  Mediators of Bone Loss 
in Rheumatic Diseases

Systemic bone loss in rheumatic diseases occurs 
as a result of several factors including direct 
effects of inflammation, poor nutrition, reduced 
lean body mass, immobility, and the effects of 
therapeutic agents, specifically glucocorticoids. 
These mechanisms are complex and interrelated 
but are eventually mediated through influencing 
on the bone remodeling cycle and may result in 
increasing bone resorption, decreasing bone for-
mation, but most commonly affecting both of 
these processes.

Adding to the referred mechanisms that cause 
bone loss, there are background predispos-
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ing factors, which increase the risk of fractures 
due to bone loss, and they include age, gender, 
family history of osteoporosis, low body mass 
index (BMI), falling risk, and sedentary lifestyle 
(Fig. 10.5) [44].

The following sections will discuss the 
main underlying mechanisms that cause bone 
destruction in different rheumatic conditions, 
namely, the disease activity (inflammation), 
immobility, and treatment with glucocorticoids 
are considered. Noting that each rheumatic dis-
ease has a unique effect on articular bone or on 
other site on skeleton whether local or general-
ized bone loss, however, they remarkably share 
common pathways of skeletal remodeling (the 
RANKL/OPG pathway), which is involved in 
the regulation of bone resorption. In addition, 
most human and animal studies in the field of 
rheumatic arthritis have referred to the osteo-
clast as the principal cell type mediating bone 
loss in arthritis [45].

10.5.1  Effects of Systemic 
Inflammation

Inflammatory process in rheumatic diseases is 
usually associated with skeletal destruction. 
The effects of inflammation in induction bone 
loss involve two mechanisms, the role of pro- 
inflammatory cytokines and/or the role of inflam-
matory cells.

10.5.1.1  Role of pro-Inflammatory 
Cytokines

• Many of the pro-inflammatory cytokines and 
growth factors (Fig. 10.6) [46] involved in the 
inflammatory processes in rheumatic diseases 
have been found to have a great impact on 
osteoclast differentiation and activation either 
directly, by acting on cells of the osteoclast 
lineage, or indirectly, by modulating the 
expression of the key osteoclastogenic factor 
(RANKL) and/or its inhibitor, OPG [47].

• Because a wide range of cytokines have posi-
tive and negative impact on OPG/RANKL 
system or directly on osteoclastogenesis, they 
are usually kept in balance in healthy subjects. 
However, imbalance of these cytokines occurs 
during inflammation but varies between dis-
ease states, and this variation would account 
for differences in predisposition to bone loss.

• The cytokines that have positive (stimulatory) 
effects on osteoclastogenesis include TNF-α, 
IL-1b, IL-6, IL-11, and IL-17, whereas those 
that have negative (inhibitory) effects include 
interferon (IFN)-γ, IL-4, and transforming 
growth factor-β (TGF-β) [48].

• For instance, tumor necrosis factor-alpha 
(TNF-α) can increase the expression of 
RANKL by osteoblasts and hence induce 
osteoclastogenesis and the bone-resorbing 
activity. However, TNF-α and interleukin-1 
(IL-1) can synergize with RANKL to directly 
enhance bone resorption by osteoclasts.
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Fig. 10.5 Risk factors 
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fractures in inflammatory 
rheumatic diseases [44]
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10.5.1.2  Role of Inflammatory Cells
• Under normal conditions, RANKL is derived 

from osteoblasts; however, during inflamma-
tion, a variety of inflammatory cells can also 
produce RANKL including lymphocytes and 
fibroblasts, which have been found in the 
inflamed synovium in various studies [49–51]. 
The expression or production of RANKL on/
from non-osteoblastic cells causes a direct 
osteoclastogenic effect independent of 
osteoblasts.

• An example of these cells is T lymphocytes 
that are derived from Th17 subset, which has 
been called so after the ability of these lym-
phocytes to secrete IL-17, and hence they are 

considered to have an osteoclastogenic cyto-
kine profile [52]. The presence of this lympho-
cyte subset prominently in inflammatory 
arthritis could explain the tendency to local 
osteoclastogenesis and thus bone destruction 
in this condition [53].

• A subsequent to the increased bone resorp-
tion, there should be also a stimulation of bone 
formation because the processes of bone 
resorption and formation are normally tightly 
coupled. However, during chronic inflamma-
tion, “uncoupling” of bone formation from 
resorption occurs with a suppressed or 
decreased bone formation relative to the high 
degree of resorption.
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Fig. 10.6 Illustration of the impacts of chronic inflammatory disease on bone formation and resorption. A stimulatory 
effect is indicated by C and an inhibitory effect by K [46]
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10.5.1.3  Causes of Uncoupling 
Process

The Wnt Signaling and its 
Antagonist, DKK1
Studying animal models of inflammatory arthri-
tis could explain the uncoupling process via the 
implication of the Wnt-signaling pathway and 
precisely the Wnt antagonist dickkopf-1 (DKK1), 
in this process [54].

The canonical Wnt-signaling pathway is 
essential for bone development, directing dif-
ferentiation of mesenchymal precursor cells into 
mature osteoblasts, as well as having a major 
role in the normal development of the skeleton 
in the embryo [55, 56]. The naturally occurring 
soluble Wnt antagonists such as DKK1, which 
suppress this process, are important during nor-

mal bone remodeling. This finding has been sup-
ported by that the DKK1 knockout mice develop 
an increased bone mass [57] and conversely 
myeloma cells with aberrant DKK1 expression 
are associated with purely lytic lesions with little 
evidence of bone formation [58].

The synovial fibroblast can secrete DKK1; 
however, in rheumatoid arthritis, the secretion 
is enhanced by TNF-α, and thus the circulating 
levels of DKK1 have been found much elevated 
in those patients [54]. Thus, the secreted DKK1 
from the synovium would have a suppressive 
effect on osteoblast maturation and on OPG 
function leading to inhibition of local bone for-
mation and increased bone resorption, respec-
tively. Understanding the mechanism of Wnt 
signaling and its antagonist, DKK1 (Fig.  10.7), 
is very important, since administration of DKK1 
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Fig. 10.7 Schematic illustration of the possible role of 
DKK1 in the bone remodeling imbalance in inflammatory 
joint disease. Production of DKK1 in response to TNF-α 
production by inflammatory cells is proposed to inhibit 

bone formation but increase bone resorption by osteo-
clasts through a suppression of OPG production by osteo-
blasts [46]
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antibody would be able to prevent bone erosions 
and reverse this block on osteoblast formation 
which resulted in a paradoxical excess of bone 
formation during inflammation as proved by the 
development of new osteophytes [54].

