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ABSTRACT: Osteoporotic fractures impose substantial morbidity and mortality among older adults. Undertreatment is an ongoing concern;
treatment rates declined following reports of adverse effects of guideline-recommended bisphosphonates, but new antiresorptives have
since become available. Our goal was to identify contemporary trends in osteoporosis treatment guideline adherence in a high fracture-risk
population. We conducted a secondary data analysis using electronic health record data of adults aged ⩾65 years from 68 residential aged
care facilities in Australia during 2014-2017 (n = 9094). Using medication administration data, we identified antiresorptive (bisphosphonates and
denosumab) and vitamin D supplement use among residents with osteoporosis. Regression was used to evaluate temporal trends, and resident
and facility characteristics associated with antiresorptive use and vitamin D use. In 2014, 34% of women and 42% of men with osteoporosis used
antiresorptives; this decreased 8 percentage points by 2017. Antiresorptive use was higher among those with a history of fracture and lower in
the last year of life. Denosumab use increased but did not substitute for the continued decline in bisphosphonate use. Vitamin D was consistently
used by more than 60% of residents and was higher among those with fracture history. Greater attention to the treatment of osteoporosis
treatment rates among this high fracture-risk population is warranted.
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Background

have low serum vitamin D, are incontinent (bowel or bladder),
are cognitively impaired, have poor balance, or if they are
ambulatory.6,7 Although there are no published efficacy studies
specifically in RACF populations, denosumab offers advantages over other antiresorptives, including convenience of
administration with twice-yearly injections and a modest side
effect profile.8 In Australia, denosumab and bisphosphonates
are subsidized (modest patient co-payment) through the
Pharmaceutical Benefits Scheme (PBS) for (1) people 70 years
or older who have a bone mineral density T score of −2.5 or
less; (2) for people of any age who have had a minimal trauma
fracture; and (3) for people of any age with corticoid-induced
osteoporosis (minimum 3 months with at least 7.5 mg per day
prednisolone or equivalent) with a bone mineral density T
score of −1.5 or less, as long as they are not concomitantly using
other subsidized antiresorptives.9
Despite subsidization of antiresorptives and increases in bone
density testing, undertreatment of osteoporosis in Australia has
been documented in community, inpatient, and RACF settings.10
Undertreatment and even declining rates of pharmacological
treatment for osteoporosis have been reported.11,12 The total
number of PBS claims for bisphosphonates dropped sharply after
2006,13 when reports of rare adverse events associated with bisphosphonates use emerged.14-18 Hip fracture rates that had been

An estimated 86% of older adults in residential aged care facilities (RACFs, also called long-term care facilities) have osteoporosis, putting them at an increased risk of fractures of the hip,
spine, and wrist.1 Osteoporotic fractures impose a high degree
of morbidity and mortality; excess mortality following hip
fracture is estimated to be between 8% and 36%.2 Fractures
increase health care utilization and costs, and negatively affect
the quality of life and functioning of older people, with many
not returning to their prefracture health status.2-4
Medications commonly used for fracture prevention include
a monoclonal antibody (denosumab), bisphosphonates, and
vitamin D supplements. Recommendations from the
Consensus Conference on Treatment of Osteoporosis in
RACFs in Australia published in 2010 (update published in
2016) recommended vitamin D supplements paired with optimal calcium intake (supplementation as required) for all RACF
residents and antiresorptives (bisphosphonates or denosumab)
for residents at high risk of fracture.5,6 Factors associated with
fracture risk differ for people living in RACFs compared with
those who are community-dwelling; RACF residents are
regarded as having heighted risk of osteoporotic fractures if
they have low bone mass, are female, are older aged, had a previous fracture, have low body weight, have postural instability,
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declining since the introduction of bisphosphonates, parallel to
trends in the United States,19 began to increase.20-22 Little is
known about the current use of antiresorptives within the RACF
population and whether treatment has stabilized now that denosumab is available. Studies in Australian RACFs found that use
of vitamin D supplements ranged from 43% to 50% of residents,23,24 and 8% used bisphosphonates.25 However, those studies did not examine anti-osteoporosis medication use among
people with osteoporosis specifically. In community-dwelling
older men with osteoporosis, 10% used bisphosphonates and 7%
used vitamin D supplements.13 Among patients who presented
with hip fracture between 2005 and 2009 at a hospital in Perth,
anti-osteoporosis medication use was low and lower for ruraldwelling patients compared with urban-dwelling patients.26
Medication management is a leading quality concern in
Australian RACFs,27 but due to a lack of systematic monitoring,
medication guideline adherence and subgroups at risk of suboptimal treatment remain unknown. Identifying factors that influence osteoporosis treatment rates in this high fracture-risk
population is critical for determining subgroups at heightened
risk of undertreatment and informing the design of targeted
interventions or policy changes. Furthermore, evaluating trends
in specific anti-osteoporosis medication use over time is important for understanding how the introduction and coverage of
newer medications affect treatment rates and whether treatment
recommendations are delivering the desired effects. No study to
date has evaluated the use of medications for fracture prevention
in older people according to osteoporosis status in Australian
RACFs or examined resident and facility characteristics related
to osteoporosis treatment. Finally, little is known about the
uptake of denosumab and its impact on bisphosphonate use as it
was only recently made available in Australia.
The aims of this study were to identify trends in the use of
antiresorptives (bisphosphonates and denosumab), which are
recommended for high fracture-risk residents, and vitamin D
supplements, which are recommended for all residents,5,6 and
assess associations between medication use and resident and
facility characteristics.

