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Abstract Systemic osteoporosis and increased fracture rates
have been described in chronic inflammatory diseases such as
rheumatoid arthritis, spondyloarthritis, systemic lupus erythema-
tosus, inflammatory bowel diseases, and chronic obstructive pul-
monary disease. Most of these patients receive glucocorticoids,
which have their own deleterious effects on bone. However, the
other main determinant of bone fragility is the inflammation itself,
as shown by the interactions between the inflammatory mediators,
the actors of the immune system, and the bone remodelling. The
inflammatory disease activity is thus on top of the other well-
known osteoporotic risk factors in these patients. Optimal control
of inflammation is part of the prevention of osteoporosis, and
potent anti-inflammatory drugs have positive effects on surrogate
markers of bone fragility. More data are needed to assess the anti-
fracture efficacy of a tight control of inflammation in patients with
a chronic inflammatory disorder. This review aimed at presenting
different clinical aspects of inflammatory diseases which illustrate
the relationships between inflammation and bone fragility.
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Introduction

Inflammation is the body’s response to different pathogens and
tissue damages; it involves the activation of the cells of both the
innate and adaptive immune response and the production of
cytokines (TNF«, interleukins, chemokines, interferons, etc.).
The inflammatory process can affect several organs, including
bone, where it is linked to an imbalance in bone remodelling.
Systemic osteoporosis and increased fracture rates have been
described in chronic inflammatory diseases involving joints
(theumatoid arthritis, spondyloarthropathies, psoriatic arthritis),
gut (inflammatory bowel diseases), lung (chronic obstructive
pulmonary disease), and several organs (systemic lupus erythe-
matosus, systemic vasculitis, etc.). The role of inflammation in
bone fragility is insufficiently recognized as most of the patients
receive glucocorticoids, which have their own deleterious ef-
fects on bone. Inflammatory bone loss is a model of the inter-
actions between the immune system and the bone remodelling
[1]. In this review, after a brief summary of mechanisms medi-
ating inflammatory bone loss, we present clinical data in a
selection of five inflammatory diseases, which illustrate differ-
ent aspects of the relationships between inflammation and bone
fragility and allows the discussion of the role of anti-
inflammatory drugs on bone protection.

Relationships between systemic inflammation and bone
fragility

The inflammatory process is associated with an altered sys-

temic bone remodelling, with increased bone resorption, and
with impaired bone formation with the effect of inflammatory
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mediators on the differentiation and activity of osteoclasts and
osteoblasts. Pro-inflammatory cytokines can influence osteo-
clastogenesis and osteoclasts’ activity (Fig. 1). Macrophage—
colony-stimulating factor 1 (M-CSF) and receptor activators
of NF-KB ligand (RANKL) are necessary and sufficient for
osteoclastogenesis, which is enhanced by cytokines such as
TNF, IL1, and IL6. RANK L, a member of the tumour necro-
sis factor (TNF)-« family, is one of the osteoclastogenic fac-
tors that directly act on osteoclast formation and activity like
other cytokines and pro-inflammatory mediators: interleukins
(D)1, 16, IL17, oncostatin M, leukaemia inhibitory factor,
etc. [2, 3].

The evidence that B and T cells have a role in bone remod-
elling comes from a large amount of studies, including the
observation of osteoporotic phenotype in B or T cell-
deficient animals [4, 5]. Osteoclasts derive from the
monocyte-macrophage lineage and thus share common pro-
genitors and receptors with cells of the immune system [2, 3].
T cells play a role in the regulation of bone resorption and
bone formation through the involvement of specialized cell
lineages such as Th17 cells and Tregs. T cells (Thl, Th2,
Th17 cells) are the main secretors of regulatory cytokines. A
key cytokine during inflammatory process is TNF«, produced
by activated T cells and macrophages. TNF alone cannot in-
duce osteoclastogenesis, but does so under permissive con-
centrations of RANKL, targeting monocytes and macro-
phages to pre osteoclasts [6]. It has a role in recruiting osteo-
clast precursors and is a regulator of the pro inflammatory
cascade. IL1 can enhance osteoclast formation and lifespan
and mediate TNF-induced structural damages. IL6 is pro-
duced by T cells and macrophages, but also by osteoblasts in
response to TNFocand IL1 [7]; it is a target of parathormone to
recruit osteoclasts [8]. Th17 cells are the most
osteoclastogenic subsets of T cells and play a pivotal role in
the bone loss of inflammatory conditions (including psoria-
sis). Th17 cells potently induce osteoclastogenesis by secret-
ing IL17, RANKL, TNF, IL1, and IL6, along with low levels
of IFNvy. IL17 stimulates the release of RANKL by osteo-
blasts and osteocytes and potentiates the osteoclastogenic ac-
tivity of RANKL by upregulating RANK [9]. Recent data
suggest that PTH expands Th17 cells and increases 1L17
levels in mice and humans, as IL17 acts as an “upstream
cytokine” that increases the sensitivity of osteoblasts and os-
teocytes to parathormone [10]. In turn, regulatory T cells
(Treg) protect against TNFo induced bone loss [11]. Tregs
may act through different ways, including the direct cell-cell
signalling via CTLA4 [12]. The balance between Th17 and
Treg cells could be important for bone remodelling during the
inflammatory process.

