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Treating osteoporosis: risks and management

SUMMARY
Osteoporosis, osteopenia and minimal trauma fractures are becoming increasingly common in 
the ageing population. Fractures cause increases in morbidity and mortality and have a significant 
financial impact on the healthcare system and society.

Addressing risk factors for osteoporosis early may prevent or delay the onset of fractures and use 
of drugs. Calcium and vitamin D supplementation may benefit people with a high risk of deficiency 
(e.g. institutionalised older people) but may not be required in people without risk factors. Impact 
and resistance exercises and physical activity can increase bone density and prevent falls.

Antiresorptive drugs such as bisphosphonates and denosumab remain first-line treatment options 
for osteoporosis. The ongoing need for bisphosphonates should be assessed after five years 
and treatment may then be interrupted in some patients. Progressive bone loss will recur slowly. 
Denosumab therapy should not be interrupted without switching to another therapy, as post-
treatment bone loss can progress rapidly. All patients will need ongoing monitoring and most will 
require some long-term therapy once started.

Raloxifene may be considered in women who do not tolerate first-line antiresorptive drugs. 
Romosozumab is a new anabolic treatment for osteoporosis and, together with teriparatide, is 
subsidised as second-line therapy for individuals with severe disease and multiple fractures. Specialist 
referral should be considered for patients who sustain fractures while undergoing osteoporosis therapy.

predicted using the Garvan Fracture Risk or FRAX 
calculators.6,7 Age, a family history of hip fractures 
and previous fractures are key risk factors. All men 
and women over the age of 50 years who have 
sustained a fracture have a higher risk of subsequent 
fractures and should be assessed and considered 
for treatment. Bone mineral density testing is also 
recommended and subsidised for all men and women 
over 70 years of age. Along with falls-risk screening, it 
is recommended as part of general health checks for 
all individuals, yet medical record audits indicate that 
this prevention strategy is currently underused.8

Osteoporosis can be defined using bone mineral 
density testing, which generates a T-score and Z-score. 
The T-score reflects the number of deviations from the 
peak bone mass of age-, sex- and ethnicity-matched 
norms. A T-score less than –2.5 indicates a significant 
reduction in bone mass. The Z-score reflects the 
number of standard deviations from the average 
bone mass of age-, sex- and ethnicity-matched 
norms. A Z-score less than –2.0 should prompt a more 
complete search for secondary causes of osteoporosis.

Management strategies
Addressing lifestyle risk factors, appropriately 
treating predisposing conditions and minimising 
the unnecessary prescription of drugs associated 
with osteoporosis may slow the decline in bone 

Introduction
Osteoporosis is a common musculoskeletal disease 
in older people characterised by a progressive loss 
in bone mineral density and microarchitectural 
deterioration. In Australians aged over 50 years, 
40–60% of women and 25–30% of men will 
experience a minimal trauma fracture in their lifetime.1 
Fractures cause pain, disability and a reduced quality 
of life,2 and are associated with an increased re-fracture 
rate. Fractures lead to a five-year mortality rate of 
25%, which increases to up to 50% in the event of a 
re-fracture.3 The population-attributable mortality risk 
associated with fractures in Australians aged 45 years 
and over has been found to be similar to that associated 
with cardiovascular diseases and diabetes, highlighting 
the need to identify and treat osteoporosis.4

Osteoporosis is a silent disease before a fracture 
occurs, so the exact prevalence is hard to determine. 
Even after diagnosis, it is often undertreated, 
with approximately 25% of Australian patients 
with osteoporosis having no history of receiving 
osteoporosis medicines.5

Osteoporosis risk assessment
There are a number of non-modifiable and modifiable 
risk factors, diseases and drugs associated with 
osteoporosis and minimal trauma fractures. The 
fracture risk for an individual can be accurately 
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density and prevent minimal trauma fractures. Some 
modifiable risk factors are summarised in the Box.9 
Various management strategies can help decrease the 
risk of osteoporosis or delay its onset.

Exercise
Exercise throughout a person’s lifetime can delay 
the onset of osteoporosis. Exercise in children and 
adolescents is strongly associated with a higher 
peak bone density in adulthood. This effect is seen 
most with high-impact exercises such as hopping, 
skipping and jumping.10 Even an increase in leisurely 
physical activity can cause a durable increase in 
bone mass that can persist into early old age.11 In 
older people, low-impact exercises such as walking 
and swimming may slow the decline in bone mass, 
whereas higher impact exercises, resistance exercises, 
and combinations of different types of exercises may 
increase bone density.12-15

The frequency and severity of falls may also be 
reduced by exercise programs, such as Stay On Your 
Feet and Stepping On. The main benefits are seen 
with programs focused on balance and function, or 
programs that involve multiple types of exercise 
(e.g. balance exercise plus resistance exercise).16 
Where possible, individuals are encouraged to 
perform a combination of weight-bearing, resistance 
and balance exercises. Information regarding the 
types of exercises that can be recommended is 
available from the Healthy Bones Australia fact sheets.

Calcium
Adequate calcium concentrations are crucial to 
prevent bone loss and fractures. The recommended 
dietary intake of calcium is 1000–1300 mg per day, 
depending on age and sex. Common calcium-rich 
foods include dairy products, chickpeas, beans, 

sardines and tofu. A dietary calcium calculator 
is available on the International Osteoporosis 
Foundation website.

