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Abstract
Background Aged care residents are vulnerable to the harmful effects of medicines; however, data on the prevalence and 
preventability of adverse medicine events in aged care residents are scarce.
Aim To determine the prevalence and preventability of adverse medicine events in Australian aged care residents.
Methods A secondary analysis of data from the Reducing Medicine-Induced Deterioration and Adverse Reactions 
(ReMInDAR) trial was conducted. Potential adverse medicine events were identified and independently screened by two 
research pharmacists to produce a short-list of potential adverse medicine events. An expert clinical panel reviewed each 
potential adverse medicine to determine the likelihood that the event was medicine related (based on the Naranjo Probability 
Scale criteria). The clinical panel assessed preventability of medicine-related events using Schumock-Thornton criteria.
Results There were 583 adverse events due to medicines, involving 154 residents (62% of the 248 study participants). There 
was a median of three medication-related adverse events (interquartile range [IQR] 1–5) per resident over the 12-month 
follow-up period. The most common medication-related adverse events were falls (56%), bleeding (18%) and bruising (9%). 
There were 482 (83%) medication-related adverse events that were preventable, most commonly falls (66% of preventable 
adverse medicine events), bleeding (12%) and dizziness (8%). Of the 248 residents, 133 (54% of the cohort) had at least 
one preventable adverse medicine event, with a median of 2 (IQR 1–4) preventable adverse medicine events per resident.
Conclusion In total, 62% of aged care residents in our study had an adverse medicine event and 54% had a preventable 
adverse medicine event in a 12-month period.

Key Points 

In our study involving aged care residents, preventable 
adverse medicine events were common.

Our study showed that almost two-thirds of aged care 
residents experience an adverse medicine event in a 
12-month period.

In our study, 50% of aged care residents experienced 
a preventable adverse medicine event in a 12-month 
period.
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1 Introduction

Harm from medicines is common and residents of aged-
care facilities are particularly vulnerable to the harmful 
effects of medicines [1]. Reasons are that aged-care resi-
dents have a median of five chronic conditions [2] and 
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use multiple medicines to manage their chronic conditions 
(between 9 and 11 medicines on average [3]). Almost all 
aged-care residents (95%) have at least one medication-
related problem identified during a pharmacist-led medi-
cines review [3], further increasing the risk of medica-
tion-related harm. Harm associated with medicines use 
is frequently described as an adverse event (AE). The 
World Health Organization defines AEs due to medicines 
as “any untoward medical occurrence that may present 
during treatment with a medicine but which does not nec-
essarily have a causal relationship with this treatment” 
[4]. Adverse medicine events include unintended, harm-
ful effects of medicines as well as harm that occurs due 
to medication errors or medication-related harm associ-
ated with system-related factors, e.g., medication-related 
harm due to poor continuity of care between different care 
settings or providers or disruption to medication supply 
[5]. An adverse drug reaction (ADR) is a sub-type of 
adverse medicine event that is defined as “a response to a 
medicinal product which is noxious and unintended and 
which occurs at doses normally used for the prophylaxis, 
diagnosis or therapy of disease”[4]. Commonly identified 
AEs due to medicines in aged-care residents include falls, 
delirium and hospital admission [6].

International evidence suggests that up to one in ten 
residents in aged-care facilities experience an AE due 
to their medicines every month [7–9]. The majority of 
these AEs are serious, life-threatening or fatal [10, 11]. 
Over half of this harm is preventable [10, 11]. Evidence 
on the extent of adverse medicine events in Australian 
aged-care facilities is limited. A systematic review of the 
outcomes from medication management reviews in Aus-
tralian aged-care residents found that in a pooled sample 
of 1374 residents who received medication reviews, there 
were 609 cases of toxicity or ADRs identified [12]. This 
figure is likely to underestimate the true prevalence of 
adverse medicine events in Australian aged care, because 
ADRs are only one kind of adverse medicine event and 
residents who didn’t receive a medication review may 
still have experienced an ADR but were not counted in 
this figure. In 2020, a published scoping review of stud-
ies addressing any aspect of AEs associated with use of 
medicines in Australian aged-care residents identified only 
7 relevant studies [13]. The studies included in the review 
tended to address AEs associated with specific classes 
or types of medicines, and the overall prevalence of AEs 
due to medicines was not reported [13]. A study assessing 
AEs in 72 aged-care facilities in New South Wales and 
the Australian Capital Territory between 2013 and 2016 
found 60,268 AEs documented over the 3-year period 
[14]. In this study, AEs were categorised as falls, behav-
ioural incidents, medication incidents (including medica-
tion errors or missed doses) and impact or injuries (AEs 

