
Osteoporosis is a growing silent epidemic and
fra gi lity fractures related to osteoporosis will
affect one in two Australian women and one in
three Australian men over 60 years of age. If noth-
ing is done to prevent osteoporosis, the number
of hip fractures in women will more than double
from 1990 levels by 2025, when the number of
hip fractures in men will equate to 1990 levels in
women. The consequences of fractures include
increased mortality of up to 20% in women at one
year following a hip fracture.1  Mortality is even
higher in men. Morbidity is also a major issue.
About half of previously independent women
remain in long term care or need help with the
activities of daily living a year after hip fracture.2

Up to one-third of individuals who have a hip
fracture can become totally dependent.3

Osteoporosis-related fractures in Australia are
both under-recognised and undertreated.4 Less
than 20% of Australian women known to have 
an osteoporosis-related fracture had investi-
gations to make the diagnosis, and even fewer
were on any treatment to prevent further frac-
tures. Less than 8% of women aged 50 years 
or more repor ted having a bone density test,
which should be considered in those at risk –
particularly those with a family history, a history
of glucocorticoid use or a premature menopause.
However, the test is meaningless if an action 
plan is not then instituted to prevent or treat
osteoporosis. 
This article focuses on the role of vitamin D

deficiency in contributing to fragility fractures,
and also provides an overview of the available
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Osteoporosis prevention
and treatment

the importance of vitamin D 
Vitamin D is associated with musculoskeletal health, and deficiency in this vitamin leads

to increased risk of falls and osteoporotic fractures.

• Even in Australia vitamin D deficiency is common, but it is under-recognised.

• Evidence is accumulating that vitamin D supplementation reduces falls and fragility

fractures, particularly in groups at risk of vitamin D deficiency. The number-needed-to-

treat to prevent falls in the elderly is small (n=15).

• Assays for 25-hydroxyvitamin D often do not measure vitamin D2 (ergocalciferol) as well

as vitamin D3 (cholecalciferol). This makes assessing treatment responses to vitamin D2
supplements difficult.

• Vitamin D deficiency should be corrected prior to treatment with intravenous

bisphosphonates to avoid hypocalcaemia. Low vitamin D levels should also be corrected

in patients on oral bisphosphonates.

• Calcium supplements will need to be given with vitamin D supplements if patients’

dietary calcium intakes are suboptimal.

• More studies regarding the role of vitamin D supplementation in the primary prevention

of fragility fractures in the elderly are required.
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treatments for osteoporosis and evidence for their
antifracture efficacy.

Vitamin D deficiency
The elderly and institutionalised are particularly at
risk of vitamin D deficiency, as are also those with
pigmented skin, those who suffer from malab-
sorption or have a low dietary intake, and women
who practice veiling. Although there is a lack 
of concensus, vitamin D deficiency may be classi-
fied as mild (25 to 50 nmol/L), moderate (12.5 to 
25nmol/L) or severe (<12.5nmol/L). Parathyroid
hormone (PTH) levels are elevated in 15% and
30% of patients with mild and severe vitamin D
deficiency, respectively, and are intermediate in
those with moderate deficiency. A mineralisation
defect or osteomalacia is present in severe defi-
ciency, while bone turnover is increased in mild
and moderate vitamin D deficiency.

Epidemiology
Estimating the incidence of vitamin D deficiency
is problematic given the lack of consensus regard-
ing what constitutes deficiency. Coupled with 
this has been a lack of reproducibility of results
between different assays of body stores of the vit-
amin.5 Severe deficiency is generally agreed as
being vitamin D levels below which patients
develop osteomalacia. Current quoted reference
ranges usually give the 95% confidence intervals
of a ‘normal population’; some, however, use
optimal target treatment values. Both concepts 
are not ideal. The vitamin D level at which PTH
elevation commen ces has been proposed as the
lower limit for a reference range, because sec-
ondary hyperpara thyroidism is one of the physio-
logical responses to low serum calcium. Thus low
vitamin D levels or a low calcium intake can cause
compensatory elevation of PTH levels. 
There are a number of studies documenting

the relation between vitamin D levels and PTH.
Correlation has been found particularly in the
lower ranges of 25-hydroxyvitamin D (25-OHD)
levels (correlation coefficients between 0.2 and 0.3).
The plateau point in one study was 25 nmol/L
and in another was 78 nmol/L.6,7 Most physicians
would agree that 25-OHD levels of at least 50 
to 70 nmol/L would be optimal. Suboptimal 
vitamin D levels are common throughout the
Western world, even in Australia  (Table).8-11 Some

54.5% of women in southern Victoria have mild–
moderate vitamin D deficiency in winter, while
37.2% remain deficient in summer.8 Most elderly
institutionalised individuals in Australia have
vitamin D deficiency.