Alteration of Glucocorticoid Signaling
The effects of glucocorticoids will be explained 
later in the following sections, but the current 
paragraph will discuss the influence of inflam-
mation on glucocorticoid action in bone cells. 
Because of the intracellular metabolism of 
glucocorticoids by 11b-hydroxysteroid dehy-
drogenases (11β-HSDs) [59], it has become 
known that the levels of active glucocorti-
coids present within the circulation differ from 
that in the tissues. Specifically, 11β-HSD1 
enzyme is expressed on osteoblast and can 
increase local glucocorticoid action in these 
cells by converting the inactive glucocorti-
coids such as cortisone and prednisone to their 
active counterparts’ cortisol and prednisolone, 
respectively.

Overexpression of the enzyme in osteoblasts 
reduces proliferation and the synthesis of bone- 
specific proteins such as osteocalcin when cells 
are exposed to inactive glucocorticoids [60, 
61]. It was reported previously by [62] that pro- 
inflammatory cytokines such as TNF-α or IL-1b 
can effectively induce the expression and activ-
ity of this enzyme in osteoblasts. Thus, during 
inflammation, osteoblasts at the site of bone 
exposed to pro-inflammatory cytokines are 
likely to also be exposed to high doses of locally 
active glucocorticoid [62, 63]. This is potentially 
a major mechanism by which the uncoupling 
process of osteoblasts and osteoclasts occurs. 
Overall, a high glucocorticoid level in osteo-
blasts will decrease bone formation through 
direct effects on osteoblasts [64], but it can also 
induce osteoclastogenesis due to upregulation of 
RANKL and downregulation of OPG in osteo-
blast precursors [42].

Studying the correlation of locally generated 
glucocorticoids with other proposed mechanisms 
of uncoupling such as DKK1 induction is essen-
tially needed for therapeutic purposes of rheu-
matic diseases.

10.5.2  Effects of Immobility

Immobility has consequences on all inflamma-
tory diseases specifically neuromuscular and 
joint disease. The major impact on bone occurs 
due to uncoupling process that results in reduced 
bone formation and increased bone resorption 
[65] with overall bone loss. It has been found 
that osteocytes mediates mechanosensing, which 
means they can response to mechanical strain and 
maintain bony matrix via modulation of the major 
pathways such as the Wnt pathway that couple 
bone formation and resorption [66]. This effect 
may partly be dependent on estrogen receptor 
signaling, and thus hypogonadism would reduce 
the mechanosensing [67].

Regular exercises can maintain force on bone 
and thus control bone loss through mechani-
cal stimulation. However, a more advanced 
approach is the administration of a vibration 
signal that could stimulate mechanosensing 
effects, which in turn will induce an anabolic 
response to bone [46].

10.5.3  Effects of Glucocorticoids

Glucocorticoids (GCs) are frequently prescribed 
for patients with variety of chronic inflammatory 
diseases such as rheumatic diseases. An excess 
of circulating GCs has a major negative effects 
on bone [64, 68, 69]. These adverse effects on 
bone are owing to reduced bone formation, char-
acterized by a low mineral apposition rate that 
is explained by decreased numbers of osteo-
blasts, while bone resorption is unchanged or 
even elevated [70], leading to the development of 
glucocorticoid- induced osteoporosis (GIOP).

Overall negative effects of GCs on bone are 
either directly on bone cells or indirectly by 
affecting the bone metabolism. The underly-
ing molecular mechanisms of GIOP include the 
increased apoptosis of osteoblasts and osteocytes 
and increased half-life time of osteoclasts, i.e., 
the direct effects on bone cells (Fig. 10.8) [71]. 
It has been reported that the increased osteoblast 
apoptosis results in a significant reduction in 
bone formation, while decreased osteocyte num-
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bers result in a disturbed osteocyte-canalicular 
network and thus failure to respond to bone dam-
age [72].

The process of apoptosis is induced by activat-
ing caspase-3 [73] and glycogen synthases kinase 
3β (GSK3β), which suppresses the Wnt-signaling 
pathway by increasing the production of DKK-1, 
the Wnt pathway inhibitor [74, 75].

In addition to the increased apoptosis of 
osteoblasts, GCs impair osteoblast function by 
suppressing osteoblast differentiation [76] via 
interfering with both the bone morphogenetic 
protein (BMP) pathway and the Wnt-signaling 
pathway.

Moreover, recent studies proposed that high 
doses of GCs cause a shift of bone marrow stro-
mal cells, the precursor cells of osteoblasts, to 
differentiate toward adipocytes instead of osteo-
blasts. This is mainly achieved either through 
an increased expression of the peroxisome 
proliferator- activated receptor-γ2 (PPR- γ2) and 
repression of the osteogenic transcription fac-
tor Runt-related protein 2 [77] or via suppres-

sion of AP-1, a process that not only mediates 
anti- inflammatory actions but also reduces bone 
strength [78].

In contrast to increased apoptosis of osteo-
blasts and osteocytes, GCs therapy would reduce 
the apoptosis of osteoclasts by extending their 
life span through upregulation of RANKL and 
suppression of OPG [42].

Likewise direct effects on osteoblasts, osteo-
cytes, and osteoclasts, GCs have indirect effects 
on bone (Fig.  10.9). Previous studies asserted 
that GCs impair bone metabolism by inhibit-
ing both the gastrointestinal absorption and the 
renal tubular reabsorption of calcium, leading 
to hypocalcaemia and the subsequent hyper-
parathyroidism [71]. Recent reports referred 
that GCs have influenced the bone mineraliza-
tion by decreasing the production of important 
proteins for matrix formation, namely, osteocal-
cin and type 1 collagen [69]. Furthermore, GCs 
can cause steroid myopathy [79] [4] that may 
increase the risk of falling and thus indirectly 
increase the fracture risk.

Effects of Corticosteroid on Bones
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Fig. 10.8 The direct effects of glucocorticoids on bone [71]
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10.6  Common Bone Diseases 
Associated with Rheumatic 
Disease

Osteoporosis-related fragility fractures repre-
sent one of the most important complications that 
may occur in patients with rheumatic diseases; 
obviously, these fractures may contribute to an 
important decrease in quality of life, and hence 
osteoporosis becomes increasingly recognized as 
an eminent public health problem.

Osteoporosis is a metabolic bone disease 
characterized by both low bone density (mass) 
and low bone quality, which includes not only 
microarchitecture deterioration of bone tissue 
but also alterations in bone remodeling, damage 
accumulation (e.g., microfractures), and min-
eralization. These changes in bone density and 
quality enhance bone fragility with a consequent 
increase in fracture risk after minimal trauma. 
Osteoporosis is caused by an imbalance between 

bone formation and resorption with in favor of 
bone resorption over bone formation, leading to 
altered bone remodeling.

