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Summary

The immune system and the bone often share the same anatomical niches and spaces, as there is a close functional re-
lationship between both of them. As a consequence, there is a constant interaction between them and a bidirectional
flow of information between the immune cells and those of the bone tissue (osteoclasts, osteoblasts and osteocytes)
often unknown, in which multiple inflammatory mediators and various growth and cell differentiation factors are in-
volved. This leads to a very close interaction between inflammation and bone loss. In fact, osteoporosis (OP) is one of
the most frequent systemic complications in chronic inflammatory diseases (CIDs). The prevalence of OP in CIDs depends
on each pathological scenario. Rheumatoid arthritis (RA) is a paradigmatic disease which causes chronic inflammation,
where the presence of OP is frequent and shows even prior to the appearance of the first symptoms of the RA. The pa-
thogenesis of RA-associated OP is complex and includes the cooperation of multiple pro-inflammatory cytokines that
promote osteoclastogenesis and inhibit bone formation. Tumor necrosis factor alpha (TNF-a) and different interleukins
(IL), such as IL-1, IL-6 and IL-17, stand out among all, IL-6 having a relevant hierarchical role. In this study, we review
the role of pro-inflammatory cytokines in bone and joint destruction in different CIDs, giving special emphasis to RA, as
we set out the bases of possible pathways that open new therapeutic horizons in the their framework.

Key words: osteoporosis, rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, pathophysiology, interleukins,

IL-6, treatment.

CHRONIC INFLAMMATORY DISEASES

Chronic inflammation is a nonspecific response against
aggressor agents mediated by the body’s immune system.
In such a scenario, an infiltrate of predominantly mono-
nuclear cells, such as lymphocytes, macrophages and
plasma cells, is produced. Under certain conditions or
when the aggressor agent persists, a sustainable accumu-
lation and activation of immune cells occurs. Then, the se-
cretion of cytokines, agents that prolong the life of
lymphocytes and macrophages, is increased, what leads
to chronic inflammation.

Inflammation is the main mechanism involved in
bone destruction in chronic inflammatory diseases
(CIDs)%, such as rheumatoid arthritis (RA), ankylosing
spondylitis (AS), psoriatic arthritis (PsA), systemic
lupus erythematosus (SLE), multiple sclerosis and/or
inflammatory bowel disease (IBD). These diseases
show a chronic systemic inflammation that can affect
different organs, caused by an alteration of the immune
system?.
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One of the characteristics of CIDs is the common
symptoms that patients present: malaise, fatigue, day-
time sleepiness, weakness, nonspecific arthromyalgia,
hyporexia, anxiety and low mood?.

Inflammatory joint diseases encompass more than
100 different and heterogeneous disorders that affect
the joints and cause disability. However, RA and spondy-
loarthritis (SpA: AS, reactive arthritis, PsA and SpA as-
sociated with IBD) are the most frequent'.

RA is an autoimmune disease considered the pro-
totype of destructive inflammatory arthritis and charac-
terized by chronic inflammation of the synovium in
multiple joints and tendon sheaths. The synovial mem-
brane is the target organ where the immune system in-
terferes with bone homeostasis, producing severe
structural damage and bone destruction there where
joint and peri-articular inflammation exist>. In fact, in
patients with inflammatory rheumatic diseases, bone
destruction occurs together with erosions, periarticular
osteopenia and/or generalized osteoporosis (OP ).



REVIEW  Pathophysiology of osteoporosis in chronic inflammatory joint diseases 3

Rev Osteoporos Metab Miner. 2021;13(1):32-38

The cause of RA-associated OP has its origin in an al-
teration of bone remodeling, which is the common pa-
thophysiological mechanism of both diseases. The loss
of bone mass in RA can be periarticular or generalized.
Periarticular loss, commonly called juxta-articular OP,
affects the trabecular and cortical bone and is one of the
first radiological manifestations. It can precede both the
appearance of erosions and damage to the joint space®,
and is easily detected on X-rays of the hands. Accelerated
bone loss in the hands has been associated with the de-
velopment of RA in patients suffering undifferentiated
arthritis’ and presenting progressive joint disease in the
hands and feet at the onset of RA%1°,

Another form of RA bone loss involves erosion of the
marginal bone as a consequence of inflammation of the
synovial membrane®. The erosion, generally irreversible,
may begin before arthritis symptoms appear and is re-
lated to the severity of the disease and functional im-
pairment!. Finally, and due to autoimmune mechanisms,
RA usually produces generalized bone loss (systemic
OP), inclusively in those regions of the skeleton located
far from the inflamed joints® even in the initial stages of
the disease!™.

