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Abstract

Backerouno—Efforts to minimize medication risks among older adults include avoidance of
potentially inappropriate medications. Contemporary analysis of medication use in community-
dwelling older people compared with the general population is lacking.

ParTIciPANTS—A total of 19,114 community-dwelling adults in Australia and the United States
aged 70 years or older (65 years or older for U.S. minorities) without histories of major
cardiovascular disease, cognitive impairment, or disability participated in a randomized, placebo-
controlled trial of aspirin: ASPirin in Reducing Events in the Elderly study.
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MeasuremENTs—Prescribed baseline medications obtained by self-report and medical record
review were grouped by World Health Organization Anatomic and Therapeutic Chemical category.
Potentially inappropriate medications were defined using a modified American Geriatrics Society
Beers Criteria. Polypharmacy was defined as 5 or more medications, and hyperpolypharmacy
defined as 10 or more medications. Cross-sectional descriptive statistics and adjusted odds ratios
were computed.

ResuLts—The median number of prescription medications per participant was three, regardless of
age. Women had a higher medication prevalence. Cardiovascular drugs (primarily
antihypertensives) were the most commonly reported (64%). Overall, 39% of the cohort reported
taking at least one potentially inappropriate medication, with proton-pump inhibitors being the
most commonly reported (21.2% of cohort). Of the cohort, 27% had polypharmacy, and 2%
hyperpolypharmacy. Age 75 years or older, less than 12 years of education, hypertension, diabetes
mellitus, chronic kidney disease, frailty, gastrointestinal complaint, and depressive symptoms were
associated with an increased likelihood of potentially inappropriate medications and
polypharmacy. For almost all medication classes, prevalence was equivalent or lower than the
general older population.

Concrusion—Overall medication burden and polypharmacy are low in older adults free of major
cardiovascular disease, disability, and cognitive impairment. The prevalence of potentially
inappropriate medications is higher than previously reported and similar to more vulnerable
populations as a result of the introduction of proton-pump inhibitors to the American Geriatrics
Society Beers Criteria. Longitudinal follow-up is required to further understand the balance of
benefits and risks for potentially inappropriate medications and polypharmacy in community-
dwelling older people.
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Prescription drugs are important for preserving health but are major expenditures in the
United States and Australia. In the United States, prescription medications cost
approximately $328 billion annually®; in Australia, medications cost $18.8 billion and
contributed 13% of total health expenditure in 2014.2 People aged 65 years and older use
approximately one third of all medications,3: 4 but make up a relatively small proportion of
the population (~15-16%).% 6 The older population is increasing in number. In the last
decade, life expectancy for older people has increased,’ the prevalence of heart disease and
uncontrolled hypertension has decreased,® © and self-reported functional limitation has
decreased.10 These changes have been observed concomitantly with higher usage of health
services! and increases in prescription medication use,? suggesting that improved health
care and pharmaceutical interventions are enabling more people to reach advanced ages in
good health relative to their historical peers.

However, in reducing the burden of age-related chronic disease, overall greater medication
exposure can increase adverse events resulting from complex dosing regimens, drug—drug
interactions, and prescribing cascades. The pharmacokinetic and pharmacodynamic changes
associated with aging make older adults particularly vulnerable to adverse effects of
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medication.13 A studyl* estimated that 1 in 10 hospital admissions for people 60 years or
older are attributed to adverse drug reactions, whereas another studyl® estimated the annual
cost in the United States to be $30.1 billion. Irrespective of the exact number, the cost of
morbidity and mortality associated with adverse drug reactions is substantial.18

Medications associated with excess morbidity relative to their potential benefit are
considered to be potentially inappropriate for older people and should be used with caution
or avoided completely. Polypharmacy (use of 5 or more prescription medications) and
hyperpolypharmacy (use of 10 or more medications) have also been linked with a high
incidence of adverse reactions in older people.}” Analysis of the prevalence and impact of
these medications has been the focus of many previous analyses, including studies of
vulnerable older people admitted to hospital or who were in nursing home care8 and
community cohorts with high prevalence of diabetes mellitus and cardiovascular disease.1®
However, contemporary analysis of medication use in large cohorts of healthier community-
dwelling older people using the latest criteria is lacking. Understanding how the
epidemiology of medication use in community-dwelling older people differs from their more
vulnerable peers can provide insight into medication risk and its avoidance in the
community.

