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Even today, over 50 years after their
introduction into clinical medicine,
glucocorticoids are the most effective
anti-inflammatory and immunomodu-
latory drugs at our disposal. This state-
ment even appliesin the era of the bio-
logics and COX 2-specific inhibitors.
The glucocorticoids are therefore
among the most important drugs used
in routine clinical practice. In particu-
lar, optimal therapy in rheumatology
would not be possible without this class
of substances. Just imagine what it
would be like without the possibilities
of, for example, pulse therapy with
methylprednisolone or prednisolone, if
it were not possible to treat patients
with low-dose glucocorticoid therapy
or to apply glucocorticoids intra-articu-
larly — our clinical success would cer-
tainly be distinctly limited compared
with the status quo. On the other hand,
glucocorticoids — especially in the case
of incorrect application — are undoubt-
edly also drugs that have a high poten-
tial for side effects (Tablel).

The incidence and intensity of side
effects are especialy dependent on the
dose and duration of application. This
knowledge underscores the duty placed
on the attending physician to apply glu-
cocorticoids responsibly and under reg-
ular and strict consideration of the ben-
efit-risk ratio. The area of tension
between high clinica efficacy on the
one hand, and significant,only partialy
avoidable or treatable side effects on
the other, is the reason why the gluco-
corticoids remain the subject of basic
research and applied clinical research

Tablel. Some of the possible side effects
of low-dose glucocorticoid therapy.

Fat redistribution, weight gain, Cushing's
syndrome

Altered water and electrolyte balance,
hypertension

Osteoporosis
Disorders of glucose metabolism or diabetes
Myopathy

Suppression of the hypothalamus-pituitary-
adrenocortical axis

Cataract, glaucoma

Peptic ulcer disease (in combination with
non-steroidal drug therapy)

Psychological and behavioural disturbances
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today. Attention is currently focused on

three main problem aress:

1. Further research on the mechanisms
of action.

2. Work on the development of gluco-
corticoids and glucocorticoid recep-
tor ligands with an improved bene-
fit-risk ratio.

3. Optimisation of the clinical applica-
tion of currently available glucocor-
ticoids.

The current situation concerning these

three points will be outlined below.

Resear ch on the mechanisms of
action

Today it is clear that glucocorticoids
mediate their main therapeutic effects
via their genomic actions, i.e. via their
receptors located in the cytosol (1).
This mechanism has been thoroughly
researched, although our detailed
knowledge is constantly growing here,
as well. In contrast, uncertainty re-
mains regarding the two clinically rele-
vant questions of how glucocorticoids
achieve their very rapid effects and
why high doses are disproportionately
more effective than low doses. The
existence of non-genomic actions is
being discussed as an answer to these
two questions (1). Unspecific non-
genomic (i.e. mediated without direct,
primary interaction with the genome)
and specific non-genomic actions have
been distinguished (1,2). The unspecif-
ic non-genomic actions — probably
only occurring at very high doses
(pulse therapy, intra-articular injec-
tions) — are therapeutically relevant
physicochemical interactions with cel-
lular membranes. The existence of
membrane-bound receptors for media
tion of the specific non-genomic ac-
tionsis suspected. Intensive research is
being conducted in thisfield, and asig-
nificant increasein findingsis expected
in the near future. More detailed litera-
ture is recommended for the interested
reader (2, 3).

Development of new glucocor ticoids
and glucocorticoid receptor ligands

The association mentioned above
between effect and side effects in the
application of glucocorticoids has al-
ready generated a desire for the devel-
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opment of optimised glucocorticoids at
an early stage. This idea was initialy
discarded under the impression that the
effects and side effects were insepara-
bly linked. It was assumed that after
binding of the glucorticoid to its recep-
tor, the activated glucocorticoid recep-
tor complex induces both effects and
side effects at the genomein avirtually
undifferentiated manner. As greater
knowledge was gained about the de-
tailed mechanismes, this conception was
increasingly shown to be incorrect.

