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Abstract Corticosteroid-induced osteoporosisis a major cause of morbidity and is the

leading secondary cause of osteoporosistoday. Unfortunately, despite thisknowl-
edge, patients receiving corticosteroid therapy are often not offered any preven-
tative treatment. Recent research has focused attention on the critica role the
osteoblast has played in the pathophysiology of corticosteroid-induced osteopo-
rosis. In addition to an initial increase in bone resorption, there is evidence that
corticosteroids induce osteoblast and osteocyte apoptosis and as aresult are im-
portant contributorsto boneloss. I nteresting work has suggested that the bi sphos-
phonates and cal citonin may help to prevent osteoblast apoptosisfrom occurring.
Large scale randomised controlled trials have al so been completed with avariety
of therapeutic agents. Of the many different therapies, it is now clear that the
bi sphosphonates have the greatest evidenceto support their use. Increasesin bone
minera density when compared with a control group, not only at the spine but
also at the hip, have been demonstrated. These studies have shown clinicaly sig-
nificant reductionsin vertebral fracturerates seen for themost part in postmenopausal
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women. Other therapies may well be effective, as evidenced by maintenance of
bone massin the spine; however, maintenance of bone massin the hip and reductions
in fracture rate have yet to be demonstrated for many of these therapies. Given our
current knowledge and the evidence that is outlined in this review, it is hoped that
patients who require therapy with corticosteroids for more than 3 months will be
offered appropriate preventative treatment.

It is estimated that between 30 and 50% of pa-
tients receiving long term corticosteroid therapy will
experiencefractures.[%2 Infact, therisk of fracture
increases by 50 to 100% in recipients of oral corti-
costeroids.34 In particular, fractures at sites such
asthe spine and hip are associated with corticoste-
roid use.l>"] Hip fractures are considered the most
severe of al fractures, given that 20% of al hip
fracture patients die within 6 months of the frac-
ture.l8l

Corticosteroid-induced bone loss was discov-
ered over 50 yearsago,'¥ but did not becomeaserious
concern until corticosteroids began to be used ther-
apeutically for common ailments such as allergies
and inflammation. Today, corticosteroid useisthe
third leading cause of osteoporosis following loss
of sex steroids and old age.[10)

Despite these facts, many patients receiveinad-
equate treatment to prevent corticosteroid-induced
osteoporosis, even though there are many available
treatment options. One analysis found that 42% of
postmenopausal women received no treatment to
prevent osteoporosis while taking corticosteroids.[11]
In another study, it was found that only 14% of
patients receiving glucocorticoids were given ther-
apy to prevent boneloss and fractures.[*2 Osteopo-
rosis prevention needs to become the standard of
carefor patientsreceiving long term corticosteroid
treatment.

Many review papers have been written about
corticosteroid-induced osteoporosis.[113-34 How-
ever, wide variation still exists in the treatment of
osteoporosis.[3® Thisreview paper outlinesthelat-
est recommended detection and management for
corticosteroid-induced osteoporosis.

1. The Clinical Picture

Compared with postmenopausal osteoporosis,
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little is known about the pathophysiology of corti-
costeroid-induced osteoporosis. Mogt clinical trials
that have examined corticosteroid-induced osteo-
porosis have involved patients with complicated
systemic disorders of varying severity such asdys-
regulated immune and/or haematopoietic cell
function. Often, as with rheumatoid arthritis, it is
not possible to separate the effects of the primary
disease from the corticosteroids with respect to
bone |0ss.136:37] Despite these difficulties, it is gen-
erally accepted that corticosteroids decrease bone
formation and increase bone resorption. A reduc-
tion in bone formation may result from a decrease
in osteoblast life span and cell apoptosis, whilein-
creased bone resorption may occur as a result of
secondary hyperparathyroidism and reductions in
gonadal hormones.

Corticosteroid-induced bonelossoccursrapidly
within the first 6 to 12 months of beginning corti-
costeroid therapy; thereafter, the rate of loss slows
to 2 to 3 times that of normal.[3233.38] Bone loss may
occur at rates as high as 5% during the first few
months of glucocorticoid treatment, followed by
about 2 to 3% annually.[19

When corticosteroid-induced bone loss occurs,
trabecular rather than cortical boneisaffected more
severely by corticosteroids.l”3% Asaconsequence,
fractures affecting theribs, vertebrae and pelvisare
particularly prevalent.[*9 In 1 study, patients who
were not taking corticosteroid therapy had a paral -
lel reduction in bone mass at metaphyseal (trabec-
ular bone) and diaphyseal (cortical bone) sites.!39
In contrast, patients who were taking more than 10
mg/day of prednisone had agreater degree of bone
loss at the metaphyseal site, as compared with the
diaphyseal site. Other investigators have confirmed
these findings.l”)

Thereappearsto be acloserelationship between

Drug Safety 2001; 24 (8)
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the rate of bone loss and the dose of the drug. The
risk of corticosteroid-induced osteoporosis in-
creases as the cumulative corticosteroid dose in-
creases,[143 put the shape of the dose-risk curve
isunknown.[33 Thereisadose-dependent response
to the harmful effects of corticosteroids, and frac-
ture risk increases rapidly upon initiation of corti-
costeroids and drops off quickly upon discontin-
uation.[*4 Significant trabecular bone loss occurs
with prednisone dosages greater than 7.5 mg/day
in most patients.[33 However, in 1 study, bone loss
rates increased with dosages of prednisone be-
tween 5 and 10 mg/day and with inhaled cortico-
steroids.[32 Thus, while lower doses of corticoste-
roids may be safer than higher doses, there is still
no truly safe dose.