Attention has been paid recently on the role of B cells.
There was no evidence so far of the presence of auto antibod-
ies to mediate bone loss, till the observation that the presence
of antibodies against citrullinated proteins (ACPAs) in
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rheumatoid arthritis (RA) is associated with a poor bone out-
come, with more periarticular bone erosions and more system-
ic bone loss. This was explained by the presence of enzymes
for citrullination of proteins, in osteoclasts’ precursors, and the
expression of citrullinated vimentin on osteoclasts’ surface
that ACPAs can target [13]. The binding of ACPA induces
local production of TNFo which enhances osteoclasts’ forma-
tion and activity. This explains the intriguing observation that
healthy patients with ACPAs, without any joint disease, have
structural bone damage, with bone loss and reduced cortical
thickness [14]. Immune complexes containing citrullinated
components can increase local TNF production via the bind-
ing of antigen to Toll-like receptors [15]. In patients with RA
being in remission, bone loss is arrested, although the level of
circulating ACPAs does not change, suggesting that the local
loop of autocrine effects of TNF or IL8 [16] is altered. Finally,
activated B cells can express osteoclastogenic factors as
RANKL, in models of periodontal infection, while CD8" T
cells inhibit this pathway [17].

Dendritic cells (DCs) are antigen-presenting cells that
were not known to have a role in bone homeostasis.
Indeed, DC-deficient animals have no altered bone phe-
notype. However, immature DCs can transdifferentiate
into osteoclasts [18], leading to the observation that os-
teoclasts can be also antigen-presenting cells and acti-
vate in turn CD4" and CD8* T cells [19]. Whether the
role of osteoclasts may differ according to the precur-
sors they come from (either monocytes or DCs) is a
hypothesis. In rheumatoid arthritis, the osteoclast-
associated receptor (OSCAR) is induced in monocytes,
predisposing these cells to commit to the osteoclast lin-
eage [20].

The role of inflammatory cytokines in physiological
bone remodelling is not fully understood, but there is
evidence that they play a role in the pathogenesis of
hormonal deficiency-induced bone loss. Nude mice de-
ficient in T cells are protected against bone loss induced
by ovariectomy; this bone loss occurs if these mice are
restored with T cells from mild-type mice. Ovariectomy
is also able to increase production of IL7 by T cells
which in turn enhance the production of TNF by these
cells. IL6-deficient mice are protected from oestrogen
deficiency-induced bone loss. IL6 and associated IL17
production play a major role in osteoclast generation
[21]. Deficiency of CCR2, a molecule involved in in-
flammation, protects animals from oestrogen-dependent
resorption [22]. In postmenopausal healthy women,
anti-IL1 or anti-TNF therapy can prevent part of the
increase in bone resorption marker which occurs after
discontinuation of oestrogen replacement therapy [23].

A decrease in bone-forming cells (osteoblasts and osteo-
cytes) activity is also observed during the inflammatory pro-
cess. Blocking PTH signalling in T cells blunts the capacity of
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intermittent PTH to increase bone formation through a de-
crease in Wnt10b production by T cells [24]. This means that
T cells are one of the targets of PTH for its bone anabolic
effect. TNF can inhibit osteoblasts via inhibition of RUNX 2
[25]; IL1, IL6, and other cytokines can also inhibit osteo-
blastogenesis. Finally, TNF could control bone formation in-
directly, as suggested by studies in TNF-transgenic mice in
which osteocytes have an enhanced expression of sclerostin.
TNF can induce DKK1, another inhibitor of the Wnt signal-
ling pathway [26]. Sclerostin-inhibition effect has been stud-
ied on bone loss in a model of TNF transgenic mice with
established inflammatory-induced osteoporosis [27].

All these data suggest that inflammation players can act
on bone remodelling, with an unfavourable effect, and are
the basis of the use of potent anti-inflammatory drugs to
protect bone. In prospective studies, complete control of
inflammation allows clinical improvement and thus in-
creased mobility, and is accompanied by the absence of
bone loss [28]. This is expected in SpA treated witn anti-
TNF. In the BeSt study, conducted in patients with recent-
onset, active RA with a tight control of inflammation, bone
loss was limited in all treated groups, including in the one
initially treated with high-dose prednisone [29]. Thus,
there is a rationale for using anti-inflammatory drugs (in-
cluding glucocorticoids) to protect bone from
inflammatory-induced bone fragility. Bone fragility has
been reported in a huge number of clinical studies conduct-
ed in patients with inflammatory diseases. Figure 2 dem-
onstrates general and disease-specific risk factors for bone
fragility in inflammatory diseases. The classical risk fac-
tors must be evaluated in such patients, bearing in mind the
key role of systemic inflammation, and that some specific
disease-related risks are added to the background risk.
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Inflammation and bone fragility in rheumatoid arthritis
Epidemiology of bone loss and fractures

Bone involvement in RA is one of the main extra-articular
complications of RA: local bone destruction (bone erosions),
localized peri-articular bone loss, and generalized bone loss.
Bone erosions are the result of increased peri-inflammatory
osteoclastic bone resorption in combination with suppressed
bone formation, and rarely heal. Bone erosions in RA predict
future bone destruction and generalized bone loss [30]. Bone
degradation can occur as the result of synovitis, but in patients
with ACPAs, it can already be present before RA becomes
clinical and thus before clinical signs of synovitis [31]. Peri-
articular bone loss is already occurring before RA becomes
clinical and before bone erosions on conventional radiographs
of hand and feet can be identified. It predicts future local bone
destruction and generalized bone loss [32].