Most older Australians do not achieve the 
recommended dietary intake of calcium. Along with 
information and guidance on dietary modifications, 
daily supplements of 500–600 mg are sometimes 
needed for these people. Calcium supplementation, 
particularly with vitamin D, can reduce the rate of 
bone loss and fractures in people who are deficient in 
calcium such as frail elderly people.17

There is conflicting evidence regarding oral calcium 
supplementation and the risk of major adverse 
cardiac events, which include myocardial infarction 
and stroke. Recent meta-analyses on cardiovascular 
disease risk have revealed a range from a 10% relative 
risk reduction to a 15% relative risk increase.18-20

Vitamin D
Vitamin D is important for the absorption and use of 
calcium in the body. Evidence suggests about a third 
of Australians have vitamin D deficiency.21 While small 
amounts of vitamin D are absorbed through food, 
most is received from direct sunlight. Those with 
fair skin require 6–7 minutes of mid-morning or mid-
afternoon sun exposure outdoors during the summer 
and up to 30 minutes during the winter to maintain 
adequate concentrations of vitamin D. People with 
darker skin will require 3–6 times the length of 
exposure. Additionally, window glass, full-coverage 
clothing and sunscreen inhibit the transmission of 
ultraviolet B radiation and thus vitamin D synthesis in 
the skin. Vitamin D synthesis is also less efficient in 
older people.22 Improving vitamin D concentrations 
reduces the risks of falls and fractures in older 
people,23,24 particularly when combined with adequate 
calcium concentrations.17,25

Box   �Factors associated with osteoporosis and minimal trauma fractures9

Lifestyle

Increased falls risk

	• poor balance

	• vision impairment

Sarcopaenia

Smoking

Alcohol consumption

Physical inactivity

Low calcium intake

Vitamin D deficiency

Low protein intake

Conditions

Endocrine diseases

Sex hormone deficiency

Cushing syndrome

Hyperthyroidism

Hyperparathyroidism

Diabetes mellitus

Impaired gastric absorption

Coeliac disease

Upper gastrointestinal surgery

Rheumatoid arthritis

Drugs

Glucocorticoids

Excessive thyroid hormone replacement

Androgen deprivation therapy

Aromatase inhibitors

Proton pump inhibitors

Thiazolidinediones

Selective serotonin reuptake inhibitors

Long-term heparin

Antiepileptics

Cyclophosphamide 

Sedating drugs

Antihypertensives

http://www.nps.org.au/australianprescriber
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http://www.steppingon.com
https://healthybonesaustralia.org.au/resource-hub/fact-sheets
https://www.osteoporosis.foundation/educational-hub/topic/calcium-calculator
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Routine vitamin D supplementation for primary 
prophylaxis is not recommended for community-
dwelling adults.26 Those who have risk factors or 
symptoms of vitamin D deficiency should have 
their vitamin D concentrations measured. These are 
ideally measured in late winter or early spring, when 
serum 25-hydroxyvitamin D concentrations are the 
lowest. Optimal mineral metabolism, bone density 
and muscle function are achieved when serum 
25-hydroxyvitamin D concentrations are greater than 
50 nanomol/L. If testing is carried out in late summer, 
the concentration should be 10–20 nanomol/L higher.

Patients with vitamin D deficiency should start 
supplementation (Table 1). Routine vitamin D 
and calcium supplementation reduces the risks 
of falls and fractures in people with established 
osteoporosis or institutionalised people.17 There are 
very few adverse effects related to oral vitamin D 
supplementation. When combined with calcium, there 
is a small risk of hypercalcaemia, nephrolithiasis and 
gastrointestinal symptoms.

Drugs for osteoporosis
Pharmacotherapy is indicated for individuals with 
a significantly increased risk of fractures. First-line 
treatment is available under the Pharmaceutical 
Benefits Scheme (PBS) for:

	• those 50 years of age and over who have 
sustained a minimal trauma fracture

	• those 70 years of age and over with 
established osteoporosis

	• those who require long-term corticosteroids 
(minimum three months) on at least 7.5 mg of 
prednisolone or equivalent per day.

Antiresorptive therapy can reduce the risk of fractures 
by up to 50%. There is a consensus to treat individuals 
who have a hip fracture risk of more than 3% or 
any fracture risk of more than 20% over 10 years.9 
However, treatment for this indication alone is not 
subsidised under the PBS. There should be a shared 
discussion taking a patient’s fracture risk, preferences 

and costs into consideration, although many drugs 
such as bisphosphonates are inexpensive.

Before starting drugs for osteoporosis, ensure that 
all patients have adequate vitamin D and calcium 
concentrations and that any secondary causes for 
osteoporosis have been managed. Table 2 summarises 
the common and notable rare adverse effects of 
different osteoporosis treatments.

Bisphosphonates
Bisphosphonates inhibit osteoclast activation and 
prevent bone resorption. They slow the rate of bone 
loss, improve bone mineral density and reduce both 
hip and vertebral fractures. Alendronate, risedronate 
and zoledronic acid are currently available for 
osteoporosis in Australia. Head-to-head evidence 
for bisphosphonates is lacking. At the time of 
publication, bisphosphonates are cheaper than other 
drug treatments.

Oral and intravenous bisphosphonates are 
contraindicated in patients with renal impairment 
and should be avoided if the estimated glomerular 
filtration rate is less than 35 mL/minute/1.73 m2.27

Safety data are robust for the use of oral 
bisphosphonates up to five years and intravenous 
bisphosphonates up to three years.28 The fracture 
risk should then be re-assessed, and most specialists 
normally extend treatment if the patients fall under 
any of the following high-risk categories:

	• femoral neck T-score less than –2.5

	• femoral neck T-score less than –2.0 with 
vertebral fractures

	• a recent fracture.