Methods

We conducted a retrospective dynamic cohort study of people
aged ⩾65 years living in RACFs in New South Wales and the
Australian Capital Territory during 2014-2017. We included
“permanent” (non–respite care) residents who had a length of
stay of at least 2 weeks during the study period. This study
forms part of a larger program of research examining medication use in RACFs.28 This research was approved by our institution’s Human Research Ethics Committee, and a waiver of
consent was granted.

Data
We conducted a secondary data analysis using electronic health
record (EHR) data from January 1, 2014, through September

30, 2017, using records from a large multisite, not-for-profit
residential aged care provider. Analyses used a person-year file
with 1 record per person per year they resided in a facility.

Dependent variables
Medication administration records from the EHR were used to
identify relevant medication use. Antiresorptive use was defined
as having at least one administration of a bisphosphonate or
denosumab in a given year; this included oral and intravenous
(IV) administrations. Vitamin D supplement use was defined in
a parallel manner. We used this outcome because it most simply
handled issues related to different dosing patterns for oral and
IV medications, because of the dynamic nature of sample (ie,
dynamic cohort which had people entering and leaving the
cohort, and intermittent gaps in observation due to people being
hospitalized and then coming back to the facility), it was most
directly comparable to the outcome measures used in other
Australian and international studies, and because we did not
expect compliance with oral medications to be a substantial issue
in this population (relative to community-dwelling populations)
because RACF staff oversee and assist with medication administrations on a daily basis. Because guidelines recommend vitamin D supplements be paired with optimal calcium intake with
supplementation as required,5,6 we also created an indicator for
vitamin D use with concurrent calcium supplement use for
descriptive purposes (not as a main outcome) because some residents will have had sufficient calcium intake through their diet,
but that proportion was unknown.

Independent variables
Osteoporosis and other chronic health conditions were identified using 3 sources in the EHR. First, health conditions reported
on the Aged Care Funding Instrument (ACFI); the ACFI is an
evaluation of health and functional status used by the Australian
government to determine the level of aged care funding that will
be provided to the RACF residents.29 As providers are only
required to report the 3 most impactful conditions in ACFI, we
included conditions recorded in other places in residents’ EHRs
to obtain more complete reporting of conditions. Second, the
residents’ “special needs” notes in the EHR which include notes
on diagnosed conditions were searched for relevant text strings.
Third, using medication administration data we searched for
medications that have specific indications and tend not to have
off-label use (eg, antiresorptives were used to identify osteoporosis). We identified the first date that a given resident had the
condition reported on their ACFI or EHR and included all time
past that date (until discharge or death) as time with that condition (ie, we assumed that chronic conditions would persist).
Condition criteria were developed by a team composed of a
pharmacist, a physiotherapist specializing in geriatric care, and a
chronic disease epidemiologist. The text strings used in the “special needs” notes were selected after all unique phrases appearing
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Figure 1. Sample size and exclusions. Residents of aged care facilities in Australia from a not-for-profit provider with 68 facilities.