The risk of developing osteoporosis appears to
be variable and depends on a number of factors
including the dose of corticosteroid and the dura-
tion of exposure, gender of the patient and the men-
opausal status.[? Corticosteroids alter the usual
risk factors for osteoporosis. For instance, young
people taking corticosteroids lose bone more rap-
idly than older people and premenopausal women
in their 40s.[2 After menopause, fracture risk is
greater for women taking corticosteroids, presum-
ably because they are also susceptible to age and
menopause-rel ated bone 10ss.[33 Indeed, those in-
dividuals who are more than 70 years of age have
ahigher prevalence of fracture.[**l Men are equally
susceptible to bone loss caused by corticoste-
roids.[? In rheumatoid arthritis, it islikely that the
inflammatory process and immobilisation con-
tribute to bone loss.[42 Myopathy secondary to
corticosteroid use and the underlying disease as
well as concomitant drug therapy may contribute
to the development of osteoporosis. Nonetheless,
high doses of corticosteroids may well exacerbate
this bone loss.[43]

However, not all of those who receivetreatment
with corticosteroids develop osteoporosis. This
may be related to their underlying genetic suscep-
tibility to fracturein the presence of corticosteroid
use.[?

0 Adis International Limited. All rights reserved.

2. Pathophysiology

Normally, old boneis continuously replaced by
new bone. In fact, the entire adult skeleton is
remodelled approximately every 10 years. Togeth-
er, osteoblasts and osteoclasts form the basic mul-
ticellular unit, which is responsible for bone
remodelling. Both osteoblasts and osteoclasts are
derived from precursors originating in the bone
marrow. Osteocytes, which are differentiated os-
teoblasts, are regularly spaced throughout the
mineralised matrix and are thought to detect bone
microdamage and transmit signals leading to its
repair. Osteoclasts attach to bone and subsequently
remove it by acidification and proteolytic diges-
tion. Then, the osteoblasts move in and refill the
resorption cavities through the process of new bone
formation by secreting osteoid, whichiseventually
mineralised.

The cause of corticosteroid-induced osteoporo-
sisis multifactorial and occurs in addition to nor-
mal age- and menopause-associated bone |oss.
There are 2 purported abnormalitiesin bone meta-
bolism that develop in patientswith corticosteroid-
induced osteoporosis: the first is a reduction in
bone formation and the second is an increase in
bone resorption. A decreasein bone formation and
an increase in bone resorption both lead to a de-
crease in bone mass, or osteoporosis. Reduced
boneformation isattributed to the direct inhibition
of osteoblastic functionl*6471 and more recently to
cell apoptosis.[l® Increased bone resorption is
thought to be the result of the parathyroid hormone-
mediated activation of osteoclasts.[8! This combi-
nation of increased resorption and decreased for-
mation may well lead to trabecular perforation
with a reduction in mechanical stability and in-
creased risk of fracturing.[49]

2.1 Decrease in Bone Formation

Reduced bone formation has been attributed to
the direct inhibitory effects of corticosteroids on
osteoblast function. Moderate doses of corticoste-
roidsinhibit both the synthesis of bone collagen by
pre-existing osteobl asts and the conversion of pre-

Drug Safety 2001; 24 (8)
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cursor cellsinto functioning osteobl asts.[46:47:50.51]
Furthermore, corticosteroids substantially reduce
protein synthesis.[52 Histomorphometrically, this
appears as a marked decrease in osteoid seams, a
low mineral apposition rate measured by tetracy-
cline labelling, and reduced mean wall thickness.
The reduction in mean wall thickness is thought
to be due to a shortened osteoblast life span.[*1 A
decrease in bone formation as evidenced by changes
in bone turnover markers, particularly osteocalcin,
has also been observed with the use of corticoste-
roids. However, osteocal cin decrease may overes-
timate the effects of corticosteroids on collagen
synthesis.[53-581 Moreover, corticosteroids may af-
fect osteoblasts by modulating their responses to
parathyroid hormone, prostaglandins, cytokines,
growth factors and 1,25-dihydroxyvitamin D3. In
addition, the synthesis and activity of many local
factors can be altered.!? In comparison with normal
aging, bonelossin corti costeroid-induced osteopo-
rosis is greater because of an increased activation
frequency (increased resorption and formation sur-
faces) and amore pronounced imbal ance of remod-
elling.[47:59]

New findings by Manolagas and Weinsteinl1%
show that corticosteroid-induced osteoporosis may
be due in part to increased apoptosis of osteocytes
and osteoblasts. Corticosteroids have resulted in a
3-fold increase in osteoblast apoptosis in mouse
vertebrae and induced apoptosis in 28% of the os-
teocytes in metaphyseal cortical bone. The funda-
mental problem in corticosteroid-induced osteopo-
rosis appears to be a change in the number of
bone-forming and regulating cells.