THE BONE SYSTEM AND THE IMMUNE SYSTEM

The musculoskeletal system and the immune system
closely interact in the homeostasis of hemopoietic and
lymphopoietic cells, acting in the pathogenesis of CIDs-
associated OP as well as in postmenopausal OP, but it re-
mains to be explained how adaptive immune responses
affect the bone tissue. However, recent evidence has re-
vealed that the reverse is also true: bone cells regulate
immune cells, a concept consistent with the established
role of bone marrow in the development and homeos-
tasis of the immune system®!213,

Due to its anatomical characteristics, both the in and
out of the bone tissue are closely related to the immune
system. In the inside, in the bone marrow, hematopoiesis
occurs, so bone and immune cells locally work together in
an indisputable way. At the outside, the skeleton is in direct
contact with the periosteum, entheses, and juxta-articular
bone, where it connects with determining structures that
have a role in the joint destruction process that characte-
rizes chronic inflammatory joint diseases (CIJDs)®.

Likewise, the immune system and bone tissue are
connected to the general circulation by nutritional and

periosteal vessels that cross the cortical bone, and, wi-
thin the bone compartment, this connection is produced
through fibrous enthesis junctions and calcified compo-
nents of cartilage and fibrocartilage!*.

This permanent interaction between bone and im-
mune system is of great importance in maintaining
bone homeostasis and is also key in bone pathology.
Throughout adult life, bone remodeling occurs in basic
multicellular units (BMUs) or bone remodeling units,
where osteoclasts reabsorb a certain amount of bone,
and osteoblasts form the osteoid matrix and minera-
lize it to fill the previously created cavity (Figure 1).
There are osteoclasts, macrophages, preosteoblasts
and osteoblasts inside BMUs that are governed by a se-
ries of factors, both general and local, and allow the nor-
mal functioning of bone tissue and the maintenance of
bone mass.

Bone cells interact with the immune system cells in
the bone marrow development during growth and the
healing of fractures. Apart from that, osteoblasts play an
important role in controlling the renewal and differen-
tiation of hemopoietic stem cells and B cells in places
close to the endosteum?*,

A series of substances synthesized by bone cells, im-
mune system cells or bone marrow have an effect on
bone growth and remodeling. The most important local
factors are growth factors, cytokines, and bone matrix
proteins (Table 1).

The musculoskeletal and the immune systems inter-
act with each other, sharing molecules and generating a
collaborative regulatory system called "osteoimmune
system". The most representative and well-known mo-
lecule of this system is the receptor activator of nuclear
factor kappa B ligand (RANKL), which fulfils multiple
functions, both under physiological conditions and in
conditions as different as RA and bone metastases.
Based on current evidence showing great mutual depen-
dence, it is accepted that the relationship between bone
and the immune system does not develop by accident,
but as a necessary consequence of evolution®.

RANKL expression in osteoblasts is stimulated by va-
rious factors or molecular mediators, such as the interleu-
kin (IL) 1, IL-6, IL-11, IL-15, IL-17, TNF-q, prostaglandin
E2, parathormone (PTH), calcitriol, interferon and gluco-
corticoids (GCs), and is suppressed by the transforming
growth factor-f (TGF-f) (Table 1). On another note, the

Figure 1. Classic diagram of the phases and cell lines involved in bone remodeling
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osteoprotegerin (OPG) expression is sti-
mulated by the TGF-3, bone morphogene-
tic proteins (BMPs), interferon (IFN), IL-6,
[L-11 and IL-13 and is inhibited by the
PTH, IL-17, calcitriol and GCs. Estrogens

inhibit RANKL production and increase e

OPG and TGF-p secretion (Table 1)5131516, IL-6
The immune and bone systems share, IL-1

indeed, a wide range of regulatory mecha-

nisms, and today we can assert this in- IL-8

fluence to be bidirectional, not only of the IL-11

immune system on the bone, but also in

the opposite direction®!3. In fact, in the RANKL

bone marrow microenvironment, bone IL-17

cells and immune system cells are so clo- g

sely located that their interaction is logi-
cal'’.
The RANK/RANKL/OPG system is the

M-CSF

promoter of most of the factors that regu-
late bone resorption. It belongs to the
group of proteins related to tumor necro- T —
sis factor a (TNF-a) and actively partici-
pates in the control of bone resorption IL-2
and activation of osteoclasts!®. Although L4
the RANK/RANKL/OPG pathway remains
the basis for understanding the coupling OPG
of the immune system cells with those of
the bone system, some research suggests
that there may be additional stimuli and DKK-1
unique pathways that act independently Sdleesiin
or in concert with RANK*2,