The reduction in bone mass can be quantified 
by measurement of bone mineral density (BMD) 
using dual-energy x-ray absorptiometry (DXA), 
which is the diagnostic method of osteoporosis 
[80]. Therefore, osteoporosis can be defined by 
DXA result when T score is ≤2.5 (i.e., bone den-
sity is 2.5 standard deviation below estimated 
peak BMD for the population), whereas osteo-
penia is defined when a T score is between −1 
and −2.5.

10.6.1  Rheumatoid Arthritis 
and Bone Loss

Rheumatoid arthritis (RA) is characterized 
by three types of bone lesions: periarticular 
osteopenia, bone erosions, and osteoporosis:

Effects of Corticosteroid on Bones
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Fig. 10.9 The indirect effects of glucocorticoids on bone [71]
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• Periarticular osteopenia is one of the first 
radiographic signs of RA. It appears markedly 
in early disease and is mainly associated with 
disease activity.

• Bone erosions develop within the first months 
of the disease onset and account as the radio-
graphic sign of RA and reflect undesirable 
prognosis of RA. Hence, the extent and sever-
ity of the erosions reflect the increasing dis-
ease activity and indicate the disability of the 
disease.

Within 6  months of disease onset, less than 
50% of patients showed radiographic erosions, 
while almost 70% of the patients have erosions 
detected by MRI [81–83] and may be accom-
panied by bone edema, where CD34+ cells and 
potential osteoclast precursors [84] can be found 
during joint aspiration.

• Osteoporosis in RA is mainly characterized 
by marked loss of bone in the hip and the 
radius, while the axial bone is scarce, a pattern 
not similar to that of postmenopausal osteopo-
rosis. In addition, several cross-sectional stud-
ies reported a lower bone mineral density 
(BMD) in patients with RA, with a twofold 
increase in osteoporosis compared to age- and 
sex-matched controls.

10.6.1.1  Predisposing Factor 
of Osteoporosis in RA

In addition to the risk factors of osteoporosis 
(Fig.  10.5), other factors may also contribute 
in RA, such as muscle wasting, glucocorticoids 
therapy, and disease duration. Interaction between 
several factors should be considered, for exam-
ple, additional muscle wasting contributes to 
increased immobilization [85].

10.6.1.2  Pathological Process
• Several evidences suggested the presence of 

osteoclasts at the site of bone erosions, indicat-
ing the increased of bone resorption [86, 87].

• In RA, the local and generalized bone loss 
share common pathways: the RANKL/OPG 
pathway. The main inflammatory cytokines 

that have been found in RA and involve in 
upregulating RANKL, with subsequent acti-
vation of osteoclastogenesis, include TNF-α, 
IL-1, IL-6, and IL-17 [88, 89].

• The Wnt-signaling pathway is another path-
way that regulates osteoblast activity, and thus 
the activation of the Wnt/β-catenin pathway is 
crucial for osteoblastic differentiation [90, 
91]. There are two blockers of the Wnt- 
signaling pathway, dickkopf-1 (Dkk-1) and 
sclerostin, both of which play an important 
role in the pathogenesis of RA.  TNF-α can 
induce both sclerostin and Dkk-1 [89], leading 
to inhibition of osteoblastic differentiation.

• Further studies in RA patients confirmed these 
pathological processes and revealed that OPG/
RANKL ratio was lower than in healthy con-
trols, while Dkk-1 and sclerostin were higher. 
After treatment with anti-IL-6, OPG/RANKL 
increased, Dkk-1 decreased, and sclerostin 
increased [92].

10.6.1.3  Management of Bone Loss 
in RA

• Recent treatments with biological agents were 
introduced in patients with rheumatoid arthri-
tis. All available TNF-alpha blocking agents 
are quite successful in the prevention of ero-
sion formation.

• However, progression of structural damage 
in RA patients treated with methotrexate can 
be avoided by denosumab, a fully human 
monoclonal IgG2 antibody that binds 
RANKL [93].

• It has also been found that in patients with RA 
treated with infliximab, the bone loss was 
abolished in the spine and hip, but not in the 
metacarpal cortical hand [94].

• Moreover, preventing the loss of vertebral 
strength in patients with RA can be principally 
achieved by treatment with alendronate [95].

• After this extensive review, here comes the 
value of early diagnosis of RA and early and 
aggressive intervention with disease- 
modifying anti-rheumatic drugs (DMARDs) 
to prevent bone destruction, osteoporosis, and 
erosions.
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10.6.2  Systemic Lupus 
Erythematosus and Bone Loss

10.6.2.1  Predisposing Factors of Bone 
Loss in SLE

• In addition to the traditional background fac-
tors, there are also disease-related factors 
(Fig.  10.5) such as inflammation, metabolic 
factors, hormonal factors, serologic factors, 
and medication-induced adverse effects [96].

• Another factor that may contribute in 
decreased BMD in SLE is the associated high 
frequency of vitamin D deficiency [97–99], a 
metabolic condition that induces bone loss. 
Vitamin D deficiency might induce bone loss 
in SLE via several factors including (a) photo-
sensitivity (so patients avoid exposure to the 
sun and use sunscreens), (b) dark skin pig-
ment, (c) renal failure, and (d) treatment with 
GC (has a dual action, it can induce bone loss, 
but also it has a beneficial effect on bone mass 
by suppressing inflammation) and possibly 
hydroxychloroquine (HCQ) (via inhibiting 
hydroxylase α1 that form active vitamin D), 
which showed a controversial results [98, 
100]. Due to these inconsistent results of 
HCQ, further studies in large groups of SLE 
patients and patients with other diseases 
treated with HCQ are needed to clarify the 
relationship between HCQ uses and bone 
metabolism.

• Changes in hormonal pattern may also nega-
tively influence the BMD in patients with 
SLE, where a relatively high estrogenic and 
low androgenic state and a decrease in dehy-
droepiandrosterone (DHEA) have been dem-
onstrated and associated with low BMD [101].

• Collectively, the factors that may adversely 
affect bone mass, resulting in osteoporosis 
and possible fracture risk in SLE, have been 
summarized in Table 10.1.

10.6.2.2  Pathological Process
• Chronic systemic inflammation is a cause of 

bone loss in SLE, where the activated inflam-
matory cells at sites of inflammation produce 
a wide spectrum of cytokines that stimulate 
local and generalized bone resorption.