Sources of vitamin D
As mentioned in the box on page 21, vitamin D 
is mainly (80 to 100%) derived from synthesis in

Vitamin D deficiency is contributing to the growing silent epidemic of

osteoporosis by its effects on bone metabolism. Low levels of this vitamin are

most likely in those people with limited sunlight exposure (such as the elderly

and the institutionalised), those with pigmented skin, those who suffer from

malabsorption or have a low dietary intake, and women who practice veiling. 
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the skin following exposure to ultraviolet
rays. Fat solubility allows vitamin D accu-
mulated during the summer months to
sustain people through winter. Although
generally only a small percentage of a per-
son’s vitamin D requirement is derived
from the diet, people whose sunlight
exposure is limited will derive significant
proportions from dietary intake.  
There are few dietary sources of vita-

min D that contain high enough levels
to correct deficiency. Fish with high fat
content may account for the relative 
vitamin D repletion in Scandinavia, but
in Australia foods fortified with vitamin
D, such as some milk products and 
margarine, provide the richest source.
However, levels obtained are not suffi-
cient to correct deficiency in patients with
minimal sun exposure. These patients
require supplementation with high
doses of vitamin D, the most commonly
available form being the plant-derived
ergocalciferol or vitamin D2.

Consequences of vitamin D deficiency
Bone and muscle pains
Severe vitamin D deficiency causes osteo -
malacia in adults and rickets in children.
Unfortunately, rickets is reappearing in
Australia, predominantly in children of
mothers at risk. In addition to the laying
down of demineralised bone or osteoid,

a myopathy may occur. Muscle pains may
occur in moderate or severe vitamin D
deficiency.12 

Bone mineral density
Epidemiological studies. Epidemiological
studies have demonstrated a signifi cant
relationship between 25-OHD levels and
bone mineral density (BMD) in elderly
women. 
One study from Amsterdam noted that

the relation was significant only for 25-
OHD levels below 30 nmol/L.13 A larger
study of 13,432 noninstitutionalised US
residents across a wide range of ages,
including men and women and people
of white, Mexican and black back-
grounds, showed a significant relation
between 25-OHD levels and BMD for
white people of all ages.14

Intervention studies. Vitamin D supple-
mentation has been shown to increase
BMD in a number of studies, but many
studies also included calcium in the treat-
ment groups. Most studies demonstrate
an increase in BMD in the treatment
groups and ongoing bone loss in the
placebo groups.15,16

A recent study looking specifically at
vitamin D deficient  (25-OHD <12 ng/mL
[equivalent to <30 nmol/L]) elderly
women demonstrated an increase in
BMD in the lumbar spine, femoral neck

and trochanter in those treated with 
calcium and vitamin D for 12 months.17

Another study also showed increa sed
femoral neck BMD.18 One study compar-
ing calcium alone versus vitamin D alone
in relatively vitamin D replete individuals
showed that calcium was superior in
preventing bone loss.19

A meta-analysis investigating effects
of vitamin D supplementation on both
fractures and BMD found stati stically 
significant but small effects for standard
vitamin D with superiority over placebo
for lumbar spine only at one year and 
for femoral neck beyond one year.20

Vitamin D and falls
Epidemiological studies. Increasing evidence
supports the role of vitamin D deficiency
in the pathogenesis of falls. Antifracture
efficacy of calcium and vitamin D treat-
ment in institutionalised elderly women
occurs in the first six months of treat-
ment, before an appreciable change in
BMD would be expected.
Prospective data from an Australian

study of residential care patients demon-
strated an independent increased risk 
of falls in patients with low vitamin D.21

This relation was observed even after
controlling for weight, cognitive status,
psychotropic drug use, previous Colles’
fracture and presence of wandering 

Table. Vitamin D deficiency in community dwelling adults in Australia

Study

Women (20 to 92 years old),

Geelong, Vic 8

Men and women (17 to 65 years

old), SE Qld 9

Women in hostels (WA, NSW, Vic)10

Women in nursing homes 

(WA, NSW, Vic)10 

Geriatric inpatients (S Tas – 42ºS)11

Mild vitamin D deficiency 

30.0% summer; 43.2% winter

(<50nmol/L 25-OHD) 

23.4% (<50nmol/L 25-OHD)

–

– 

89% (<42nmol/L 25-OHD)

Moderate vitamin D
deficiency 

7.2% summer; 11.3% winter

(<28nmol/L 25-OHD)

8% (<37.5nmol/L 25-OHD) 