The objective of this article is to describe the baseline medication profile and correlates of
community-dwelling older people using data from the Aspirin in Reducing Events in the
Elderly (ASPREE) Study. Comparisons are made with published results for the general older
population.

ASPREE Clinical Trial

Briefly, ASPREE was a randomized, placebo-controlled, double-blinded trial of low-dose
(100 mg) aspirin’s ability to prolong disability-free life in 19,114 community-dwelling
people aged 70 years or older (65 years or older for U.S. minorities) conducted in Australia
(n=16,703) and the United States (n=2,411).20 Participants were required to be in good
health, free of preexisting major cardiovascular disease, cognitively intact, and able to
independently perform basic activities of daily living. The study commenced in March 2010
and concluded enrollment and baseline data collection in December 2014. Detailed methods
and results of ASPREE are described elsewhere.20-22

Collection of Medication From Participants

Participants in ASPREE were asked to bring their medications to their baseline data
collection visit. Research staff reviewed each medication and confirmed with the participant
whether the medication was prescribed by his or her doctor. In addition to prescription
medications, other medications of relevance to the aspirin intervention and main outcomes in
ASPREE were recorded if participants reported taking them at least once per week on a
regular basis, regardless of whether they were prescribed by a doctor or obtained without
prescription. These included nonsteroidal antiinflammatory drugs (NSAIDs),
acetaminophen, vitamin D, and open-label aspirin. When available, staff used clinic medical
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records to prompt participants about medications that they may have forgotten, with the aim
of producing a comprehensive list. Medication data were transcribed onto a case report
form, entered into the ASPREE data system, and subsequently coded according to the World
Health Organization Anatomical and Therapeutic Chemical coding system (https://
whocc.no/atc_ddd_index/).

Potentially inappropriate medications (PIMs) were defined as listed under table 2 of the
2019 American Geriatrics Society (AGS) Beers Criteria for PIM use in older adults.23 This
subgroup of medications within the AGS Beers Criteria was chosen because of the strong
recommendation to avoid, as opposed to other subgroups of medications recommended for
use with caution or avoided only for certain disease states. Where ASPREE collected
insufficient data about the indication for the prescribed medication to determine if it met the
AGS Beers Criteria (e.g., lack of dose, dosing regimen, or indication), the medication was
not considered to be PIM (e.g., insulin sliding scale). Proton pump inhibitors (PPIs) were
considered PIMs if they were not coprescribed with an NSAID and vice versa. A full list of
PIMs used in this analysis and medications that were excluded is shown in Table S1.

Polypharmacy and hyperpolypharmacy were defined as the concurrent use of 5 or more or
10 or more prescription medications, respectively.24 Hypertension was defined as systolic
blood pressure of greater than 139 mm Hg or diastolic blood pressure greater than 89 mm
Hg or receiving pharmaceutical treatment for high blood pressure. Diabetes mellitus was
defined as self-report of diabetes mellitus or fasting blood glucose of greater than or equal to
126 mg/dl or on pharmaceutical treatment for diabetes mellitus. Frailty was categorized on
the basis of the adapted Fried frailty criteria, which included body weight, strength,
exhaustion, walking speed, and physical activity.2> The category of prefrail included
participants who met one or two of these five criteria, and the category of frail included
those who met three or more criteria. Gastrointestinal complaint was defined as a self-report
of gastro-esophageal reflux disease, gastritis, or dyspepsia. Chronic kidney disease was
defined as an estimated glomerular filtration rate of less than 60 ml/minute/1.73 m2 or a
urine albumin creatinine ratio of three or more. Quality of life was measured using the 12-
Item Short Form Survey (SF-12) reported as Mental Component Score or Physical
Component Score.28 Depressive symptoms were assessed with the Center for Epidemiologic
Studies Short Depression Scale.2” Gait speed was assessed as the average time of two trials
to walk 3 m. Grip strength was the mean of three trials of the dominant hand using a Jamar
hand dynamometer.