• Researchers have revealed increased serum 
levels of tumor necrosis factor (TNF) [103] 
and oxidized low-density lipoprotein (LDL) 
[104] in patients with active lupus. Oxidized 
LDL stimulates the activation of T cells, 
which in turn can increase the production of 
RANKL and TNF.  Consequently, TNF and 
RANKL will induce the maturation and acti-
vation of osteoclasts [103]. In addition, oxi-
dized LDL has the ability to inhibit osteoblast 
maturation, and hence it can negatively influ-
ence bone formation [105].

• Moreover, high levels of homocysteine 
(caused by inflammation) have been reported 
in patients with SLE, and this might be attrib-
uted to the accelerated bone loss [106, 107] 
via enhancing the bone resorption and reduc-
tion of bone formation.

• Until recently, the previous clinical studies 
have not been able to demonstrate the associa-
tion between bone loss in SLE and the disease 
activity score [108–110]. However, several 

Table 10.1 Summary of risk factors for osteoporosis in 
patients with SLE [101]

Risk factors for osteoporosis in patients with SLE
Non-modifiable risk factors
  •  Caucasian or Asian ethnicity.
  •  Female sex.
  •  Advanced age.
  •  Personal or family history of osteoporotic 

fractures.
  •  High risk of falls.
  •  Premature menopause.
Modifiable risk factors
  •  Weight < 127 lb. (58 kg).
  •  Inadequate calcium and vitamin D intake.
  •  Lifestyle habits: Smoking, alcohol use, high 

number of sedentary hours daily.
Risk factors specific for systemic lupus 
erythematosus
  •  Medication use [glucocorticoids, gonadotropin- 

releasing hormone agonists, cytotoxic drugs, 
antimalarial agent (HCQ)].

  •  Metabolic causes.
   –  High frequency of vitamin D deficiency.
   –  High homocysteine level.
   –  Hormonal changes in SLE, a relatively high 

estrogen and low dehydroepiandrosterone 
(DHEA) [100]

  •  Prolonged active SLE.
  •  Systemic and localized inflammation.
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studies showed an association between organ 
damage and reduced BMD [111], and because 
prolonged active SLE usually causes organ 
damage in the patients, this finding suggests 
that disease activity contributes to reduced 
BMD in SLE. Moreover, the Hopkins Lupus 
Cohort study [112] has established that low 
complement C4 levels (a measure of active 
disease) were a predictor of low spine BMD 
among patients with SLE.

10.6.2.3  Management of Bone Loss 
in SLE

• To approach bone health in SLE patients, the 
underlying risk factors for bone loss should be 
evaluated. For instance, evaluation of calcium 
and vitamin D levels and homocysteine status 
is recommended. Although there is not enough 
data relating the low levels of vitamin D and 
SLE activity, the possible association would 
suggest that replacement of vitamin D may 
have benefits beyond bone health for those 
patients [113].

• Supplementation with vitamin D should aim 
to keep the serum 25-hydroxyvitamin D 
[25(OH)D] level above 25  ng/mL, and cal-
cium supplementation should be at the recom-
mended daily allowance for the age of the 
patient (Table 10.2).

• Bear in mind that it takes approximately 
3  months to achieve a steady state of 
25(OH)D level once vitamin D supplemen-
tation is started, so rechecking a 25(OH)D 
should not be done earlier than 3  months 
[114, 115].

• Moreover, if homocysteine levels are ele-
vated, folic acid should be initiated at 1 mg 
daily [116].

• Patients with SLE are at increased risk of 
bone loss due to the synergistic effect of the 
inflammatory process and its treatment with 
corticosteroids; therefore adequate manage-
ment is essential to prevent osteoporotic 
fractures and maintain BMD.  However, all 
preventative measures and pharmacological 
therapy will be mentioned later on under the 
section of “Glucocorticoid- Induced 
Osteoporosis” according to ACR 2010 
recommendations.

10.6.3  Ankylosing Spondylitis 
and Bone Loss

Inflammation in ankylosing spondylitis (AS) 
is characterized by subchondral bone marrow 
edema with subchondral bone erosive lesions 
and eventually to subchondral new bone forma-
tion through the articular cartilage and ossifica-
tion of the periarticular ligaments [85].

Bone edema is accounted as a sign of inflam-
matory activity and may affect limited or exten-
sive parts of vertebrae (Fig.  10.10). Recent 
studies suggested a possible sequence of events 
of new bone formation in AS, as follows: first 
erosions at the site of inflammation, followed by 
repair reaction, and subsequently ended by new 
bone formation (10).

• For instance, at the corners of the vertebral 
bodies, there might be marginal erosive 
lesions with adjacent subchondral edema and 
sclerosis (Romanus lesion). Also, a new peri-
osteal intraosseous bone formation was found 
and provided the typical picture of squaring of 
the vertebrae [85].

Table 10.2 ACR 2010 Recommendations on counseling 
for lifestyle modification and assessment of patients start-
ing glucocorticoids at any dose of >3 months duration

ACR 2010 recommendations on counseling for lifestyle 
modification
  •  Weight-bearing activities
  •  Smoking cessation
  •  Avoidance of excessive alcohol intake (>2 drinks 

per day).
  •  Nutritional counseling on calcium and vitamin D 

intake.
  •  Fall risk assessment .
  •  Baseline dual x-ray absorptiometry .
  •  Serum 25-hydroxyvitamin D level .
  •  Baseline height .
  •  Assessment of prevalent fragility fractures .
  •  Consider radiographic imaging of the spine or 

vertebral fracture assessment for those initiating 
or currently receiving prednisone 5 mg/day or its 
equivalent.

  •  Calcium intake (supplement plus oral intake) 
1200–1500 mg/daya.

  •  Vitamin D supplementationa.
aRecommendations for calcium and vitamin D supple-
mentation are for any dose or duration of glucocorticoids, 
rather than a duration of 3 months
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10.6.3.1  Fracture Risk in AS
Subsequent results to bone changes in AS lead 
to an increase in bone loss (osteoporosis) and 
bone fragility and therefore increased the risk 
of bone fractures.

• AS is associated with an elevated risk of verte-
bral fractures, which are six to seven times 
higher than in healthy population [117, 118], 
and these fractures are often accompanied by 
neurological signs and symptoms [119]. 
However, the increased in morphometric and 
clinical vertebral fractures [120] but not in 
peripheral (forearm or hip) fractures indicates 
a more local effect of AS on bone, unlike RA, 
where the inflammatory effects are more sys-
temic. Furthermore, despite sharing similar 
pathogenesis of osteoporosis but with differ-
ent clinical phenotypes, bone loss in AS is 
accompanied by new bone formation contrast-
ing to RA and postmenopausal conditions,

• Of most important types of spinal fractures in 
AS includes wedging fracture, which contrib-
utes to spine rigidity and hyperkyphosis of 
upper part of the spine and impaired physical 
function [119, 121, 122]. In addition to wedg-

ing fracture, structural damage of the spine 
and the disease activity are other significant 
contributors to hyperkyphosis [123].