A major milestone was then the discov-
ery that the activated glucocorticoid
receptor complex, beside its binding to
glucocorticoid-responsive elements in
the nucleus, also binds to transcription
factors (activator protein 1, NFkB) and
thus inhibits their action. In the subse-
guent period, more and more research
results suggested that the anti-inflam-
matory properties of glucocorticoids
are caused mostly by repression of the
activator protein 1- and NFkB-stimu-
lated synthesis of inflammatory media-
tors, whereas most of their adverse
effects are associated with the trans-
activation of genes involved in meta
bolic processes (4). For this reason,
researchers started to look for novel
glucocorticoid receptor (GR) ligands
that have high repression but low trans-
activation activities. Recently, a very
promising substance was described —
A276575 and its four enantiomers.
Similarly to dexamethasone, it exhibits
ahigh affinity for glucocorticoid recep-
tors and potently represses IL lba-
stimulated IL-6 production, but in con-
trast to dexamethasone it causes a
smaller induction of aromatase activity
(4). Accordingly, this clearly represents
the first successful attempt to synthe-
sise a novel, non-steroidal glucocorti-
coid receptor ligand that possesses high
repression activities against inflamma-
tory mediator production, but has lowver
GRE trans-activation activitiesthan tra-
ditiona steroids. We will have to fol-
low this interesting development very
attentively.

Optimisation of theclinical
application of currently available
glucocor ticoids

A comprehensive response to the ques-
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tion of how glucocorticoid therapy can
be optimised with the drugs available
would go beyond the scope of an edito-
rial. Therefore, just two important
aspects are mentioned here: 1) correct
nomenclature and the application of the
different dose ranges as indicated, and
2) knowledge of the existence, inci-
dence, avoidability and treatability of
glucocorticoid-induced osteoporosis.
With regard to the first point, reference
is made here to a recently published
paper that deals in detail with the prob-
lem area mentioned and makes appro-
priate suggestions (5).

With regard to the second point, it is
important to mention that glucocorti-
coids, prescribed for their anti-inflam-
matory and immunosuppressive prop-
erties, are the most common cause of
secondary osteoporosis (6). The mech-
anisms of these adverse effects of the
glucocorticoids are manifold and were
recently described inreviews (7-9). Itis
estimated that glucocorticoid-induced
osteoporosis occurs in around 50% of
patients who have been on glucocorti-
coid therapy for more than 6 months
(10, 11). At the same time the question
of a safe dose, in other words a gluco-
corticoid dose without clinically signif-
icant side effects on bone, remains un-
answered. Thus, relevant side effects
with regard to osteoporosis induction
are also reported for 7.5 mg predni-
solone equivalent per day (12, 13). The
relative risk of vertebral fracture in-
creases from 1.55 at < 2.5 mg per day
to 5.18 in patients with > 7.5 mg per
day (14).

In this issue of Clinical and Experi -
mental Rheumatology, van Everdingen
et al. report on a study in which 81
patients with early active rheumatoid
arthritis (RA) received either 10 mg/d
prednisone or placebo (in addition to
NSAIDs, sulphasalazine, 500 mg calci-
um supplement) from 1992 — 1995
(15). The authors found numerically
more lumbar vertebral spine fractures
and a reduced bone density in the area
of the lumbar spine, athough the dif-
ferences compared with the placebo
group did not achieve statistical signifi-
cance — probably due to the relatively
small number of patients. Since the
reduction in bone density (delta about
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0.5 SD compared with placebo) of the
lumbar spine only partialy explained
the increased incidence of fractures
(this rate was doubled as compared
with placebo, afinding which would be
more compatible with a decrease of 1.0
SD), the authors conclude that low-
dose prednisone therapy in patients
with early active previously untreated
RA not only increases the risk of frac-
tures by reducing bone density, but also
by changing bone strength and struc-
ture (15, 16).