Generalized bone loss is found in RA, already early in the
disease process. It is related to the general background risk
(such as age, female gender, and body mass index) and to RA-
specific factors, including systemic inflammation, disease ac-
tivity and duration, immobility, and effect of the treatment of
RA (Fig. 3).

In RA, there is an increased risk of fractures of the verte-
brae, the hip, and non-vertebral, non-hip fractures [33, 34].
Fracture risk is doubled compared to healthy age-matched
controls, and fractures are a major component of comorbidi-
ties in RA. The risk of vertebral fractures can be increased
early in the disease process. The actiology of increased frac-
ture risk in RA is multifactorial and includes the general back-
ground risk (clinical risk factors, low BMD) on top of RA-
specific risk factors, which are related to disease activity,
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Fig. 2 Bone fragility in patients
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rheumatoid factor positivity, duration of disease, functional
restrictions, sarcopenia, fall risk, the use of disease-
modifying anti-theumatic drugs (DMARDs) and biologicals,
and the dose and duration of glucocorticoid (GC) therapy [35,
36] (Fig. 3).

Morbidity can be even more invalidating in RA pa-
tients with active disease or already pre-existing func-
tional restriction. Furthermore, RA patients with a recent
fracture have an increase in disease activity, and prema-
ture mortality is increased after hip fracture.

Risk factors and fracture assessment

Case finding In view of the increased fracture risk, patients
with RA older than 50 years, younger patients with persisting
active disease, and patients with RA on GC therapy should be
considered at risk for fractures and evaluated for fracture risk.

Risk evaluation Several tools are available to evaluate frac-
ture risk in RA. The general clinical risk evaluation includes
increasing age, female gender, low body weight, personal and
family history of fractures, fall risk, and lifestyle (smoking,

Fig. 3 Bone fragility in patients
with rheumatoid arthritis
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excessive alcohol intake) (Fig. 3). These risk factors are to a
variable degree included in fracture-risk algorithms such as
FRAX, Garvan, and QFracture. However, the value of these
algorithms for therapeutic decisions in RA is unclear. FRAX
has been validated in many countries, but has been shown to
overestimate fracture risk in RA [37], maybe because of the
competing increased mortality in RA patients and in gluco-
corticoids users. Furthermore, it is unclear whether fixed or
age-dependent fracture thresholds should be used for thera-
peutic decisions when using FRAX [37]. Compared to age-
dependent thresholds, the use of fixed thresholds would un-
der-diagnose/under-treat younger patients and over-diagnose/
over-treat elderly patients [37].

Dual-energy X-ray absorptiometry (DXA) is the method of
choice to measure bone mineral density (BMD) in the spine
and hip. Imaging of the vertebrae is indicated as the preva-
lence of vertebral fractures is high in RA, and most of them are
not accompanied with the signs and symptoms of an acute
fracture. Indeed, RA patients receive GCs and analgesics be-
cause of painful joints, which can explain the high number of
so-called asymptomatic vertebral fractures. However, the
presence, number, and severity of vertebral fractures are
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associated with an increased fracture risk [33]. A prevalent
non-traumatic vertebral fracture is therefore an indication for
further fracture prevention, independent of BMD. Imaging of
the spine is performed by radiography, and can also be per-
formed using DXA with much lower radiation exposure, and a
high negative predictive value for detecting vertebral fractures
on radiography. It is therefore the preferred screening tech-
nique for diagnosing subclinical vertebral fractures, and can
be performed at the same time as bone densitometry in RA
patients.

Fracture prevention

In a patient with RA who has been identified at high
risk for fracture, counselling starts with advices about
lifestyle (stop smoking, limit alcohol intake), fall pre-
vention, sufficient total calcium intake (1000—1200 mg/
day in total), and vitamin D supplements (800 IU/day).
The prescription of immunosuppressive medication, to
reduce inflammation-induced bone loss, and minimiz-
ing dose and duration of GC treatment are essential
measures. In patients receiving GCs, guidelines of pre-
vention of glucocorticoid-induced osteoporosis (GIO)
should be applied [38]. No randomized clinical trials
(RCTs) with fracture reduction as primary endpoint are
available in patients with RA. In patients on GCs,
which included patients with RA, RCTs have shown
that bisphosphonates (alendronate, risedronate,
zoledronate) increase BMD, but no studies included
fracture prevention as a primary endpoint. In a direct
comparison study, the osteo-anabolic drug teriparatide
significantly decreased the risk of vertebral fractures
compared to alendronate in GC users [39], which is
in line with the huge decrease of bone formation with
GCs. Bisphosphonates (alendronate, risedronate, and
zoledronate) and denosumab have been shown to re-
duce the risk of vertebral, non-vertebral, and hip frac-
tures in postmenopausal women with osteoporosis; al-
though this result was not obtained in patients selected
on the basis of RA diagnosis. Denosumab and
zoledronate have also been shown to inhibit progres-
sion of bone erosions in MTX-treated patients with RA
[40].