22% (<25nmol/L 25-OHD)

45% (<25nmol/L 25-OHD)

67% (<28 nmol/L 25-OHD)

Severe vitamin D 
deficiency   

–  

–

–  

–

15% (<14nmol/L 25-OHD)  
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beha v iour. A doubling of serum 25-OHD
level was associated with roughly a 20%
decrease in falls risk. This may reflect
an effect of vitamin D to improve muscle
function.22

Intervention studies. Intervention studies
have provided conflicting information
regarding the effect of vitamin D supple-
mentation on muscle function. One
study in geriatric patients with vitamin 
D deficiency failed to demonstrate
improvement in muscle strength despite
biochemically adequate supplementa-
tion.23 Another study showed significant 
impro ve  ment in balance, reaction time
and functional performance without
affecting muscle strength.24

Vitamin D supplementation and falls
risk has been reviewed in a recent meta-
analysis and a systematic review. The
meta-analysis suggested that vitamin D
supplementation reduced the risk of falls
among ambulatory or institutionalised
older individuals by 22%.25 Fifteen
patients would need to be treated with
vitamin D to prevent one person from
falling. This analysis incorporated the
findings of five trials with a total of 1237
patients. The studies were of differing
designs, particularly in respect to the vit-
amin D formulation. Three studies used
cholecalciferol (vitamin D3) at two differ-
ent doses. Two of these studies also used
calcium supplementation. The other two
studies used the ‘activated’ vitamin D
forms calcitriol (1,25-dihydroxyvitamin
D3) and alfacalcidol (1�-hydroxyvitamin
D; which is converted into calcitriol).
The analysis also suggested that supple-
mentation with 800 IU of vitamin D was
effective but a dose of 400 IU was not.
The data did not enable conclusions to
be drawn about effects in men and the
role of supplementary calcium.
The earlier systematic review looked at

four high quality trials with 1317 patients
encompassing trials looking at falls as well
as other indicators of strength and physi-
cal performance.26 It concluded that there
was insufficient evidence that vitamin D

alone improved these parameters in the
elderly.
A recent study examined falls and

frac tures in 601 elderly Australians in 
residential care with baseline 25-OHD
levels of 25 to 90 nmol/L who were trea -
ted with ergocalciferol 10,000 IU per
week, then 1000 IU per day, or placebo
and 600 mg elemental calcium for two
years.27 The risk of ever falling was signi -
ficantly reduced by 22%, while there was
a trend for fracture risk reduction by
28%. The authors conclude this although
this effect was additional to calcium, it
could be dependent on calcium. Overall
the current data are very promising for a
beneficial effect of vitamin D supplemen-
tation in reducing falls.

Vitamin D and fractures
Intervention studies. The most important
outcome in osteoporosis prevention or
treatment is fracture risk reduction. A
French study in institutionalised, ambu -
latory elderly women found 800 IU of
cholecalciferol and 1.2 g of calcium signi -
ficantly decreased hip fractures compared
with placebo after 18 months.15 However,
antifracture efficacy in other groups is 
less certain. A Cochrane review from
2001 found that vitamin D supplementa-
tion alone was not associated with reduc-
tion in either vertebral or nonvertebral

fractures.28 In other populations, this 
regimen seems to reduce nonvertebral
fractures overall, but evidence for hip
fracture prevention is not available.
Another meta-analysis reached a 

similar conclusion. Pooled standard and
hydroxylated vitamin D (calcitriol and
alfacalcidol) data found a relative risk of
vertebral fractures of 0.63 (95% CI, 0.45
and 0.88, respectively).20 Risk of non-
vertebral fractures approached but failed
to reach statistical significance (RR 0.77;
95% CI, 0.57 and 1.04, respectively).
A more recent randomised, placebo-

controlled trial comprising 2686 elderly
community dwelling men and women
aged over 65 years, showed cholecal ciferol
100,000 IU administered orally four-
monthly for five years resulted in a 33%
reduction in all major osteoporotic frac-
tures.29 A subgroup of participants recei v -
ing placebo had normal mean 25-OHD
levels of 53 nmol/L and, as expected, 
levels were higher in the treatment group
(74 nmol/L). This has led to a level of
70 nmol/L being suggested as a target
range by some laboratories.

Problems with the evidence
The combined use of calcium supple-
mentation in many studies has made an
individual vitamin D versus calcium
effect difficult to detect. Calcium alone
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What is vitamin D?