Systemic inflammation in RA increases TNF-a
the production of inflammatory cytoki-
nes, such as TNF-q, IL-1, IL-6 and IL-17, e

which act on the RANK/RANKL/OPG
system, activating osteoclastogenesis and
increasing bone resorption, due to RAN-
KL's wide expression in synovial fibro-
blasts and in the T cells of inflamed joints
of RA patients'’. This abnormal activation
of osteoclasts in the absence of equivalent levels of os-
teoblastic activity results in a generalized decrease in
bone mass and a higher incidence of vertebral and non-
vertebral fractures!” 8,

The immune regulation of osteoclasts is closely rela-
ted to the RA pathogenesis. There is evidence that RA
bone destruction is primarily caused by the increased in
osteoclast activity as a result of the activation of a unique
subset of T helper cells, the T helper 17 cells (Th-17).
These cells have a low production of IFN gamma (IFN-y)
and are capable of causing local inflammation through
the production of pro-inflammatory cytokines?.

Mature Th-17 cells produce IL-17, IL-21, and IL-22,
all of them cytokines with high pro-inflammatory acti-
vity. In RA, IL-17 produced by Th-17 cells exerts its os-
teoclastogenic effect by stimulating RANKL expression
in synovial fibroblasts!3. In immune precursor cells such
as macrophages, IL-17 also stimulates the production of
inflammatory cytokines, including TNF-q, IL-1f and IL-6,
and get in contact with the RANK of osteoclast precur-
sors, all this leading to the differentiation of osteoclasts,
provoking them to migrate towards the marginal zone
where erosions begin®'3. Furthermore, synovial cells sti-
mulated by inflammatory cytokines also produce ma-
trix-degrading enzymes that play an important role in
articular cartilage destruction?.

Bone resorption
stimulation factors

Catepsina K
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Table 1. Main mediators involved in bone remodeling

Main effects on bone tissue

Osteoclast activation. Osteoblast inhibition
Osteoclast activation. Osteoblast inhibition
Stimulates osteoclastogenesis
Stimulates osteoclastogenesis
Stimulates osteoclastogenesis
Osteoclast activation
Osteoclast activation
Osteoclast activation
Osteoclast activation
Stimulates osteoclastogenesis
Bone resorption inhibition factor
Inhibition of osteoclasts
Inhibition of osteoclasts
Inhibition of osteoclasts
Inhibition of osteoclasts
Bone formation inhibition factor
Inhibition of osteoblasts
Inhibition of osteoblasts

Inhibition of osteoblasts
(dual effect: they also activate osteoclasts)

Inhibition of osteoblasts
(dual effect: they also activate osteoclasts)

DKK-1: Dickkopf-1; IFN: interferon; IL: interleukin; M-CSF: macrophage colony sti-
mulating factor; OPG: osteoprotegerin; RANKL: receptor activator of nuclear factor
kappa B ligand (NF-kB); TNF: tumor necrosis factor.

Modified from ref. 5 (Llorente I et al. Front Med. 2020).

RoLE OF INTERLEUKIN-6 (IL-6) IN RA AND OSTEOPOROSIS

IL-6 plays an essential role in the pathophysiology of
RA and associated bone destruction. Through cell signa-
lling, which can be initiated in the cell membrane or by
soluble forms of its receptor, IL-6 acts both locally, pro-
moting joint inflammation and destruction, and syste-
mically, causing some of the extra-articular and systemic
manifestations of the disease, including pain, fatigue,
morning stiffness, anemia, depression, low mood and
weight loss!9-21,

IL-6 actions are mediated through the interaction bet-
ween its non-signalling receptor-a, the IL-6 receptor (IL-
6Ra), with which it interacts first, and subsequently
forms a bond with the transduction receptor of signals,
the glycoprotein (gp) 13022 IL-6Ra is expressed in he-
patocytes, monocytes/macrophages, neutrophils, and
some types of T cells®.

Through intracellular signalling by binding to its mem-
brane receptor or by the classical pathway, IL-6 regulates
normal processes related to the immune and neuroendo-
crine systems, hematopoiesis, bone metabolism, lipid and
glucose metabolism and acute phase responses. When IL-6
binds to its soluble IL-6R receptor, it predominantly re-
gulates systemic pro-inflammatory effects, including mo-
nocyte recruitment, macrophage differentiation, and T
cell recruitment and differentiation. Its bond with cell
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membrane’s gp130 prolongs its life average, which is why
elevated IL-6 values are observed in the serum and syno-
vial fluid of these patients®’.