Effect of biologicals on bone metabolism

The use of biologicals is associated with a decrease in osteo-
clastic activity, and in an increase in (markers of) bone forma-
tion, resulting in positive effects on BMD in the spine and hip
in most, but not all, studies. However, to date no data show
that DMARDs or biologicals are sufficient for fracture pre-
vention in RA [41].

Relationships between inflammation and bone
remodelling in spondyloarthropathies

Osteoporosis is a well-recognized feature of axial
spondyloarthropathy (SpA). The primary disease localization
in SpA is thought to be the enthesis, the zone in which tendons
and ligaments insert into the bone. Although bone formation
seems to be the cornerstone of the disease, SpA is also asso-
ciated with a systemic osteoporosis, which has been reported
as an early event and thus cannot be related only to spine
ankylosis and immobilization. Moreover, this osteoporosis is
unexpected as SpA typically affects young men, and gluco-
corticoids are not used in this disease, illustrating the link
between inflammation and bone fragility [34].

Epidemiology of bone loss and fractures

Prevalence of osteoporosis is 14-27 and 4-14% at the spine
and hip, respectively, which is unexpected in these young
patients aged 30-40 years [42, 43]. Prospective studies have
shown that spine and hip BMD decreases predominantly in
patients with active disease, with permanently increased CRP
[44, 45]. A significant reduction of BMD of 5 and 3% at
lumbar spine and femoral neck, respectively, has been shown
after 19 months of follow-up in patients with active disease
and an increase of CRP and ESR; in this study, serum IL6
levels were significantly higher in patients with active AS than
in those with inactive disease [45].

In a cohort of 332 (52% males), young patients with early
inflammatory back pain suggestive of spondyloarthropathies
(disease duration of symptoms, 1.6 years), 13% of patients
had a low BMD (Z-score < — 2). The main determinants of
low BMD were bone and systemic inflammation as assessed
by MRI and biological parameters [46]. The presence of bone
marrow oedema (BMO) lesions on MRI increases 5-fold the
risk of having a low spine BMD, and the presence of BMO
lesions on spine MRI was the single determinant of low hip
BMD, suggesting a systemic effect of inflammation. The close
relationship between BMO lesions on MRI and low BMD has
been confirmed in axial SpA without radiographical involve-
ment [47].

Among 267 patients with symptoms suggestive of axial
SpA, the positive likelihood ratio of low BMD for an axial
SpA diagnosis was 2.60 and 3.12 at the spine and hip, respec-
tively [48]. These results were confirmed in patients without
any radiographic abnormalities suggestive of axial SpA. This
finding suggests a relationship between inflammation and in-
crease of bone resorption in SpA.

Diagnosis of vertebral fractures (VFs) is difficult as a mi-
nority of them come to clinical attention. A case control study
performed in the large General Practice Research Database
showed an increased risk of clinical VF (OR = 3.26 (1.5—
7.02)) in patients with SpA [49]. Patients can have deformities
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of vertebral bodies particularly at the thoracic spine due to
erosions of the anterior corners, wedging secondary to discitis
and hyperkyphosis. These deformities, which can be captured
by semi-automated methods of morphometry using automatic
positioning of points on vertebral contours, should not be
taken into account for estimation of osteoporotic VFs as all
vertebral deformities are not necessarily vertebral fractures.
These fractures should be distinguished from transdiscal or
transvertebral fractures which occur even after a minor trau-
ma, mainly at the cervical spine, involving posterior arch in
patients with ankylosed spine. Patients with vertebral fractures
have lower BMD than patients without, and femoral neck is
the best discriminant site [50]. However, low BMD is not
sufficient for the prediction of fracture in this population.

