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Steroid-induced osteopor oss— a cause for concern?
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| NTRCDUCTI ON

Cushing, in 1932, first reported the increased
tendency to fracture in patients with
hypercortisolism due to bilateral adrenal
hyperplasia resulting from ACTH-producing
pituitary adenomas.! Because of the relative
rarity of the disease, the problem of
glucocorticoid-induced osteoporosis(GIO) was
not of significance until the next decade when
cortisonewas introduced as atherapeuticagent.
This was followed by case reports of vertebra
fractures indicating that exogenous
hypercortisolisn was aso deeterious to the
skeleton.? It soon became apparent that
prolonged exposure to corticosteroids led to
decressed bone mass.?*

Today, with the widespread use of
glucocorrticoidsin the management of numerous
chronic medica conditions, it is increasingly

being recognised that osteoporosisis one of the
more important side effects of long term
glucocorticoid thergpy. The true incidence of
osteoporosis in patients on long term
glucocorticoidsis unknown. It isestimated that
50% of patients requiring prolonged
glucocorticoids develop osteoporosis® and 30-
50% of patients will suffer from fragility
fractures.®” Vertebra fractures are reported to
be 4 to 5 fold more prevaent in patients with
GIO,** whilst the incidence of appendicular
fracturesis doubled.'*"

PATHCPHYSI OLGGY

A review of theliteratureon GIO showed abone
lossof 5-15% during thefirst year of treatment.”*
* |t mainly affectsthe trabecular bone'*'¢ and
maximal bone loss seems to occur within the
first 6 to 12 months of treatment.'’™® Fig. la
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FIG. |b: Agerdated changesof bone minera density (BMD) in controlsand SLE patients for

femoral neck a recruitment.

shows the bone mineral density (BMD) at the
L2-4vertebrae of 29 of our femaleSLE subjects
who had had at least 6 monthsof treatment with
glucocorticoid and 29 age and sex matched
controls. The BMDs were measured using the
techniquedf dual energy X-ray absorptiometry
(Norland XR-26). The BMD of SLE patients
weresignificantly lower than that of thenormal
subjectsat all ages. Similar changes were also
seen at the femora neck though the reduction
was not as profound as in the lumbar vertebrae
(Fig. Ib). At recruitment, the mean BMD of
SLE subjectswho had had at least 6 months of
glucocorticoid trestment wassignificantlylower
than norma controlsat thelumbar vertebraeand
femord neck. Therewas, however, nosignificant
difference at the distal and proxima radius
(Fig. 2). Thus, our datawereconsistentwiththe
observation that GIO mainly effects the
cancellousbone. %16

We aso examined the BMD of SLE subjects
at recruitment and after 6 to 12 months of first
measurement (Fig. 3). Although there was a
small decreasein BMD at L2-4 and thefemora
neck on follow-up, they were, however, not

28

datistically significant. This could perhaps be
explainedin part by thefact that glucocorticoid-
induced bone loss is most marked during the
first 6 to 12 months of treatment.!™® | arger
amounts of corticosteroids is usualy required
initially to control diseaseactivity. Further,the
adverse effect of SLE on bone mass, if any,
would beexpected to be most pronouncedduring
this stage of the disease.

The rate of bone loss differs among
individuals exposed to long term
glucocorticoid.'*!*  This variation in
susceptibility may begeneticaly andhormonally
determined. Postmenopausa women are more
susceptibleto GIO than premenopausa women, '
whilst the rate of bone loss seems to be more
rapid in young adult men receiving
glucocorticoidsthan older men.” Itisalsounclear
whether athresholddosefor thedevel opmentof
GIO exists dthough it is quite clear that the
mgjority of those who are on more than 10 mg
of prednisoloneaday over along period of time
develops GIO. Controversies remain as to
whether the degree of boneloss correlated with
the cummulative dose of glucocorticoid
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FIG. 2: Mean BMD of controlsand SLE patients at recruitment.
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FIG. 3: Mean BMD of SLE patients a recruitment and on follow-up.
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received.’*!” Our data showed that neither the
total amount of glucocorticoidsingested nor the
duration of therapy had significant correlations
with BMD (Figs. 4 & 5). This observation is
consistent with the hypothesisthat the adverse
effect of glucocorticoid on bone mass is
maximally exerted during thefirst 6 months of
exposure.'”?