10.6.3.2  Management of Bone Loss 
in AS

• Because of the concomitant bone loss and the 
new abnormal bone formation and the pres-
ence of syndesmophytes, the reliability of 
BMD measurement is affected, and there 
would be a large variation in the prevalence of 
osteoporosis in patients with AS [124, 125].

• Taken together, AS is characterized by bone 
and cartilage degradation. The bone destruc-
tion reflects the systemic inflammatory effects 
on bone density and can be inhibited by 
TNF-α blocking agent. However, the cartilage 
damage might be related to syndesmophyte 
formation, which is not influenced by anti- 
inflammatory therapy [120]. This highlights 
the suggestion that bone degradation and new 
bone formation are uncoupled mechanisms in 
AS, the reason that might make their therapeu-
tic intervention basically different.

• A remarkable but yet not confirmed finding 
has shown that the risk of clinical fracture 

Bone edema

Bone loss

Erosions:
Anderson sign

Periosteal

Romanus sign

Interapophyseal

Fig. 10.10 Sites of bone 
edema, bone loss, and 
bone erosion in AS [85]
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decreased in AS patients taking NSAIDs, 
which could relieve the inflammatory back 
pain and stiffness and thus improving the 
physical activity that helped in maintaining 
bone mass and reducing the risk of falling and 
subsequent fracture [126, 127]. In addition, it 
has recently been suggested that NSAIDs may 
also inhibit the formation and growth of syn-
desmophytes of AS in the spine via interfering 
with the prostaglandin metabolism. Therefore, 
if the divergent inhibitory effects of NSAIDs 
on osteoporotic fractures (bone loss) and pro-
gression of syndesmophytes (bone formation) 
can be confirmed, this would be an important 
clue in further explaining pathophysiological 
mechanisms in AS.

• In contrast to the treatment of osteoporosis in 
patients with RA, treatment of osteoporosis 
in patients with AS is not yet common. Data 
supporting the efficacy of this treatment in 
AS are rare. Of all bisphosphonates, alendro-
nate and risedronate are found to be effective 
in increasing BMD in men. Alendronate and 
risedronate significantly increase BMD in 
both vertebrae and femur, with a significant 
reduction of vertebral fractures [128, 129]. 
More recently teriparatide was tested with 
the same aims, but only a positive effect on 
BMD could be shown [130]. It is clear that 
there is a need for evidence- based knowledge 
in these fields in the near future. Our studies 
highlight the need to develop strategies to 
identify high-risk patients with AS. Research 
on the treatment of osteoporosis to prevent 
vertebral fractures in these patients is 
urgently needed.

10.6.4  Glucocorticoid-Induced 
Osteoporosis (GIOP)

Steroids are widely used in the medical practice 
to treat various diseases such as asthma, systemic 
connective tissue diseases, and other autoim-
mune diseases and in addition to rheumatic dis-
eases. Treatment with GCs results in bone loss 

within 1 month after initiation of the therapy but 
primarily occurs in the trabecular bone, so that 
it mainly increases the risk of vertebral fracture 
rather than non-vertebral fractures [79]. Fractures 
are considered the most clinically relevant risk of 
prolonged steroid therapy.

GIOP is a common type of secondary osteo-
porosis which occurs at any age and in both men 
and women. It has been known that one loss in 
GIOP is biphasic, with a rapid reduction in BMD 
of 6–12%* which occurs followed by a slower 
annual loss of about 3%* for as long as the glu-
cocorticoids are administered [131, 132].

10.6.4.1  Impact of GIOP
• As a consequent to the bone loss during GCs 

therapy, it has been reported that the relative 
fracture risk within the first 3 months after ini-
tiation of the therapy increases by 75% even 
before any BMD changes occur [133].

• Although the increase of fracture risk has 
appeared to be dose dependent [134], it was 
found to be partially reversible so that the 
fracture risk would gradually return to base-
line [135].

10.6.4.2  Approaching Managements 
of Patients with GIOP

• American College of Rheumatology (ACR) 
have developed and updated recommenda-
tions to provide guidance for prevention and 
treatment of GIOP in order to be applied by 
the physicians in light of each patient’s 
circumstances.

• ACR recommendation 2001 [136] has been 
updated and replaced by ACR recommenda-
tion 2010 [137], which had expanded the rec-
ommendations for counseling (Table  10.2) 
and monitoring updated pharmacological 
guidelines and used patient’s overall clinical 
risk instead of T score alone.

 – Afterward, ACR 2017 recommendations 
have been released for GIOP prevention 
and treatment, based on the balance of rel-
ative benefits and harms of the treatment 
options and highly considering the quality 
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of the evidence and patients’ values and 
preferences [138]. Therefore, due to lim-
ited evidence on the benefits and harms of 
interventions in GC users, most recom-
mendations in ACR 2017 guidelines are 
conditional or of good clinical practice. 
The strength of the recommendations is 
based on the fracture risk categories in 
GC-treated patients [138].

 – The ACR 2017 recommendations for GIOP 
prevention and treatment have addressed, in 
addition to all adults’ categories (< 40 years 
and > 40 years of age), special populations 
categories, namely children, people with 
organ transplants, women of childbearing 
potential, and people receiving very high-
dose GC treatment.

 – The initial approach of patients with GIOP 
begins with clinical assessment of fracture 
risk by interpreting detailed clinical and 
biochemical data, together with identifying 
the diagnostic criteria for assessment of 
bone mineral density (BMD) results, as 
follows:

 1. Clinical Assessment: This is concerned with 
having detailed medical history to identify the 
cumulative risk factors for bone loss 
(Fig.  10.11) and performing proper physical 
examination to detect any underlying medical 
conditions or evidence of osteoporosis such as 
fracture, kyphosis, and loss of height or deter-
mine muscle strength and size.

 2. Biochemical Assessment: The baseline levels 
of the following parameters are needed to be 
obtained in order to rule out any underlying 
medical diseases that may affect the outcome 
of GIOP such as low levels of calcium or vita-
min D; those would affect the bone formation 
and metabolism [137, 138]. These parameters 
include:
• Complete blood cell count.
• Serum calcium and phosphorus.
• Serum 25-hydroxyvitamin D.
• Serum-free testosterone in males.
• Estradiol in premenopausal women.
• Renal Function Tests specifically 24-hour 

urinary calcium and sodium.
• Liver function test, because healthy liver is 

important for synthesis of sex hormones.