Physiopathology and risk factors of bone fragility

SpA is characterized by excessive local bone formation
and concomitant systemic bone loss. Patients with SpA
have low cortical BMD measured by high-resolution
peripheral quantitative CT of the ultradistal radius and
tibia, illustrating the role of systemic inflammation on
bone in this disease. The HLA B27 transgenic rat,
which is a relevant model of SpA, has decreased bone
strength, related to a significant decrease in bone vol-
ume, trabecular number, and trabecular thickness. This
HLA B27 rat has an increased RANKL to osteoproteg-
erin mRNA ratio, suggesting the implication of this sys-
tem in the systemic bone loss. In patients with SpA,
serum concentrations of RANKL, and expression of in-
tracellular RANKL in CD4* and CD8" T cells, are in-
creased [51]. As expected, the initiation of anti-TNF
therapy induces a decrease in serum CTX, suggesting
an anti-osteoclastic effect of the anti-inflammatory drug
[52]. Vitamin D receptor gene may also contribute to
BMD changes in patients with SpA, as some polymor-
phisms are linked to systemic inflammation [53].
Advances in pathogenesis have been provided by a
new mouse model that highlights the role of IL23 in
entheseal inflammation. Gut-derived 1L23 (even in sub-
clinical gut involvement) can act on a previously un-
identified subpopulation of entheseal resident T cells,
which, in reaction, produce cytokines such as IL22
and IL17, involved in osteoproliferation and bone loss,
respectively [54].

Case finding In view of the increased fracture risk, patients
with SpA older than 50 years, but also younger patients with
persisting active disease, long disease duration, ankylosis
spine, low body mass index (BMI), and male gender should
be considered at risk for fractures and evaluated for fracture
risk (Fig. 4). Disease duration and wall-occiput distance have
been reported as risk factors for vertebral fractures. Patients
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with bamboo spine (i.e. ankylosed), hyperkyphosis, and diffi-
culties with peripheral vision have potential impairments in
balance and coordination and a high risk of falls.

Risk evaluation Clinical risk factors should be assessed: age,
gender, BMI, physical activity level, currently smoking, dis-
ease activity, hyperkyphosis. Syndesmophytes are a cause of
artefactual increase of lumbar spine BMD, and studies use
either DXA or quantitative computed tomography (QCT) for
spine evaluation. The prevalence of low lumbar spine BMD
increases with the use of QCT. DXA of hips is the preferred
method in patients with syndesmophytes. Imaging of the ver-
tebrae is indicated as the prevalence of vertebral fractures is
high in SpA and most of them are not accompanied with the
signs and symptoms of an acute fracture. FRAX tool is not
validated in this population.

Fracture prevention

Inflammation plays a key role in bone loss in SpA, and
a beneficial effect of anti-inflammatory drugs on bone is
expected through both the increased mobility related to
pain relief and a direct effect on bone. In a primary
care-based nested case control study, the risk of any
clinical fracture was decreased in patients with SpA
taking non-steroidal anti-inflammatory drugs (NSAIDs)
(OR 0.65 (0.50, 0.84)) [49]. The increased risk of frac-
tures in patients with SpA seems to be significant only
in those not on regular NSAID treatment [55]. However,
in a nationwide case control study, there was an excess
risk of any clinical fracture in patients with SpA, even
higher in NSAIDs users, probably because these patients
have a more severe disease and thus, a higher utilization
of NSAIDs [56].

Several prospective open studies in patients with SpA re-
ceiving TNF blockers show a positive effect on BMD. In a 2-
year follow-up study of 106 patients, BMD significantly in-
creased 5.8 and 2.3% at the lumbar spine and hip BMD, re-
spectively [57]. These results were confirmed after 6 years of
continuous administration of TNF blockers in 59 patients with
an increase in BMD of 11.8 and 3.6% at lumbar spine and hip
sites, even after exclusion of patients with syndesmophytes
[58]. Meta-analysis and systematic reviews showed an in-
crease in BMD in patients treated with anti-TNF«x [59].
Among patients with symptoms suggestive of early axial
SpA, 42% had significant bone loss over 2 years; in this study,
use of anti-TNF therapy was protective against bone loss and
baseline use of NSAIDs had a protective effect on hip bone
loss [60].

There are no guidelines for treatment of osteoporosis in
SpA. In patients treated with TNF blockers, without any prev-
alent non-traumatic fracture, it seems logical to assess first the
benefit of this treatment. However, in patients with severe
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Fig. 4 Bone fragility in patients
with SpA
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osteoporosis and prevalent fractures, available guidelines in
osteoporotic patients and in male osteoporosis must be used.

Relationships between inflammation and bone fragility
in systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a chronic systemic
autoimmune disorder, predominantly affecting women in their
reproductive years. Since survival of patients with SLE has
improved over the past decades, increasing attention is fo-
cused on complications of the disease, including osteoporosis
and fractures which occurred in young women.

Epidemiology of osteoporosis and fractures

Recent studies have demonstrated a high frequency of
low BMD and both peripheral and vertebral fractures in
patients with SLE. A population-based study in 7332
SLE patients and in 28,079 age- and sex-matched con-
trols from the UK showed that osteoporosis incidence is
2.53-fold increased in SLE [61]. Osteoporosis (T-score
less than — 2.5) is observed in 1.4-68% of SLE patients
[62].

Population-based studies [63] have demonstrated a 1.2—
4.7-fold increased incidence of symptomatic fractures in pa-
tients with SLE compared with matched controls [64].
Fracture risk was particularly high in patients with seizures
or a past cerebrovascular event [64]. Moreover, a recent study
demonstrated use of anti-epileptic drugs and chronic use of
oral anti-coagulants as independent risk factors for symptom-
atic fractures in patients with SLE [65].