Vitamin D is the essential precursor of 1,25-dihydroxyvitamin D, which plays a central role

in calcium and phosphate homoeostasis. There are two forms of vitamin D: vitamin D3, or

cholecalciferol, which is mainly derived from synthesis in the skin following exposure to

ultraviolet rays; and vitamin D2, or ergocalciferol, which is derived from plants and therefore

obtained from dietary intake. Dietary intake makes up only a small percentage of a

person’s vitamin D source, except in people whose sunlight exposure is limited when it

may make up a significant proportion. 

Vitamin D is hydroxylated in the liver to 25-hydroxyvitamin D (25-OHD), and then in the

kidney to 1,25-dihydroxyvitamin D. 1,25-dihydroxyvitamin D is more metabolically active

and has a shorter half life than 25-OHD. 

The vitamin’s fat solubility and long half life allows that accumulated during the

summer months to sustain people through winter. 
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has been shown to have a small positive
effect on BMD and a nonsignificant trend
towards fracture prevention in a meta-
analysis. 
Another issue relates to baseline vita-

min D level and whether patients had 
vitamin D deficiency.30 Most intervention
studies assessed the effect of vitamin D
replacement rather than vitamin D sup-
plementation. The fracture rate, there-
fore, might be considerably higher in
patients with vitamin D deficiency, and
this has implications for an increased
absolute fracture risk reduction with vita-
min D therapy in this group. However,
and as noted above, other data suggest
vitamin D therapy may reduce fractures
in elderly men and women with normal
vitamin D levels. Further studies of vita-
min D and its effects on fractures and falls
are still needed, particularly using varying
doses and in men. 

Questions about vitamin D
Who should you test?
All patients who have osteoporosis should
have their levels of vitamin D tested, 
as should those who are at high risk of 
vitamin D deficiency (see above), are
experiencing falls or have osteoporosis
risk factors.

Don’t test, just treat?
Patient groups such as nursing home or
hostel patients are likely to have such a
high prevalence of vitamin D deficiency
that supplementation without formal
testing may be appropriate. As most vita-
min D intervention studies have been
done on subjects regardless of the base-
line vitamin D level, this approach is not
unreasonable, particularly because of 
the expense of vitamin D assays and the
relative inexpensiveness of vitamin D
supplements.

What to test?
25-hydroxyvitamin D
The serum 25-OHD level is accepted as
the best guide to body stores of vitamin D

and is the most sensitive test for vitamin
D deficiency. The radioimmunoassay for
25-OHD is readily available in Australia,
but there are issues regarding test stan-
dardisation between labora to ries.31 A
more complicated test, high performance
liquid chromatography, is the gold stan-
dard assay for 25-OHD but is time con-
suming and expensive. Another concern

has been the ability of the assays to detect
the two forms of vitamin D – cholecal -
ciferol (naturally occurring vitamin D3) 
and ergocalciferol (plant-derived vitamin
D2). Most radioimmunoassays are better
at measuring vitamin D3 than vitamin 
D2. The issue is particularly impor tant
regar ding assessment of the adequacy 
of replacement. 

1,25-dihydroxyvitamin D
Determination of 1,25-dihydroxyvitamin
D levels should not be routinely reque s -
ted since this metabolite is not such a 
reliable indicator of body stores of vita-
min D as 25-OHD and is more difficult
and expensive to measure. (As mentio ned
earlier, low vitamin D levels can cause
compensatory elevation of PTH levels.
This results in increased levels of 1,25-
dihydroxyvitamin D until there is severe

defi ciency when substrate is depleted 
and the 1,25-dihydroxyvitamin D levels
become low.) Levels of 1,25-dihydroxy -
vitamin D decrease in moderate to severe
renal impairment, and testing for it can be
informative in patients with renal disease.

Other biochemistry
Measuring levels of plasma urea and 
creatinine, calcium, phosphate and alka-
line phosphatase may be useful, but they
may all be normal in mild vitamin D
deficiency. PTH is an independent pre-
dictor of not only time to first fall but
also mortality (it may be raised in vita-
min D deficiency, renal failure and dur-
ing treatment with loop diuretics), but
more data are required before wide-
spread testing for it as a marker of vita-
min D deficiency can be advocated.32-34