 3. Assessment of Bone Mineral Density 
(BMD): Measuring the BMD is one of the 
salient determinants of bone strength. It can 
be measured at different sites in the body by 
distinct methods. For instance, dual-energy 
x-ray absorptiometry (DXA) measures BMD 
mainly at lumbar spine and proximal femur, 
while quantitative computed tomography 
(QCT) is used mostly to estimate bone den-
sity at the forearm, tibia, or lumbar spine. 
The World Health Organization (WHO) has 
defined the diagnostic criteria for assessment 
of BMD results (Table 10.3) [139].

 4. Assessment and Classification of Fracture 
Risk: Identifying patients with increased frac-
ture risk solely using BMD assessment has 
some limitations due to its age dependency and 
its inaccuracy in measuring bone quality. 
Therefore, it has been recommended that frac-
ture risk should be assessed using tools that cal-
culate the absolute fracture risk for a given 
patient. One of the available tools proposed by 
the World Health Organization (WHO) is called 
Fracture Risk Assessment (FRAX) tool [140].

FRAX is a unique model that is considered 
in calculating the risk of the following factors, 
age, sex, race, family history, the BMD, and 
the usage of BMD, but excludes the dosage 
and the evaluation of the risk factors of falls 
and the presence or absence of prevalent ver-
tebral deformities, although they are known as 
risk factors for fractures. The output of FRAX 
calculation is a 10-year probability of hip 
fracture and the 10-year probability of a major 
osteoporotic fracture (clinical spine, forearm, 
hip, or shoulder fracture) [140].
• Based on the risk factors shown in 

Fig.  10.11 as well as the FRAX results, 
adult patients receiving GC can be classi-
fied into low-, moderate-, and high-risk 
categories accordingly (Fig.  10.12). The 
ACR 2017 recommendations for GIOP 
prevention and treatment have addressed, 
in addition to all adults’ categories (< 40 
years and > 40 years of age), special popu-
lations, namely children, people with organ 
transplants, women of childbearing poten-
tial, and people receiving very high-dose 
GC treatment.
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• Therefore, the primary implication of ACR 
2017 recommendation is to clarify that all 
clinicians treating patients with GCs have 
to be aware of the GIOP risk, identify 
patients at high fracture risk (Fig. 10.12), 

and be able to provide the appropriate treat-
ment [138].

• Moreover, the assessment of fracture risk 
may not only be useful in treatment deci-
sions, but also in improving patients’ treat-

Fig. 10.11 Risk factors that may shift an individual to a greater risk category for GIOP (ACR 2010) [137]

Table 10.3 WHO criteria 
for assessment of BMD 
[139]
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ment compliance that would provide the 
patients a better insight into their future 
fracture risk.

10.6.4.3 Recommendations 
for Fracture Risk Assessment 
and Reassessment of Patient 
with GIOP

These recommendations are considered as good 
practice recommendations.
• Initial fracture risk assessment:

For all adults and children, an initial 
clinical fracture assessment should be per-
formed as soon within six months of the ini-
tiation of long-term GC treatment. This 
clinical assessment should include the 
following:

 – A detailed clinical history of GC use (dose, 
duration, mode, and pattern of use),

 – An evaluation of underlying risk factors 
for fracture including history of falls, frac-
tures, frailty, others such as (malnutrition, 
significant weight loss or low body weight, 

hypogonadism, secondary hyperparathy-
roidism, thyroid disease, family history of 
hip fracture, history of alcohol use [at > 3 
units/day] or smoking), and other clinical 
comorbidities.

 – A physical examination including mea-
surement of weight and height, detailed 
examination of musculoskeletal system, 
and other clinical findings of undiagnosed 
fracture (e.g., spinal tenderness, deformity, 
and reduced space between lower ribs and 
upper pelvis).
For adults >40 years old, the initial abso-

lute fracture risk should be evaluated using 
FRAX with correction of GC dose and BMD 
(if available) as prompt as possible but within 
at least six months of starting the GC therapy 
(Fig. 10.13) [138].

For adults <40 years old, BMD testing 
should be done as promptly as possible but at 
least within 6 months of starting the GC treat-
ment if the patient has a history of previous 
OP fracture(s) (high risk) or if the patient has 

Fig. 10.12 Fracture risk categories in GC-treated patients [138]
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other significant OP risk factors (Fig. 10.13) 
[138].

• Reassessment of fracture risk:
For all adults and children, if GC therapy 

is used continuously, a clinical fracture risk 
reassessment (as referred earlier) should be 
performed every 12 months. For detailed 
pathways of reassessment of clinical fracture 
risk in adults <40 and ≥40 years of age, refer 
to Fig. 10.14 [138].

10.6.4.4 Recommendations for Initial 
Treatment and Prevention 
of GIOP

• In addition to adjusting the pharmacologic 
treatment of GIOP, optimizing the dose of cal-

cium and vitamin D uptake and counseling 
lifestyle modification are included within both 
the ACR 2010 and the ACR 2017 recommen-
dations for treating patients with GIOP.

• A conditional recommendation is reported, 
generally for all adults on GC at a dose of 
≥2.5 mg/day for ≥3 months, to optimize cal-
cium intake (1000–1200 mg/day) and vitamin 
D intake (600–800  IU/day; serum level 
≥20  ng/mL) [138, 141] alongside lifestyle 
modification with regard to weight, nutrition, 
smoking, and alcohol intake (Table 10.2).

• For children 4–17 years of age receiving GC 
therapy, a calcium intake of 1000  mg/day 
and vitamin D of 600  IU/day is 
recommended.

Fig. 10.13 Initial fracture risk assessment [138]

10 Bones and Rheumatology



230

• The ACR 2017 recommendations of initial 
pharmacologic treatment are categorized 
according to the following groups and are 
highlighted in Fig. 10.15 and Table 10.4.

 – All adults >40 years of age, they are 
divided into women >40 years old but not 
of childbearing potential, and men >40 
years old, who are at moderate to high risk 
of fracture (Fig. 10.15).

 – Adults <40 years of age, includes (women 
not of childbearing potential and men) 
with a history of OP fracture, or those con-
tinuing GC treatment (>6 months at a dose 
of >7.5 mg/day), who have either a hip or 
spine BMD with Z score <−3 or DXA 
result reveals bone loss of >10%/year at 
the hip or spine (Fig. 10.15).

 – Special populations that have further sub-
groups including (Table 10.4):

Women who meet criteria for moderate-
to-high risk of fracture and are of child-
bearing potential but do not plan to become 
pregnant within the period of OP treatment 
and are using effective birth control or are 
not sexually active.

Adults >30 years of age who are receiv-
ing very high-dose GC treatment (initial 
prednisone dose of >30 mg/day [or equiva-
lent GC exposure] and a cumulative annual 
dose of >5  gm) (Table 3 of main 
reference).