2.2 Increase in Bone Resorption

As compared with bone formation, the effects
of corticosteroids on bone resorption have not been
extensively studied and the results have been con-
tradictory. It has been postul ated that the influence
of these agents on bone resorption is parathyroid
hormone mediated.[48:60-63] For example, investi-
gators have shown that after parathyroidectomy,
the osteoclastic response to corticosteroids in ani-
mals is completely abolished, suggesting that in-
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creased boneresorptionis, in large part, controlled
by parathyroid hormone.[“8! Others have suggested
that an increase in bone resorption may result from
secondary hyperparathyroidism and that this occurs
as a conseguence of decreased intestinal calcium
absorptionl(64-68] and increased urinary excretion of
calcium leading to relative hypocal caemial69-71]
However, the majority of studies have not found
any increasesin parathyroid hormone levelsin pa-
tients receiving corticosteroid therapy. Further-
more, the role of parathyroid hormone has also
been challenged on the basis of the assay needed to
measure its serum level 112 |t has been argued that
elevated parathyroid hormone levels were seen in
assays that measured hormone fragments,[60-62:69]
whereas no change was seen with assays that mea-
sured intact parathyroid hormone'>¢! or mid-region
fragments_[42,55,72,73]

Altered calcium metabolism may lead to an in-
crease in parathyroid secretion and to an increase
in bone resorption. However, the effect of cortico-
steroids on net intestinal calcium absorptionisalso
controversial. Results from radioisotope studies
have indicated that calcium absorption may de-
crease,[”4 7 increasel 78 or remain unchanged " in
responseto corticosteroids. These contradictory re-
sults may be explained by the fact that corticoste-
roids act differently upon individual intestinal seg-
ments. For instance, it has been reported that while
duodenal absorption is depressed,[67:68.78-80] these
agents may stimulate colon absorption.[81.82] Fyr-
thermore, corticosteroids may alter calcium ab-
sorption in a dose-dependent manner.[83 These
conflicting findings may aso be the result of dif-
ferences in corticosteroid dosages. In addition to
decreased calcium absorption, corticosteroids may
increase urinary excretion of calcium. In patients
receiving long term corticosteroids, hypercalciuria
is most probably due to increased skeletal calcium
mobilisation and decreased renal tubular reabsorp-
tion, and results from a mechanism independent of
parathyroid hormone.[55]

Corticosteroids may alter vitamin D metabo-
lism, although the evidence in support of thisisnot
convincing. Normal 25-hydroxyvitamin D3 levels

Drug Safety 2001; 24 (8)
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have been found in patients receiving corticoste-
roid therapy as compared with matched controls.
Predni sone has been shown to depress calcium ab-
sorption from the gastrointestinal tract in normal
individuals without depressing serum 25-hydrox-
yvitamin D3 levels.[6384] Corticosteroids may act
by reducing the serum levels of 1,25-dihydroxy-
vitamin D3;[85] nonetheless, they do not alter the
conversion of 25-hydroxyvitamin D3 to 1,25-di-
hydroxyvitamin D3.[6768] Seeman et al.[%4 con-
firmed the absence of significant abnormalitiesin
vitamin D metabolism. Godschalk et al.[%¢ found
that corticosteroids reduced the number of vitamin
D receptors, suggesting that this might be the
mechanism by which these drugs antagonise the
activity of vitamin D.

Corticosteroids ater gonadal function by inhib-
iting pituitary gonadotropin secretion. This, com-
bined withtheir direct effect ontheovariesand testes,
may lead to a reduction in the production of estro-
gen and testosterone. Corticosteroids blunt the se-
cretion of luteinising hormone in response to
luteinising hormone releasing hormone in both men
and women.[87:88] They inhibit follicle-stimulating
hormone-induced estrogen production in women
and decrease testosterone production in men.[8%-92
Circulating levels of androstenedione and estrone
are further suppressed as a consequence of the re-
duced adrenal production of androstenedione,
caused by the suppression of corticotropin and the
resultant adrenal atrophy.[93] In fact, estrogen defi-
ciency and corticosteroids may have an additive
effect in increasing the rate of bone loss.[94

3. Detection of Corticosteroid-
Induced Osteoporosis

All patientstaking corticosteroids should be as-
sessed for their risk of developing osteoporosis.

3.1 Clinical Risk Assessment

The following risk factors should be examined
in patients receiving corticosteroids: family his-
tory, hormonal status, fracture history, age, other
medications that may interfere with normal bone
metabolism, and lifestyle habits.[87.95-104] A family
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history should be completed to determine the ex-
istence of bone pathology in the patient’s biologi-
cal ancestry and should include history of osteopo-
rosis, early menopause, longevity and fractures.
All medications that interfere with normal bone
metabolism should be noted (e.g. cyclosporin, phen-
ytoin, etc.) and where possible replaced with other
drugsthat haveless detrimental bone effects. Life-
stylerisk factors, such asdiet, alcohol use, physical
activity and smoking, should be identified and
treated appropriately.

3.2 Biochemical Assessment

A number of clinical biochemistry parameters
are altered in patients with corticosteroid-induced
osteoporosis. Bone-specific alkaline phosphatase
and osteocalcin levels are low in most patients on
corticosteroids. Doses of prednisone as low as
2.5mg suppress osteocalcin levels.!'%] Measure-
ments of urinary calcium levels are useful in as-
sessing calcium balance, susceptibility to second-
ary hyperparathyroidism and potential treatment
options for corticosteroid-treated patients.[54:5569
With corticosteroid use, urine calcium excretionis
initially high, then fallsover time. Urinary hydrox-
yproline, pyridinoline, deoxypyridinoline and car-
boxy- and amino- telopeptide excretions are good
indicators of bone resorption and, along with uri-
nary calcium, may help predict those who will de-
velop corticosteroid-induced osteoporosis.[106:107]
There are laboratory studies that may be used to
identify patients for specific interventions. If there
is evidence of clinical hypogonadism, men should
have their serum testosterone, follicle-stimulating
hormone and luteinising hormone levels mea-
sured, and in oligo- or amenorrhoeic premeno-
pausal women, levels of serum estradiol, follicle-
stimulating hormone and luteinising hormone
should be determined. Unfortunately, the useful-
ness of biochemical markers is limited, because
none can reliably predict those who will lose bone
mass and the degree to which it might be lost as a
result of corticosteroid treatment. It may well be
that a combination of baseline fracture prevalence,

Drug Safety 2001; 24 (8)
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bone mineral density and biochemical markers
may predict those of areat greatest risk for fracture.