Oral and intravenous bisphosphonates can be 
extended up to 10 and six years, respectively, without 
an increase in adverse events compared to placebo.28-34 
Treatment extension in these high-risk populations 
has been shown to be effective in preventing new 
vertebral fractures, but minimally beneficial for 
preventing hip fractures. Patients at lower risk have 
not been shown to experience more clinical fractures 

Table 1   �Initial treatment of vitamin D deficiency

Vitamin D status 25-hydroxyvitamin D concentration 
(at the end of winter)

Recommended vitamin D 
supplementation*

Follow-up

Mild deficiency 30–49 nanomol/L 1000–2000 IU per day 3–5 months after starting 
supplementation; annually 
recommended if receiving 
treatment for osteoporosis

Moderate deficiency 12.5–29 nanomol/L 3000–5000 IU per day (for 6–12 weeks) 
followed by a maintenance dose of 
1000–2000 IU per daySevere deficiency <12.5 nanomol/L

*	 Alternatively, higher doses may be given less frequently when needed.

http://www.nps.org.au/australianprescriber
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after stopping therapy due to the durable effects of 
bisphosphonates.28-34 If therapy is stopped, the fracture 
risk is generally re-assessed in 2–3 years or upon 
re-fracture to consider restarting therapy.

Oral bisphosphonates
Alendronate and risedronate are inexpensive and 
have once-weekly or once-monthly oral dosing. 
It is important to counsel patients to take oral 
bisphosphonates in the morning on an empty stomach 
with a full glass of water and to remain upright for 
30 minutes after ingestion to ensure adequate drug 
absorption and prevent erosive oesophagitis. The 
main limitations of oral bisphosphonates are their 
upper gastrointestinal effects. Dysphagia, achalasia 
or an inability to remain upright for 30 minutes after 
tablet ingestion are absolute contraindications. They 
should also be used with caution in patients who 
have previously undergone upper gastrointestinal or 
bariatric surgery, as this may impair drug absorption 
and increase the risk of adverse events.

Intravenous bisphosphonates
Zoledronic acid is an intravenous bisphosphonate 
given as an annual infusion. It can help overcome the 
gastrointestinal limitations of oral formulations, but 
it has other potential adverse effects, most notably 
the risk of flu-like reactions following infusions. 
Myalgias and arthralgias can also occur and may be 

prolonged. Patients with renal impairment can be at 
greater risk of these reactions, and in such cases, the 
infusion rate could be reduced. Alternatively, a different 
class of drug that is not affected by renal function, 
such as denosumab, should be considered. There is 
also a small risk of atrial fibrillation and uveitis with 
intravenous zoledronate. Bisphosphonates have been 
associated with the rare and serious adverse events of 
atypical femoral fractures and osteonecrosis of the jaw.

Denosumab
Denosumab is a monoclonal antibody that reversibly 
inhibits bone resorption by reducing osteoclast 
formation and differentiation while increasing 
osteoclast apoptosis. It increases bone mineral density 
at the lumbar spine and hip and reduces the risk of 
fractures. Denosumab is administered as a six-monthly 
subcutaneous injection. In contrast to bisphosphonates, 
denosumab can be used in patients with chronic kidney 
disease. However, these patients are particularly at 
risk of hypocalcaemia, so baseline concentrations 
of calcium and vitamin D should be assessed before 
starting therapy. 

Patients should either continue denosumab indefinitely 
or be transitioned to an alternative treatment drug 
(e.g. bisphosphonates) for at least 12 months on 
discontinuation. Unlike bisphosphonates, the effect 
of denosumab is not durable and is rapidly reversible 

Table 2   �Adverse effects of osteoporosis drugs

Drug Common adverse events Notable rare adverse events

Oral bisphosphonates Hypocalcaemia

Upper gastrointestinal effects (gastro-oesophageal 
reflux, erosive oesophagitis)

Osteonecrosis of the jaw*

Atypical femoral fractures †

Intravenous bisphosphonates Hypocalcaemia

Flu-like illness following infusion

Osteonecrosis of the jaw*

Atypical femoral fractures †

Denosumab Hypocalcaemia

Injection-site reactions

Atraumatic vertebral fractures following discontinuation

Osteonecrosis of the jaw*

Atypical femoral fractures †

Raloxifene Hot flushes

Venous thromboembolism

Stroke

Teriparatide Hypercalcaemia

Injection-site reactions

Theoretical risk of osteosarcoma

Romosozumab Injection-site reactions Possible increased risk of major adverse cardiovascular 
events (myocardial infarction, stroke)

Osteonecrosis of the jaw* (few case reports)

Atypical femoral fractures † (few case reports)

*	� Risk factors include dental extractions, implants, poorly fitting dentures, pre-existing dental disease, glucocorticoid use and smoking.
†	� Risk factors include rheumatoid arthritis, increased femoral bowing, thicker lateral cortices at the femoral shaft and Asian ethnicity.

http://www.nps.org.au/australianprescriber
https://www.nps.org.au/australian-prescriber/articles/denosumab


154

ARTICLE

VOLUME 45 : NUMBER 5 : OCTOBER 2022

Full text free online at nps.org.au/australian-prescriber

after cessation.35 Stopping denosumab or missing 
doses is associated with an increased risk of atraumatic 
vertebral fractures.35-39 The incidence of these 
fractures has been reported to be between 7% and 
10%, with more patients sustaining multiple vertebral 
fractures compared to patients who have not received 
denosumab.35-38 These rebound effects can be seen as 
early as seven months after the previous dose and can 
persist for two years following discontinuation.38,39

Bisphosphonates such as alendronate and zoledronic 
acid appear to be effective in minimising the bone loss 
and mitigating the increased fracture rate associated 
with denosumab discontinuation.35,38,39 Between 
2012 and 2017, over 80% of Australian patients 
receiving denosumab did not receive subsequent 
bisphosphonate treatment following cessation.5 This 
number should decrease with increased awareness 
of the adverse effects of stopping denosumab. 
Denosumab has also been associated with the rare 
and serious adverse events of atypical femoral 
fractures and osteonecrosis of the jaw.