What to treat with?
Dietary vitamin D
Vitamin D deficiency is less common in
the USA than it is in Europe, a conse-
quence of the vitamin D fortification 
of foods in the USA. In Australia, only
margarine and some milk products are
fortified. Natural sources include fatty
fish such as salmon and sardines, and
meat, milk and eggs. 
The average Australian vitamin D

intake is low, with most vitamin D in
younger populations being derived from
sun exposure. In the older population,
particularly those with minimal sun expo -
sure, the recommended levels exceed
those practically achievable with dietary
changes. Australia currently has no rec-
ommended dietary requirement for vita-
min D (it is considered that the vitamin
D status of the Australian population 
is determined by exposure to sunlight
rather than by diet). However, the US
Institute of Medicine’s Food and Nutri-
tion Board has published recommended
dietary intakes of 200 IU of vitamin D for
people aged 50 years or under, 400 IU 
for those aged 51 to 70 years, and 600 IU
for those 71 years or over.35
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Sunlight
Sunlight is an effective method of
increasing vitamin D levels, albeit less
so in the older population, as stated pre-
viously. Adequate vitamin D levels may
be attained by typical day-to-day outdoor
activities for most people. In summer, as
little as five minutes of exposure of the
face, arms and hands or the equivalent
surface area to sunlight, either side of 
the peak UV periods (before 10 am and
after 3 pm), on most days of the week is
enough.36 In winter, in southern Aus-
tralia where UV radiation levels are less
intense, levels may be maintained by
about two to three hours of sunlight
exposure accumulated over a week to 
the face, arms and hands or equivalent 
surface area. In northern Australia, the
amount of sunlight exposure required 
to maintain adequate vitamin D levels 
is significantly less. Nevertheless, the effi-
cacies of these strategies require more
study.

Vitamin D supplements
Vitamin D is available as a supplement in
Australia in the form of ergocalciferol,
which is relatively inexpensive, readily
available and relatively well absorbed
(Ostelin Vitamin D; containing 1000IU or 
25 �g ergocalciferol). There are no phar-
maceutical preparations of cholecalciferol
alone but many calcium and/or vitamin
supplements contain small amounts of
vitamin D (as either ergocalciferol or cho -
lecalciferol). The cod liver oil pre pa rations
usually contain vitamin D as cholecalcif-
erol (up to 400 IU) as well as vitamin A,
although there is one that contains vita-
min D as ergocalciferol 400 IU (Nature's
Own Cod Liver Oil). There is also a hal-
ibut liver oil preparation that contains
cholecalciferol 400 IU and vitamin A
(Halibut Liver Oil Vitamins A & D). In
other countries, oral preparations con-
taining between 10,000 and 50,000 IU of
cholecalciferol are available, allowing
weekly or monthly dosing, and a high
dose parenteral form has also been used.

Calcitriol is generally not used for the
treatment of vitamin D deficiency unless
there is renal impairment or liver disease.
The concern regarding ergocalciferol

use arises from pharmacokinetic studies
showing that it is less effective at increas-
ing 25-OHD levels than cholecalciferol
and most assays provide a better measure
of the body store status of vitamin D3
(cholecalciferol) than of vitamin D2 (ergo-
calciferol).37 Doses of 1000 IU ergocal-
ciferol daily are appropriate for most
patients. In the frankly deficient patient,
higher doses may be needed initially  to
increase body stores. Doses of 3000 to
5000 IU daily may be necessary for four 
to 12 weeks to replenish stores.

Calcium supplements
The evidence for vitamin D treatment has
been obscured by the addition of variable
quantities of calcium supplements. Ade-
quate calcium intake is necessary for bone
formation and PTH suppression and has
been an adjunct treatment to all of the
osteoporosis intervention trials except
those with calcitriol. By itself, calcium
supplementation is weakly antiresorptive
and increases BMD by about 1%. It is
most effective at increasing BMD in the
elderly with very low dietary calcium
intakes (less than 400mg/day). 
It is important to ensure an adequate

calcium intake with supplementation as
necessary to attain daily intakes of 1000 
to 1500 mg/day as part of treating osteo-
porosis. Calcium carbonate (Cal-Sup,
Caltrate Tablets) depends on acidification
for its absorption so is best taken after
meals; it is not as well absorbed in the
elderly or those with reduced gastric acid
secretion. Calcium citrate (Citracal) does
not require aci di fication for absorption.
Another pre paration (Sandocal) contains
calcium carbonate and calcium lactate
gluco -nate. There are many preparations
available that contain calcium and other
minerals and/or vitamins. Low fat dairy
products are very effective sources of 
calcium supplementation and may have

the added benefit of reducing total cho-
lesterol levels. 