in the notes had been parsed and categorized into disease categories; this ensured that we identified all relevant variations of
text strings for a given condition, even if less common or outmoded terms were used or if there were misspellings or dialectical differences in spellings. Criteria for each chronic condition
are presented in Supplemental Table 1.
Sociodemographic data were abstracted from residents’
records including age, sex, marital status, country of birth, and
primary language spoken. We identified the mobility rating
(higher values indicate higher level of assistance needed) from
the ACFI that was conducted closest (temporally) to the year
of medication use. We identified the date of death in the EHR
for residents who died and created an indicator for having died
within the year of observation as a proxy for limited life expectancy. Length of stay (LOS) was calculated as the time between
residents’ entry date and departure date if they left during the
year of observation or the last day of observation for the study
period if they were still alive. Using facility postcode, we linked
area-level remoteness classification from the Australian
Bureau of Statistics.30

Analysis strategy
To evaluate resident characteristics, facility characteristics, and
temporal trends associated with anti-osteoporosis medication
use, we used generalized estimating equations (GEE) probit
regression to account for multiple years (ie, repeated measures)
of observation for residents and included fixed effects for facilities (to account for repeated measures within facilities). We fit
a model with the outcome of any antiresorptive medication use.
As predictors we included age, sex, LOS, an indicator variable
for English as the primary language spoken, country of birth
(indicators for the most common countries of birth), marital

status, health conditions, year, facility remoteness, an indicator
for the last year of life, and the mobility rating from ACFI.
Quadratic terms were included for age and LOS to allow curvilinear relationships. We then estimated marginal effects
which can be interpreted as the change in probability of medication use associated with a change in the level of the independent variable relative to the reference group. The analysis
for vitamin D use (regardless of calcium supplementation) was
exactly parallel. We used a type I error rate of 0.05. Analyses
were conducted using SAS 9.4 (SAS Institute, Cary, North
Carolina) and Stata 15 (Stata Corp, College Station, Texas).

Results

The total sample comprised 9094 permanent RACF residents
from 68 facilities; 3104 residents had osteoporosis documented
(34.1%). Sample exclusions are presented in Figure 1. Sample
characteristics are presented in Table 1, stratified by osteoporosis; among residents with osteoporosis, 84.2% were female and
43.0% had a history of fracture. Females were 3 years older than
males (in both osteoporosis and no-osteoporosis groups), and
compared with residents without osteoporosis, those with osteoporosis had median ages 3 years older.
The unadjusted proportions of residents who used anti-osteoporosis medications by medication type and sex by year are plotted
in Figure 2. Bisphosphonate use was low (Figure 2, Panel A) and
decreased over time from 30% to 18% for females and from 39%
to 24% for males with osteoporosis during 2014-2017. Denosumab
use was also low, but increased consistently during the study period
from 5% to 15% for females with osteoporosis and from 4% to
16% for males with osteoporosis. Vitamin D supplements were
used by more than 60% of residents with osteoporosis in each year,
and approximately 20% of residents with osteoporosis used vitamin D with a calcium supplement (Figure 2, Panel B).
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Table 1. Sample characteristics for residents by osteoporosis status (n = 9094).
Variable

Residents with osteoporosis
(n = 3104)

Residents without osteoporosis
(n = 5990)