Raloxifene
Raloxifene is a selective oestrogen receptor modulator 
that reduces postmenopausal bone loss. It reduces 
the risk of vertebral fractures, but it does not reduce 
the risk of non-vertebral fractures. It is taken as a daily 
tablet, which patients may find inconvenient. Raloxifene 
is an alternative to bisphosphonates or denosumab 
(if they cannot be tolerated) for women with 
postmenopausal osteoporosis and may be appropriate 
for younger women with spinal osteoporosis soon 
after menopause. It increases the incidence of hot 
flushes, which can be a significant problem in young 
postmenopausal women. Raloxifene reduces the risk of 
breast cancer, so it can be considered in women with 
a high risk of breast cancer. However, it increases the 
risk of deep venous thrombosis, and other evidence 
suggests slightly increased mortality after stroke.40

Menopausal hormone therapy
Menopausal hormone therapy can consist of 
combined oral or transdermal oestrogen with oral 
progesterone therapy, or tibolone alone as a daily 
tablet. It is an effective option for women who require 
treatment for osteoporosis and have either premature 
menopause or significant postmenopausal symptoms 
requiring pharmacotherapy. Menopausal hormone 
therapy reduces the risk of all fractures, while 
tibolone has not been shown to reduce the risk of hip 
fractures.41 While menopausal hormone therapy may 
be useful when osteoporosis and fracture prevention 
therapy is required in women younger than 50 years 
of age, the risks of this therapy must be considered 
with long-term use.41,42

Teriparatide
Teriparatide is a synthetic form of parathyroid 
hormone that stimulates bone formation. It is given 
as a once-daily subcutaneous injection. Teriparatide 
is used to treat severe osteoporosis and is subsidised 
for an 18-month treatment course in Australia when 
patients continue to sustain fractures and remain 
severely osteoporotic (T-score less than –2.5) despite 
receiving at least 12 months of first-line treatment. 
The rate of vertebral fractures may be reduced by up 
to 65%. Teriparatide has been shown to reduce non-
vertebral and hip fractures by up to 55%.43,44

Contraindications include age younger than 
25 years, known or suspected Paget’s disease, 
previous radiotherapy to the bone and pre-existing 
hypercalcaemia, malignancy, kidney disease and 
primary hyperparathyroidism. Following the treatment 
course, patients should receive antiresorptive therapy 
(e.g. a bisphosphonate, denosumab, raloxifene) to 
maintain the improvements in bone density and 
the fracture risk reduction effect. Without this, the 
anabolic effects of these drugs are lost.

Romosozumab
Romosozumab is an antisclerostin monoclonal 
antibody that decreases bone resorption and 
increases bone formation. Similar to teriparatide, it is 
only subsidised in patients with severe osteoporosis 
who continue to sustain fractures despite receiving 
at least 12 months of first-line treatment. It is 
administered as two subcutaneous injections once a 
month for 12 months.

Romosozumab is superior to both alendronate and 
teriparatide in improving bone density at the spine 
and hip. It has been shown to reduce the relative risk 
of vertebral fractures by 73% compared to placebo, 
and by 48% compared to weekly alendronate. It has 
also been shown to reduce the risk of non-vertebral 
fractures by 19% and hip fractures by 38%.45,46

The ARCH trial demonstrated a small increase 
in the incidence of cardiovascular events in the 
romosozumab arm, which was not seen in other 
trials.47 More supporting data are required, but 
romosozumab is currently not recommended for 
patients with a high risk of myocardial infarction 
or stroke. Other common adverse effects include 
injection-site reactions. Romosozumab should not be 
used for more than 12 months given the lack of long-
term safety data. Following the treatment course, 
patients should receive antiresorptive therapy (e.g. a 
bisphosphonate, denosumab, raloxifene) to maintain 
the improvements in bone density and the fracture 
risk reduction effect. Without this, the anabolic effects 
of these drugs are lost.

Treating osteoporosis: risks and management 
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Sequential treatment with  
first-line anabolics
There is evidence to suggest that the treatment 
sequence may be important in managing 
osteoporosis. The response to anabolic drugs such as 
romosozumab may be blunted by previous treatment 
with antiresorptive drugs. Some studies have shown 
superior and durable gains in bone density when 
anabolic drugs are given before antiresorptive drugs. 
More research is required to determine if the gains in 
bone density also correlate with a reduced fracture 
risk in these patients.47 Given this evidence, for some 
treatment-naïve patients who present with severe 
osteoporosis (T-score less than –3.0) following a 
fracture, the option of first-line treatment with an 
anabolic drug such as romosozumab should be 
discussed with the patient. However, this is not a 
PBS‑listed indication.

Monitoring osteoporosis
Repeat bone mineral density testing with dual-
energy X-ray absorptiometry is useful to monitor a 
patient’s response to therapy. It is recommended 
to test patients one year after starting or changing 
therapy, which can be spaced out to every 2–3 years 
if the bone density remains stable.48 Annual testing 
is recommended in patients with accelerated bone 
loss, such as in patients using glucocorticoids.48 It is 
important that serial bone density measurements are 
obtained using the same machine where possible as 
there can be significant variability between different 
models and clinics.

