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Predictors of statin use among older adults:
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BACKGROUND: Statins comprise a key strategy for the prevention and treatment of arteriosclerotic
cardiovascular disease, but prescribing remains suboptimal.

OBJECTIVES: The objective of this study was to characterize the predictors of statin use among
adults aged $65 years.

METHODS: A cross-sectional study using Pharmaceutical Benefits Scheme (PBS) data on reimbursed
prescriptions for a 10% random sample of the Australian population in 2016 was performed. Predictors
of statin use were identified via multivariable logistic regression. Analyses were performed separately for
people who were concessional beneficiaries (with a low, capped copayment) and other (‘‘general’’) people.

RESULTS: Among 351,471 (concessional5 295,875 and general5 55,596) older adults, 44.2% were
dispensed statins (concessional5 46.4%and general5 32.2%).Among the concessional beneficiaries, peo-
ple aged 75 to 84 years were more likely to use statins (odds ratio [OR] 1.08, 95% confidence interval [CI]
1.06–1.10), whereas those aged $85 years were less likely to use statins (OR 0.71, 95% CI 0.69–0.72),
compared with people aged 65 to 74 years. Men were more likely to use statins than women (OR 1.14,
95%CI 1.12–1.16). Diabeteswas associatedwith over 2-fold (OR 2.48, 95%CI 2.43–2.53) increased likeli-
hood of statin use. People with cardiovascular-related conditions including hypertension, angina, and
congestive heart failure experienced increased likelihood of statin use as was being dispensed anticoagulant
or antiplatelet medication. Having malignancy, psychotic illness, or pain were associated with lower likeli-
hood of statin use. Similar predictors of statin use were noted for the general population.
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CONCLUSION: More than 40%of older adults inAustralia used statins in 2016with uptake dependent on
individual-level factors such as demographics and comorbidities. Future research should examine the extent
to which provider and/or health system–level factors contribute to the variable uptake of statin therapy.
� 2018 National Lipid Association. All rights reserved.
Background

The risk of cardiovascular disease (CVD) increases
progressively with age,1 with 66% of Australians aged
$75 years reporting a long-term CVD condition in 2014
to 2015.2 Although age-adjusted CVD mortality rates are
declining, the overall CVD burden is projected to rise
because of population aging and the increasing prevalence
of high blood pressure, diabetes, and dyslipidaemia.3 With
an estimated annual cost of AUD $7.7 billion to the Austra-
lian health care,4 the prevention and management of CVD
are of major interests to clinicians and policymakers.

Statins (3-hydroxy-3-methyl-glutaryl-CoA [HMG-CoA]
reductase inhibitors) comprise a key pharmacologic therapy
for the prevention and treatment of CVD, with substantial
increase in their utilization over the past 30 years. More
than 40% of Australian adults reported taking statins in
2010.5 Among the Australian veteran, community statin use
increased from 17% in 2001 to 35% in 2012.6 Similarly,
around 43% of Australians men aged $70 years in the
Concord Health and Aging Project reported taking statins.7

Statins were used also by 24% of participants aged
$37 years in the population-based Australian Diabetes,
Obesity, and Lifestyle study in 2011 to 2012,8 and 40%
of residents in residential aged care facilities in South
Australia in 2014.9 In the latter study, statin use was lower
among females than males (37% vs 48%), among those
aged $85 years than among those aged ,85 years (36%
vs 49%), and among the most frail compared with nonfrail
(26% vs 48%). There were nearly nine million prescriptions
for atorvastatin and eight million prescriptions for rosuvas-
tatin dispensed in Australia from 2013 to 2014.10 In 2015,
the Australian Government spent over AUD $210 million
on rosuvastatin alone.11

The 2017 Australian Clinical Guidelines for Stroke
Management12 and the 2016 Heart Foundation Guidelines
for the Management of Acute Coronary Syndromes13

recommend statins for people with established CVD (sec-
ondary prevention), as well as for individuals considered
to be at high risk of CVD but who otherwise have not expe-
rienced a cardiovascular event (primary prevention).
Among older adults with established CVD, statins reduce
all-cause mortality, nonfatal myocardial infarction (MI),
need for revascularization and stroke.14 However, uncer-
tainty exists in the balance of treatment benefits and harms
when statins are used for primary prevention in older
adults.15,16