Prevalent vertebral fractures have been demonstrated in
13.7-50% of the SLE patients with a mean age of 32-48 years
[63, 66]. The majority of fractures is localized in the thoracic
spine and is mild fractures. Age, low BMD, duration of men-
opause, male sex, previous use of intravenous

Bone fragility in SpA

methylprednisolone, high body mass index, and previous frac-
tures were identified as risk factors for prevalent vertebral
fractures (Fig. 5).

The relationship between BMD and fracture incidence in
SLE is not fully elucidated. Despite the high prevalence of
reduced BMD and prevalent vertebral deformities in SLE,
29-35% of patients with at least one vertebral fracture has
normal BMD [66, 67], which illustrates the limited value of
BMD measurement in the assessment of fracture risk and the
multifactorial aetiology of fractures in SLE. Therefore, assess-
ment of vertebral fractures in addition to BMD measurement
is recommended in all patients with SLE in whom bone den-
sity measurement is indicated because of the presence of clin-
ical risk factors for fractures [63].

Physiopathology and risk factors of bone fragility

The aetiology of the increased bone loss in SLE is multifac-
torial, involving clinical osteoporosis risk factors, systemic
inflammation, metabolic factors, serological factors, hormonal
factors, possibly genetic factors, and medication-induced ad-
verse effects [62] (Fig. 5). Age, postmenopausal status, low
body weight, or low body mass index were recognized as
independent risk factors for osteoporosis in patients with
SLE [68, 69]. GCs are usually prescribed to patients with
moderate or severe disease and, therefore, the association be-
tween GC use and fracture occurrence may point to an in-
creased fracture risk in patients with active disease. The ma-
jority of SLE patients are on chronic GC treatment, and a 6-
year follow-up study in Dutch SLE patients demonstrated a
dose-dependent relationship between GC use and bone loss in
the lumbar spine [70]. In SLE patients, serum levels of inflam-
matory parameters CRP and ESR are usually not markedly
elevated. However, chronic inflammation may nevertheless
contribute to bone loss in SLE. In patients with active SLE,
increased serum levels of TNF [71] and oxidized low-density
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lipoprotein (LDL) [72] were demonstrated. Oxidized lipids
induce activation of T cells, which in turn induce increased
production of RANKL and TNF. Both TNF and RANKL
enhance the maturation and activity of osteoclasts [71]. In
addition, oxidized LDL may negatively influence bone forma-
tion by reducing osteoblast maturation [73]. Low-complement
C4 levels (a measure of active SLE) were identified as a pre-
dictor of low spine BMD [68]. Moreover, a longitudinal study
demonstrated significantly larger decrease in hip BMD in SLE
patients with > 3 disease flares over 5 years as compared to
patients without disease flares [74], which illustrates the neg-
ative influence of disease activity on bone mass in SLE.

Vitamin D status might be negatively influenced by several
factors in SLE: photosensitivity (leading to avoidance of sun
exposure), use of sunscreens, renal failure, disease activity,
GC therapy, and, probably, hydroxychloroquine use. A 6-
year follow-up study in Dutch SLE patients revealed that
low 25-hydroxyvitamin D (25(OH)D) levels at baseline were
associated with increased bone loss in lumbar spine and hip
[70].

Hydroxychloroquine, which is a drug frequently used for the
treatment of SLE, is supposed to inhibit the conversion of
25(0OH)D to 1,25(0OH)2D (calcitriol) by inhibiting hydroxylase
a1 [75]. Because calcitriol enhances intestinal calcium absorp-
tion, inhibition of 25(OH)D conversion to calcitriol may reduce
uptake. A cross-sectional study in SLE patients demonstrated
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lower 1,25(OH)2D levels in hydroxychloroquine users as com-
pared to non-users, while 25(OH)D levels were not different
between both groups. In addition, a 6-year longitudinal study in
SLE patients demonstrated significant bone loss in the hip in
hydroxychloroquine users as compared to non-users [70], but
this finding needs confirmation in other longitudinal studies in
SLE populations.

Data on the role of autoimmunity in bone resorption in SLE
are very limited. In a cross-sectional study on 34 patients with
SLE, an association between the presence of anti-Sm and
higher hip BMD was observed, while presence of anti-Ro/
SSA was negatively associated with hip BMD [76]. The asso-
ciation between absence of anti-Ro/SSA and higher bone
mass may be explained by the fact that anti-Ro/SSA positive
patients with SLE are usually advised to avoid sun exposure.
Bone density in SLE may be influenced by FOK-I vitamin D
receptor (VDR) gene polymorphisms. A Dutch study revealed
higher spine BMD in patients carrying the ff genotype of the
FOK-I VDR compared to patients with FF and Ff genotypes,
which might be in part explained by higher mean 25(OH)D
serum levels in patients with the ff genotype [77].