Bone turnover markers
Bone turnover markers may be useful in monitoring 
osteoporosis in some patients. The main bone 
turnover markers used in Australia are procollagen 
type 1 N-terminal propetide, which is a marker of bone 
formation, and C-terminal collagen telopeptide (CTX), 

which is a marker of bone resorption. Measuring the 
concentrations of these markers may be useful if 
there are concerns regarding reduced oral absorption 
due to previous surgery, a poor drug administration 
technique (e.g. taking oral bisphosphonates too close 
to mealtimes) or poor medication adherence.49 As 
such, CTX testing is available once annually under the 
Medicare Benefits Schedule.

Conclusion

With our ageing population, the individual and 
economic impacts of osteoporosis will continue to 
rise. A combination of lifestyle and pharmacological 
strategies should be used to prevent fractures in 
older people, with effective screening tests available 
to identify those at higher risk. All men and women 
over the age of 50 years who sustain a fracture, and 
all those over 70 years of age regardless of whether 
they have sustained a fracture, should be assessed for 
antiresorptive therapy. Tailored impact and resistance 
exercises are safe and effective for preventing falls 
and can improve bone density.

Therapy can and should be tailored to each patient’s 
preference for the mode of delivery and adverse-
effect profile. Weekly (alendronate, risedronate) or 
monthly (risedronate) oral treatments and annual 
intravenous (zoledronate) or six-monthly subcutaneous 
injections (denosumab) are the preferred first-line 
treatments because of their ability to reduce the 
risk of vertebral and hip fractures. Other treatments 
are available for patients who cannot use or fail to 
respond to first-line treatment and continue to sustain 
fractures (raloxifene, teriparatide, romosozumab). 
Surveillance for potential adverse effects and the 
need to continue therapy is essential. 

Conflicts of interest: none declared

1.	 Australian Institute of Health and Welfare. Estimating 
the prevalance of osteoporosis in Australia. Canberra: 
AIHW; 2014. https://www.aihw.gov.au/reports/chronic-
musculoskeletal-conditions/estimating-the-prevalence-of-
osteoporosis-in-austr/summary [cited 2022 Sep 1]

2.	 Svedbom A, Borgstöm F, Hernlund E, Ström O, Alekna V, 
Bianchi ML, et al. Quality of life for up to 18 months after 
low-energy hip, vertebral, and distal forearm fractures-
results from the ICUROS. Osteoporos Int 2018;29:557-66. 
Epub 2017 Dec 11. https://doi.org/10.1007/s00198-017-4317-4 

3.	 Bliuc D, Nguyen ND, Nguyen TV, Eisman JA, Center JR. 
Compound risk of high mortality following osteoporotic 
fracture and refracture in elderly women and men. 
J Bone Miner Res 2013;28:2317-24. https://doi.org/10.1002/
jbmr.1968

4.	 Chen W, Simpson JM, March LM, Blyth FM, Bliuc D, Tran T, 
et al. Comorbidities only account for a small proportion of 
excess mortality after fracture: a record linkage study of 
individual fracture types. J Bone Miner Res 2018;33:795-802. 
https://doi.org/10.1002/jbmr.3374 

5.	 Naik-Panvelkar P, Norman S, Elgebaly Z, Elliott J, Pollack A, 
Thistlethwaite J, et al. Osteoporosis management 
in Australian general practice: an analysis of current 
osteoporosis treatment patterns and gaps in practice. 
BMC Fam Pract 2020;21:32. https://doi.org/10.1186/ 
s12875-020-01103-2

6.	 Agarwal A, Leslie WD, Nguyen TV, Morin SN, Lix LM, 
Eisman JA. Predictive performance of the Garvan 
Fracture Risk Calculator: a registry-based cohort study. 
Osteoporos Int 2022;33:541-8. https://doi.org/10.1007/
s00198-021-06252-3

7.	 van Geel TA, Eisman JA, Geusens PP, van den Bergh JP, 
Center JR, Dinant GJ. The utility of absolute risk prediction 
using FRAX® and Garvan Fracture Risk Calculator in daily 
practice. Maturitas 2014;77:174-9. https://doi.org/10.1016/ 
j.maturitas.2013.10.021

8.	 Elliott-Rudder M, Harding C, McGirr J, Seal A, Pilotto L. 
Using electronic medical records to assess the rate of 
treatment for osteoporosis in Australia. Aust Fam Physician 
2017;46:508-12. 

REFERENCES

http://www.nps.org.au/australianprescriber
https://www.aihw.gov.au/reports/chronic-musculoskeletal-conditions/estimating-the-prevalence-of-osteoporosis-in-austr/summary
https://www.aihw.gov.au/reports/chronic-musculoskeletal-conditions/estimating-the-prevalence-of-osteoporosis-in-austr/summary
https://www.aihw.gov.au/reports/chronic-musculoskeletal-conditions/estimating-the-prevalence-of-osteoporosis-in-austr/summary
https://doi.org/10.1007/s00198-017-4317-4
https://pubmed.ncbi.nlm.nih.gov/29230511
https://doi.org/10.1002/jbmr.1968
https://doi.org/10.1002/jbmr.1968
https://doi.org/10.1002/jbmr.3374
https://pubmed.ncbi.nlm.nih.gov/29314242
https://doi.org/10.1186/s12875-020-01103-2
https://doi.org/10.1186/s12875-020-01103-2
https://doi.org/10.1007/s00198-021-06252-3
https://doi.org/10.1007/s00198-021-06252-3
https://doi.org/10.1016/j.maturitas.2013.10.021
https://doi.org/10.1016/j.maturitas.2013.10.021
https://pubmed.ncbi.nlm.nih.gov/28697295/
https://pubmed.ncbi.nlm.nih.gov/28697295/
https://pubmed.ncbi.nlm.nih.gov/28697295/
https://pubmed.ncbi.nlm.nih.gov/28697295/
https://pubmed.ncbi.nlm.nih.gov/28697295