Despite their increased utilization, there is evidence to
suggest suboptimal prescribing of statins in many devel-
oped countries.17–19 For example, a previous study found
that when adjusted for risk, Australian men in the highest
socioeconomic quintile were overprescribed statins,
whereas there was underprescribing among those in the
lowest quintile.20 This observation was however noted in
2004, much of statin patents were in place. Bohensky
et al, also reported that, although statins are indicated for
most patients after MI, just around 40% of Australians
with rheumatoid arthritis who experienced an acute MI
were prescribed statins, and that the reasons for nonpre-
scription were not always because of contraindication.21

Moreover, statins are recommended for all older adults
with diabetes aged $40 years regardless of the presence
or absence of CVD,22 but nearly 1 in 3 Australians aged
$65 years with diabetes was not prescribed statins in
2016.23 Recent controversies and polarizing media reports
about the benefits and harms of statin therapy have also
been shown to affect their utilization.24,25

In this context, a better understanding of the factors
associated with statin use may assist with identifying
potential under- or over-prescribing. The aim of our study
was to characterize the patterns and predictors of statin use
among older adults aged $65 years.
Methods

Study design and data sources

We undertook a cross-sectional study using 2016 data
from the Pharmaceutical Benefits Scheme (PBS) covering a
random 10% sample of the Australian population.26

The PBS is Australia’s universal health coverage
mechanism for subsiding prescription medicines for resi-
dents and visiting nationals of countries that have a
reciprocal health care agreement with Australia.27 The
data provided includes item numbers for medications
dispensed, basic demographic information (sex, year of
birth, and year of death), prescriber type and identification
number, date of prescription, date of medication supply,
quantity of medication supplied, state of the pharmacy,
and concessional status. The PBS data do not contain infor-
mation on diagnoses and laboratory results (eg, cholesterol
parameters). All data are deidentified, with each patient
ascribed a unique code.

Statin scripts were identified using the World Health
Organization’s Anatomical Therapeutic Chemical (ATC)
Classification System codes C10AA, C10BA, C10BX.28

The statins included were fluvastatin, pravastatin, simva-
statin, atorvastatin, and rosuvastatin. Both plain and combi-
nation products were included. Cerivastatin was not
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included in this study as it was withdrawn from the Austra-
lian market in 200129 nor pitavastatin because it is not
listed on the PBS.30 Lovastatin is not available in Australia.

Study population

Our study population involved all adults aged $65 years
who were dispensed medications included in the PBS data
between January 1, 2016, and 31 December 2016.

Analysis

We performed descriptive analyses of statin use based
on the PBS data including sex, age (65–74, 75–84
and $85 years), comorbidities, and concession status.
Because the PBS dataset does not contain clinical data,
comorbidities were derived via medication mapping using
the validated Rx-Risk-V tool (codes for identification of
various morbidities are presented in Supplemental Table
S1).31–33 A multivariable logistic regression model of
whether or not an older adult was dispensed statin was
constructed. This involved a backward stepwise approach
with statistical significance declared when P , .05.34 This
means that we removed the variable with the greatest P
value, one at a time, until all remaining variables had a
P value ,.05. The selection of variables for inclusion in
the initial model was influenced by the data available in
the PBS records, as well as evidence from the literature,
some of which have found significant associations be-
tween statin use and age, sex, lifestyle factors, presence
of comorbidities, and use of other cardiovascular thera-
pies.35–39 We constructed separate models for conces-
sional beneficiaries and general beneficiaries, given that
these groups have different copayment levels. Concession
beneficiaries pay lower, capped copayments for medica-
tions than general beneficiaries, and hence are very likely
to only use PBS-funded medications.40 In general, eligi-
bility for the Commonwealth of Australia senior conces-
sion card requires attainment of the pension age as well
as meeting the requirements of an annual income test (in-
come does not exceed AUD 54,929 for singles and AUD
$87,884 for couples).41,42 To ascertain the robustness of
the multivariable logistic regression model, a bootstrap
simulation approach43 with 1000 simulations was used
with the multivariable logistic regression analysis to
confirm the selection of the statistically significant predic-
tor variables. We present the odds ratios (ORs) and 95%
confidence intervals (CIs) for predictors for both conces-
sion and general beneficiaries. All analyses were per-
formed with STATA software (Stata/IC v15.1;
StataCorp, College Station, TX, USA).