Fracture prevention Lifestyle measures are important, which
include avoiding smoking, limiting alcohol intake, maintain-
ing a normal body weight, avoiding falling, and performing
regular weight-bearing exercise. Second, attention must be
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paid to an adequate calcium intake and sufficient serum
25(OH)D levels. For SLE patients with osteoporosis, with a
previous fragility fracture, and/or receiving GCs, it is impor-
tant to consider the prescription of an anti-resorptive agent.
The bisphosphonates alendronate, risedronate, and zoledronic
acid are recommended for the prevention and treatment of
osteoporosis in GC-treated individuals without renal impair-
ment. Bisphosphonates should be discussed in premenopausal
women planning a pregnancy, since these agents are associat-
ed with fetal abnormalities in animal studies. They should
only be prescribed in premenopausal women with severe os-
teoporosis or at a high risk for severe bone loss (e.g. those who
are likely to be treated with high GC doses for a prolonged
period of time).

Relationships between inflammation and bone fragility
in inflammatory bowel diseases

Patients with inflammatory bowel diseases (IBD) (Crohn’s
disease (CD) and ulcerative colitis (UC)) have an increased
risk of osteoporosis and fractures, due to several risk factors
(inflammation, low BMI, nutritional deficiencies, glucocorti-
coids (GCs), etc.).

Epidemiology of osteoporosis and fractures

In a case-control study on 6027 subjects with IBD (mean age
36 and 42 years for CD and UC, respectively) and 60,270
controls, the risk of osteoporotic fracture was increased by
40% [78]. However, this increased risk may be related to
specific populations whose characteristics expose them to a
higher risk. A study showed an increased risk of fracture only
in postmenopausal women with CD, without any increase in
patients with ulcerative colitis; in this study, there was a sig-
nificant relationship between use of corticosteroids and frac-
ture risk [79]. A case-control analysis conducted in the British
General Practice Research Database showed a 40% increased
risk of hip fracture after adjustment for the use of corticoste-
roids [80]. Overall, though patients with IBD may be at in-
creased risk of fracture, the magnitude of risk appears to be
small and is likely to be more important in those with other
risk factors for fracture, those with more severe disease, and in
the elderly.

The prevalence of osteoporosis is between 30 and
70% of IBD patients [81] in samples drawn from tertia-
ry care settings. In studies where subjects are drawn
from population-based sources, the rates of osteoporosis
are lower, with estimates ranging from 5 to 15% [82].
There are conflicting results on the influence of the type
of IBD (CD or UC) on the risk of osteoporosis, which
depends more on the use of corticosteroids than on the
type of IBD. A study conducted in 86 patients, followed
over 4.3 years, showed that bone loss was on average

similar to the expected bone loss in the general popula-
tion [83]. In this study, the risk factors associated with
bone loss were the decrease in BMI, age over 50 years,
and the use of GCs (and thus indirectly the activity of
the inflammatory disease).

Physiopathology and risk factors of bone fragility

Intestinal chronic inflammation leads to activation of T lym-
phocytes and production of pro-inflammatory cytokines in-
cluding TNF«x that activate the RANK-RANK-ligand path-
way. Inflammatory colitis models have shown that early bone
loss is related to the activation of RANK-RANKL system and
is reversible upon administration of osteoprotegerin (OPG)
[84]. The alterations of the OPG/RANKL system is associated
with decreased BMD. In patients with IBD, the increase of
serum OPG levels and the release of OPG by the gastrointes-
tinal mucosa cells are inversely correlated with the decrease in
bone density [85]. Inflammatory cytokines, including TNF«,
can stimulate the production of sclerostin and thus decrease
bone formation; the impaired bone formation has been de-
scribed in animals, in chemical-induced colitis models. CD
is considered as a more systemic inflammatory disease than
UC. In patients with CD, there is a decrease in BMD before
the use of glucocorticoids, suggesting that untreated systemic
inflammation is responsible for low BMD [86]. In these pa-
tients, who are newly diagnosed and not yet treated for CD,
serum TNEF, IL6, IL1, and RANKL and OPG levels are high.

Some studies showed an increase in BMD after total
colectomy with ileal pouch-anal anastomosis in UC pa-
tients, possibly due to the discontinuation of GCs, im-
provement in nutritional status, and decreased produc-
tion of cytokines by the gut inflammation [87].
However, data are not consistent in this matter. In a
study of 327 UC patients who underwent this surgery,
32% had low BMD 4 years after surgery, which sug-
gests that bone loss continues after colectomy, or that
spontaneous increase is not sufficient. The ileostomy
performed in 126 patients with Crohn’s disease is asso-
ciated with increased risk of osteoporosis, mainly ex-
plained by weight loss [88].

Use of glucocorticoids plays a major role on bone loss as
nearly 35% of patients with IBD receive GCs within 1 year of
diagnosis, and half of IBD patients with recent fracture use
GCs [89]. The risk of osteoporosis is twice as high in patients
who use corticosteroids (OR = 2.4 (1.5-3.4)) [90]. A higher
annual bone loss of 5 to 10% is related to the use of high doses
of corticosteroids prescribed during a relapse of IBD [91],
which means that both uncontrolled inflammation and the
need of corticosteroids are associated with bone loss.
Another potential contributor to bone loss in IBD is low intake
of calcium and vitamin D; CD frequently involves the small
intestine which interferes with absorption of these elements.
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Fig. 6 Bone fragility in patients
with COPD
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Moreover, active inflammation of the terminal ileum leads to a
decreased reabsorption of secreted bile salts and reduces the
absorption of vitamin D. Low vitamin D levels have also been
shown to be associated with lower BMD among patients with
IBD [92].