3.3 Radiological Assessment

Distinctive features of corticosteroid-induced
osteoporosis can be seen on x-ray.[*9 In postmen-
opausal osteoporosis, horizontal trabeculaearelost
out of proportion to vertical trabeculae, leading to
a‘corduroy stripe’ appearance;[t! however, in cor-
ticosteroid-induced osteoporosis, vertical and hor-
izontal trabeculae areequally thin, producing auni-
formly translucent appearance of the vertebrae.
Abundant pseudocallus formation at the site of
stress fractures is a hallmark of corticosteroid-in-
duced osteoporosis.l] This formation is most fre-
quently seen at the end plates of collapsed verte-
brae or around stress fracturesin theribs or pelvis.
The basis for thisis areduction in osteoblastic ac-
tivity and increased production of cartilaginous
callusthat becomes highly mineralised in an amor-
phous fashion. One should remember that x-rays
cannot be used to assess corticosteroid-induced
bone loss of osteoporosis because of their low sen-
sitivity and specificity. On the other hand, the pre-
sence of avertebral fracture at baseline or any time
throughout corticosteroid therapy identifies those
who are at greatest risk for subsequent fractures.

3.4 Bone Density Assessment

Trabecular bone loss occurs early in the course
of corticosteroid therapy, although both trabecular
and cortical loss occur over time. Early changesin
bone mineral density can be detected in the lumbar
spine and femoral neck by use of dual x-ray energy
absorptiometry or quantitative computed tomogra-
phy.[198] Bone lossisidentifiable by 6 months with
dual energy x-ray absorptiometry and, on average,
5% of bone mass is lost within the first year of
therapy. During the second and third years of treat-
ment, bone loss continues to occur particularly at
the femoral neck, but at a slower rate.[33]

Bone mineral density measurements have been
used to assesstherisk of osteoporosisand fractures
in corticosteroid-treated patients. While these meas-
urements are accurate and precise, they may under-
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estimate the fracture risk in patients receiving cor-
ticosteroids. With the use of these drugs, bone
strength may not berelated to bone massasdirectly
as it is in primary osteoporosis. For instance, in
postmenopausal women, a decrease in bone min-
eral density of 1 standard deviation is associated
with a 2-fold increase in fracture risk.[1%9 Thein-
cremental increase in fracture risk may be greater
in patientswho aretreated with corticosteroids.[110)

4. Management of Corticosteroid-
Induced Osteoporosis

4.1 General Principles

The main goal in the prevention and treatment of
corticosteroid-induced bone loss is to stabilise bone
mass and reduce fracture risk (fig. 1). The Ameri-
can College of Rheumatology (ACR) published
guidelines for the prevention of glucocorticoid-in-
duced osteoporosis. These guidelines recommend
a baseline bone density before long term cortico-
steroid treatment, in addition to repeat measure-
mentsto assess boneloss. Treatment recommenda-
tions include calcium, vitamin D and hormone
replacement therapy.[*”] In addition, nonpharma-
cological recommendations, including smoking
cessation, limitation in alcohol consumption and
weight-bearing exercise, should be included.

Therapeutically, alternativetherapy or early dis-
continuation of corticosteroidsisthe best means of
preventing corticosteroid-induced osteoporosis,
but in practice, the termination of corticosteroid
therapy is often clinically difficult or impossible.
Thus, care must be taken to ensure that corticoste-
roid therapy is truly indicated and initiated only
when potential benefits outweigh potential risks.
Once corticosteroid therapy is initiated, repeated
follow-up is needed to ensure that the dose, dura-
tion, treatment interval's, and corticosteroid prepa-
ration and route of administration are optimised to
alow for the greatest benefit-to-risk ratio.

Patients who have discontinued corticosteroid
therapy exhibit a rebound increase in osteoblastic
function and new bone formation.[46:87.111.112] n-
fortunately, even with thisincrease in bone forma-

Drug Safety 2001; 24 (8)
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Fig. 1. An approach to the patient receiving corticosteroid ther-
apy. BMD = bone mineral density; CS = corticosteroids; DXA =
dual energy x-ray absorptiometry.

tion, bone resorption rates are usually greater than
formation ratesfor sometimefollowing corticoste-
roid cessation. Consequently, bone loss till oc-
curs. If corticosteroid therapy must be continued,
the lowest possible dose should be used. Alternate
day corticosteroid therapy may be less toxic than
daily administration;[113 nonetheless, bone loss
still has been detected in individuals receiving al-
ternate day treatment.[114]

Therapies to prevent bone loss are more effec-
tive when initiated at the start of corticosteroid

0 Adis International Limited. All rights reserved.

treatment than during treatment, when bonelossis
likely to have aready occurred. Several therapies
are available. Primary therapies include bisphos-
phonates and hormone replacement therapy. Many
secondary therapies exist which can be used as ad-
juncts or alternatives to primary therapies (if the
primary therapy is contraindicated for the patient).
Secondary therapies include calcitonin, fluoride,
anabolic therapy, calcium and vitamin D, and thi-
azide diuretics.