Statistical Analysis

Descriptive statistics were used to summarize medication prevalence data. Odds ratios (ORs)
from logistic regression models were used to describe associations between sex and country
with baseline medication prevalence (Table 1), baseline medication class (Table 2), and
PIMs, polypharmacy, and hyperpolypharmacy (Table 3). In this study, the OR were also
used to describe associations between age category, ethnicity, years of education,
gastrointestinal complaint, hypertension, diabetes mellitus, chronic kidney disease, frailty
status, quality of life, grip strength, gait speed, cognitive score on the Modified Mini-Mental
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State Examination,?8 depressive symptoms and PIMs (Table 4), polypharmacy, and
hyperpolypharmacy (Table 5). In Table 4, the OR were calculated from logistic regression
models, whereas the OR in Table 5 were calculated from ordinal logistic regression models
(as a result of more than two outcome levels of polypharmacy and hyperpolypharmacy,
which also followed a natural order). Sex and country were adjusted for in the OR of Tables
4 and 5, whereas age and sex were adjusted for in the OR that compared Australia with the
United States in Tables 2 and 3.

At study entry, the median age of ASPREE participants was 74 years, 56% of participants
were women, 91% were White, and 28% lived alone. Overall, 74% had hypertension, and
11% had diabetes mellitus.2! As expected based on the eligibility criteria, these results
demonstrate that ASPREE participants were relatively healthier than the general population
of a similar age in both countries.2 Overall, 13% of participants reported not taking any
prescription medication (n=2475), 31% reported taking one or two prescribed medications
(n=6003), 29% took three or four medications (n=5548), 16% took five or six medications
(n=3106), and the remaining 10% reported taking seven or more prescription medications
(n=1979; Table 1). The median number of prescription medications per participant was
three, regardless of age. Women were more likely to be on a higher number of medications
than were men, with 90% of women taking at least one medication compared with 83% of
men.

Prevalence of medications by class, sex, and country within ASPREE is shown in Table 2.
Overall, cardiovascular drugs were the most prevalent class in the cohort (64%; see Table
S2). Sex differences were observed across all medication classes, with women being more
likely to report being on each medication class, except dermatologicals and antiinfective and
sensory medications, in which there were no differences by sex (Table S2). The prevalence
of oral glucose-lowering drugs was higher in the United States compared with Australia
(adjusted OR 2.58, 95% confidence interval [CI] 2.22-2.98) as was the prevalence of
diuretics (United States; adjusted OR 1.68, 95% CI 1.52-1.86), and B-blockers (adjusted OR
2.27,95% CI 1.99-2.57; Table 2). The prevalence of PPIs (adjusted OR 0.38, 95% CI 0.34—
0.43), drugs acting on renin-angiotensin-aldosterone pathway (adjusted OR 0.70, 95% CI
0.64-0.76), benzodiazepines (adjusted OR 0.41, 95% CI 0.32-0.52), and antidepressants
(adjusted OR 0.71, 95% CI 0.61-0.82) was lower in the United States. Prevalence of other
medication classes was broadly similar between the two countries.

The proportion of participants reporting use of medication that may be a PIM,
polypharmacy, and hyperpolypharmacy is shown in Table 3. Overall, 39% of the cohort
reported taking at least one PIM. Polypharmacy was present in 27% of the cohort and
hyperpolypharmacy in 2%. Women were more likely to report a PIM (OR 1.55, 95% CI
1.46-1.65), have polypharmacy (OR 1.79, 95% CI 1.68-1.92), or have hyperpolypharmacy
(OR 2.00, 95% CI 1.62-2.49). Australians were more likely to report a PIM (adjusted OR
0.63, 95% C1 0.57-0.69), but less likely to have polypharmacy (adjusted OR 1.23, 95% CI
1.12-1.35) or hyperpolypharmacy (adjusted OR 1.72, 95% CI 1.34-2.19). Of the
participants reporting a PIM, 54.8% reported a PPl without concurrent use of an NSAID
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(21.2% of total cohort), 17.3% reported an NSAID without concurrent use of a PPI (6.7% of
total cohort), 15.8% reported benzodiazepines (6.1% of total), 11.8% reported taking
androgens or estrogens (4.6% of total), and 11.6% reported taking medications with
anticholinergic properties (4.5% of total; see Figure 1 and Table S1). Of those taking a PPI,
when specifically asked, 89% reported a history of a gastrointestinal complaint (i.e., self-
report of gastro-esophageal reflux disease, gastritis, or dyspepsia).