156

ARTICLE

VOLUME 45 : NUMBER 5 : OCTOBER 2022

Full text free online at nps.org.au/australian-prescriber

Treating osteoporosis: risks and management 

9.	 Ebeling PR, Seeman E, Center JR, Chen W, Chiang C, 
Diamond T, et al. Position statement on the management  
of osteoporosis. Healthy Bones Australia; 2021.  
https://healthybonesaustralia.org.au/wp-content/
uploads/2021/02/HBA-Position-Statement-on-
Osteoporosis-25-02-21.pdf [cited 2022 Sep 1]

10.	 Zhu X, Zheng H. Factors influencing peak bone mass gain. 
Front Med 2021;15:53-69. https://doi.org/10.1007/ 
s11684-020-0748-y

11.	 Muthuri SG, Ward KA, Kuh D, Elhakeem A, Adams JE, 
Cooper R. Physical activity across adulthood and 
bone health in later life: the 1946 British birth cohort. 
J Bone Miner Res 2019;34:252-61. https://doi.org/10.1002/
jbmr.3607

12.	 Benedetti MG, Furlini G, Zati A, Letizia Mauro G. The 
effectiveness of physical exercise on bone density in 
osteoporotic patients. BioMed Res Int 2018;2018:4840531. 
https://doi.org/10.1155/2018/4840531

13.	 Cauley JA, Giangregorio L. Physical activity and skeletal 
health in adults. Lancet Diabetes Endocrinol 2020;8:150-62. 
https://doi.org/10.1016/S2213-8587(19)30351-1

14.	 Kitsuda Y, Wada T, Noma H, Osaki M, Hagino H. Impact 
of high-load resistance training on bone mineral density 
in osteoporosis and osteopenia: a meta-analysis. 
J Bone Miner Metab 2021;39:787-803. https://doi.org/ 
10.1007/s00774-021-01218-1

15.	 Pinheiro MB, Oliveira J, Bauman A, Fairhall N, Kwok W, 
Sherrington C. Evidence on physical activity and 
osteoporosis prevention for people aged 65+ years: a 
systematic review to inform the WHO guidelines on physical 
activity and sedentary behaviour. Int J Behav Nutr Phys Act 
2020;17:150. https://doi.org/10.1186/s12966-020-01040-4

16.	 Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, 
Michaleff ZA, Howard K, et al. Exercise for preventing 
falls in older people living in the community. 
Cochrane Database Syst Rev 2019:CD012424. https://doi.org/ 
10.1002/14651858.CD012424.pub2

17.	 Avenell A, Mak JCS, O’Connell DL. Vitamin D and vitamin D 
analogues for preventing fractures in post-menopausal 
women and older men. Cochrane Database Syst Rev 
2014:CD000227. https://doi.org/10.1002/14651858.
CD000227.pub4

18.	 Myung SK, Kim HB, Lee YJ, Choi YJ, Oh SW. Calcium 
supplements and risk of cardiovascular disease: a meta-
analysis of clinical trials. Nutrients 2021;13:368.  
https://doi.org/10.3390/nu13020368

19.	 Pana TA, Dehghani M, Baradaran HR, Neal SR, Wood AD, 
Kwok CS, et al. Calcium intake, calcium supplementation 
and cardiovascular disease and mortality in the British 
population: EPIC-Norfolk prospective cohort study and 
meta-analysis. Eur J Epidemiol 2021;36:669-83.  
https://doi.org/10.1007/s10654-020-00710-8

20.	 Zhang Y, Li Y, Liu J, Wei X, Tan N, Zhang J, et al. Association 
of vitamin D or calcium supplementation with cardiovascular 
outcomes and mortality: a meta-analysis with trial sequential 
analysis. J Nutr Health Aging 2021;25:263-70.  
https://doi.org/10.1007/s12603-020-1551-9

21.	 Daly RM, Gagnon C, Lu ZX, Magliano DJ, Dunstan DW, 
Sikaris KA, et al. Prevalence of vitamin D deficiency and its 
determinants in Australian adults aged 25 years and older: 
a national, population-based study. Clin Endocrinol (Oxf) 
2012;77:26-35. https://doi.org/10.1111/j.1365-2265.2011.04320.x

22.	 Veldurthy V, Wei R, Oz L, Dhawan P, Jeon YH, Christakos S. 
Vitamin D, calcium homeostasis and aging. Bone Res 
2016;4:16041. https://doi.org/10.1038/boneres.2016.41

23.	 Bischoff-Ferrari HA. Relevance of vitamin D in fall 
prevention. Gériatr Psychol Neuropsychiatr Vieil 2017;15:E1-7. 
https://doi.org/10.1684/pnv.2017.0650

24.	 Uusi-Rasi K, Patil R, Karinkanta S, Tokola K, Kannus P, 
Lamberg-Allardt C, et al. Serum 25-hydroxyvitamin D 
levels and incident falls in older women. Osteoporos Int 
2019;30:93-101. https://doi.org/10.1007/s00198-018-4705-4

25.	 Bergman GJ, Fan T, McFetridge JT, Sen SS. Efficacy of 
vitamin D3 supplementation in preventing fractures in elderly 
women: a meta-analysis. Curr Med Res Opin 2010;26:1193-201.  
https://doi.org/10.1185/03007991003659814

26.	 Reid IR, Bolland MJ, Grey A. Effects of vitamin D 
supplements on bone mineral density: a systematic review 
and meta-analysis. Lancet 2014;383:146-55. https://doi.org/ 
10.1016/S0140-6736(13)61647-5