Itishypothesized that glucocorti coidinduces
bone loss by uncoupling bone formation and
resorption. Theformer is suppressed while the
latter isenhanced”™ ™" Biochemical markers of
bone formation such as serum levels of
osteocalcin?®?* and carboxyterminal of
propeptide of typel procollagen are suppressed
in patients on glucorticoids.® In vitro studies
have demonstrated the presence of a direct
negative effect of supraphysiological doses of
glucocorticoidson osteoblastsrecruitment and
differentiation.?® In addition, glucocorticoid-
induced myopathy could curtail physical
activities and this in turn would affect bone
formation. However, markersof boneresorption,
suchas urinary hydroxyproline have been shown
to be devated in some studies only?® and a
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study using urinary deoxypyridinolinewhichis
a more specific marker of bone resorption did
not show an increase in excretion of this
breakdown product of type| procoliagen.? The
increasein bone resorptionin GIO is attributed
to areductionin serum sex steroidslevels?®* as
aresultof corticosteroid-inducedsuppressionof
pituitary gonadotrophinsecretionand inhibition
of testosterone secretion by the testes,*>** and
secondary hyperparathyroidism, 35 The latter
is in turn due to decreased intestinal calcium
absorption and increased urinary calcium

MANAGENMENT
Prevention

In those who are at greatest risk of developing
GIO, preventive measures should be instituted
at the outset as bone lossin GIO is most rapid
during thefirst 6 monthsof treatment. Patients
with additional risk factorsfor osteoporosissuch
as immobilisation, connective tissue disorders,
menopausa states, low caciumintakeand family
history of osteoporosis should have their bone

Corticosteroid (gm)

H G 4: No corrdation between BMD of patientsa L2-L4 and total amount of corticosteroids consumed.
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Months

FIG. 5: No corrédation between BMD of patientsa L2-L4 and duration of treatment.

density measured at the start of glucocorticoid
therapy and subsequently at 6 monthly intervals.
Thosewith BMDof more than 1 D below that
of ayoung adult (T score= -1 or less) should
receive specific treatment for osteoporosis.

Genera preventive measures which gpply to
al patientson corticosteroidsincludethe use of
lowest effective dose and the use of topica
steroids whenever possible. The addition of
steroid-sparing drugs like azathioprine and
cyclophosphomide for those on long term and
high dose therapy should be considered. Do not
prolong treatment unnecessarily. Avoid
immobility, excessive acohol, cigarettes and
caffeine.

Treatment

Treatment is indicated in thoge whose BVMD is
more than 1 SD below that of the young adult.
Currently the approved treatment for GIO is
amed at decreasing the rate of resorption by
using antiresorptive agentsand or vitamin Dand
calcium supplementation to counter secondary
hyperparathyroidism. As in postmenopausal
osteoporosis, hormone replacement therapy
(HRT) isthemaingtay of trestment in thosewith
GIO who are oestrogen deficient

(postmenopausal ,prematureovarianfailureand
oophoorectomy) and where HRT is not
contraindicated.* Testosteroneisindicatedin
males with low testosterone levels.?® Calcium
supplementation is relatively safe and
inexpensive. It dowsthe rate of bone loss but
by itself isinadequate." Theadditionaf vitamin
D has been shown to be effective in reducing
bone loss of the axial skeleton.’® This regime
may be most effectivein elderly subjectswhere
calcium absorption and the synthesis of active
vitamin D metabolitesas well as its action are
often impaired.* However, the combination of
cacium and vitamin D increases the risk of
hypercalcemia and nephrocalcinosis and
therefore requires regular monitoring of serum
cacium and renal function.”® The use of nasal
calcitonin pluscal cium supplementationhasal so
been demonstratedto maintain bone massat the
lumbar spine in those on long term
corticosteroids.’®* The results with
bisphosphonates are similar to that of
calcitonin.***  Recently, the use of low dose
fluoridehas been shown toincreasethe BMDof
theaxial skeletonand thiswasassociatedwith a
reduction in vertebral fracture rate without
adversely affecting appendicular BVD in
patients with postmenopausal osteoporosis.*
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Slow release low dose fluorides may have a
future in the treatment of established GIO.

The widespread use of glucocorticoidsin many
chronic medical disorders has led to the
increasing prevaence of GIO. The adverse
effects of glucocorticoidson the skeleton are
purportedly due to its inhibition of bone
formation without a parallel reduction in bone
resorption. It predominantly affects the
cancellousboneduring theinitial 6to 12 months
of therapy. Strategiesto prevent GIO include
minimisation of systemic exposure to
glucocorticoids, avoidance of risk factors of
osteoporosis,adequatecaciumintakeandregalar
monitoring of BMD. Patients with BMD of
more than 1 SD below that of the young adult
should be treated without delay. Treatment is
amed at reducingtherateof bone resorption by
employing single or a combination of
antirresorptive agents. HRT is still the most
cost-effective treatment in those who are
oestrogen deficient.  Where HRT is
contraindicated or not tol erated, nasal calcitonin
or bisphosphosnatepluscalciumisareasonable
alternative. Vitamin D and calcium
supplementation are perhaps most useful in the
elderly where calcium absorption and synthesis
of active vitamin D metabolites and its action
are compromised. Cyclical dow release low
dose fluorides may have a future role in the
management of established GIO.