Ethics

This study was approved by the Monash University
Human Research Ethics Committee and the Australian
Government Department of Health and Human Services.
Results

Population characteristics

A total of 351,471 older adults were identified in the
2016 10% random PBS data. The mean age was 74.8
(67.5) years, and 53.7% were women. Of the population,
84.2% were concession card holders, and 15.8% were
general beneficiaries. Depression, diabetes, congestive
heart failure, and dementia were inferred (by the use of
medications) in 21.8%, 16.3%, 8.8%, and 1.5% of the study
population, respectively. In addition, 0.9% were receiving
therapy for nicotine dependence. There were significant
differences in the prevalence of comorbidities between
concession and general beneficiaries. For example, while
9.6% of general beneficiaries had diabetes, the proportion
of concession card holders with diabetes was 17.5%.

Patterns of statin use

Table 1 provides a descriptive summary of prevalence of
statin use by age, sex, comorbidities, lifestyle factors, and
specific medication use for both concession and general
beneficiaries. The overall prevalence of statin use among
this group of older adults in 2016 was 44.2%. Of the
concession card holders, 46.4% were dispensed statins,
compared with 32.2% of general beneficiaries. For both
concession card holders and general beneficiaries, statin
use was higher among men than women. Similarly, the
prevalence of statin use was highest among persons aged
75 to 84 years. As per comorbidities, prevalence of statin
use was highest among people with angina and diabetes,
with .60% of both concession card holders and general
beneficiaries with angina or diabetes being dispensed sta-
tins in 2016. More than 70% of persons using platelet in-
hibitors were also dispensed statins across both groups.

Predictors of statin use

The predictors of statin use both for concession and
general beneficiaries obtained via the backward stepwise
approach were also found to be statistically significant
(P , .05) in each of the 1000 bootstrap simulations
(100%). Table 2 presents the estimated ORs for the predic-
tors of statin use among older adult concession card holders
in Australia. Compared with those aged 65 to 74 years, peo-
ple aged 75 to 84 years were more likely to use statins (OR
1.08, 95% CI 1.06–1.10), whereas those aged $85 years
were less likely to use statins (OR 0.71, 95% CI 0.69–
0.72). Men were more likely to use statins (OR 1.14, 95%
CI 1.12–1.16) as were persons using therapy for nicotine
dependence (OR 1.22, 95% CI 1.12–1.32). People with dia-
betes were more than twice as likely to be using statins (OR
2.48, 95% CI 2.43–2.53) compared with those without dia-
betes. Similarly, persons with other cardiovascular-related
conditions such as hypertension, angina, and congestive



Table 1 Characteristics of statin use among older adults stratified according to concession status

Characteristics

Concession card holders General adults

No. of individuals

Statin use (%)

No. of individuals

Statin use (%)

Yes No Yes No

All 295,875 46.4 53.6 55,596 32.2 67.8
Age (y)
65–74 149,998 44.6 55.4 44,690 31.7 68.3
75–84 102,757 50.7 49.3 7624 36.8 63.2
$85 43,120 42.7 57.3 3282 28.8 71.2

Sex
Female 164,111 43.9 56.1 24,647 27.8 72.2
Male 131,764 49.6 50.4 30,949 35.7 64.3