Apart from this, IL-6 is an effective stimulator of os-
teoclast-induced bone resorption and is essential for the
pathogenesis of bone loss in the context of chronic in-
flammation, as occurs in other pathologies such as IBD?2,
Elevated IL-6 values in patients with RA produce an in-
crease in osteoclastogenesis and an imbalance of bone
remodeling in favor of resorption, which leads to a ge-
neralized bone mass loss and, secondarily, osteoporo-
sis?2,

In the preclinical state of RA, IL-6 binds to various cell
lines and causes neutrophil migration to the joints, con-
tributing to the development of chronic inflammation,
impaired B and T cell differentiation, and angiogenesis.
Subsequently, hepatocytes are stimulated to produce
acute phase reactants such as C-reactive protein, fibri-
nogen, and serum amyloid A0,

In summary, IL-6 is an essential mediator in the pa-
thogenesis of RA, acting indirectly on the bone and con-
trolling the inducing effects of TNFa and IL-1 bone
resorption. IL-6 increases RANKL production, induces
the RANKL mRNA expression and increases bone re-
sorption through RANK/RANKL/OPG interaction. The
resulting bone erosion and cartilage destruction, toge-
ther with inflammation and thickening of the synovial
membranes, cause the development of inflammatory
pannus that causes irreversible damage to the joint®.
Therefore, IL-6 inhibition is an excellent resource in the
treatment of RA that minimizes joint and bone damage.
IL-6 inhibitors target both IL-6 ligand and IL-6R%23:24,

SECONDARY OSTEOPOROSIS CAUSED BY THE TREATMENT OF CIDs

The iatrogenesis produced by GCs also plays a relevant
role in OP associated with CIDs?>2¢, In fact, the GC treat-
ment used in RA, IBD and in 50% of premenopausal
women with SLE is the most frequent cause of secon-
dary OP and the first cause of OP in the population
under 50 years of age?’, mainly caused by the inhibition
of bone formation, provoked by a decrease in the num-
ber and activity of osteoblasts and because GCs favor os-
teocyte apoptosis, and primarily due to abnormally
activated osteoclastogenesis. GCs block the action of vi-
tamin D in the absorption of calcium?’. Patients with RA
have a risk of vertebral and hip fracture 2 to 3 times higher
than the general population of the same age and sex?’.
Furthermore, the dose and time of exposure to GC are
keys to the risk of fracture?.

In RA, the coexistence of comorbidities is frequent and
is related to the disease itself, inflammatory activity or
treatment, resulting in an increase in physical disability.
The decrease in physical activity that sometimes leads to
prolonged immobilization periods also induces bone and
muscle mass losses ("typical sarcopenia in RA").

OP TREATMENT IN PATIENTS WITH RHEUMATOID ARTHRITIS

In RA patients it is advisable to periodically evaluate the
risk of fracture using fracture risk scales such as FRAX®
(Fracture Risk Assessment Tool; https://www.shef-
field.ac.uk/FRAX/tool.aspx?lang=sp) and/or periodic
determination of bone mineral density (BMD) by dual
X-ray densitometry (DXA). This recommendation is even
more important in patients older than 50 years of age,
suffering severe RA and/or who have received prolon-
ged treatment with GCs?.

The main objective of the treatment of primary OP or
as comorbidity of RA is fracture prevention??3°, The ac-
tion of the treatment can be antiresorptive or bone-for-
ming. The most widely used antiresorptive drugs are
oral bisphosphonates and denosumab. Teriparatide is
the treatment of choice when bone-forming treatment
is to be started®'.

To our knowledge, no randomized controlled trials
with bisphosphonates have been published regarding
patients with RA-associated OP with fracture as pri-
mary endpoint, but only regarding patients with GC-in-
duced RA and OP?2, In these patients, bisphosphonates
prevent bone loss in the lumbar spine and femoral neck
and reduce the risk of vertebral fracture after 24
months of treatment, but have no effect on the preven-
tion of non-vertebral fractures3.