Adults who have received an organ 
transplant and who are continuing treat-
ment with GCs.

GC-treated children at 4–17 years of 
age are further subdivided into two groups 
(Table 10.4).

10.6.4.5 Rationale 
of Pharmacotherapy of GIOP

• GIOP can be partially prevented by using 
bisphosphonates (alendronate and zoledronic 
acid) [142]. However, oral bisphosphonates 
are limited by low adherence rates, and there-
fore zoledronic acid provides the intravenous 
form of this medication and can be prescribed 
rather than the patient receiving no additional 
therapy beyond calcium and vitamin D.

• On the other hand, PTH 1-34 (teriparatide) 
therapy seems to be superior to oral bisphos-

Fig. 10.14 Reassessment of fracture risk [138]
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Fig. 10.15 Initial pharmacologic treatment for adults 
[138]. Recommended doses of calcium and vitamin D are 
1000–1200  mg/day and 600–800  IU/day (serum level 
≥20 ng/mL), respectively. Lifestyle modifications include 
a balanced diet, maintaining weight in the recommended 
range, smoking cessation, regular weight-bearing and 
resistance training exercise, and limiting alcohol intake to 
1–2 alcoholic beverages/day. Very high-dose glucocorti-

coid (GC) treatment was defined as treatment with predni-
sone ≥30 mg/day and a cumulative dose of >5 gm in the 
past year. The risk of major osteoporotic (OP) fracture 
calculated with the FRAX tool should be increased by 
1.15, and the risk of hip fracture by 1.2, if the prednisone 
dose is .7.5 mg/day (e.g., if the calculated hip fracture risk 
is 2.0%, increase to 2.4%)

phonates but is more expensive [143] and can 
be used if bisphosphonate is not appropriate.

• If neither oral nor IV bisphosphonates nor 
teriparatide treatment is appropriate, deno-
sumab should be used rather than the patient 
receiving no additional treatment beyond cal-
cium and vitamin D. Denosumab is a human-
ized monoclonal antibody to RANKL and is 
useful for GC-treated patients with renal insult 
but with stable serum Ca+2 levels and are not 
candidates for bisphosphonates or teripara-
tide. Denosumab has been approved for the 
prevention of vertebral and non-vertebral frac-
tures, in women with postmenopausal osteo-
porosis [144]. Moreover, it was revealed that 

denosumab therapy increased spine and hip 
BMD and reduced bone turnover markers for 
12  months in patients received GC [145]. A 
recent randomized, doubleblind, comparative 
study of denosumab and risedronate in patients 
≥19 years of age taking prednisolone ≥7.5 mg/
day for ≥3 months reported that denosumab 
significantly increased spine and femoral 
BMD compared to risedronate [146].

• If none of these medications is appropriate for 
postmenopausal women, raloxifene [selective 
estrogen receptor modulator (SERM)] should 
be used rather than the patient receiving no 
additional treatment beyond calcium and vita-
min D. The order of the preferred treatments 
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Table 10.4 Recommendations for initial treatment for prevention of GIOP in special populations of patients beginning 
long-term GC therapy [138]

Recommendations for initial treatment for prevention of GIOP in special populations
Women of childbearing potential at moderate-to-high risk of fracture who do not plan to become pregnant within 
the period of OP treatment and are using effective birth control or are not sexually active
     Treat with an oral bisphosphonate over calcium and vitamin D alone, teriparatide, IV bisphosphonates, or 

denosumab.
     Oral bisphosphonates preferred for safety, cost, and because of lack of evidence of superior antifracture benefits 

from other OP medications.
    Other therapies if oral bisphosphonates are not appropriate, in order of preference:
      Teriparatide
        Safety, cost, and burden of therapy with daily injections
     Consider the following therapies only for high-risk patients due to lack of safety data on use of these agents 

during pregnancy:
      IV bisphosphonates
        Potential fetal risks of IV infusion during pregnancy
      Denosumab
        Potential fetal risks during pregnancy
     Conditional recommendations because of indirect and very low-quality evidence on benefits and harms of these 

treatments to the fetus during pregnancy
Adults age ≥30 years receiving very high-dose GCs (initial dose of prednisone ≥30 mg/day and cumulative dose 
>5 gm in 1 year)
    Treat with an oral bisphosphonate over calcium and vitamin D alone.
    Treat with an oral bisphosphonate over IV bisphosphonates, teriparatide, or denosumab.
     Oral bisphosphonates preferred for safety, cost, and because of lack of evidence of additional anti-fracture 

benefits from other OP medications.
     If bisphosphonate treatment is not appropriate, alternative treatments are listed by age (≥40 years and <40 years) 

in Fig. 10.15
     Conditional recommendations because of low-quality evidence on absolute fracture risk and harms in this 

population
Adults with organ transplant, glomerular filtration rate ≥30 mL/min, and no evidence of metabolic bone disease 
who continue treatment with GCs
     Treat according to the age-related guidelines for adults without transplants with these additional 

recommendations:
    An evaluation by an expert in metabolic bone disease is recommended for all patients with a renal transplant.
     Recommendation against treatment with denosumab due to lack of adequate safety data on infections in adults 

treated with multiple immunosuppressive agents.
     Conditional recommendations because of low-quality evidence on antifracture efficacy in transplant recipients 

and on relative benefits and harms of the alternative treatments in this population
Children ages 4–17 years treated with GCs for ≥3 months
     Optimize calcium intake (1000 mg/day) and vitamin D intake (600 IU/day) and lifestyle modifications over not 

optimizing calcium and vitamin D intake and lifestyle modifications.
     Conditional recommendation because of lack of antifracture efficacy of calcium and vitamin D in children but 

limited harms
Children ages 4–17 years with an osteoporotic fracture who are continuing treatment with GCs at a dose of 
≥0.1 mg/kg/day for ≥3 months
     Treat with an oral bisphosphonate (IV bisphosphonate if oral treatment contraindicated) plus calcium and 

vitamin D over treatment with calcium and vitamin D alone.
     Conditional recommendation because of very low-quality antifracture data in children but moderate-quality 

evidence of low harms of oral bisphosphonates in children and less potential harm of oral over IV 
bisphosphonates

GIOP glucocorticoid (GC)-induced osteoporosis, IV intravenous
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was established according to a comparison of 
efficacy (fracture reduction), toxicity, and 
cost.

10.6.4.6 Follow-up Treatment 
Recommendations

Initial treatment failure is defined if the osteopo-
rotic fracture occurs after 18 months of treatment 
initiation with oral bisphosphonate or if there is 
significant BMD reduction (≥10%/year) at fol-
low-up. Various categories of treatment failure of 
GIOP are explained in Table 10.5 with appropri-
ate recommendations according to the reassess-
ment of fracture risk status.