REFERENCES

1. Cushing H. Thebasophil adenomasof the pituitary
body and their clinical manifestation (pituitary
basophilism). Bull John Hopkins Hosp 1932; 50:
137-95.

2. Curtiss H. Clark WS, Hemndon CH. Vertebral
fractures resulting from prolonged cortisone and
corticotropintherapy. JAMA 1954; 156: 467-9.

3. Reid DM, Nicoll JJ, Smith MA, Higgins B, Tothilt
P, Nuki G. Corticosteroidand bonemassinasthma:
Comparisons with rheumatoid arthritis and
polymyalgia rheumatica. Br Med J 1968; 293
1463-6.

4. Reid IR, King AR, Alexander CJ, Abbertson Hk.
Preventionof steroid-inducedosteoporosiswith 3-
amino-I-hydroxypropylidene-1, 1-hisphosphonate
(APD). Lancet 1988; 1:143-6.

5. Lukert BP, Raisz LG. Glucocorticoid-induced
osteoporosis. pathogenesisand management. Ann
Int Med 1990; 112: 352-64.

6. Adinoff AD, Hollister JR. Steroid-inducedfractures
and bone loss in patients with asthma. N Engl J
Med 1983; 309:265.

32

10.

11

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

June 1997

Ruegesegger P, Medici TC, Anlinker M.
Corticosteroid-induced bone loss: A longitudinal
study of alternate day therapy in patients. with
bronchial asthma using quantitative computed
tomography. Eur J Clin Pharmacol 1983; 25: 615.
Hahn TJ, Halstead LR, Baran DT. Effectsof short
term glucocorticoid administration on intestinal
calcium absorption and circulating vitamin D
metabolite concentrationsin man. JClin Endocrinol
Metab 1981; 52:111

Vertraeten A, Dequaker J. Vertebral and peripheral
bone mineral content and fracture incidence in
postmenopausal patients with rheumatoidarthritis:
effect of low dose corticosteroids. Ann Rheum Dis
1986; 45: 852-7.

Hooyman JR, Melton LJ, Nelson AM, O’Fallon
WM, RiggsBL. Fracturesafter rheumatoidarthritis.
A population-basedstudy. Arthritis Rheum 1984;
27: 1353-61.

Cooper C. Wickham C. Rheumatoid arthritis,
corticosteroid therapy and fracture of the proximal
femur. J Bone Min Res 1990; 5: (suppl 2) S109.
Gennari C, Citivelli R. Glucocorticoid-induced
osteoporosis. Clin Rheum Dis 1986; 12: 637-54.
Reid IR, Heap SW. Determinants of vertebral
mineral density in .patients receiving long-term
glucocorticoid therapy. Arch Int Med 1990; 150:
2545-8.

Sambrook PN, Kelly PJ, Keogh A. MacDonald P,
Spratt P, Freund J, Eisman JA. Bone loss after
cardiactranspl antation:aprospectivestudy. JHeart
Lung Transpl 1994; 13: 116-21.

Seeman E, Wagner HW, Offord KP, Kumar R,
Johnsen WJ, Riggs BL. Differentia effects of
endocrinedysfunctionon theaxial and appendicular
skeleton. J Clin Invest 1982; 69: 1302-9.
Bockman RS, Weinerman SA. Steroid induced
osteoporosis. Orthop Clin North Am 1990; 21: 97-
107.

Reid IR, Evans MC, Wattie DH, Ames R, Cundy
TF. Bone minera density of the proximal femur
and lumbar spinein glucocorticoid-treatedasthmatic
patients. OsteoporosInt 1992; 2: 103-5.
Sambrook P, Birmingham J, Kelly P, Kempler S.
Nguyen T, Pocock N Eisman J. Prevention of
corticosteroid osteoporosis - a comparison of
calcium, calcitriol and calcitonin. N Engl J Med
1993; 328: 1747-52.

Ficat RP. Idiopathic bone necrosisof the femoral
head: Early diagnosisand treatment. J Bone Joint
Surg Br 1985; 67: 3-9.

LoCascio V, Bonnucci E, Imbimbo B, et . Bone
lossin responsetolong-termglucocorticoid therapy.
Bone Mineral 1992; 8: 39-51.

Bressot C, Meunier PJ, Chapuy MC, Lejeune E,
Edouard C, Darby AJ. Histomorphometricprofile,
pathophysiologyand reversibility of corticosteroid
induced osteoporosis. Metab Bone Dis Rel Res
1979; 1: 303-11.