Frequency

Column %

Frequency

Column %

Female

2612

84.15

3532

58.96

English primary language

2728

87.89

5238

87.45

2147

69.17

4095

68.36

96

3.09

97

1.62

Country of origin
Australia
China
Italy

39

1.26

88

1.47

293

9.44

541

9.03

Unknown

190

6.12

356

5.94

Single

230

7.41

607

10.13

Married

570

18.36

1567

26.16

Widowed

1838

59.21

2828

47.21

 Divorced

242

7.80

530

8.85

34

1.10

102

1.70

1336

43.04

698

11.65

Cerebrovascular disease

714

23.00

1056

17.63

Respiratory disease

949

30.57

1023

17.08

Renal disease

408

13.14

498

8.31

Myocardial infarction

133

4.28

222

3.71

United Kingdom
Marital status

Separated
Chronic conditions
History of fracture

Liver disease

56

1.80

57

0.95

Hypertension

1923

61.95

2211

36.91

Heart disease

992

31.96

1189

19.85

1288

41.49

1550

25.88

595

19.17

1015

16.94

Heart failure

361

11.63

405

6.76

Neoplasms

745

24.00

777

12.97

Arthritis

1957

63.05

2027

33.84

 Dementia

1692

54.51

2184

36.46

 Died during study period

1467

47.26

2893

48.30

 Dyslipidemia
 Diabetes

Mobility rating in ACFI (higher values indicate higher level of assistance needed)
0

21

0.68

87

1.45

1

69

2.23

185

3.09

2

1393

44.92

2590

43.25

3

1618

52.18

3126

52.20

Facility remoteness category
Major cities of Australia

2323

74.84

4226

70.55

Inner regional Australia

719

23.16

1640

27.38

Outer regional Australia

62

2.00

124

2.07
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Table 1. (Continued)
Variable

Residents with osteoporosis
(n = 3104)

Residents without osteoporosis
(n = 5990)

Median (IQR)

Median (IQR)

Age of females, y

89 (84-92)

86 (80-91)

Age of males, y

86 (80-90)

83 (76-88)

LOS of females, y

3.15 (1.50-5.46)

2.94 (1.22-5.52)

LOS of males, y

2.18 (1.08-4.43)

2.02 (0.80-4.22)

Abbreviations: ACFI = Aged Care Funding Instrument; IQR = interquartile range.
Aged care facility residents aged 65+ who had a length of stay (LOS) of at least 2 weeks during 2014-2017.

Figure 2. Unadjusted proportion of residents who used osteoporosis medications by sex and osteoporosis diagnosis, 2014-2017. N = 3104 permanent
aged care facility residents aged 65 and older with documented osteoporosis. (Panel A) Antiresorptive use and (Panel B) vitamin D use.
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Table 2. Generalized estimating equations regression marginal effects—outcome is any antiresorptive medication use.
Independent variable

Estimate (SE)

95% CI

P value

Male

0.06 (0.02)

0.02 to 0.11

.01

Age

0.01 (0.004)

0.002 to 0.02

.02

−0.01 to −0.002

<.001

Age2, decades
English primary language

−0.004 (0.001)
−0.04 (0.04)

−0.11 to 0.04

.33

Marital status (ref. group is married)
Unknown

0.08 (0.04)

0.003 to 0.15

.04

Single

0.08 (0.04)

0.01 to 0.15

.02

Widowed

0.06 (0.02)

0.01 to 0.10

.01

 Divorced

0.10 (0.03)

0.03 to 0.16

.01

0.08 (0.07)

−0.07 to 0.22

.32

Australia

−0.01 (0.03)

−0.06 to 0.04

.69

China

−0.08 (0.06)

−0.19 to 0.04

.20

Italy

−0.11 (0.06)

−0.23 to 0.01

.07

United Kingdom

0.001 (0.03)

−0.07 to 0.07

.98

History of fracture

0.07 (0.02)

0.04 to 0.10

<.001

Cerebrovascular disease

0.01 (0.02)

−0.02 to 0.05

.52

Respiratory disease

0.04 (0.01)

0.01 to 0.06

.01

−0.04 (0.02)

−0.08 to 0.01

.09

−0.001 (0.04)

−0.07 to 0.07

.99

Separated
Country of origin (ref. group is all other countries)

Comorbidities (ref. group is absence of disease)

Renal disease
Myocardial infarction
Liver disease

−0.13 (0.05)

−0.23 to −0.04

.01

Hypertension

−0.02 (0.02)

−0.05 to 0.01

.29

Heart disease

0.01 (0.02)

−0.02 to 0.04

.67

0.05 (0.02)

0.02 to 0.08

.001

−0.09 to −0.01

.01

 Dyslipidemia
 Diabetes

−0.05 (0.02)