Baseline characteristics of participants grouped by the presence of PIMs are shown in Table
4. Participants were more likely to report taking a PIM if aged 75-84 years compared with
participants aged 65-74 years (adjusted OR 1.10, 95% CI 1.04-1.17); they received less than
12 years of education (adjusted OR 1.20, 95% CI 1.13-1.28); they reported a gastrointestinal
complaint (adjusted OR 10.23, 95% CI 9.24-11.34), hypertension (adjusted OR 1.30, 95%
Cl 1.22-1.39), diabetes mellitus (adjusted OR 1.47, 95% CI 1.34-1.62), or chronic kidney
disease (adjusted OR 1.18, 95% CI 1.10-1.26); or had depressive symptoms as evidenced by
a score of eight or more on the Center for Epidemiologic Studies Short Depression Scale
questionnaire (adjusted OR 1.43, 95% CI 1.30-1.58). Participants in the categories of
prefrail and frail were more likely to be on PIMs (prefrail adjusted OR 1.33, 95% CI 1.26—
1.42; frail adjusted OR 2.25, 95% CI 1.84-2.74), as were participants with a poorer Physical
Component Score for related quality of life (adjusted OR 1.04, 95% CI 1.04-1.04); however,
no clinically relevant difference in grip strength was observed based on prevalence of PIMs.
Participants reporting a PIM were more likely to have a slightly slower gait speed test (2.94
seconds vs 3.03 seconds; adjusted OR 1.18, 95% CI 1.14-1.22). Although a statistically
significant effect was identified, no clinically relevant difference was observed in baseline
Modified Mini-Mental Examination scores or Mental Component Scores of the SF-12
quality-of-life questionnaire based on the presence of a PIM.

Baseline characteristics of ASPREE participants grouped by the presence of polypharmacy
and hyperpolypharmacy are shown in Table 5. Participants aged 75 years or older were more
likely to have polypharmacy and hyperpolypharmacy compared with those younger than the
age of 74 (75-84 adjusted OR 1.29, 95% CI 1.21-1.38; 85 or older adjusted OR 1.29, 95%
Cl 1.09-1.52). So too were minorities (adjusted OR 1.24, 95% CI 1.08-1.43), those with a
gastrointestinal complaint (adjusted OR 2.63, 95% CI 2.40-2.90), hypertension (adjusted
OR 3.88, 95% CI 3.53-4.27), diabetes mellitus (adjusted OR 3.84, 95% CI 3.49-4.21),
chronic kidney disease (adjusted OR 1.73, 95% CI 1.61-1.86), less than 12 years of
education (adjusted OR 1.39, 95% CI 1.30-1.49), depressive symptoms (adjusted OR 1.72,
95% CI 1.55-1.90), or were in the prefrail and frail categories (prefrail adjusted OR 1.83,
95% CI 1.72-1.96; frail adjusted OR 4.54, 95% CI 3.74-5.52). Polypharmacy and
hyperpolypharmacy were also associated with poorer results for the Physical Component
Score (adjusted OR 1.08, 95% CI 1.07-1.08). Overall, no clinically relevant difference in
Mental Component Score of the SF-12 questionnaire, grip strength, or Modified Mini-
Mental Examination score was observed for polypharmacy or hyperpolypharmacy.

Discussion

This study found that community-dwelling older people free of cardiovascular disease,
major physical disability, and cognitive impairment take fewer prescription medications

Pharmacotherapy. Author manuscript; available in PMC 2021 March 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lockery et al.

Page 7

compared with the general older U.S. population. The median number of medications (three
per participant) was lower than recent reports from a large population-based study in a
slightly younger cohort (60 years or older) that reported a median of five medications per
person.2® Although cardiovascular medications were the most commonly reported group, the
highest frequency medication classes were for primary prevention (i.e., antihypertensives
and statins), which is consistent with a community-dwelling population with low
comorbidity burden.