Although bisphosphonates are the first-line treat-
ment for OP, denosumab has demonstrated its antire-
sorptive efficacy in patients with primary and secondary
OP3%, Denosumab is a human monoclonal antibody
(IgG2) that targets and binds with high affinity and spe-
cificity to RANKL, preventing the activation of its recep-
tor, RANK, on the surface of osteoclasts and their
precursors. By preventing the RANKL/RANK interac-
tion, osteoclast formation, function, and survival are in-
hibited, which in turn causes decreased bone resorption
in trabecular and cortical bone3*. In a randomized and
controlled trial, treatment with denosumab and calcium
and vitamin D supplements significantly increased lum-
bar spine and total hip BMD after 6 and 12 months, re-
ducing the risk of fracture and also reducing the
radiological progression of arthritis in RA patients trea-
ted with methotrexate.

Teriparatide acts as an anabolic drug by increasing
bone formation, stimulating osteoblastogenesis and de-
creasing the osteoblasts and osteocytes apoptosis®2 In
clinical practice, it has been observed that teriparatide
treatment reflects a significant increase in BMD and a
decrease in vertebral fractures in RA patients under GCs
treatment®®. These results were endorsed by the same
authors in an integrated analysis consisting of four ob-
servational studies under clinical practice conditions, in
which a reduction in non-vertebral fractures was also
observed. However, these results should be viewed with
caution, since they are uncontrolled studies?¢.

EFrecT OF IL-6 INHIBITORY THERAPIES ON BONE LOSS DURING RA

As mentioned previously, one of the deleterious effects
induced by RA chronic inflammation is the bone mass
loss produced by the imbalance in bone remodeling in
favor of resorption®. Likewise, the use of GCs in RA pa-
tients for more than three months increases the bone
mass loss, especially trabecular mass loss, raising verte-
bral and hip fracture risk®’. A more recent study conclu-
ded that the incidence of fractures in patients receiving
GC treatment is even higher than is known, especially at
the beginning of the treatment. Thus, an annual inci-
dence of vertebral fracture of 5.2% was detected in pa-
tients in an early stage of the treatment, this incidence
decreased to 3.2% in those under prolonged treat-
ment3e,

Treatment of RA with IL-6 antagonists is effective in
controlling inflammatory activity, since this cytokine not
only causes local inflammation, but also damage to bone
structures due to its ability to stimulate the expression
of the RANKL and osteoclastogenesis®. Sarilumab and
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tocilizumab are two biological drugs approved in Spain
for the treatment of RA. Their mechanism of action is
based on blocking the IL-6 receptor.

The effect of tocilizumab and sarilumab on the bio-
chemical markers of bone remodeling, both formation
and resorption, has been analyzed in some clinical trials.
In the MONARCH study, monotherapy with sarilumab
compared with that with adalimumab, achieved a signi-
ficantly greater reduction in the RANKL biomarker for
bone resorption, and a greater increase in the markers
of procollagen type 1 N-terminal propeptide (P1NP) and
osteocalcin®. In this and other trials, it has been shown
that the decrease in RANKL levels and in RANKL/OPG
ratio begins in the early stages of the treatment (week 2
after the start of the treatment with sarilumab), and that
the decrease is maintained and even progresses during
the 24 weeks of the study3?4L.

Tocilizumab treatment over one year has not shown
some significant changes in BMD in patients with nor-
mal baseline values, but in those with osteopenia*. After
two years of treatment, tocilizumab has shown a signi-
ficantly increased BMD in the femoral neck in patients
with positive cyclic anti-citrullinated peptide antibodies
(ACPA)*3. Regarding bone remodeling biomarkers, toci-
lizumab significantly increases bone formation, achie-
ving a 25% reduction in the carboxy-terminal telopeptide
of type I collagen (CTX-I)/osteocalcin ratio after 16 weeks
of treatment*, a small decrease (<15%) in the CTX-I and
cross-linked carboxy-terminal telopeptide of type I colla-
gen resorption biomarkers generated by matrix metallo-
proteinases (ICTP)* at 24 weeks, and a significant
increase in osteocalcin levels in 100% of patients at the
end of the 52 weeks of treatment*®.

All these data together suggest that the specific bloc-
king of IL-6 could produce a direct anti-osteoporotic ef-
fect which is added to its indirect beneficial effects, such
as the clinical control of the disease activity or the re-
duction, and even withdrawal of the systemic inflamma-
tion. Anti-TNF agents have also shown some efficacy in
reducing systemic bone loss in RA%?7.