Problems with treatment?
Side effects
The Cochrane meta-analysis of vitamin 
D treatment trials showed small signifi-
cant increases in hypercalcaemia in
patients treated with vitamin D (RR 1.71;
95% CI, 1.01, 2.89).28 This is probably
related to the inclusion of active vitamin
D metabolites. There was no increase in
either renal disease (including stones) 
or gastrointestinal symptoms. Overall 
vitamin D treatment was associated with 
a nonsignificant decrease in overall 
mortality (RR 0.92; 95% CI, 0.83, 1.03).
Vitamin D intoxication is very uncom-
mon and usually large doses of vitamin
D are very well tolerated.38
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Figure. Coloured x-ray of a fractured femur

in an elderly woman that had been caused

by a fall. Vitamin D deficiency is a risk

factor for such fractures.
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Polypharmacy
A barrier to successful vitamin D treat-
ment is the effect of adding to patients’
‘polypharmacy’, which would reduce
compliance. A UK study that adminis-
tered large doses of vitamin D to patients
four times per year showed the replace-
ment to be efficacious in both elevating
levels of vitamin D and preventing com-
bined hip, wrist and vertebral fractures.29

A nonblinded study in Finland used
annual injections of vitamin D, akin to an
annual flu vaccination. Although a less
expensive option, further data are required
on its antifracture efficacy.39,40

Follow up?
Retesting
In patients who are being treated for 
deficiency of vitamin D, the efficacy of
replace ment can be assessed by mea -
surement of the 25-OHD level. The earli-
est time to check would be after three
months of treatment, given the long half
life of the vitamin and the long time
needed to reach steady state. Patients 
in whom it is particularly important to
retest include those on antiepileptic
drugs that increase hepatic metabolism
of vitamin D. These patients may require
vitamin D doses of 3000 to 5000 IU daily
to achieve adequate levels.41

Treatment duration
Treatment with vitamin D should be
lifelong. One study that monitored bone
density after withdrawal of vitamin D
therapy found that bone turnover markers
increa sed to their pretreatment level fol-
lowing withdrawal, and gains in BMD at
the spine and femoral neck were also lost.42

Osteoporosis – who and how to treat?
Primary and secondary fracture preven-
tion are discussed in detail below.

Primary osteoporotic fracture
prevention
In patients without fractures, levels of 
vitamin D should be optimised and 

adequate calcium intake encouraged to
help prevent low BMD and fractures.
Although high level vertebral fracture
prevention data are available for the 
bis phosphonates alendronate (Fosa max)
and risedronate (Actonel) and the selec-
tive oestrogen receptor modulator (SERM)
raloxifene (Evista) in patients with out a
prevalent fracture and osteopo ro sis, cur -
rently there is no PBS reim bursement for
this indication. The absolute risk reduc-
tion is less in this patient group compared
with secondary prevention because of the
lower fracture rate. However, those at
greatest risk of osteoporotic fracture should
still be consi  dered for treatment (that is,
older patients with low BMD – over 60
years of age and T-score less than -2.5).
Prospective fracture incidence data from
epidemiological studies will further refine
intervention thresholds in this group. 

Secondary osteoporotic fracture
prevention
Antiresorptive agents
Bisphosphonates
Systematic reviews have shown that the
potent inhibitors of bone resorption alen -
 dronate and risedronate reduce the risk
of spinal, nonspinal and hip fra c tures.43

A recent study has shown alen dronate
increases BMD and reduces bone turn -
over more than risedronate.44 However,
no study has com pared the anti fracture
efficacy of these two bis phos    phonates.
Both have been repor ted to reduce the
risk of single, multiple and asympto-
matic vertebral fractures in women with
osteoporosis and one or more baseline
vertebral fractures. The risk reduction is
rapid (occurring within the first six to 12
months), suggesting a reduction in bone
remodelling is critical to their effects.
Peripheral fracture rates are also reduced
in patients with a prevalent vertebral
fracture. 
Data for antihip fracture efficacy are

available for both alendronate and rise-
dronate. Alendro nate studies have shown
a consistent hip fracture risk reduction,

but hip fracture was not a primary end-
point. In a large risedronate trial, in which
hip fractures were the primary endpoint,
there was a 40% reduction in hip fracture
risk among women aged 70 to 79 years
with osteoporosis confi rmed on dual
energy x-ray absorptiometry scan (DXA;
baseline T-score less than -3).45 However,
women aged 80 years and over, included
because they had at least one falls risk 
factor, did not achieve the same benefit.
This highlights the need to address also
falls-related factors, such as vitamin D
deficiency, in the elderly. 
Bisphosphonate use has been associ-

ated with dyspepsia, abdominal pain
and oesophageal ulceration. However,
the overall risk of upper gastrointestinal
complications is very low and it has 
been reduced further by weekly admin-
istration rather than the more frequent
administration used previously.
Etidronate (Didronel, Didrocal [the