When compared with the U.S. health 2017 report of prescription medication use in people
aged 65 years or older, the overall ASPREE cohort had a lower prevalence of oral glucose-
lowering drugs, p-blockers, statins, and antidepressants and a similar prevalence of diuretics,
calcium channel antagonists, and drugs acting on the renin-angiotensin-aldosterone pathway.
30 Australian participants had a lower prevalence of statins and NSAIDs compared with
survey data of prescription and over-the-counter medication use from a random sample of
Australians aged 50 years or older.3! Similarly, the prevalence of NSAID use in this study
cohort (15% of total) was lower than the 21% reported by another study32 based on an
analysis of National Health and Nutrition Examination Survey data, and the prevalence of
opioids was equivalent to published results of a national U.S. survey (3.7% prevalence for
people aged older than 70 years).33 Although country differences were observed with regard
to the prevalence of PPIs, the overall prevalence was similar to that of the general U.S.
population aged 65 years or older (i.e., 20% for men and 26% for women).30

Despite being a relatively healthy older cohort, PIMs were still notably prevalent (39%),
primarily driven by use of PPIs, NSAIDs, and benzodiazepines. Previous reports of the
prevalence of PIMs vary based on the study setting, most often in adults who were more
sick. For example, from hospital-based studies (including inpatient and outpatient studies)
with a sample size of at least 1000 participants, the reported prevalence of PIMs was
between 48.5% and 57% using the AGS Beers Criteria.34 3° In the general older U.S.
population, a national study using Medicare Part D administrative data and the 2003 AGS
Beers Criteria reported the prevalence of PIMs to be 32%.38 Recently, a community-based
study of older drivers reported at least one PIM in only 18.5% of the cohort.3” Although the
current findings show a higher prevalence, the 2012 AGS Beers Criteria did not include
PPls, and they were excluded from the second study for other reasons. Given that PPIs were
the most commonly reported PIM in this cohort (21% of total), it is not surprising that the
overall prevalence of PIMs was higher than these previous reports in community-based
people. Likewise, the higher prevalence of PIMs in Australians is likely explained by the
higher prevalence of PPIs. At a population level, the prevalence of PPIs has increased
dramatically in the past 20 years (from 7% in 1994 to 20.7% in 2014) and, as stated
previously, the prevalence in this cohort is similar to the contemporary general older
population.3® With regard to other common PIMs, the prevalence of benzodiazepines (4%
for men and 8% for women) was slightly lower than in the general older U.S. (6% and 11%,

respectively)38 and Australian populations (16% prevalence in those aged 65 years or older).
39

Although there is a recommendation to avoid PIMs in older individuals because the risks
may outweigh the benefits, it is important to note that this is a general recommendation, and
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in practice the details of the clinical situation determine whether the medication is
potentially inappropriate. Others have demonstrated an association between the presence of
comorbidity and the prevalence of PIMs,3® and clinical factors not available to ASPREE
may mean that certain medications were indicated as a result of the failure of preferred first-
line options or lack of viable alternatives. For example, according to the AGS Beers Criteria,
PPIs should be avoided because of the risk of Clostridium difficile infection, bone loss, and
fractures. However, PPIs are not considered PIMs in the presence of high-risk conditions
such as chronic NSAID exposure, erosive esophagitis, Barret’s esophagitis, a pathological
hypersecretory condition, or if they are prescribed because of a failure of a drug
discontinuation trial or treatment with an H2 antagonist.23 ASPREE did not collect data on
previous treatment failures, and given that 89% of participants on PPIs also reported a
gastrointestinal complaint, it is likely that the overall prevalence of PPIs considered to be
PIMs is overestimated in this cohort. In Australia, PPIs are only available by prescription,
whereas they can be accessed over the counter in the United States. This means that use of
PPIs may be underestimated for U.S. participants who make up 12.6% of the cohort. The
AGS Beers Criteria has been criticized for not assessing clinical outcomes and thus not
establishing an association between prescription of the medications on the list and adverse
events.0 However, a recent meta-analysis that used both the AGS Beers Criteria and the
Screening Tool of Older Person’s Prescriptions showed an association between PIMs and
adverse drug reactions and hospitalizations.*! Still, the long-term impact of PIMs on clinical
outcomes (e.g., bleeding, cognitive decline) in adults who have reached older ages free of
significant life-limiting illness or disability requires further study, as these individuals may
be resilient to the potential adverse effects.

