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Allergy and the bone: unexpected relationships
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Objective: To examine the relationships between allergy and bone metabolism as represented by the effects of antihistamines
and leukotriene modifiers on bone resorption and formation.

Data Sources: The major databases MEDLINE and Scopus were searched using the keywords bone metabolism, bone
resorption, bone formation, antihistamines, hl antagonist, leukotriene antagonist, and leukotriene modifier.

Study Selection: The studies were independently evaluated by all the coauthors, who judged their pertinence to this review.

Results: Two of the most intriguing aspects in the field are the possible effects of leukotriene modifiers on fracture repair and
the hypothesized role of antihistamines in contrasting osteoporosis. Another rapidly expanding field of research is that related
to the immune-modulating effects of vitamin D because serum levels of vitamin D have been shown to correlate with pulmonary
function, asthma onset, and the development of allergic diseases.

Conclusion: Although unexpected, data are now available suggesting a strict connection among allergy, its treatments, and

bone metabolism.

INTRODUCTION

Both allergic and bone diseases share a high prevalence in the
general population. In fact, musculoskeletal conditions are
the most common causes of severe long-term pain and phys-
ical disability, affecting hundreds of millions of people
around the world. At any one time, 30% of adults are affected
by joint pain, swelling, or limitation of movement.' Similarly,
more than 20% of the general population has allergic dis-
eases, mainly, allergic rhinitis and asthma.?

Up to a few years ago, the only clinical link between these
2 groups of diseases was the possible negative effects on bone
metabolism of long-term corticosteroids, which are com-
monly used in allergic patients, mainly in the inhaled formu-
lation. More recently, other relevant relationships between
bone metabolism and allergic disorders or atopy (and their
treatment) have been identified. One of the most important
and now well-recognized links between bone metabolism and
allergy is represented by vitamin D, but this is not the subject
of the current review. Other recently discovered links be-
tween allergy and bone metabolism are represented by the
effects of antihistamines and leukotriene modifiers (LTMs)
on bone resorption and formation. The aim of the present
review is to examine those 2 relationships in the light of the
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most recent literature. The major databases MEDLINE and
Scopus were searched. The studies were independently eval-
uated by all the coauthors, who judged their pertinence to this
review.

EFFECTS ON BONE METABOLISM OF
TREATMENTS USED FOR ALLERGIC DISEASES

Corticosteroids

Obstructive lung diseases, including asthma, represent one of
the most common indications for the use of corticosteroids,
which are administered either by inhalation or via systemic
routes.’> The lung disease most commonly associated with
long-term corticosteroid treatments is certainly asthma, either
allergic or nonallergic. This fact has been clearly confirmed
by the data of the General Practice Research Database of
England and Wales, which evaluated the first oral corticoste-
roid prescription from 1992 to 1997.3> However, in asthma,
systemic corticosteroids are used intermittently, and only 9%
of the patients prescribed corticosteroids are still undergoing
treatment 1 year after the first prescription and 6% after 2
years. On the contrary, in patients with rheumatologic dis-
eases, as well as inflammatory bowel diseases, corticosteroids
are often used for long periods, with 29% of them being
treated for up to 1 year and 19% for 2 years or more.?

The risk of osteoporotic fractures is strictly dependent on
the dose and the duration of corticosteroid therapy (particu-
larly in men and postmenopausal women), whereas it appears
to be poorly related to bone mineral density (BMD).* It has
also been observed that the risk of fractures significantly
increases within 3 months of corticosteroid treatment and
decreases soon after treatment withdrawal.> This finding in-
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dicates that even relatively short treatment courses are asso-
ciated with an increased fracture risk, even among patients
with a normal BMD. The underlying disease also plays a
relevant role. For instance, rheumatoid arthritis and other
rheumatic diseases amplify the corticosteroid-related risk of
fractures at both the spine and the hip, whereas pulmonary
diseases do not appear to increase the risk of fractures.’