Comorbidities*
Angina 21,018 71.9 28.1 1037 69.9 30.1
Arrhythmia 22,828 42.6 57.4 2.162 32.8 67.2
Diabetes 51,853 68.4 31.6 5312 60.1 39.9
Hypertension 203,015 53.5 45.4 28,006 43.4 55.5
Depression 69,992 49.6 50.4 6612 34.3 65.7
Gout 23,266 55.7 44.3 3060 41.9 58.1
Osteoporosis 35,275 47.1 52.9 2854 30.9 69.1
Anxiety 25,219 46.7 53.3 2487 32.6 67.4
Reactive airway disease 39,971 49.7 50.3 2240 33.2 66.8
Inflammation/pain 60,308 45.6 54.4 10,204 31.8 68.2
Steroid responsive condition 42,015 46.8 53.2 4840 31.0 69.0
Dementia 4733 45.8 54.2 351 32.5 67.5
Parkinson’s disease 7406 43.9 56.1 590 31.0 69.0
Hyperthyroidism 1680 47.5 52.5 149 28.2 71.8
Hypothyroidism 29,290 49.2 50.8 3760 33.9 66.1
Epilepsy 9584 46.9 53.1 737 33.4 66.6
Gastric acid disorder 131,715 52.1 47.9 13,982 39.0 61.0
Glaucoma 23,100 47.8 52.2 2494 32.4 67.6
Malignancy 8131 42.5 57.5 980 29.1 70.9
Pain 84,200 47.4 52.6 9304 31.7 68.3
Congestive heart failure 28,958 63.0 37.0 1811 52.8 47.2

Lifestyle*
Nicotine dependence 2998 51.5 48.5 226 30.5 69.5

Other CV medication use
Anticoagulant therapy 42,402 54.6 45.4 4598 38.8 61.2
Platelet inhibitors 35,108 71.9 28.1 2414 72.9 27.1

CV, cardiovascular.

*Determined via medication mapping using the Rx-Risk-V tool.
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heart failure were more likely to use statins than those
without these chronic conditions. In contrast, arrhythmias,
malignancy, pain disorder, and Parkinson’s disease were pre-
dictive of lower statin use. The predictors of statin use
among general beneficiaries were similar to those among
concession card holders except for nicotine dependency
and Parkinson’s disease; neither of which was significantly
associated with statin use among general patients (Table 3).

Discussion

In this large population-based study involving older
adults from Australia, we found that more than 2 in 5
were dispensed statins in 2016. However, the likelihood
of using statin is dependent on individual-level factors
such as age, gender, lifestyle risk factors, and comorbid-
ities. The prevalence of statin use in our analyses was
slightly higher than that reported in prior cross-sectional
studies.6–8 An advantage of our analyses was that we
used a large and nationally representative random sample
of medication claims data to characterize the prevalence
and predictors of statin use among the older adults in
Australia.

Statin use was lowest among those aged .85 years. This
was consistent with patterns reported by Gadzhanova et al.6

and Korhonen et al.9 and most likely reflect the uncertainty
of treatment initiation in this subgroup.15 It may also reflect
the impact of statin discontinuation in those with limited
life expectancy, for which potential benefits may no longer
outweigh the risk of adverse events.



Table 2 Predictors of statin use among older adults with
concession

Variable Odds ratioP value95% CI

Age (y)
65–74 (base) 1 – –
75–84 1.08 ,.001 1.06–1.10
$85 0.71 ,.001 0.69–0.72

Sex
Female (base) 1 – –
Male 1.14 ,.001 1.12–1.16

Lifestyle
Nicotine dependence 1.22 ,.001 1.12–1.32

Comorbidities
Diabetes 2.48 ,.001 2.43–2.53
Depression 1.12 ,.001 1.10–1.14
Angina 1.97 ,.001 1.91–2.04
Arrhythmias 0.45 ,.001 0.44–0.46
Hypothyroidism 1.17 ,.001 1.14–1.20
Osteoporosis 1.11 ,.001 1.08–1.14
Psychotic illness 0.68 ,.001 0.65–0.71
Gout 1.08 ,.001 1.05–1.12
Steroid responsive condition 0.90 ,.001 0.88–0.92
Gastric acid disorder 1.29 ,.001 1.27–1.31
Hypertension 2.03 ,.000 1.99–2.06
Malignancy 0.81 ,.001 0.78–0.85
Congestive heart failure 1.71 ,.001 1.66–1.76
Pain 0.86 ,.001 0.85–0.88
Parkinson’s disease 0.81 ,.001 0.77–0.85

Use of other cardiovascular drugs
Platelet inhibitor 2.57 ,.001 2.51–2.64
Anticoagulant therapy 1.40 ,.001 1.37–1.44

CI, confidence interval.