Regarding correlates of PIMs use, those considered to be prefrail or frail were more likely to
be prescribed a PIM, which is consistent with previous studies.? No difference was
observed for the Modified Mini-Mental Examination or Mental Component Score of the
SF-12 quality-of-life questionnaire, which is not surprising given the eligibility criteria
requiring participants to be free from cognitive impairment and the types of PIMs reported.
However, specific examination of medications known to impact cognitive function in the
general older population (e.g., drugs with anticholinergic properties) and longitudinal
follow-up of cognitive outcomes will provide more meaningful insight.

As expected, this study observed a low prevalence of polypharmacy (27%) compared with
other studies, reflecting a relatively healthy volunteer cohort. A study*3 reported 67.4%
prevalence of polypharmacy in a cross-sectional study of people aged 70 years or older. In
another population study,** it was found that 45% of older people reported polypharmacy.
Given the prevalence of conditions in this age group that require pharmaceutical
management, often with multiple medications, such as hypertension (71%), dyslipidemia
(57%), osteoarthritis (50%), diabetes mellitus (26%), and chronic kidney disease (23%),
45-47 it is not surprising that one in four ASPREE participants reported taking five or more
medications. Regardless, the prevalence of polypharmacy was low compared with the
general older population, where the estimated prevalence of polypharmacy is 42.6% in the
United States30 and 36.1% in Australia.*
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A key limitation of this analysis is the lack of information regarding the clinical indication
surrounding the PIMs, which limits the detail to which the AGS Beers Criteria could be
definitively applied. Previous research has shown that use of explicit criteria to evaluate
prescribing may account for only a small portion of drugs deemed inappropriate by implicit
review.® This study also did not collect information on who initially prescribed the
medication and hence cannot trace whether medications were initially prescribed during an
acute hospital admission, by a private medical specialist, or in primary care. A previous
study of community-dwelling older people showed that hospital admission is independently
associated with increased use of PIMs.?0 Some medications with anticholinergic properties,
such as diphenhydramine and PPlIs in the United States, are available over the counter, and
their use may be underestimated in this cohort. Assessment of the associations of PIMs and
polypharmacy on cognition was limited by the eligibility criteria, which resulted in the
exclusion of older people with cognitive impairments or histories of dementia.

Despite these limitations, this study found that even healthy older adults with relatively low
overall medication burden still use PIMs. Because it is not known whether community-
dwelling older people experience the same adverse effects from PIMs and polypharmacy as
the general older population, forthcoming analysis of longitudinal data will help ascertain
whether these adults suffer adverse consequences of PIMs at similar rates to those less
healthy, vulnerable older adults.

Conclusion

Overall medication exposure is relatively low in community-dwelling older adults free of
cardiovascular disease, physical disability, and cognitive impairment. However, the
prevalence of medications where the risks may potentially outweigh the benefits was
consistent with previous studies of more vulnerable populations with higher medication
burden. Longitudinal follow-up is required to further understand the risk profile of PIMs and
polypharmacy in community-dwelling older people.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Common potentially inappropriate medications by medication class. PPl indicates a proton
pump inhibitor without coprescription of a nonsteroidal antiinflammatory drug; NSAID
indicates a nonsteroidal antiinflammatory drug without coprescription of a proton pump
inhibitor. ~Includes nonbenzodiazepine and benzodiazepine receptor agonist hypnotics.
*“Other” includes the following: gastrointestinal medications, 0.5%; skeletal muscle
relaxants, 0.5%; barbiturates, 0.1%; genitourinary, 0.05%; other endocrine such as thyroid,
growth hormone, and megestrol, 0.04%; and meprobamate, 0.01%.
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