10.7  Summary

Chronic inflammatory diseases, namely, rheu-
matic diseases such as rheumatoid arthritis, 
systemic lupus erythematosus, and ankylosing 
spondylitis, are commonly associated with extra- 
articular side effects, including bone loss and 
fractures. Osteoporosis-related fragility fractures 
represent one of the most important adverse out-
comes that may occur in patients with rheumatic 
diseases. These fractures may contribute to a sig-
nificant decrease in quality of life and thus would 
have a great impact on the economic status of the 
society.

Table 10.5 Recommendations for follow up treatment for prevention of GIOP [138]

Recommendations for follow-up treatment for prevention of GIOP according to reassessment of fracture risk
Adults age ≥40 years continuing GC treatment who have had a fracture that occurred after ≥18 months of treatment 
with an oral bisphosphonate or who have had a significant loss of bone mineral density (≥10%/year) [Definition of 
Treatment Failure]
     Treat with another class of OP medication (teriparatide or denosumab; or, consider IV bisphosphonate if 

treatment failure is judged to be due to poor absorption or poor medication adherence) with calcium and vitamin 
D over calcium and vitamin D alone or over calcium and vitamin D and continued oral bisphosphonate.

     Conditional recommendation because of very low-quality evidence comparing benefits and harms of the 
compared treatment options in this clinical situation.

Adults age ≥40 years who have completed 5 years of oral bisphosphonate treatment and who continue GC 
treatment and are assessed to be at moderate-to-high risk of fracture:
     Continue active treatment, without drug holiday, (with an oral bisphosphonate beyond 5 years or switch to IV 

bisphosphonate [if concern with regard to adherence or absorption] or switch to an OP treatment in another 
class) over calcium and vitamin D alone.

     Conditional recommendation because of very low-quality data on benefits and harms in GC-treated patients, but 
moderate-quality data in the general OP literature on benefits and harms of continuing treatment with oral 
bisphosphonates past 5 years for people at high risk of fracture.

Adults age ≥40 years taking an OP medication in addition to calcium and vitamin D who discontinue GC treatment 
and are assessed to be at low risk of fracture:
    Discontinue the OP medication but continue calcium and vitamin D over continuing the OP medication.
     Conditional recommendation made by expert consensus; evidence informing it too indirect for the population 

and very low-quality.
Adults age ≥40 years taking an OP medication in addition to calcium and vitamin D who discontinue GC treatment 
and are assessed to be at moderate-to-high risk of fracture:
    Complete the treatment with the OP medication over discontinuing the OP medication.
     Strong recommendation for high-risk patients based on expert consensus that patients who are at high risk 

should continue an OP treatment in addition to calcium and vitamin D.
     Conditional recommendation for moderate-risk patients because of lower fracture risk compared to potential 

harms.
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The concept of osteoimmunology elucidates in 
depth the links between the immune system and 
bone physiology. The predisposing factors that 
cause the underlying pathology of bone loss in 
rheumatic patients are multifactorial. In addition 
to the traditional background fracture risks, such 
as age, BMI, and gender, there are potential bone 
loss mediators that substantially increase fracture 
risk in these patients. Of these common mediators 
are inflammation (high disease activity), immo-
bility, and treatment with glucocorticoids. Other 
mediators would contribute in bone loss in rheu-
matic patients and may include poor nutrition, the 
increase of catabolic state, and the decrease in 
reproductive hormones (hypogonadism) in both 
men and women.

These effector mediators appear to interact 
in a complex and synergistic way to reinforce 
each other through various mechanisms that act 
on a shared common pathway, the bone remod-
eling cycle. The net result of these mediators is 
the production of a wide spectrum of cytokines 
that stimulate local and/or generalized bone 
resorption and that inhibit (as in RA) or stimu-
late (as in AS) bone formation. For instance, dur-
ing the inflammatory process, the Wnt-signaling 
antagonist (DKK-1) is secreted from the syno-
vial fibroblast and inhibits osteoblast matura-
tion and OPG function leading to suppression of 
local bone formation. Therefore, administration 
of anti DKK-1 would be useful to prevent bone 
erosions and reverse the inhibition on bone for-
mation. However, immobility will suppress the 
mechanosensing process of osteocytes leading to 
uncoupling of bone formation and bone resorp-
tion through the Wnt-signaling pathway.

Although GCs are frequently prescribed for 
the rheumatic patients, they have a great adverse 
impact on bone quality leading to GIOP.  The 
overall effects of GCs on bone are either directly 
on bone cells or indirectly by affecting the bone 
metabolism, both of which result in enhancing 
bone resorption and decreasing bone formation. 
Inhibition of bone formation by GCs occurs by 
increasing the osteoblast and osteocyte apop-
tosis and/or impairing osteoblast function via 
suppressing the BMP pathway and the Wnt-
signaling pathway. On the other hand, GCs can 
stimulate bone resorption by reducing osteoclast 

apoptosis via upregulation of RANKL and inhi-
bition of OPG.

GIOP is a significant clinical complication 
that occurs as a result of adverse effects of the 
prescribed GCs for patients with rheumatic dis-
ease. ACR 2010 had set several recommenda-
tions updated that of ACR 2001 for evaluating 
and monitoring patients, who has just initiated 
or received GCs for/or more than 3 months dura-
tion. However later, ACR 2017 recommendations 
have been released and aimed to standardize the 
classification of patients at risk of GC induced 
fracture (Fig.  10.12). So that the appropriate 
recommendations can be applied on each cat-
egory, while reducing the risk and burden of 
radiological testing and the anti-fracture therapy. 
Therefore, all clinicians treating patients with 
GCs should be aware of these fracture risks and 
identify the patient’s level of fracture risk accord-
ing to the ACR 2017 guidelines for assessment 
and reassessment of fracture risks. The recom-
mendations of anti-fracture pharmacotherapy in 
order of preference, for prevention and treatment 
of GIOP, were based on their efficacy, potential 
harms, and cost. Hence, oral bisphosphonates 
were recommended as preferred first-line therapy 
over other recommended anti-fracture therapies.

Taking together, the salient approach for 
early diagnosis of rheumatic diseases would be 
very crucial and of great help in diminishing the 
magnitude of bone destruction that occur during 
the pathogenesis of these diseases and therefore 
preventing further bone erosion and osteoporosis. 
Finally, GIOP is a medical problem that patients 
should be aware of its fracture risk and clinicians 
should consider evaluating the fracture risks 
for all GC-treated patients and actively prevent 
reduction of bone mass.
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