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Introduction
Glucocorticoids are currently
an indispensable part of the
treatment approach to a wide
variety of medical conditions.
While generally extremely effective,
at least temporarily, the multitude
of attendant adverse events
associated with glucocorticoid
use should see them viewed as
“our best of drugs, our worst of
drugs”. These adverse events
included hypertension, diabetes
mellitus, infection, weight gain,
muscle weakness, and of
particular relevance to the current
conversation, osteoporosis and
increased fracture risk.1
Glucocorticoid effect on bone
Glucocorticoids are an essential
part of the physiology of the
normally functioning human body.
Conceptually many glucocorticoid
induced adverse events can be
thought of as an amplification of
the normal physiologic roles of
glucocorticoids. Glucocorticoids
induce an early high bone turnover
state. The consequences of
this can be rapid and profound
with increased fracture risk
evident within three months
of glucocorticoid initiation. If
glucocorticoids are continued
over a prolonged timeframe
this switches to a low bone
turnover state with a net loss
of bone strength due to a more
marked effect on synthesis than
resorption. The highest rate of
bone loss occurs within the first
3-6 months of glucocorticoid use
however bone density continues to
progressively decline at a slower
rate with ongoing treatment.2
Both higher daily glucocorticoid
dose and higher cumulative
glucocorticoid dose are associated
with a progressive increase in
fracture risk.

While glucocorticoids will reduce
bone mineral density as measured
by DXA, they also increase fracture
risk independent of bone mineral
density. Therefore, at any given
bone mineral density, the fracture
risk is increased in individuals
receiving glucocorticoids. This
is reflected in the incorporation
of glucocorticoids in the
FRAX fracture risk prediction
model. While the majority of
individuals receiving long-term
glucocorticoids should have
a DXA scan performed, it is of
greater importance to perform a
clinical fracture risk assessment,
using a formalised tool such as
FRAX or using clinician gestalt.
Those identified as being at
moderate or high risk of fracture
should be treated as osteoporosis
irrespective of DXA results.
Minimising Fracture Risk
A key concept that must not
be forgotten is that the clinical
end point we care about in
osteoporosis care is fracture.
Osteoporosis does not cause
symptoms in the absence of
fracture and while it may be
slightly disingenuous to suggest,
the perfect osteoporosis treatment
would reduce fracture risk to zero
and its effect on bone mineral
density would be irrelevant. The
management of osteoporosis
frequently focuses on medication
strategies to increase bone
mineral density, while these are
important, they are only one
component of the approach to
minimising fracture risk. While
osteoporotic fragility fractures can
occur with minimal or no trauma,
falls remain an important and
neglected aetiologic factor in many
fractures, particularly non-vertebral
fractures. Strategies to reduce falls
in terms of muscle and balance
strengthening exercise as well
as minimisation of environmental
and other risk factors for falls
have the most immediate impact
in terms of fracture reduction.
Smoking cessation, alcohol
moderation, and the appropriate
management of other active
contributory medical conditions
are all important elements to
osteoporosis management.
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Improving Bone Mineral Density
Getting the Building
Blocks Right
Bone is a complex biomechanical
structure, and as with the
construction of any structure, it
is necessary to have the correct
building materials for the job.
The importance of calcium and
vitamin D to bone health has
long been appreciated. What is
less well recognised is that the
importance is in having adequate
amounts of these, and that more
is not necessarily better and
may even be harmful. Excess
calcium has been associated
with increased cardiovascular
disease and excess vitamin D with
ureteric stones.3 This leads to the
fundamental concept that calcium
supplementation is for individuals
with calcium deficiency and
that vitamin D supplementation
is for individuals with vitamin D
deficiency. Thankfully we have
a reliable method of measuring
vitamin D sufficiency, using
serum vitamin D levels. Calcium
is more complex, in that serum
calcium does not reflect total
body calcium. Our physiology
requires serum calcium to be
tightly regulated, and therefore
the body will sacrifice all other
reserves of calcium, particularly
the bones, in order to maintain
serum calcium in the normal
range. Adequate calcium intake
is best assessed by performing
a calcium intake questionnaire
with patients. If dietary calcium
intake is insufficient it requires
supplementation. By far the best
source of supplementation is by
increasing dietary intake through
increased calcium rich foods. If
this is not possible or practical
then calcium supplements can be
utilised. Vitamin D insufficiency is
slightly trickier as the best source
is from sunlight, something which
is both conspicuously absent in
Ireland and which carries risks with
increased exposure, namely skin
cancer. Therefore, serum vitamin D
deficiency is usually best managed
by supplements. There are two
approaches to this, one is to start
a standard dose supplement and
increase the vitamin D slowly to
sufficiency. Another approach is
a loading dose approach, with
an initial high dose for the first
6 weeks and then a standard
dose. There is little evidence that
either approach is superior, and
aside from the setting of severe
deficiency, the standard dose