Heart failure

0.03 (0.02)

−0.02 to 0.07

.25

Cancer

0.01 (0.02)

−0.02 to 0.04

.63

Arthritis

0.02 (0.01)

−0.01 to 0.05

.11

 Dementia

−0.02 (0.02)

−0.04 to 0.01

.31

Died during year of observation

−0.05 (0.02)

−0.08 to −0.02

.001

Mobility rating (ref. group is 0)
1

0.12 (0.09)

−0.05 to 0.30

.16

2

0.10 (0.08)

−0.06 to 0.26

.20

3

0.08 (0.08)

−0.07 to 0.24

.30

Length of stay, y

−0.01 (0.01)

−0.02 to 0.003

.17

Length of stay, y2

0.003 (0.003)

−0.004 to 0.01

.44
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Table 2. (Continued)
Independent variable

Estimate (SE)

95% CI

P value

Facility remoteness category (ref. group is major city)
Inner regionala

−0.64 (0.26)

−1.15 to −0.13

.01

Outer regionala

−1.43 (0.28)

−1.99 to −0.88

<.001

Time (y, ref. group is 2014)
2015

−0.003 (0.01)

−0.02 to 0.02

.76

2016

−0.04 (0.01)

−0.06 to −0.02

<.001

2017

−0.08 (0.01)

−0.10 to −0.06

<.001

Abbreviations: CI = confidence interval; SE = standard error.
Outcome of antiresorptive medication use is defined as at least one administration of a bisphosphonate or denosumab in a given year. N = 3104 aged care facility
residents with osteoporosis from 68 facilities. Age is scaled to years past 65.
aMarginal effects not estimable, parameter estimate reported.

Figure 3. Model-based estimates of antiresorptive use by age, sex and facture history.

The GEE regression found that for residents with osteoporosis, antiresorptive use varied by sex, age, health status, last
year of life, and time (Table 2, Figure 3). Older age was associated with higher bisphosphonate use, although the increase
was smaller at older ages (negative quadratic term for age).
Antiresorptive use was 13 points lower for residents with liver
disease compared with those without (P = .01), 5 points lower
for residents with diabetes (P = .01), and 5 points lower for residents who died during the year (P = .001). Antiresorptive use
was higher for residents who had a history of fracture (7 points;
P < .001), had chronic lower respiratory disease (4 points;
P = .01), had dyslipidemia (5 points; P = .001), or were men (6
points; P = .01). Antiresorptive use decreased over time; relative
to 2014, decreases were significant in 2016 (4 points lower;
P < .001) and 2017 (8 points lower; P < .001).
Vitamin D supplement use varied by age and health status
(Table 3, Figure 4). Age had a curvilinear trend where

compared with younger residents, older residents were more
likely to use vitamin D supplements, but at older ages this difference tapered off. Vitamin D use was 5 points higher among
residents with a history of fracture (P < .001) and 4 points
higher among residents with dyslipidemia (P = .01).

Discussion

This study found both encouraging and concerning trends in
osteoporosis treatment for residents in RACFs. Antiresorptive
use declined during 2014-2017; despite increasing use of denosumab, antiresorptive use continued to fall. Bisphosphonate use
decreased during the study period, consistent with studies
reporting declining bisphosphonate use after concerns about
rare but serious side effects were reported in 2006.13

Antiresorptive use varied by other factors such as sociodemographic characteristics and facility characteristics, indicating
that clinical characteristics specified by treatment guidelines
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Table 3. Generalized estimating equation regression marginal effects—outcome is any vitamin D use.
Independent variable

Male
Age
Age2, decades

Estimate (SE)

−0.01 (0.02)
0.01 (0.004)

−0.05 to 0.03
0.003 to 0.02

P value

.59
.01

−0.01 to −0.001

.002

0.01 (0.04)

−0.06 to 0.08

.73

Unknown

0.05 (0.03)

−0.01 to 0.12

.12

Single

0.06 (0.03)

−0.003 to 0.12

.06

Widowed

0.02 (0.02)

−0.02 to 0.07

.26

 Divorced

0.01 (0.03)

−0.05 to 0.07

.73

−0.12 (0.07)