not falling into the other three categories). Falls (37% of 
AEs) and behavioural incidents (33%) were most common, 
with medicine incidents accounting for 9% of AEs [14]. 
Although this study provides some insight into AEs due 
to medicines in the aged-care setting, it is likely to have 
underestimated their extent. For example, falls are com-
monly precipitated due to medicines, but this study did 
not distinguish between medication-related falls and falls 
for other reasons.

Data on the preventability of adverse medicine events 
in aged-care residents are also scarce. A study conducted 
in 1997 in 18 nursing homes in the USA found that among 
410 residents who experienced at least one adverse medi-
cine event, 226 residents (55%) had at least one adverse 
event that was preventable [15]. The most common types of 
adverse medicine events were neuropsychiatric events (29% 
of residents with a preventable AE), falls (20%) and haemor-
rhage (15%) [15]. A 2011 systematic review found that the 
median prevalence of adverse medicine events in older peo-
ple in ambulatory-care settings was 23% (interquartile range 
[IQR] 19–31%) and that across all age groups the median 
proportion of patients with preventable AEs was 17% (IQR 
12–24%) [16]; however, the studies in this review were not 
restricted to the aged -care setting and the prevalence of 
adverse medicine events and preventable adverse medicine 
events in the vulnerable aged-care population may differ.

We located no studies which assessed the extent of pre-
ventable adverse medicine events in the Australian aged-care 
setting. It is unclear whether international estimates of the 
prevalence of AEs are applicable to the Australian setting 
due to differences in both the aged-care population and the 
way care is provided to residents. In addition, the prevent-
ability of adverse medicine events in Australian aged-care 
residents is unknown. The aim of this study was to determine 
the prevalence and preventability of adverse medicine events 
in Australian aged-care residents.

2  Methods

This study used data collected as part of the Reducing 
Medicine Induced Deterioration and Adverse Reac-
tions (ReMInDAR) randomised controlled trial, which 
occurred between August 2018 and June 2020. The 
ReMInDAR trial has been described in detail previously 
[17, 18]. Briefly, the ReMInDAR trial aimed to reduce 
medicine-induced deterioration by trialling a sessional 
visiting pharmacist service compared to usual care. Par-
ticipants were eligible for inclusion in the trial if they 
were taking four or more regular medicines or at least one 
anticholinergic or sedative medicine. Aged-care residents 
with moderate or severe dementia or pre-existing frailty at 
baseline were not eligible to participate in the study [18]. 
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The trial recruited 248 participants living in 39 residential 
aged-care facilities in South Australia and Tasmania over 
a period of 12 months. Participants had a median age 
of 87 years and 32% (n = 80) were male. One hundred 
and twenty participants were randomised to receive the 
pharmacist-led intervention and 128 were randomised to 
receive usual care [18].

For all trial participants, adverse medicine events were 
identified by key word search of the aged-care facility 
care record by trained research assistants. Adverse events 
were extracted from the care record and included falls 
(non-injurious and injurious including fractures), bleed-
ing and bruising, delirium, confusion, dizziness and fae-
cal impaction. We conducted an in-depth analysis of this 
AE data for the present study.