The route of administration is obviously another important
factor.®’ The bioavailability of oral corticosteroid is very
high, and an exponential increase in fracture risk is observed
for daily doses greater than 5 mg of prednisone-equivalents.®
The same dose given as an inhaled formulation is less harm-
ful.® The potential of inhaled corticosteroids to induce ad-
verse effects on the bone is dependent not only on the dose
and duration but also on the systemic bioavailability, which
depends in turn on the absorption and the first-pass metabo-
lism.”® The bioavailability varies among the different mole-
cules, ranging from approximately 80% for budesonide to
less than 5% for fluticasone and mometasone, whereas the
bioavailability of ciclesonide is virtually zero. Many stud-
ies!%20 have evaluated the effects of inhaled corticosteroids on
BMD, often reporting conflicting results (Table 1) but con-
sistently showing that some effect of inhaled corticosteroids
on bone density can be demonstrated using sensitive markers
of bone metabolism. One meta-analysis?' and some narrative
reviews’?? concluded that inhaled corticosteroids cause a
dose-related reduction in BMD, and some large cross-sec-
tional studies? found a dose-related increase in fractures in
people taking inhaled corticosteroids compared with controls.
Nasal sprays are generally considered less harmful than in-
haled corticosteroids®® also because the dose administered is
lower.

Surprisingly, most epidemiologic data on fracture risk dur-
ing corticosteroid therapy are based on observational, retro-
spective studies, which are generally poorly controlled. Cur-
rently, the best available data are derived from placebo arms
of randomized clinical trials for the treatment of corticoste-
roid-induced osteoporosis.*3

LTMs and Bone Fracture Healing
The normal process of bone fracture healing can be divided
into 4 phases. Immediately after a fracture the main features

are a localized tissue hypoxia and the hematoma formation.
The early repair phase is characterized by an inflammatory
response, with cell recruitment to the fracture site. In the
regenerative phase, the fracture is bridged with new bone.
Cells that migrated to or proliferated in the fracture callus
differentiate into chondrocytes and osteoblasts during endo-
chondrally formed woven bone. This type of bone spans the
fracture site and is then remodeled into mature lamellar bone
to restore the mechanical integrity of the bone.??* The early
phase may be critical for the ultimate success of fracture
healing. Several studies*® have shown increased levels or
increased gene expression of proinflammatory cytokines, mi-
togenic growth factors, and cell-differentiating growth factors
within the early fracture callus. When a fracture occurs, the
extravasation and subsequent differentiation of the monocyte
are dependent on environmental factors that include a number
of inflammatory stimuli. These factors promote an inflamma-
tory macrophage phenotype that can direct local inflamma-
tory processes by abundant tumor necrosis factor a produc-
tion. The exposure of monocytic cells to the RANKL
produced by osteoblastic cells and T lymphocytes promotes
osteoclastogenesis and bone resorption. The local production
of morphogenetic proteins, such as transforming growth fac-
tor B1 and bone morphogenic protein 2, promote wound
healing and bone regeneration.?® Recently, it has been shown
that fracture healing is impaired in mice lacking a functional
cyclooxygenase 2 (COX-2) gene and the COX-2 enzyme that
is critical for normal inflammation.?*26%7

Apparently, fracture repair depends on the metabolic acti-
vation of arachidonic acid locally released by the tissue
destruction associated with fracture. Arachidonic acid is ac-
tivated to prostaglandins by COX-2. Nonsteroidal anti-in-
flammatory drugs inhibit COX-2 function and therefore can
affect the fracture healing process, especially if administered
during the early phases.?* This role of COX-2 in the forma-
tion of new bone is empirically exploited for the prevention
of ectopic calcifications after the surgical intervention for hip
arthroprothesis by administering nonsteroidal anti-inflamma-
tory drugs® or COX-2 inhibitors®® soon after the surgical
intervention. The local formation of leukotrienes (LTs) plays
an opposite role in the process of fracture repair. Arachidonic
acid can be metabolized also by 5-lipoxygenase (5-LO).