4.2 Bisphosphonates

Bisphosphonates are potent inhibitors of bone
resorption. Clinical trials in postmenopausal wo-
men with established osteoporosis have provided
conclusive evidence that therapy with this class of
drug leads to significant improvement in bone
masg115-117] and a reduction in subsequent frac-
tures_[118—120]

Although differences exist between the patho-
genesis of postmenopausal osteoporosis and corti-
costeroid-induced osteoporosis, both exhibit in-
creased bone resorption. This being the case, it
might be expected that bisphosphonates may have
animportant rolein preventing boneloss and treat-
ing established bone loss in patients on long term
corticosteroid therapy. Substantial datasupport the
use of bisphosphonates in corticosteroid-induced
osteoporosis. Indeed, in arecent meta-analysisthat
examined calcitonin, vitamin D, fluoride and bis-
phosphonates in corticosteroid-treated patients,
bisphosphonate therapy was found to have alarger
bone density treatment effect at the lumbar spine
than either calcitonin or vitamin D.[121

18 randomised, controlled clinical trials,[122-139]
11 prevention and 7 treatment, have beenidentified
in which the efficacy of bisphosphonates has been
evaluated in corticosteroid-treated patients. In gen-
eral, patients had a variety of underlying diseases
that required corticosteroid therapy; for the most
part, al patients were given calcium and/or vita-
min D supplements throughout the study (table ).

Of the prevention studies,[122-135] 6 examined
etidronic acid, and 1 study each examined alen-
dronic acid, clodronic acid and intravenous pami-

Drug Safety 2001; 24 (8)
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Table I. Summary of data from randomised trials of various biphosphonate drugs in the prevention or treatment of osteoporosis

¥19

Reference Study design  No. of Corticosteroid Drug Lumbar spine BMD Femoral neck BMD
(duration) patients (M/F) duration at entry investigated (% change from baseline) (% change from baseline)
drug Placebo  difference drug placebo difference
treatment  group treatment group
group group

Prevention trials

Adachi et al.[123] rct (1y) 141 (54/87) <100 days ETA 0.6 3.2 3.8t 0.2 -17 1.9
Roux et al.[122] rct (1y) 117 (42/75) <90 days ETA 0.3* -2.8* 3.1t -1.3* —2.6* 1.3
Mulder & Struysl127] pcs (1y) 20 (0/20) At baseline ETA 1.4* —5.0% 6.41 NR NR NR
Wolfhagen et al.[124] rct (1y) 12 (3/9) <1mo ETA 0.4 -3.0% 3.4% -0.1 -15 1.4
Jenkins et al.[123] rct (1y) 28 At baseline ETA 1.8 -3.7 557 NR NR NR
Skingle & Crispl126] rct (2y) 55 (11/44) At baseline ETA 4.8% -0.7 5517 NR NR NR
Boutsen et al.l129] rct (1y) 27 (5/22) At baseline PMA 3.9 -6 9.9 3 -4.1 7.1
Nordborg et al.[131a rct (1y) 27 (6/21) At baseline CLA NR NR NR 1.0 2.0 -1.0
Gonnelli et al.[130b rct (1y) 30 (10/20) At baseline ALA 0.8 -45 5.3" NR NR NR
Cohen et al.l128] rct (1y) 30 (10/20) <3mo RSA 0.6 —2.8* 3.4t 0.8 -31 3.9t

Treatment trials

Pitt et al.[133] rct (2y) 49 (19/30) >6mo ETA 5.1* 1.0 4.1t 25 3.6 -11
Guesens et al.l134] rct (2y) 37 (0/37) >3mo ETA 4.9% 2.4 7.3" 3.6% 2.4 6.0
Worth et al.[135] rct (6mo) 33 (12/21) >9mo ETA 5.0% —4.3* 9.3t NR NR NR
Reid et al.l13% rct (ly) 35 (19/16) PMA 19.6* -8.8 28.4t NR NR NR
Saag et al.[136] rct (1y) 477 (141/336)  Stratified ALA 2.9% -0.4 3.3t 1.0% —1.2+ 2.2t
Saag et al.[137] rct (2y) 208 Stratified ALA 3.9* -0.8 4.7t 0.6 —2.9* 357
Reid et al.[138] rct (1y) 290 >6mo RSA 2.9* 0.4 2.5t 1.8* -0.3 2.1t

(87T '100Z Areyps Brug

a BMD —whole body.
b BMD - distal radius.
¢ BMD - computed tomography of lumbar spine.

ALA = alendronic acid; BMD = bone mineral density; CLA = clodronic acid; ETA = etidronic acid; F = female; M = male; NR = not reported; pcs = prospective cohort study; PMA =
pamidronic acid; rct = randomised controlled trial; RSA = risedronic acid; * = p < 0.05 vs baseline; T = p < 0.05 between groups.
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dronic acid. Two studied risedronic acid, 1 exam-
ining the recommended 5mg dose, the other the
2.5mg dose and acyclical dose of 15mg for 2 weeks
out of every 15 weeks. Bisphosphonate therapy
resulted in slight increases in lumbar spine bone
mineral density, whereas treatment with placebo re-
sulted in bone loss. Five studies report data on
the femoral neck.[122-12412812913% Bjgphosphonate-
treated patients were found to have small increases
in femoral neck bone mineral density, while de-
creases were observed in recipients of placebo.
Among these, the risedronic acid 5mg study found
a significant difference between treatment
groups.[128] Two studies eval uated radial bonemin-
eral density.[1231301 One study indicated that pla-
cebo recipients significantly lost more bone mass
than the alendronic acid-treated group.[*3% |n the
etidronic acid study, bone mineral density was
maintained in both groups.!123]

Of the 7 treatment studies,!133-139 3 examined
etidronic acid, 2 alendronic acid, 1 risedronic acid
and 1 pamidronic acid. In the studies, lumbar spine
bone mineral density increased from baseline in
the bisphosphonate groups, whereas it decreased,
for the most part, in the placebo groups after ther-
apy. In al 7 trias, differences between bisphos-
phonate and placebo groups were statisticaly sig-
nificant. Five studies reported data on the femoral
neck.[132.134,136-138] Of these, the 3 largest studies
found significant differences between the treat-
ment groups, in favour of bisphosphonate ther-
apy.[136-138] Furthermore, pooled results from the
alendronic acid trials demonstrated significant dif-
ferences between groups in trochanter bone min-
eral density in favour of aendronic acid-treated
patients after 1[136] and 2137 years of treatment.