approach is usually more practical.
Whichever approach is used, a
subsequent recheck of serum
vitamin D to ensure the success
of supplementation leading to
repletion is essential. Adequate
dietary protein intake is also
crucial in maintaining bone health,
with recent data emphasising the
importance of sufficient protein
consumption in preventing falls
and fractures.4
Affecting Bone Remodelling
A basic tenet of the approach
to glucocorticoid use is that it
is far easier to prevent bone
loss than to reverse it. While not
every patient on glucocorticoids
requires pharmacologic treatment,
many do, Figure 1. This is
particularly true for those who
have other risk factors for fracture
including increasing age. This
risk stratification is complex
and individualised. In terms of
treatment choices there is one
important consideration in terms of
which medication to choose when
selecting a preventative treatment
for glucocorticoid induced
osteoporosis. This resolves
around the anticipated duration
of glucocorticoid exposure.
There are three main groups of
pharmacologic treatments used
in this setting, the anti-resorptive
agents of bisphosphonates
and denosumab, and the bone
formation stimulating teriparatide.
Bisphosphonates are favoured in
the setting of expected temporary
use for a number of reasons,
especially due to their prolonged
beneficial effects after stopping the
agent due to their incorporation
in bone. Essentially this means,
that in individuals who do not have
co-existent osteoporosis for other
reasons, that the majority of the
time, the bisphosphonate can be
stopped when the glucocorticoids
are. Similarly, as the duration of
steroid use will often be 1 year
or less, an oral bisphosphonate
rather than an annual intravenous
infusion is more pragmatic.
Denosumab, which inhibits RANKligand has a particular concern
with its use, in that it has a rapid
off effect once ceased with an
associated precipitous drop in
bone mineral density. This is the
reason that drug holidays are not
appropriate in individuals receiving
denosumab, and is also a concern
around the potential short term
prophylactic use in the setting of
glucocorticoids. Teriparatide, is
a daily injection for 2 years, and
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Figure 1

Long-term glucocorticoids

Ensure calcium and vitamin
D sufficiency

Address other fracture risk
factors

Rheumatology guidelines.5
However, glucocorticoid-induced
osteoporosis is a variable and
complicated condition and every
patient requires individualised
assessment and management. It
is also a condition where we are
operating with very significant
limitations in data. Due to this the
existing guidelines can be difficult
to interpret with large amounts
of information and discussion.
In clinical practice we see vastly
more patients undertreated than
overtreated. The default position
should be that each individual on
long-term glucocorticoids aged 40
years or older requires treatment,
including a bisphosphonate,
and reasons should be found to
justify not doing this. As this is a
complex area, if there is any doubt,
specialised referral to a bone
health service is encouraged.
Summary

Low risk

Monitor BMD

Moderate/High Risk

Age ≥ 40

Age < 40

Glucocorticoid-induced
osteoporosis is a significant
health problem with high rates
of the negative consequence
of fracture. Many of these
fractures are preventable with
appropriate management. All
individuals receiving long-term
glucocorticoids require fracture
risk assessment and nonmedication strategies to improve
bone health. The majority of those
aged 40 years or older receiving
long-term glucocorticoids will also
require a bisphosphonate.
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need to continue their bone
prophylaxis as long as they
remain on glucocorticoids, and
certainly as long as they are >5mg/

day prednisolone equivalent
dose. Osteoporosis is incredibly
common with half of women
and one quarter of men suffering
an osteoporotic fracture during
their lifetime. Osteoporosis is
also very much a hidden disease
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screening criteria for DXA, but
even in the absence of this should
undergo bone density assessment
prior to consideration of cessation
of bone prophylaxis.
Guidelines
Excellent guidelines exist for the
prevention and management
of glucocorticoid-induced
osteoporosis, for example
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