This conclusion is supported by the
identification of problems that occur in
the use of bone density measurement
for diagnostics and monitoring of the
disease course in osteoporosis (6). For
example, Pedl e al. found that the inci-
dence of fracture is higher in patients
with glucocorticoid-induced osteoporo-
sis than in those with postmeno-pausal
or involutional osteoporosis, even
though the bone mineral density isrela
tively higher in those patients (17). A
high bone turnover as induced by glu-
cocorticoid treatment is possibly
responsible for disrupting the microar-
chitecture of bone (6). Unfortunately,
parameters of bone microarchitecture
are not recorded by the established
methods for measuring bone density.
On the other hand, this problem is well
known, and severa different research
groups are involved in developing mea-
suring methods to rectify the situation.
Independently of this, however, the
paper by van Everdingen et al. again
shows the necessity: (i) to establish
strict indications, as a matter of princi-
ple, for glucocorticoid therapy — even
for low- and medium-dose regimens
(5), and (ii) to conduct the diagnostics,
prevention and therapy of glucocorti-
coid-induced osteoporosis consistently.
The clinical importance of such action
is underscored by the observation that
fractures occur in roughly one-third of
patients who are treated with glucocor -
ticoids for more than one year (18,19).
What isto be done in view of theseim-
pressive figures? Overall, an unequivo-
cal standard for the prevention and
therapy of glucocorticoid-induced osteo-
porosisis not available (20), but guide-
lines for the prevention and treatment
of glucocorticoid-induced osteoporosis
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were issued by the American College
of Rheumatology in 1996 (21) and
updated in 2001 (22). Other examples
are guidelines from the UK Consensus
Group (23, 24). However, in a paper
just published, Solomon et al. (25)
report that the practical implementation
of such guidelines is not very consis-
tent. For example, bone density was
measured in only 23% of patients with
rheumatoid arthritis who were taking a
mean daily dosage of 8.8 mg pred-
nisone over 15 months, less than half of
the patients were taking prescription
medication for osteoporosis, and only
one quarter were documented as taking
calcium and/or vitamin D. The situa-
tion in Europe is probably similarly
suboptimal. The dissemination of
information on this subject will there-
fore be just as important asthe analysis
of actually achieved treatment quality
in the future.

References

1. BUTTGEREIT F, WEHLING M, BURMESTER
GR: A new hypothesis of modular glucocorti-
coid actions. Glucocorticoid treatment of
rheumatic diseases revisited. Arthritis Rheum
1998; 41: 761-7.

2. BUTTGEREIT F, BURMESTER, GR, BRAND
MD: Bioenergetics of immune functions:
Fundamental and therapeutic aspects. Immu-
nology Today 2002; 21: 189-96.

3. BUTTGEREIT F, SCHEFFOLD A: Rapid glu-
cocorticoid effects on immune cells. Seroids
2002; 67: 529-34.

4. LIN CW, NAKANE M, STASHKO M et al.:
Trans-activation and repression properties of
the novel nonsteroid glucocorticoid receptor
ligand 2,5-dihydro-9-hydroxy-10-methoxy-
2,2,4-trimethyl-5-(1-methylcyclohexen-3-

10.

11.

12.

13.

14.

15.

y1)-1H-[1]benzopyrano[3,4-f]quinoline
(A276575) and its four sterecisomers. Mol
Pharmacol 2002; 62: 297-303.

BUTTGEREIT F, DA SILVA JAP, BOERS M, €t
al.: Standardised nomenclature for glucocor-
ticoid doses and glucocorticoid regimens:
Current questions and tentative answers in
rheumatology. Ann Rheum Dis 2002; 61:
718-22.

RAMSEY-GOLDMAN R: Missed opportuni-
ties in physician management of glucocorti-
coid-induced osteoporosis. Arthritis Rheum
2002; 46: 3115-20.

PATSCHAN D, LODDENKEMPER K, BUTT-
GEREIT F: Molecular mechanisms of gluco-
corticoid-induced osteoporosis. Bone 2001;
29: 498-505.

MANOLAGAS SC, WEINSTEIN RS: New
developments in the pathogenesis and treat-
ment of steroid-induced osteoporosis. J Bone
Miner Res 1999; 14: 1061-6.