Ideally, bisphosphonates should protect patients
from skeletal fractures. Nine studies identified in-
cident fractures.[122123,129,133-138] Four trials found
a reduced vertebral fracture incidence with bis-
phosphonate therapy. Among the postmenopausal
women in the cyclical etidronic acid study of Ad-
achi et al.,[123140] etidronic acid-treated postmen-
opausal women experienced an 85% reduction in
the proportion of patients with vertebral fractures,
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compared with the placebo group. Therelativerisk
for fracturein al patients within the etidronic acid
group as compared with the placebo group was 0.6
[95% confidence interval (Cl) 0.2 to 1.6]. In the
study by Saag et al.,[137] new vertebral fractures
were uncommon. The majority of new fractures
occurred among postmenopausal women. Overall,
therewas atrend to fewer vertebral fracturesin the
pooled alendronic acid-treated group (incidence of
new vertebral fractures 2.3 vs 3.7% in the placebo
group; relative risk 0.6, 95% CI 0.1 to 4.4).[334 In
the other 2 studies, significantly fewer incident
vertebral fractures were sustained in patients who
were treated with either alendronic acid*3"1 or
risedronic acid.[138]

Bisphosphonate treatment consistently improves
axial bone mineral density in corticosteroid-
treated patients, with a smaller detectable benefit
to the appendicular skeleton. The patient popula-
tions studied to date have, of practical necessity,
been heterogeneous as to morhidity, corticosteroid
dose and duration, and initial skeletal status. Treat-
ment of established corticosteroid-induced bone
loss results in restoration of lumbar spine bone
mineral density at least as effectively (if not more
s0) as the use of bisphosphonates for primary pre-
vention. Cyclica etidronic acid, alendronic acid
and risedronic acid therapies may well reduce in-
cident vertebral fractures in patients treated with
corticosteroids. Clodronic acid and pamidronic
acid have been studied less frequently, and thus it
is difficult to weigh their efficacy against either
cyclical etidronic acid or alendronic acid. Infuture,
theresultsof comparison trialsmay help determine
the role of specific bisphosphonates in the treat-
ment and prevention of corticosteroid-induced os-
teoporosis.

4.3 Hormone Replacement Therapy

Two intervention studies have been performed
evaluating hormone replacement therapy in the
treatment of corticosteroid-induced osteoporo-
sis.[141.142] One of these was retrospectively con-
trolled, and assuchit was not included.[241] |n these
studies, the patients were postmenopausal women
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with either rheumatoid arthritis or asthma. In one
study, calcium supplementsweregivento bringthe
total intake to 1500 mg/day,!4 whereas in the
other study, calcium supplements (400 mg/day)
were given to all patients.[142 The average age of
the patientsranged from 56 to 68 years. No primary
prevention studies have been compl eted.

The results of the studies indicated that mean
bone mineral density of the lumbar spineincreased
inthehormonereplacement treatment groups, where-
asit decreased in the placebo groups after therapy.
The differences between treatment groups were
significant. One study described data for femoral
neck bone mineral density.l[42 A nonsignificant
difference was found between treatment groups.

The use of selective estrogen receptor modula-
torsin the prevention of coricosteroid-induced os-
teoporosis may be of benefit. In astudy of patients
with breast cancer, tamoxifen was given to women
with or without additional therapy with predniso-
lone. There was a mean gain of 0.46% in the tam-
oxifen group and 1.95% in those given additional
prednisolone. Thus, the predicted corticosteroid-
induced bone loss was inhibited by tamoxifen.[143]

In summary, hormone replacement therapy ex-
hibited a positive effect on bone mineral density in
the treatment of corticosteroid-induced osteoporo-
sis. Although selective estrogen receptor modul a-
tor therapy such as raloxifene has been shown to
be effectivein the treatment of postmenopausal os-
teoporosis,[1#4 further research is needed to eluci-
date its role in the management of corticosteroid-
induced osteoporosis.

4.4 Calcitonin

Seven randomised, placebo-controlled trials
have assessed the efficacy of calcitonin in cortico-
steroid-induced osteoporosis.[145-151] | n these stud-
ies, calcitonin was administered intranasally or
subcutaneously. On average, the studies have been
relatively small. Most patientsin these studieshave
had pulmonary disease, rheumatological disorders
or vasculitis, athough small numbers of patients
with various other underlying conditions have also
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been studied. Patients were middle-aged to elderly
(mean age 49 to 72 years).

Of the 7 trials, 3 were prevention trials.[144-147]
The results demonstrated that lumbar spine bone
mineral density decreased from baselinein both treat-
ment groups, but to alesser extent in the calcitonin-
treated than in the placebo groups. Findings from
1 study indicated that differences between groups
were significant after therapy.['4®! In the other 2
studies,[1#6:147] cal citonin did not provide statistically
greater bone preservation than placebo. Bone min-
eral density data on femoral neck, trochanter, Ward's
triangle, distal radius and whole body have also been
described. No significant differences were found
between treatment groups at these sites following
therapy.