Fracture prevention Osteoporosis screening by DXA is rec-
ommended for patients with IBD with a prior history of frac-
ture, those with GCs intake > 3 months, and in patients over
age 50 [93]. Calcium (1000-1200 mg/day) and vitamin D
supplementation (600-800 Ul/day) are recommended in pa-
tients with IBD. Strategies include using the lowest effective
corticosteroid dose, administering corticosteroid therapy for
the shortest duration, using corticosteroids with fewer system-
ic effects (e.g. budesonide), and using alternate medications
(e.g. azathioprine, TNF blockers). In patients with osteoporo-
sis, or with a previous fracture, anti-resorptive treatments
should be considered. Bisphosphonates orally or intravenous
have been shown to improve BMD in patients with IBD and
could have a benefit on the risk of vertebral fractures [94] with
a good tolerance. Prospective studies suggest that the TNF
blockers have a positive effect on bone markers but there is
no data on BMD changes in IBD patients receiving such treat-
ments [95].

Relationship between inflammation and bone fragility
in chronic obstructive pulmonary disease

Patients with chronic obstructive pulmonary disease (COPD)
have a high prevalence of osteoporosis and vertebral fractures
which results from chronic and systemic inflammation, the
use of corticosteroids, low body mass, and a sedentary
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lifestyle. COPD is a typical situation in which the conse-
quences of thoracic vertebral fractures can be severe.

Epidemiology of osteoporosis and fractures

Thoracic kyphosis related to vertebral fractures can impair
lung function, and every single vertebral fracture decreases
the vital capacity by 9% [96]. Patients with rib fractures have
decreased ability to expectorate and may develop exacerba-
tion of the lung disease. Osteoporosis and muscle weakness
are important systemic complications of COPD. The preva-
lence of osteoporosis in COPD is 17% [97] in NHANES but
up to 35% in a systematic review of 13 studies [98].
Osteoporosis is largely undertreated in patients with such con-
dition; vertebral fractures are under-reported, although they
are present on chest radiographies [98]. The prevalence of
vertebral fracture is up to 40% in 2981 COPD patients [99].
The prevalence of hip fractures is unknown, but the presence
of COPD carries a poor prognosis and an increased risk of
mortality after hip fracture [100].

Physiopathology and risk factors of bone fragility

Corticosteroid use is obviously one of the determinants of
bone fragility in COPD. However, the potential beneficial role
of low doses of inhaled corticosteroids (as compared to high
doses) has been suggested [101]. Indeed, inhaled corticoste-
roids can decrease lung inflammation, without or with a lower
systemic bone effects as compared to oral corticosteroids.
Frequent exacerbations of COPD may be risk factors for bone
loss, including through the decreased physical activity and the
use of higher doses of corticosteroids. Systemic inflammation
is a major determinant of bone fragility. Studies have shown
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that matrix metalloproteinase-9 (MMP-9) and its cognate in-
hibitor TIMP-1, inflammatory cytokines TNF-«, IL1, and
IL6, and the OPG/RANK/RANKL system may each play
individual roles in the pathogenesis of osteoporosis in patients
with COPD [102, 103].

Fracture prevention

A comprehensive management of COPD must incorporate
assessment of osteoporosis and of associated risk factors such
as smoking, sarcopenia, low BMI, reduced physical activity,
and vitamin D deficiency [104]. The higher risk of bone com-
plications is observed in older COPD patients with a low BMI
and/or increased PTH level [104]. The assessment of vertebral
fractures on chest X-rays should be a routine practice in pa-
tients with COPD (Fig. 6). Osteoporosis screening by DXA is
recommended for patients with COPD with a prior history of
fracture, those with GCs intake > 3 months, and in patients
over age 50. There are no guidelines for treatment of osteopo-
rosis in COPD. However, because of the use of systemic glu-
cocorticoids, GIOP recommendations should be applied, in-
cluding for anti-osteoporotic pharmaceutical drugs.
Prevention of falls is an important issue, in particular in elderly
patients.

Conclusion

Patients with chronic inflammatory disorders are at high
risk of osteoporosis and fragility fractures due to disease
severity (related to both the activity and the duration of
the disease) on top of the well-known demographic risk
factors, such as age, low BMI, familial osteoporosis,
etc. Glucocorticoids use is not the single determinant
of osteoporosis in these patients. Complete control of
inflammation is crucial in the prevention of osteoporo-
sis. Data are needed to study the anti-fracture efficacy
of potent anti-inflammatory drugs, which allow gluco-
corticoid sparing effect, and on the indications and du-
ration of the anti-osteoporotic drugs in patients with
chronic inflammatory disorders.
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