SECONDARY OSTEOPOROSIS CAUSED BY ANKYLOSING SPONDYLITIS
AND OTHER CIDs

25% of patients with AS present OP and an increased
risk of vertebral and non-vertebral fractures. Although
bone loss depends on multiple factors, the effect of pro-
inflammatory cytokines (TNF-qa, IL-1 and IL-6) on oste-
oclast activation appears to be one of the main ones. In
advanced stages of the disease, the decrease of BMD
and the occurrence of fractures are also influenced by
mechanical factors due to immobility, and spine stiff-
ness.

The assessment of BMD in AS in the spine using tra-
ditional DXA is more difficult to carry out because of the
appearance of ossification/syndesmophytes, especially
in late stages of the disease, which can overestimate the
assessment of the subject's calcium mineral content, al-
though bone loss has been detected in other anatomical
regions such as the hip even in the initial stages of the
disease*”. A decrease in bone mass has been also detec-
ted in the spine using other techniques, complementary
to DXA, such as DXA assessment using lateral projection,
less sensitive to artifacts*é, or by applying the trabecular
bone score (TBS)*’, which allows visualization of the
bone micro-texture of the vertebral body avoiding the
addition of calcium that supposes the presence of

Rev Osteoporos Metab Miner. 2021;13(1):32-38

syndesmophytes or other juxta-vertebral ossifications,
and which is a good predictor of clinical vertebral frac-
ture and major osteoporotic fracture in patients with AS,
regardless of the FRAX®%,

The treatment with TNF-a inhibitors, the most widely
used biological treatment, in these patients, not only re-
duces the inflammatory activity of the disease, but also
improves the quantification of remodeling biomarkers
and increases BMD®?, although it is not yet clear that
they reduce the incidence of new fractures®'.

The prevalence of OP and fracture risk in patients
with psoriasis and PsA is a widely debated issue, still un-
clear at the present time. Traditionally, there is a higher
prevalence of OP in patients with psoriasis and PsA,
when compared with the control population®?53, Regar-
ding fractures, in a population-based study carried out
by Ogdie et al. patients with psoriasis and PsA were re-
ported to have a higher risk of fractures, with an adjus-
ted hazard ratio (HR) of 1.26 (1.06-1.27) in patients with
PsA, while patients with severe or severe psoriasis
would have increased risk of any type of OP fracture as
well as vertebral fractures: adjusted HR of 1.26 (1.15-
1.39) and 2.23 (1.54-3.22), respectively®*.

However, other authors do not seem to find in pa-
tients with PsA a prevalence of OP higher than in the ge-
neral population, except for those presenting more
severe polyarticular involvement and poorer functional
grade®>>°,

Finally, SLE patients, a prototype of chronic systemic
autoimmune disease, also have a higher incidence of OP
and fractures than the general population, due to the
confluence of several factors such as: prolonged treat-
ment with GCs, use of anticoagulants and immunosup-
pressants, periods of transient amenorrhea suffered by
many patients with SLE in flare-ups, vitamin D defi-
ciency®’ and low physical activity, in addition to the in-
flammatory activity of the disease caused by various
cytokines and pro-inflammatory mediators®e,

CONCLUSIONS

CI]Ds frequently present associated OP, although with
different prevalence and severity depending on the type
of underlying disease. CIJDs include RA, AS and PsA. RA
is the prototypical disease that appears together with
chronic inflammation and OP and, therefore, the only
one included in different fracture risk assessment scales
such as FRAX®. In fact, RA is a disabling disease, fre-
quently associated with localized and generalized OP, in
approximately one third of patients. The incidence of OP
in RA patients depends on multiple factors, such as di-
sease severity, age, prolonged use of corticosteroids, sar-
copenia, and periods of prolonged immobilization. IL-6
is a crucial pro-inflammatory cytokine that plays a rele-
vant role in the pathogenesis of joint inflammation and
RA-associated OP. Treatment with IL-6 neutralizing
agents improves both the joint and systemic symptoms,
as well as the associated OP.

AS and PsA are also chronic inflammatory diseases
that are associated with OP to a lesser extent, at least
in its early stages, and which involved molecular me-
chanisms are less understood. The use of anti-TNF
drugs in these patients have increased BMD and impro-
ved bone remodeling biomarkers, although their effect
on fractures is more doubtful, so longitudinal clinical
studies are needed to corroborate these incipient fin-
dings.
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In all patients with a diagnosis of CIDs, especially RA,
BMD and the risk of fractures should be early assessed,

in order to start preventive treatment, at least consisting

of calcium and vitamin D supplements and/or to admi-
nister a basic anti-osteoporotic treatment to try to pre-

}}l Conflict of interests: The authors declare no conflict of interest.
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