27.	 Robinson DE, Ali MS, Pallares N, Tebé C, Elhussein L, 
Abrahamsen B, et al. Safety of oral bisphosphonates in 
moderate-to-severe chronic kidney disease: a binational 
cohort analysis. J Bone Miner Res 2021;36:820-32.  
https://doi.org/10.1002/jbmr.4235

28.	 Nayak S, Greenspan SL. A systematic review and meta-
analysis of the effect of bisphosphonate drug holidays 
on bone mineral density and osteoporotic fracture risk. 
Osteoporos Int 2019;30:705-20. https://doi.org/10.1007/
s00198-018-4791-3

29.	 Black DM, Reid IR, Boonen S, Bucci-Rechtweg C, 
Cauley JA, Cosman F, et al. The effect of 3 versus 6 years 
of zoledronic acid treatment of osteoporosis: a randomized 
extension to the HORIZON-Pivotal Fracture Trial (PFT). 
J Bone Miner Res 2012;27:243-54. https://doi.org/10.1002/
jbmr.1494

30.	 Black DM, Schwartz AV, Ensrud KE, Cauley JA, Levis S, 
Quandt SA, et al.; FLEX Research Group. Effects of continuing 
or stopping alendronate after 5 years of treatment: the 
Fracture Intervention Trial Long-term Extension (FLEX): a 
randomized trial. JAMA 2006;296:2927-38. https://doi.org/ 
10.1001/jama.296.24.2927

31.	 Bone HG, Hosking D, Devogelaer JP, Tucci JR, Emkey RD, 
Tonino RP, et al.; Alendronate Phase III Osteoporosis 
Treatment Study Group. Ten years’ experience with 
alendronate for osteoporosis in postmenopausal women. 
N Engl J Med 2004;350:1189-99.21 https://doi.org/10.1056/
NEJMoa030897

32.	 Harris ST, Watts NB, Genant HK, McKeever CD, Hangartner T, 
Keller M, et al.; Vertebral Efficacy With Risedronate Therapy 
(VERT) Study Group. Effects of risedronate treatment 
on vertebral and nonvertebral fractures in women with 
postmenopausal osteoporosis: a randomized controlled 
trial. JAMA 1999;282:1344-52. https://doi.org/10.1001/
jama.282.14.1344

33.	 Schwartz AV, Bauer DC, Cummings SR, Cauley JA, 
Ensrud KE, Palermo L, et al.; FLEX Research Group. Efficacy 
of continued alendronate for fractures in women with 
and without prevalent vertebral fracture: the FLEX trial. 
J Bone Miner Res 2010;25:976-82. https://doi.org/10.1002/
jbmr.11

34.	 Watts NB, Chines A, Olszynski WP, McKeever CD, 
McClung MR, Zhou X, et al. Fracture risk remains 
reduced one year after discontinuation of risedronate. 
Osteoporos Int 2008;19:365-72. https://doi.org/10.1007/
s00198-007-0460-7

35.	 Tsourdi E, Langdahl B, Cohen-Solal M, Aubry-Rozier B, 
Eriksen EF, Guañabens N, et al. Discontinuation of 
denosumab therapy for osteoporosis: a systematic review 
and position statement by ECTS. Bone 2017;105:11-7.  
https://doi.org/10.1016/j.bone.2017.08.003

36.	 Tripto-Shkolnik L, Fund N, Rouach V, Chodick G, Shalev V, 
Goldshtein I. Fracture incidence after denosumab 
discontinuation: real-world data from a large healthcare 
provider. Bone 2020;130:115150. https://doi.org/10.1016/ 
j.bone.2019.115150

37.	 Burckhardt P, Faouzi M, Buclin T, Lamy O; The Swiss 
Denosumab Study Group. Fractures after denosumab 
discontinuation: a retrospective study of 797 cases. 
J Bone Miner Res 2021;36:1717-28. https://doi.org/10.1002/
jbmr.4335

38.	 Lyu H, Yoshida K, Zhao SS, Wei J, Zeng C, Tedeschi SK, et al. 
Delayed denosumab injections and fracture risk among 
patients with osteoporosis: a population-based cohort study. 
Ann Intern Med 2020;173:516-26. https://doi.org/10.7326/
M20-0882

39.	 Cummings SR, Ferrari S, Eastell R, Gilchrist N, Jensen JB, 
McClung M, et al. Vertebral fractures after discontinuation 
of denosumab: a post hoc analysis of the randomized 
placebo-controlled FREEDOM trial and its extension. 
J Bone Miner Res 2018;33:190-8. https://doi.org/10.1002/
jbmr.3337

40.	 D’Amelio P, Isaia GC. The use of raloxifene in osteoporosis 
treatment. Expert Opin Pharmacother 2013;14:949-56. 
https://doi.org/10.1517/14656566.2013.782002