Four treatment trials have been conducted.[148-151]
Three of these measured lumbar spine bone min-
eral density.[148-150 After therapy, lumbar spine
bonemineral density increased from baselineinthe
activetreatment groups, whereasit decreased inthe
placebo groups. Two studies demonstrated signifi-
cant differences between treatment groups after
therapy.[149150] Data on distal radiug®! and fem-
oral neck[148l have also been reported. In these
studies, bone mineral density increased in the cal-
citonin groups and decreased in the placebo groups
after therapy. At both sites, the differences between
groups were significant.

Five studies evaluated fracture rates,[146-149.151]
No significant differences in fracture rates were
found between treatment groups. This may reflect
the small sample sizes of the studies and, thus, the
lack of power to detect differences between treat-
ment groups.

Adverse effectswerecommonin corticosteroid-
treated patientsgiven subcutaneouscal citonin,[150151]
One study found that 23% of those receiving calci-
tonin withdrew because of adverse effects.[150 It was
also difficult to recruit individuals to these studies
because of the need to inject medication.[148] Intra-
nasal calcitonin hasgreater patient acceptance, and
the adverse effects are less severe and much less
common.[145.147-149] While the nasal formulation
was better tolerated than theinjectabl e preparation,
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the positive effects on bone mineral were about
half that seen with the latter agent.

One of the potential additional benefits of cal-
citonin beyond improving bone massisthat it may
relieve pain associated with vertebral fracture.
Ringeand Wel zel[151] found that the amount of pain
experienced by those treated with calcitonin (1001U
subcutaneously every 2 days) was significantly
less than in the placebo group, and the difference
persisted for the duration of the study. No attempt
was made to delineate the underlying origins of
pain or to correlate the pain with new vertebral
fractures.

In summary, studies of calcitonin efficacy in
corticosteroid-induced osteoporosis suggest that
thisdrug, whether subcutaneous or intranasal, pro-
duces a beneficia effect on bone density. This ap-
pearsto betruein the prevention of corticosteroid-
induced osteoporosis as well as its treatment. The
benefit may be evident at 6 months, but is most
readily seen at 1 year. The most consistent positive
changes are seen in the spine. Studies with greater
patient populations will be necessary to prove a
reduction in fracture risk.

4.5 Fluoride

Since corticosteroids suppress osteoblastic ac-
tivity, drugs that may reverse this complication
should be useful. Four intervention studies have
been performed assessing fluoride therapy in the
treatment of corticosteroid-induced osteoporo-
sis.[151-155] The studies used either sodium fluoride
or monofluorophosphate. One trial compared the
advantage of adding sodium fluoride to cyclica
etidronic acid therapy.[153 Patients in the above
studies had various underlying conditions that re-
quired corticosteroid therapy. In general, similar
effects were seen with either sodium fluoride or
monofluorophosphate. Patients were, for the most
part, middle-aged (mean age 45 to 60 years). No
primary prevention studies have been completed.

On average, vertebral bonemineral density sub-
stantially increased in fluoride-treated patients af -
ter 18 to 24 months of therapy, whereasit remained
stable or dlightly increased from baseline in the
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placebo-treated patients. Differences between treat-
ment groups were significant after therapy. Three
studies report data for femoral neck.[152.153.155]
These found that femoral neck bone mineral den-
sity decreased from baseline in both treatment and
placebo groups. Except in 1 study,!153 the loss of
femoral neck bone mineral density was greater in
fluoride-treated patientsthan in patientsin the pla-
cebo groups. All trials assessed vertebral fracture
rates. However, none had enough power to demon-
strate an effect on vertebral fracture rates. In addi-
tion, whilefluorideincreases bone mineral density,
there is the concern that it might decrease the me-
chanical competence of bone and therefore might
increase the number of peripheral fractures.

In summary, fluoride seems to increase bone
mineral density at the spine without protecting the
hip from the effects of corticosteroids. There may
be an added benefit for the spine in using fluoride
in combination with an antiresorptive agent, but no
benefit has been seen in the appendicul ar skeleton
and concerns about an increase in peripheral frac-
ture rates have been expressed. Fluoride therapy
has not been shown to prevent fracturesin cortico-
steroid-induced osteoporosis.

4.6 Anabolic Therapy

Three randomised, controlled studies have used
anabolic therapy in the treatment of corticosteroid-
induced osteoporosis.[156-158] One study each ex-
amined human parathyroid hormone, testosterone
and nandrolone decanoate. The testosterone trial
enrolled men, whereas the other 2 trias enrolled
postmenopausal women. Inthese studies, al of the
men had asthma and postmenopausal women pre-
dominantly had rheumatoid arthritis. All hypogo-
nadal men were given cal cium supplements (1000
mg/day), whereas postmenopausal women re-
ceived 1200 to 1500 mg/day calcium and 600 to
800 IU/day of vitamin D as part of their diet and/or
supplement. In the parathyroid hormone study, all
women were receiving concomitant hormone re-
placement therapy. The average age of the patients
ranged from 54 to 65 years. No primary prevention
studies have been compl eted.
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The results of the studies indicated that bone
mineral density of the lumbar spinel56-158] and fore-
arm(259 increased in the treatment groups, whereas
it decreased in the placebo groups after therapy.
The differences between groups were significant.
Human parathyroid hormone was found to have no
effect on femoral neck, trochanter, total hip and
distal radius bone mineral density during the first
year of therapy.[*6] However, during the second
year of follow-up, after discontinuation of human
parathyroid hormone therapy, significant increases
in lumbar spine, total hip and femoral neck bone
mineral density were demonstrated.!157] Testoster-
one therapy was found to have no effect on whole
body bone mineral density following therapy.[158]

In summary, anabolic therapy may have some
benefit in the treatment of corticosteroid-induced
bone loss. The prevention of corticosteroid-in-
duced osteoporosis with these agents still needsto
be determined.