Table 1. Summary of the Studies Investigating the Effects of Inhaled Corticosteroids on Bone Density

Source No. of Patients Drug Dose, ng Follow-up, mo Bone density
Altintas et al'® (2005) 60 Children BUD/FP 400/250 19 Normal
Ishizuka et al'® (2002) 128 Adults FP 200-400 12 Reduced
Egan et al'' (1999) 33 Adults BDP/FP 2000/1000 24 Normal
Griffiths et al'” (2004) 81 Children FP >1000 6 Normal
Hughes et al'® (1999) 59 Adults BUD/FP 500/800 12 Normal
Kemp et al'® (2004) 160 Adults FP 440 24 Normal
Medici et al'* (2002) 69 Adults BDP/FP 1500/750 12 Normal
Roux et al'® (2003) 174 Children FP 200 24 Normal
Wong et al? (2000) 196 Adults BDP/FP 800/500 6 Reduced

Abbreviations: BDP, beclomethasone dipropionate; BUD, budesonide; FP, fluticasone propionate.

2

ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



"‘\‘::__‘ /\__/I_
» —— inflammation<:

= _.Lv\/‘\ﬁ

=

~ A —

.. fracture <~

--—- ARACHIDONIC ACID ---—-— |
coxz 5-LO
NSAD _ -, = = ==essesena Leukotriene
modifiers

Coxib e < ¥ ¥

l *prcstaglandlns ‘

\ \

fracture-healing fracture-healing
++ -

‘ {cystelnyl leukotrienes

Figure 1. Arachidonic acid metabolites and fracture. Arachidonic acid
locally released after a fracture is activated to prostaglandins by cyclooxy-
genase 2 (COX-2) and to leukotrienes by 5-lipoxygenase (5-LO). Prosta-
glandins play a key role in fracture repair; thus, nonsteroidal anti-inflamma-
tory drugs (NSAIDs) can impair fracture healing. On the contrary, cysteinyl
leukotrienes seem to act as negative regulators of mesenchymal stem cell
differentiation; thus, leukotriene modifiers may promote fracture repair.

5-LO functions for the LT family as COX does in the pros-
taglandin family and, acting in concert with 5-LO-activating
protein, catalyzes the conversion of arachidonic acid in 2
major groups of LTs. These 2 groups consist of LTB4 and the
cysteinyl leukotrienes (CysLTs) LTC4, LTD4, LTE4, and
LTF4. The CysLTs seem to act as negative regulators of
mesenchymal stem cell differentiation. In vitro studies of
human mesenchymal cells showed enhanced cellular differ-
entiation in the presence of pranlukast, a specific CysLT1
receptor antagonist,®® highlighting the potential inhibitory
effect of the CysLT1 pathway on mesenchymal cell differ-
entiation and the possible promoted fracture repair via
CysLT1 receptor inhibition (Fig 1). In an in vivo animal
model of fracture repair, the outcome of treatment with
montelukast sodium and zileuton on events leading to skeletal
regeneration was evaluated.®!. Zileuton is a 5-LO inhibitor
that broadly blocks LT synthesis, whereas montelukast so-
dium is a specific CysLT1 receptor antagonist. One study?!
showed that treatment with both these drugs results in an
enhanced chondroid phase and faster transition to bone for-
mation, leading to a larger callous size and a faster transition
to bone formation with enhanced fracture repair. These find-
ings, although still confined to animal models, highlight the
role of the CysLT1 receptor as a negative regulator of chon-
drocyte activity. This should encourage the investigation of
the usefulness of these medications in humans as possible
enhancing fracture-healing therapy.