. CANALIS, E, GIUSTINA A: Glucocorticoid-

induced osteoporosis: summary of a work-
shop. J Clin Endocrinol Metab 2001; 86:
5681-5.

REID IF: Glucocorticoid-induced osteoporo-
sis. J Clin Densitometry 1998; 1: 65-73.
SAMBROOK PN: Corticosteroid osteoporo-
sis: Practical implications of recent trids. J
Bone Miner Res 2000; 15: 1645-9.
DENIJSRNJ, JACOBS JWG, BIJLSMA JWG, et
al.: Prevalence of vertebral deformities and
symptomatic vertebral fractures in corticos-
teroid treated patients with rheumatoid arth-
ritis. Rheumatology 2001; 40: 1375-83.

VAN STAA TP, LEUFKENS HG, COOPER C:
The epidemiology of corticosteroid-induced
osteoporosis: A meta-analysis. Osteoporosis
Int 2002; 13: 777-87.

VAN STAA TP, LEUFKENSHG, ABENHAIM L,
ZHANG B, COOPER C: Use of oral corticos
teroids and risk of fractures. J Bone Mineral
Res 2000; 15: 993-1000.

VAN EVERDINGEN AA, SIEWERTSZ VAN
REESEMA, DR, JACOBS WG, BIJLSMA JWF:
Low-dose glucocorticoids in early rheuma
toid arthritis: Discordant effects on bone
mineral density and fractures? Clin Exp
Rheumatol 2003; 21: 155-60.

147

EDITORIAL

16. BUCKLEY LM: Clinical and diagnostic fea-
tures of glucocorticoid-induced osteoporosis.
Clin Exp Rheumatol 2000;18:41-3.

17. PEEL NF, MOORE DJ, BARRINGTON NA,
BAX DE,EASTELL R: Risk of vertebral frac-
ture and relationship to bone mineral density
in steroid treated rheumatoid arthritis. Ann
Rheum Dis 1995; 54: 801-6.

18. MICHEL BA,BLOCH DA,FRIES JF: Predictors
of fractures in early rheumatoid arthritis. J
Rheumatology 1991; 18: 804-8.

19. ADINOFF AD, HOLLISTER JR: Steroid-
induced fractures and bone loss in patients
with asthma. N Engl J Med 1983; 309:265-8.

20. LODDENKEMPER K, GRAUER A, BURMES-
TER GR, BUTTGEREIT F:. Effects of eti-
dronate on corticosteroid-induced osteoporo-
sis in patients with rheumatic diseases. Clin
Exp Rheumatol 2003; 21: 19-26.

21. AMERICAN COLLEGE OF RHEUMATOLOGY
TASK FORCE ON OSTEOPOROSIS GUIDE-
LINES: Recommendations for the prevention
and treatment of glucocorticoid-induced
osteoporosis. American College of Rheuma
tology Task Force on Osteoporosis Guide-
lines. Arthritis Rheum 1996; 39: 1791-801.

22. AMERICAN COLLEGE OF RHEUMATOLOGY
AD HOC COMMITTEE ON GLUCOCORTI-
COID-INDUCED OSTEOPOROSIS: Recom-
mendations for the prevention and treatment
of glucocorticoid-induced osteoporosis.
American College of Rheumatology Task
Force on Osteoporosis Guidelines 2001 up-
date. Arthritis Rheum 2001; 44: 1496-503.

23. EASTELL R: Management of corticosteroid-
induced osteoporosis. UK Consensus Group
Meeting on Osteoporosis. J Intern Med 1995;
2375: 439-47.

24. EASTELL R,REID DM,COMPSTON Jetal.: A
UK Consensus Group on management of
glucocorticoid-induced osteoporosis. An
update. J Intern Med 1998; 2444: 271-92.

25. SOLOMON DH, KATZ JN, JACOBS JP, LA
TOURETTE AM, COBLYN J: Management of
glucocorticoid-induced osteoporosis in pa
tients with rheumatoid arthritis: Rates and
predictors of care in an academic rheumatol-
ogy practice. Arthritis Rheum 2002; 46:
3136-42.