−0.26 to 0.03

.12

Australia

0.02 (0.03)

−0.03 to 0.08

.35

China

0.05 (0.06)

−0.07 to 0.17

.40

Italy

−0.07 (0.07)

−0.21 to 0.08

.36

United Kingdom

0.004 (0.03)

−0.06 to 0.07

.91

0.05 (0.01)

0.03 to 0.08

−0.03 (0.02)

−0.06 to 0.01

.15

0.01 (0.01)

−0.02 to 0.04

.43

−0.03 (0.02)

−0.08 to 0.01

.12

Myocardial infarction

0.06 (0.03)

−0.01 to 0.13

.08

Liver disease

0.01 (0.05)

−0.09 to 0.12

.79

Hypertension

−0.001 (0.02)

−0.03 to 0.03

.95

Heart disease

0.02 (0.02)

−0.01 to 0.05

.18

 Dyslipidemia

0.04 (0.02)

0.01 to 0.07

.01

 Diabetes

0.03 (0.02)

−0.01 to 0.07

.09

−0.002 (0.02)

−0.05 to 0.04

.91

Cancer

0.004 (0.02)

−0.03 to 0.04

.79

Arthritis

−0.01 (0.01)

−0.03 to 0.02

.67

0.01 (0.01)

−0.02 to 0.04

.42

−0.03 (0.02)

−0.06 to 0.002

.06

English primary language

−0.003 (0.001)

95% CI

Marital status (ref. group is married)

Separated
Country of origin (ref. group is all other countries)

Comorbidities (ref. group is absence of disease)
History of fracture
Cerebrovascular disease
Respiratory disease
Renal disease

Heart failure

 Dementia
Died during year of observation

<.001

Mobility rating (ref. group is 0)
1

0.16 (0.10)

−0.03 to 0.36

.10

2

0.08 (0.09)

−0.10 to 0.26

.38

3

0.06 (0.09)

−0.12 to 0.24

.53

Length of stay, y

0.01 (0.01)

−0.001 to 0.02

.09

Length of stay, y 2

−0.005 (0.003)

−0.01 to 0.002

.14
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Table 3. (Continued)
Independent variable

Estimate (SE)

95% CI

P value

Facility remoteness category (ref. group is major city)
Inner regionala

0.25 (0.26)

−0.26 to 0.75

.34

Outer regionala

−0.29 (0.26)

−0.80 to 0.22

.27

2015

0.02 (0.01)

−0.001 to 0.04

.07

2016

0.01 (0.01)

−0.01 to 0.03

.40

2017

0.02 (0.01)

−0.004 to 0.04

.10

Time (y, ref. group is 2014)

Abbreviation: CI = confidence interval; SE = standard error.
Outcome of any vitamin D supplement use is defined as at least one administration of vitamin D in a given year. N = 3104 aged care facility residents with osteoporosis
from 68 facilities. Age is scaled to years past 65.
aMarginal effects not estimable, parameter estimate reported.

Figure 4. Model-based estimates of vitamin D supplement use by age, sex, and fracture history.

are not the sole driver of antiresorptive use. These findings are
countered by some positive trends in anti-osteoporosis medication use that indicated treatment consistent with guidelines.
First, vitamin D supplement use was high and remained stable
during the study period. Unlike antiresorptives, vitamin D use
was mostly unvaried by sociodemographic and facility characteristics, which we interpret as an encouraging finding. Another
positive finding was that residents in their last year of life (as a
proxy for limited life expectancy) had lower antiresorptive utilization rates—consistent with recommendations.5,6
Underutilization of bisphosphonates is not unique to
Australia; recent commentary has highlighted the need for physicians to address patient concerns about bisphosphonates.31
Low antiresorptive use during the study period may be a
response to concerns about adverse side effects,14-18 but may also
be a consequence of the guidelines for PBS subsidization of