latter also contains calcium]) is a weak
bisphosphonate that is used cyclically, for
two weeks every three months, because its
continuous use may result in mineralisa-
tion defects. Etidronate treatment tends to
reduce vertebral fractures by 50%. Its use
may be considered in patients intolerant
of the more potent bisphosphonates
because of the upper gastrointestinal side
effects of these drugs. Etidronate use,
however, has been associated with lower
gastrointestinal side effects. 
Bisphosphonates are polar drugs and

their oral bioavailability is low (less than
1%). Calcium should not be taken at the
same time of day as a bisphosphonate,
because the calcium will prevent absorp-
tion of the bisphosphonate. Also, bis phos -
phonates should be taken at least 30
minutes before meals. In patients who 
are intolerant of oral bisphosphonates,
intravenous bisphosphonates such as
pamidronate (Aredia, Pamisol) and zole-
dronic acid (Zometa) may be used. Stud-
ies assessing the antifracture efficacy of
zoledronic acid are in progress. This is the
most potent bisphosphonate and vitamin
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D deficiency should be corrected prior to
its use to avoid the potential complication
of hypo calcaemia. Although extremely
rare with oral bisphosphonates, pro-
found hypocalcaemia has been reported
in patients treated with zoledronic acid
infusions for osteoporosis who had coex-
istent vitamin D deficiency.
The increase in BMD that occurs with

prolonged use (for five years) of alen-
dronate is maintained at the spine for 
up to five years after cessation, but may
gradually decline over that time at other
sites. Bone resorption increases slightly
but does not return to pretreatment 
levels. Although the optimal duration 
of bisphosphonate therapy remains
uncertain, five years seems appropriate.
Following cessation, BMD should be
monitored.

SERMs
Raloxifene decreases bone resorption 
but does not increase the risk of breast 
or uterine cancer. Lipid profiles are
improved and breast cancer incidence
appears to be reduced. Increases in BMD
are modest, and somewhat less than
those seen with bisphosphonates or
oestrogen. In postmenopausal women
with or with out prevalent vertebral frac-
tures, the risk of vertebral fractures is
reduced. Risk reduction is greater for 
the latter group (55% v. 36% over four
years). Nonver tebral fractures were not
reduced. Hip fracture reduction was 
not an endpoint in the MORE study of
raloxifene.46

An increased risk of deep venous
throm bosis has been reported with ralox-
ifene and is similar to that seen with 
hormone therapy. Treatment should 
be stopped if patients are immobilised 
for any prolonged period. Raloxifene 
may also worsen menopausal symp-
toms. Raloxifene has been shown to 
be effective for prevention of postmeno -
pausal bone loss and should be con-
sidered as an alternative to oestrogen 
for this indication.

Hormone therapy – oestrogen and
progestin
Long term postmenopausal hormone
therapy (HT) use in the prevention and
management of osteoporosis is contro-
versial following the results of the
Women’s Health Initiative (WHI) study
of combined oestrogen and progestin

therapy (cHT) and oestrogen-alone 
therapy (ET). WHI initiated HT in
women aged 50 to 79 years, many of
whom were not screened for osteoporo-
sis risk. Despite this, significant reduc-
tions in subsequent osteoporotic fractures
occurred in both arms of the trial. There
were trends for other risks, however.
There was a doubling of thromboem-
bolism risk, and an increased risk of
stroke neared statistical significance. An
increased risk in cardiovascular disease
was seen only in the cHT arm.47

Also in the cHT arm, an almost statis-
tically significant increase in breast can-
cer was seen by five years (of eight cases
per 10,000 per year).47 This was matched
by a similar reduction in colon cancer
risk. There were no changes in overall
cancer and mortality rates. 
The ET arm of the WHI study ceased

after 6.8 years, showing an almost 

sta tistic ally significant reduction in breast
cancer of seven cases per 10,000 per
year.48 This suggests a different risk 
profile for women using an oestrogen-
only regimen. Again, the absolute risk
for vascular disease, particularly cerebro -
vascular disease, increased with age in
the oestrogen-only study. 
HT is an option for the prevention 

of osteoporotic fractures, particularly in
the at-risk symptomatic woman around
early menopause. It can be used as an
initial therapy in a long term osteoporosis
management program in which the HT is
reviewed annually and may be changed
to another effective therapy at any time.
Ideally, oestrogen therapy should be

continuous. Adjuvant progestogens are
necessary in women who still have a
uterus, to protect against endometrial
cancer. They may be given cyclically for
10 to 14 days each month in perimeno -
pausal women, or as continuous therapy
combined with oestrogen in postmeno -
pausal women.
Women should be fully informed of

the risks and benefits of their particular
HT regimen, and their therapy should
be individualised and reviewed annually.