4.7 Calcium and Vitamin D and
its Analogues

There are no randomised, controlled trials of
calcium alone in the prevention or treatment of
corticosteroid-induced osteoporosis. However, 6
controlled studies have been identified that exam-
ined the effects of vitamin D or its analogues in
corticosteroid-treated patients.[147.160-165 |n these
studies, patients in the active treatment groups re-
ceived calcium supplements ranging from 500 to
1000 mg/day. Calcium supplements were adminis-
tered to patients in the placebo groups in 3 stud-
ies.[147.158,164] | n the other trial s, no medication was
given in the placebo groups. Patients predominant-
ly required corticosteroid therapy because of rheu-
matological disorders. Generally, middle-aged pa-
tients were studied (mean age 36 to 55 years),
although in 1 study, elderly patients were investi-
gated (mean age >63 years).[160

Of the 7 studies, 3 were prevention stud-
ies,[147.160.165] gne eval uating calcitriol (2471, one al-
facalcidol[165! and the other vitamin D.[16% The re-
sultsof the 3trialsindicated that lumbar spinebone
mineral density decreased from baseline in both
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treatment groups, but to alesser extent in the active
treatment groups than in the placebo groups. Inthe
vitamin D tria, the differences between groups
were not significant after therapy, whereas in the
active vitamin D metabolites, alfacalcidol and
calcitriol trials, significant differences between
groupswere noted. Thecalcitriol study also assess-
ed data on the femoral neck and distal radius. At
these skeletal sites, no significant differences were
found between the treatment groups and placebo
(calcium aone).

The 4 treatment studies/?61-164 were relatively
small. Of these, 3 examined vitamin D and 1 calci-
triol. Findingswerethat lumbar spine bone mineral
density increased from baseline in the active treat-
ment groups in al 4 studies, whereas it decreased
in the placebo group in 1 tria following therapy.
One study demonstrated asignificant differencein
lumbar spine bone mineral density between the
treatment groups.[161 This study al so demonstrated
significant differences between trestment groups in
trochanter bone mineral density, in favour of vita-
min D therapy.

Onetreatment and both prevention studieseval-
uated fracture rates.[142155.159 |n these studies, all
patients had spinal x-rays. No significant differ-
ences in fracture rates were found between groups
after therapy. Indeed, in 1 study!164 fractures were
frequently reported in both treatment groups.

Although most studies investigating vitamin D
treatment did not report adverse effects associated
with therapy, the few studies that did frequently
reported hypercalciuria. Because adverse effects
may occur, urinary calcium levels should be checked
before instituting therapy and they should be mon-
itored every 3 months while taking vitamin D. Se-
rum calcium should also be monitored regularly,
and if hypercal caemia devel ops, the calcium or vi-
tamin D metabolite dose should be reduced appro-
priately.

Insummary, whileitislikely that vitamin D and
its analogues have some benefit in the prevention
of corticosteroid-induced osteoporosis, it is quite
clear that these agents cannot completely prevent
corticosteroid-induced bone loss. Nonetheless, vi-
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tamin D therapy has been shown to maintain spine
and hip bone mineral density in patients who are
receiving long term corticosteroid therapy. The
meta-analysis by Amin et al.[*21 demonstrated a
moderate bone density effect compared with no
therapy or calcium and that effect of treatment was
similar in efficacy to calcitonin.

4.8 Thiazide Diuretics

Thiazides or other calcium-retaining diuretics
have not been evaluated in prospective, random-
ised, controlled trials using bone mineral density
or fracture rates as a primary outcome measure in
corticosteroid-induced osteoporosis. However, 1
randomised, controlled trial of a thiazide-like di-
uretic (chlorthalidone) in the treatment of hyper-
tension showed a beneficial effect on bone density
in postmenopausal osteoporosis.[168]

Themajor effect of thiazide diuretic administra-
tion is to reduce calcium excretion via increased
tubular calcium reabsorption in the distal tubule.
One study demonstrated that 50mg of hydrochlo-
rothiazide given twice daily also increased intesti-
nal calcium absorption in corticosteroid-treated
patients.[”?) Nonethel ess, thiazide diuretics are not
without risk; for example, they may aggravate
hypokalaemia in corticosteroid-treated patients.[167]
In addition, there is a risk of hypercalcaemia de-
veloping in patients treated with a combination of
vitamin D and thiazides;!1%8] therefore, serum cal-
cium levelsshould be carefully monitored. Despite
their apparent widespread use, there is a lack of
clinical data with appropriate long term outcome
measures supporting the use of thiazide diuretics
in corticosteroid-induced osteoporosis.

5. Summary of Therapeutic Options

Based on currently available data, bisphosphon-
ates appear to be the drugs of choice for the pre-
vention and/or treatment of corticosteroid-induced
osteoporosis. In fact, the datafor the bisphosphon-
ates are more compelling than for any other agent.
While hormonereplacement therapy isextensively
used in the treatment of primary osteoporosis, data
concerning its effectiveness when used alone in
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corticosteroid-induced osteoporosis are limited. If
bisphosphonate therapy iscontraindicated, calcito-
nin may be an effective alternative, particularly in
those with acute back pain secondary to vertebral
fractures. For patients who have been treated but
continue to lose bone, fluoride and anabolic ther-
apy should be considered. Although vitamin D and
its analogues appear to have weak positive effects
on bone in those receiving corticosteroids, they
may not be sufficiently potent to be used alone. As
such, these agents should be administered in com-
bination with other medications. Currently, little
evidence is available to support the use of thiazide
diuretics. Infuture, the results of long termclinical
and comparison trials may provide us with more
definitive treatment strategies.
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