antiresorptives. People living in RACFs may experience barriers
to accessing dual-energy x-ray absorptiometry (DEXA) scans,
and thus may have difficulties meeting the coverage criteria for
antiresorptives without having a fracture. These barriers may be
compounded for those residing in more remote areas; we
found that remoteness was associated with lower medication
use, consistent with prior research.26 Our data only include
facilities located in the 3 most urban categories, and these differences may be greater in the most remote areas of Australia.
Our data reflect treatment provided well after concerns about
atypical fractures as an adverse (but rare) effect of bisphosphonates were highlighted; thus, it is unclear the degree to which
these reports explain recent bisphosphonate trends and what
part of the reduction in bisphosphonate use is attributable to
prescribers choosing denosumab instead of bisphosphonates.
Compared with other Australian studies, we observed higher
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rates of bisphosphonate use (other studies: 8%-20%, our study:
18%-39%), but this could plausibly be explained by those studies using larger denominators (all older adults vs our use of just
people with documented osteoporosis). We found somewhat
higher vitamin D supplement use (other studies: 8%-50%, our
study: 60%-64%).13,23-26 An unexpected finding was that antiresorptive use (mostly bisphosphonate use) was higher in men
than in women. We cannot conclusively identify why this difference occurred, but we suspect that it is an artifact of higher
diagnosis rates in women. If men are less likely to have their
osteoporosis diagnosed and documented and the cases that are
diagnosed represent more severe cases, these cases may be more
likely to use antiresorptives. In other words, this would make
the denominator of men with osteoporosis smaller than it
should be, which generates an upward bias in the antiresorptive
treatment rate.
The greatest limitation of this study is likely underidentification of osteoporosis; we found that approximately one-third
of residents had osteoporosis documented in their EHR, well
below the expected prevalence based on prior research that has
suggested that osteoporosis may affect 86% of people in the
RACF setting.1 If this is the case, our estimates of antiresorptive use may overestimate the true treatment rates. The residents identified as having osteoporosis could represent those
with more severe osteoporosis and/or with less complex and
less severe comorbidities. If this is the case, then our results
may overestimate osteoporosis treatment rates, assuming that
residents with more severe osteoporosis are more likely to
receive treatment. Our estimates of treatment rates are also
likely conservative because we used a simple measure of annual
medication use (any use within the calendar year) that did not
address whether or not residents had used sufficient amounts
of the medications for them to be effective. However, we may
have underascertained intravenous antiresorptives if residents
received infusions outside of the RACF. Another limitation is
that we lacked information on the severity of osteoporosis or
details of contraindications for antiresorptives or supplements;
thus, we could not determine eligibility for antiresorptive coverage or medication appropriateness. We also lacked information on dietary calcium intake and thus do not know whether
most vitamin D users were receiving adequate calcium.
The strengths of this study come from our use of a large and
recent longitudinal sample of residents within Australia’s most
populous region, our regression approach which corrected for
repeated measurements, and use of medication administration
data that are not subjected to measurement error from noncompliance. Our findings should be generalizable to the
Australian RACF population as our sample is demographically
similar.28 We demonstrated the potential value of EHR data
from RACFs as a tool for examining quality of care issues, particularly medication use, which is a leading quality concern in
Australian RACFs. Little is known about the quality and safety
of care in Australian RACFs as Australia lacks a systematic,
evidence-based, public reporting system for the aged care

sector. As a consequence, compliance with treatment guidelines
for common geriatric conditions such as osteoporosis remains
largely unmeasured and unreported. This study sheds new light
on this issue and indicates areas for targeting treatment. Future
research should build on our use of RACF EHR data by linking data from general practice and hospitalizations, which
could improve the ability to identify cases of osteoporosis and
provide the data necessary for evaluating important outcomes
such as incident fractures. Future research should also examine
longitudinal trends in anti-osteoporosis medication use across
settings and how medication use changes as older adults transition across different settings of care.

Conclusions

This study found aged care facility residents with documented
osteoporosis had high use of vitamin D supplements, but use of
antiresorptives was low and declining over time. Effective
strategies for improving osteoporosis treatment rates in the
residential setting are available,32,33 and fracture prevention
within the most vulnerable population can be improved.
Current undertreatment of osteoporosis may translate into a
substantial number of fractures and hospitalizations that could
be prevented. Quality monitoring in RACFs for treatment of
common chronic conditions may be achieved using data collected routinely, such as medication administration.
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