41.	 Eastell R, Rosen CJ, Black DM, Cheung AM, Murad MH, 
Shoback D. Pharmacological management of osteoporosis 
in postmenopausal women: an Endocrine Society* clinical 
practice guideline. J Clin Endocrinol Metab 2019;104:1595-622.  
https://doi.org/10.1210/jc.2019-00221

http://www.nps.org.au/australianprescriber
https://healthybonesaustralia.org.au/wp-content/uploads/2021/02/HBA-Position-Statement-on-Osteoporosis-25-02-21.pdf
https://healthybonesaustralia.org.au/wp-content/uploads/2021/02/HBA-Position-Statement-on-Osteoporosis-25-02-21.pdf
https://healthybonesaustralia.org.au/wp-content/uploads/2021/02/HBA-Position-Statement-on-Osteoporosis-25-02-21.pdf
https://doi.org/10.1007/s11684-020-0748-y
https://doi.org/10.1007/s11684-020-0748-y
https://doi.org/10.1002/jbmr.3607
https://doi.org/10.1002/jbmr.3607
https://doi.org/10.1155/2018/4840531
https://doi.org/10.1016/S2213-8587(19)30351-1
https://doi.org/10.1007/s00774-021-01218-1
https://doi.org/10.1007/s00774-021-01218-1
https://doi.org/10.1186/s12966-020-01040-4
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.3390/nu13020368
https://doi.org/10.1007/s10654-020-00710-8
https://doi.org/10.1007/s12603-020-1551-9
https://doi.org/10.1111/j.1365-2265.2011.04320.x
https://doi.org/10.1038/boneres.2016.41
https://doi.org/10.1684/pnv.2017.0650
https://doi.org/10.1007/s00198-018-4705-4
https://doi.org/10.1185/03007991003659814
https://doi.org/10.1016/S0140-6736(13)61647-5
https://doi.org/10.1016/S0140-6736(13)61647-5
https://doi.org/10.1002/jbmr.4235
https://doi.org/10.1007/s00198-018-4791-3
https://doi.org/10.1007/s00198-018-4791-3
https://doi.org/10.1002/jbmr.1494
https://doi.org/10.1002/jbmr.1494
https://doi.org/10.1001/jama.296.24.2927
https://doi.org/10.1001/jama.296.24.2927
https://doi.org/10.1056/NEJMoa030897
https://doi.org/10.1056/NEJMoa030897
https://doi.org/10.1001/jama.282.14.1344
https://doi.org/10.1001/jama.282.14.1344
https://doi.org/10.1002/jbmr.11
https://doi.org/10.1002/jbmr.11
https://doi.org/10.1007/s00198-007-0460-7
https://doi.org/10.1007/s00198-007-0460-7
https://doi.org/10.1016/j.bone.2017.08.003
https://doi.org/10.1016/j.bone.2019.115150
https://doi.org/10.1016/j.bone.2019.115150
https://doi.org/10.1002/jbmr.4335
https://doi.org/10.1002/jbmr.4335
https://doi.org/10.7326/M20-0882
https://doi.org/10.7326/M20-0882
https://doi.org/10.1002/jbmr.3337
https://doi.org/10.1002/jbmr.3337
https://doi.org/10.1517/14656566.2013.782002
https://doi.org/10.1210/jc.2019-00221


157

ARTICLE

VOLUME 45 : NUMBER 5 : OCTOBER 2022

Full text free online at nps.org.au/australian-prescriber

42.	 Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, 
Kooperberg C, Stefanick ML, et al.; Writing Group for the 
Women’s Health Initiative Investigators. Risks and benefits 
of estrogen plus progestin in healthy postmenopausal 
women: principal results from the Women’s Health Initiative 
randomized controlled trial. JAMA 2002;288:321-33.  
https://doi.org/10.1001/jama.288.3.321

43.	 Díez-Pérez A, Marin F, Eriksen EF, Kendler DL, Krege JH, 
Delgado-Rodríguez M. Effects of teriparatide on hip and 
upper limb fractures in patients with osteoporosis: a 
systematic review and meta-analysis. Bone 2019;120:1-8. 
https://doi.org/10.1016/j.bone.2018.09.020

44.	 Minisola S, Cipriani C, Grotta GD, Colangelo L, 
Occhiuto M, Biondi P, et al. Update on the safety and 
efficacy of teriparatide in the treatment of osteoporosis. 
Ther Adv Musculoskel Dis 2019;11:1759720X19877994. 
https://doi.org/10.1177/1759720x19877994

45.	 Cosman F, Crittenden DB, Adachi JD, Binkley N, 
Czerwinski E, Ferrari S, et al. Romosozumab treatment in 
postmenopausal women with osteoporosis. N Engl J Med 
2016;375:1532-43. https://doi.org/10.1056/NEJMoa1607948

46.	 Saag KG, Petersen J, Brandi ML, Karaplis AC, Lorentzon M, 
Thomas T, et al. Romosozumab or alendronate for fracture 
prevention in women with osteoporosis. N Engl J Med 
2017;377:1417-27. https://doi.org/10.1056/NEJMoa1708322

47.	 Cosman F, Kendler DL, Langdahl BL, Leder BZ, Lewiecki EM, 
Miyauchi A, et al. Romosozumab and antiresorptive 
treatment: the importance of treatment sequence. 
Osteoporos Int 2022;33:1243-56. https://doi.org/10.1007/
s00198-021-06174-0

48.	 International Society for Clinical Densitometry. 2019 ISCD 
official positions - Adult Positions. Middletown (CT): ISCD; 
2019. https://iscd.org/learn/official-positions/adult-positions 
[cited 2022 Sep 1]

49.	 Bauer DC. Clinical use of bone turnover markers. JAMA 
2019;322:569-70. https://doi.org/10.1001/jama.2019.9372

http://www.nps.org.au/australianprescriber
https://doi.org/10.1001/jama.288.3.321
https://doi.org/10.1016/j.bone.2018.09.020
https://doi.org/10.1177/1759720x19877994
https://doi.org/10.1056/NEJMoa1607948
https://doi.org/10.1056/NEJMoa1708322
https://doi.org/10.1007/s00198-021-06174-0
https://doi.org/10.1007/s00198-021-06174-0
https://iscd.org/learn/official-positions/adult-positions
https://doi.org/10.1001/jama.2019.9372