. Dempster DW. Bone histomorphometry in

glucocorticoid induced osteoporosis. J Bone Min
Res 1989; 4: 137-141.

. Reid IR, Chapman GE, Frazer TR. Low serum

osteocalcin levels in glucocorticoid-treated




24.

25.

26.

27.

28.

31

32

33.

35.

36.

37.

38.

asthmatics. J Clin Endocrinol Metab 1986; 62:
376-83.

Godschalk MF, Downs RW. Effect of short-term
glucocorticoids on serum osteomucin in heathy
young men. JBone Miner Res 1988; 3. 113-5.
Oikarinen A, Autio P, Vuori J, et d. Systemic
glucocorticoid treatment decreases serum
concentrations of carboxyterminal propeptide of
type 1 procollagen and aminoterminal propeptide
of type111 procollagen. Br JDermatol 1992; 126:
172-8.

Momson NA, Shine J, Verkest V, McMenemy
ML, Eisman JA. 1,25-dihydroxyvitamin D
responsive element and glucocorticoid repression
in the osteocalcingene. Science 1989; 246: 1158-
61.

Hodsman AB, Toogood JH, Jennings B, Fraher U,
Baskerville JC. Differentia effects of inhaled
budesonide and oral prednisolone on serum
osteocalcin. JClin Endocrinol Metab 1991; 72 (3):
530-40.

Ali NJ, Capewell S, Ward MJ. Bone turnover
during high dose inhaled corticosteroid treatment.
Thorax 1991; 46: 160-4.

PackeGE, DouglasJG, McDonald AF, RobinsSP,
Reid DM. Bone density in asthmatic patients
taking high dose inhaled beclomethasone
diproprinate and intermittent systemic
corticosteroids. Thorax 1992; 47: 414-7.

Crilly RG, Cawood M, Marshall DH, et al.
Hormonal status in normal, osteoporotic and
cortiocosteroid-treatedpostmenopausal women. J
R Soc Med 1978; 71: 733.

Doerr P, Pirke KM. Cortisol induced suppression
of plasma testosterone in normal adult males. J
Clin Endocrinol Metab 1976; 43: 622.
MacAdams MR, WhiteRH, ChippsBE. Reduction
in serum testosterone levels during chronic
glucocorticoid therapy. Ann Intern Med 1986;
648: 651. .

Luton JP, Thieblot P, Valcke JC. Reversible
gonadotrophin deficiency in maleCushing’s diseese
J Clin Endocrinol Metab 1977; 45: 488-95.

Fucik RF, Kukreja SC, Hargis GK, Bowser EN,
Henderson WJ, Williams GA. Effect of
glucocorticoidsonfunction of theparathyroid gland.
J Clin Endocrinol Metab 1975; 40: 152-5.

Suzuki Y, Ichikawa Y, Saito E. Importance of
increased urinary excretion in the development of
secondary hyperparathyroidismof patients under
glucocorticoidtherapy. Metabolism1983; 32: 151-
6.

Klein RG, Amaud SB, Gallagher JC, DeLuca HF,
Riggs BL. |Intestinal cal¢ium adsorption in
exogenous hypercortisolism: role of 25-
hydroxyvitamin D and corticosteroiddose. J Clin
Invest 1977; 60: 253-9.

Lukert BP, Johnson BE, Robinson RG. Estrogen
and progesterone replacement therapy reduces
glucocorticoid induced bone loss. J Bone Miner
Res 1992; 7: 1063-9.

Hall GM, Daniels M, DoyleDV, Spector TD. The
effect of hormone replacement therapy on bone
massin rheumatoidarthritistreated with and without

39.

41.

42.

STEROID-INDUCED OSTEOPOROSIS

steroids. Arthritis Rheum 1994; 37: 1499-1505.
ForestaC, Ruzza G, Mioni R, et ad. Testosterone
and bone loss in Klinefeltet syndrome. Horm
Metab Res 1983; 15: 56.,

Reid IR, Ibbertson HK. Calcium supplementsin
theprevention of steroid-inducedosteoporosis. Am
J Clin Nutr 1986; 44: 287.

Chapuy MC, Arlot ME, Delmas PD, Meunier PJ.
Effect of calciumand cholecalciferol treatment for
three years on hip fracturesin elderly women. Br
Med J 1994; 308: 1081-2.

Gallacher SJ, Kathryn JA, Anderson K, et a.
Intravenous pamidronate in the treatment of
osteoporosis associated with corticosteroid
dependentlung disease: an open pil otstudy. Thorax
1992; 47: 932-6.

Pak CY C, Sakhaee K, Piziak V, et al. Slow-release
sodium fluoride in the management of
postmenopausal osteoporosis - a randomised
controlledtrial. Ann Intern Med 1994; 120: 625-32.

33