Hormone therapy – tibolone
Tibolone (Livial) – a synthetic steroid 
that has oestrogenic, progestogenic and
androgenic effects – is an alternative to
oestrogen therapy and its effect on BMD
appears to be similar. There are currently
no antifracture data available, but an
ongo ing randomised controlled trial
(LIFT) has vertebral fractures as a pri-
mary outcome.49 There are no prospec-
tive, controlled studies examining the
effects of tibolone on breast cancer risk,
but the relative risk of breast cancer was
increased in one large nonrandomised
case–control study.50

Anabolic agents
Parathyroid hormone
Teriparatide (Forteo), a synthetic version
of PTH produced by a recombinant
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DNA technique, has a net anabolic action
stimulating osteoblasts more than osteo-
clasts when presented to bone inter-
mittently (such as in daily subcutaneous
injections). It increases cancellous bone
mass by about 15 to 20% over three years
and reduces the relative risk of verte bral
fractures by 65% in women with osteo-
porosis and one or more baseline fractu -
res.51 It also reduces peripheral fractures,
but its effect on hip fracture reduction
has not been studied. 
Teriparatide is registered in Australia

as an 18-month course of injections, 
but is not reimbursed under the PBS.
Oncogenicity studies in rats showed an
increased risk of osteogenic sarcoma, but
this has not been seen in any human
studies and only very rarely in patients
with hyperpara thyroidism. In view of 
its appreciable cost, it is anticipated that
teriparatide will become a treatment
option for individuals with severe osteo-
porosis with ongo ing fractures who have
failed other therapies or those with very
low BMDs. It should not be used in
addition to bisphosphonates and patients

should have a bisphosphonate-free
period before commencing PTH treat-
ment, although the optimal duration of
this break is unclear. No gap is required
if changing from raloxifene to PTH. 
As it is complex, PTH treatment is

probably best initiated by a specialist.
After PTH is stopped, antiresorptive
therapy should be recommenced and
further increases in BMD can occur.

Strontium ranelate
Strontium ranelate stimulates osteoblast
proliferation in vitro and in animal 
models and also reduces bone resorp-
tion, but its exact mechanism of action
remains unclear. In a large clinical 
trial (SOTI), strontium ranelate reduced 
vertebral fractures by 41% over three
years.52 There was a significant 14.4%
increase in lumbar spine BMD and an
8.3% increase in the femoral neck BMD.
The former increase remained significant
after correction for bone strontium con-
tent. In another large controlled prospec-
tive trial (TROPOS), strontium ranelate
reduced all vertebral fractures by 16%

and fragility fractures, including hip 
fractures, by 19% over three years.53 Ston-
tium ranelate is not currently available 
in Australia.

Conclusion
Most currently available and effective
treatments for osteoporosis reduce bone
resorption. It is important that calcium
intake is optimal and vitamin D deficiency
has been corrected for them to be most
effective.
The increased understanding of the

role of vitamin D in musculoskeletal
health over recent years, including the
association between low vitamin D levels
and falls and low BMD, has led to more
attention being paid to this vitamin. 
Vitamin D replacement is relatively easy
and safe, but needs to be cheaper. At the
minimum, treatment with calcium and
vitamin D redu ces falls in elderly patients,
and fractures in elderly institutionalised
women. While vitamin D may also have
a role in preventing fractures in ambulant
elderly men and women, more studies,
particularly using varying doses of chole-
calciferol and including men, are required
before widespread vitamin D supplemen-
tation can be recommended as a primary
prevention of osteoporotic fractures. MT

A list of references is available on request
to the editorial office.
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Reviewer’s comment

This is a timely article that addresses the role of vitamin D in osteoporosis, a much

neglected aspect of bone metabolism that has been greatly overshadowed in recent years

by the development of the antiresorptive bisphosphonates. The high level of vitamin D

deficiency in the geriatric institutionalised population associated with deficient dietary

intake and lack of sun exposure has been largely ignored yet is probably a relatively cheap

and accessible option for preventing or delaying the consequences of age-related

osteopenia and reduced muscular co-ordination.

The significant benefits of vitamin D supplementation in terms of both fracture rate and

fall precipitation are not addressed by treating patients with bisphosphonates alone.

Vitamin D not only increases bone strength when combined with calcium supplementation

but also reduces the risk of falls resulting in fractures.

Osteoporosis, like diabetes and cardiovascular disease, must be managed with a 

multifactorial prevention plan to achieve the best long term benefits for our patients and

ultimately diminish the cost to the community of hip and vertebral fractures that add greatly

to the morbidity of the ageing population.

Dr John Dearin

Consultant Medical Editor, Medicine Today, and

General Practitioner, Lithgow, NSW
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