Table 3 Predictors of statin use among older adults without
concession (general beneficiaries)

Variable Odds ratio P value 95% CI

Age (y)
65–74 (base) 1 – –
75–84 1.07 0.008 1.02–1.14
$85 0.67 ,0.001 0.61–0.73

Sex
Female (base) 1 – –
Male 1.28 ,0.001 1.22–1.33

Comorbidities
Diabetes 2.91 ,0.001 2.73–3.10
Depression 1.14 ,0.001 1.08–1.21
Angina 2.64 ,0.001 2.28–3.07
Arrhythmias 0.51 ,0.001 0.46–0.56
Hypothyroidism 1.22 ,0.001 1.13–1.32
Osteoporosis 1.14 0.003 1.05–1.25
Psychotic illness 0.62 ,0.001 0.51–0.75
Gout 1.14 0.001 1.05–1.23
Steroid responsive
condition

0.87 ,0.001 0.81–0.93

Gastric acid disorder 1.35 ,0.001 1.29–1.41
Hypertension 2.36 ,0.000 2.27–2.46
Malignancy 0.85 0.035 0.83–0.98
Congestive heart
failure

1.76 ,0.001 1.58–1.95

Pain 0.88 ,0.001 0.83–0.93
Use of other
cardiovascular
drugs/
Platelet inhibitor 4.39 ,0.001 3.98–4.85
Anticoagulant
therapy

1.17 ,0.001 1.09–1.26

CI, confidence interval.
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Consistent with prior Australian and international
studies, women were less likely to use statins than
men.9,18,39,44 Among US Medicare beneficiaries (aged
$65 years), for example, women were 21% less likely to
use statins than men.39 The gender differences in statin
use could be because of both women and their health
care providers, perceiving their cardiovascular risk to be
lower than that of men. Women are therefore less likely
to receive preventive therapies and advice on lifestyle
modification compared with men.45,46 Addressing gender
differences in the use of cardiopreventive therapies is
important, as certain subgroup of female populations have
a higher risk of CVD than men. For example, in a meta-
analysis involving more than 850,000 individuals, the rela-
tive risk of CVD was 46% higher in females with diabetes
mellitus than in similarly affected males.47 Likewise,
women who are current smokers have a 25% greater rela-
tive risk of coronary artery disease than men who smoke.48

The Royal Australian College of General Practitioners
Guidelines highlight the importance of cholesterol lowering
in the management of diabetes mellitus.49 Indeed, recent
American Diabetes Association guidelines recommend
that statins be prescribed for all persons with diabetes
aged $40 years, regardless of the presence or absence of
CVD.22 This may explain the much greater likelihood of
statin use among those with diabetes, although ,70% of
people with diabetes in our study were using statins.

Being in receipt of therapy for nicotine dependence was
associated with greater likelihood of statin use among
concession card holders. This observation may be because
of higher risk of CVD among these ex-smokers.50 The lack
of association between receiving therapy for nicotine
dependence and statin use among the general beneficiaries
may be because of the lower prevalence of use of nicotine
replacement therapy in this population. Regardless, smok-
ing status did not differ among users and nonusers of statins
in the Australian Diabetes, Obesity, and Lifestyle study in
2011 to 2012.8 Overall, people with other cardiovascular-
related conditions such as hypertension or angina and those
using other cardiovascular medications (eg, platelet inhibi-
tors) were more likely to be dispensed statins.

We noted that persons with arrhythmias (excluding atrial
fibrillation) were 50% less likely to be dispensed statins.
This finding is unexpected because arrhythmias are often
associated with other forms of heart disease that increase
the risk of CVD,51,52 and statins have also been proposed to
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have antiarrhythmic properties that reduce the occurrence
of ventricular arrhythmias.53 Regardless, our results
showed higher likelihood of statin use among people on
anticoagulant therapy who may likely be persons with atrial
fibrillation. Future studies may need to explore in greater
detail the factors that contribute to lower statin use among
the older adults with arrhythmias.