Antihistamines and Osteoporosis
Histamine plays a crucial role in the pathogenesis of allergic
diseases, and histamine receptor antagonists are widely used

to relieve the symptoms of these conditions. The role of
histamine for bone health has been suggested by a number of
studies in mastocytosis and also by animal studies.*? Excess
histamine accelerates bone resorption and, in patients with
systemic mastocytosis, where proliferating mast cells contin-
uously release histamine, osteoporosis is a frequent finding
(Table 2).3*37 In ovariectomized rats the block of histamine
uptake by histamine, (H,) and histamine, (H,) receptor an-
tagonists is associated with decreased osteoclast activity and
bone resorption.’®3? In a mouse model of histamine defi-
ciency, an increased production of osteoclast differentiation
factor and receptor activator of nuclear factor kB ligand was
found, but this was not associated with osteoclast overactivity
possibly for the costimulatory role of histamine on nuclear
factor kB production.*’ Histamine acts directly on osteoclasts,
osteoclast precursors, and osteoblasts, promoting osteoclas-
togenesis through autocrine and paracrine mechanisms.*! All
these findings suggest that histamine modulates osteoclastic
bone resorption and that by blocking histamine receptors
osteoclastogenesis might be hampered (Fig 2). In an obser-
vational study, the rate of prevalent low-energy fractures in
untreated pollen allergic patients was found to be almost
3-fold higher than in nonallergic women matched for age,
body mass index, and menopausal age. It was also found that
antihistamine users had fewer nontraumatic fractures com-
pared with nonusers.*> The authors speculated on the possible
protective role of the H,-receptor, compensating for both the
negative effect of pollen allergy and the adverse effect of
inhaled corticosteroid treatment on bone fracture risk. In the
Third National Health and Nutrition Examination Survey
study, in adults 60 years and older, the use of H;- or H,-
receptor antagonists was associated with higher femoral
BMD values as measured by dual-energy x-ray absorptiom-
etry than in nonusers.*. On the contrary, those taking H,-
antihistamines had lower BMD than nonusers.* It can be
speculated that antacid medications decrease calcium absorp-
tion, and in fact an increased risk of fractures was seen also
with proton pump inhibitors (adjusted odds ratio, 1.6-2.5).4
Nonetheless, proton pump inhibitors also interfere with oste-
oclastic metabolism, and their effect on calcium absorption at
the usual doses is considered negligible.

Some preliminary data suggest a protective role of hista-
mine receptor antagonists with some inconsistent findings for
H,-receptor antagonists. Additional studies are definitely

Table 2. Occurrence of Osteoporosis in Patients With Mastocytosis

No. (%) of patients with
osteoporosis/No. of

Source patients with
mastocytosis
Travis et al® (1988) 16/58 (27.6)
Johansson et al** (1996) 7/16 (43.8)
Theoharides et al*® (2002) 6/23 (26.1)
Kushnir-Sukhov et al*® (2006) 3/21 (14.3)
Barete et al®*” (2010) 23/75 (30.7)
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Figure 2. Histamine, antihistamines, and bone. Histamine seems to in-
crease bone resorption and osteoclastogenesis by increasing the expression of
RANKL in osteoblasts and bone marrow stromal cells. On the contrary,
histamine blockade by histamine, receptor (H1R1) antagonists might protect
against osteoporosis.

warranted to shed light on the relationship between histamine
receptor antagonists and bone health.

CONCLUSION

Not only is the clinical link between allergic and bone dis-
eases represented by the negative effects on bone metabolism
of long-term corticosteroids, but also other drugs used in
allergic diseases appear to have an effect on bone. LTMs are
likely to improve fracture healing, and antihistamines might
have a positive effect on bone mass. These findings are based
on animal models or observational studies; interventional
studies in human are warranted. The activity of some drugs
on both bone metabolism and allergic diseases supports a
close interaction between immune and skeletal systems. The
realization of the intricate nature of this interaction has been
supported by the fact that a number of cell surface receptors,
cytokines, and signaling pathways serve a critical role in both
the immune and skeletal systems. This gave rise to the
development of a new discipline called osteoimmunology.
Finally, it must be remembered that another important link
between bone metabolism and allergy is represented by vita-
min D, which seems to play a key role in immune regulation®
and is strictly linked to the development of asthma and atopy.
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