There is little evidence to support the benefits of statins
among populations with life-limiting illness, and in partic-
ular, those with prognosis of ,2 years.54 This may explain
the lower likelihood of being dispensed statins among per-
sons with malignancies in 2016. Indeed, a recent random-
ized clinical trial noted that in palliative care settings,
thoughtful clinician–patient discussions regarding the un-
certain benefit of statins are needed, and that stopping sta-
tins is safe and associated with improved patient quality of
life as well as reduced health care costs.55 This may reflect
a shift in prescribing. In 2009 to 2010, 51% of statin users
attending an Australian geriatric oncology clinic were
receiving a palliative treatment approach, and 49% used
statins for primary prevention.56

Our study has important strengths and limitations. To
our knowledge, this was among the first national
population-based Australian studies to describe the preva-
lence and predictors of statin use among older adults. Our
analysis was based on a large sample of data from the PBS,
which has been considered to be reliable for evaluation of
medication use patterns within Australia.26 The main limi-
tation of our study is that we had no clinical information,
and medications were used as surrogates for comorbidities.
It is possible that we may have missed people being
managed via nondrug approaches (eg, dietary measures
for diabetes). However, the Rx-Risk-V tool is validated
and has been widely used in Australian and international
studies for determining disease prevalence.31,33 Because
the analyses have been based on the PBS claims dataset,
only persons who were dispensed medications on the PBS
list are captured, although we expect that for the older pop-
ulation this is likely to have a minimal impact on the re-
sults. We were also unable to classify study participants
according to their risk of CVD, which may influence the
likelihood of statin treatment.19 Finally, because of the reli-
ance on pharmacy claims data, we could not verify whether
people actually took the statins that they were prescribed.
Conclusion

More than 2 in 5 older adults in Australia were
dispensed statins in 2016. Individual-level factors such as
age, sex, and presence of comorbidities predicted the
likelihood of statin use. Further research including quali-
tative investigations are needed to identify to what extent
provider and/or health system–level factors can further
explain the variable uptake of statin therapy. This will be
important to facilitate optimal targeting of statin treatment
among older adults.
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Table S1 RxRisk-V categories

CC category Anatomical Therapeutic Classification Codes

Arrhythmias C01AA05, C01BA01-C01BD01, C07AA07
CHF (C03CA01-C03CC01 AND (C09AA01-C09AA16 OR, C09CA01-C09CX99)), C03DA04, C07AB07,

C07AG02, C07AB12, C09DX04, C07AB02_2
Dementia N06DA02-N06DA04, N06DX01
Depression N06AA01-N06AG02, N06AX03-N06AX11, N06AX13-N06AX26
Diabetes A10AA01-A10BX08
Gastroesophageal reflux disease A02BA01–A02BX05
Glaucoma S01EA01-S01EB03, S01EC03-S01EX02
Gout M04AA01-M04AC01
HTN C03AA01-C03BA11, C03BB04, C03DA01-C03DA03, C03EA01-C03EA14, C09BA02-C09BA15,

C09DA01-C09DA09, C02AB01-C02AC05, C02DB01-C02DB04, C03DB01-C03DB02,
C07AA01-C07AA06,C07AG01, C08CA01-C08DB01, C09DB01-C09DB08, C09DX01-C09DX03,
C09BB02-C09BB12, C07AB03, C07AB02_1*, C02KX01–C02KX05, PBS item code 9547L,
9605M

Pain N02AA01-N02AX99, R05DA04
Angina C01DA02-C01DA70, C01DX16, C08EX02
Malignancy L01AA01-L01AX04, L01BA01_2*, L01BA03- L01XX53, L02BG03, L02BG04, L02BG06,

L02BB01-L02BB04, L02BX01-L02BX03, L04AX02, L04AX04, L04AX06, L02BA01_01,
L02AE03_1, L02AE02_1

Hyperthyroidism H03BA02, H03BB01
Osteoporosis/Paget’s M05BA01-M05BB08, M05BX03, M05BX04, H05AA02
Inflammation/pain M01AB01-M01AH06
Parkinson’s disease N04AA01-N04BX03
Psychotic illness N05AA01-N05AB02, N05AB06-N05AL07, N05AX01-N05AX17
Reactive airway disease R03AC02-R03DC03, R03DX05
Steroids-responsive conditions H02AB01-H02AB17

CHF, congestive heart failure; HTN, hypertension.

*Where the ATC code has _01 or_02 at the end, the ATC code could be used for multiple indications and therefore to separate indication based on PBS

item codes these additional digits were used.
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