2.1  Screening for Potential Adverse Medicine 
Events

A research pharmacist screened all AEs collected dur-
ing the ReMInDAR trial and created a suspected adverse 
medicine event case report detailing patient character-
istics, a description of the AE, medicines used (includ-
ing date started and medicines suspected to be associ-
ated with the AE), and any other relevant details, such as 
new-onset illness. A second research pharmacist indepen-
dently reviewed all events screened by the first research 
pharmacist to produce a short-list of potential adverse 
medicine events. Both research pharmacists had expertise 
in clinical pharmacy, medication safety and quality use 
of medicines in older people. Adverse events were inde-
pendently coded by the two research pharmacists using 
the Naranjo Probability Scale criteria to assess adverse 
medicine event causality [19]. Events considered by both 
research pharmacists to be ‘doubtful’ on the Naranjo 
scale were excluded from further review. Discrepancies 
in the research pharmacists’ assessment of doubtful AEs 
were resolved by a third pharmacist reviewer if required. 
That is, if one research pharmacist classified an event 
as ‘doubtful’ and the other classified it as potential or 
higher likelihood, a third reviewer resolved the discrep-
ancy. Events that were considered by both pharmacists 
to be either potential, possible, probable, or definite 
adverse medicine events were then subject to clinical 
panel review.

2.2  Panel Review to Determine Causality 
and Preventability of Adverse Medicine Events

An expert clinical panel, comprising two clinical pharma-
cists and a medical practitioner, reviewed each potential 
adverse medicine event identified in the screening phase to 

determine the likelihood that the AE was medicine related, 
as well as the preventability of the AE. The clinical panel 
rated adverse medicine events as being definite, probable, 
possible or doubtful based on the Naranjo scale [19].

Where the likelihood of causality that the AE was clas-
sified as medicine induced was determined to be ‘possible’ 
or greater, the clinical panel then assessed each medicine-
induced AE for preventability using the modified Schumock-
Thornton criteria [20, 21].

Severity was not assessed due to insufficient outcome 
information for assessment. For all ratings made by the 
panel, consensus was reached by discussion.

Based on the ratings made by the expert clinical panel, we 
determined the extent of medication-related harm in residen-
tial aged-care facilities and the preventability of that harm. 
The rate of adverse medicine events was measured as a com-
posite outcome of adverse medicine events judged by the 
clinical panel to be possibly, probably or definitely medicine 
induced. We report descriptive statistics of the total number 
of AEs identified in the study cohort and the number of AEs 
that the clinical panel determined to be medication related 
and preventable. The types of AEs most frequently occurring 
in each category are also reported. The characteristics (age 
and gender) of aged-care residents who experienced AEs 
and the number of AEs per resident are described. Results 
are reported as frequencies, percentages and medians.

Ethics approval to conduct the study was received from 
the University of South Australia Human Research Ethics 
committee (ID: 0000036440) and the Tasmania Health and 
Medical Human Research Ethics Committee, University of 
Tasmania (ID: H0017022).

3  Results

A total of 1978 AEs were identified during the study period, 
involving 225 of the 248 residents who participated in the 
study (91% of participants). The most prevalent types of AE 
were falls (21% of the 1978), gastroenteritis (15%), bleeding 
(11%) and cough (11%) (Table 1). The clinical panel deter-
mined that 583 AEs (29% of those identified) were medica-
tion related (Fig. 1). The most prevalent medication-related 
AEs were falls (56%), bleeding (18%) and bruising (9%) 
(Table 1). The panel determined that 482 (83%) of the 583 
medication-related AEs were preventable (Fig. 1). The most 
prevalent types of preventable adverse medicine events were 
falls (66%), bleeding (12%) and dizziness (8%) (Table 1).

Characteristics of residents who had an AE are shown 
in Table 2; median age of 87 years, approximately two-
thirds were female and they used a median of 14 medi-
cines (Table 2). Medicines commonly used by people 
in the study population included paracetamol, laxatives, 
antithrombotic agents, proton-pump inhibitors and opioid 
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analgesics (Table 2). One hundred and fifty-four residents 
(68% of the 225 residents with an AE and 62% of the 248 
participants in the study) had a medication-related AE, 
with a median of 3 medication-related AEs (IQR 1–5) per 
resident over the 12-month follow-up period (Table 2). At 
least one medication-related AE was judged by the panel 
to be preventable for 133 of the 154 residents with a med-
ication-related AE (86%). Residents had a median of 2 
(IQR 1–4) preventable adverse medicine events (Table 2).

4  Discussion

Overall, 62% of our study population (154 of 248 residents) 
had an adverse medicine event, and 54% of our study popu-
lation (133 of 248 residents) had a preventable adverse medi-
cine event during the 1-year study period. Our study has, for 
the first time, quantified the prevalence and preventability of 

adverse medicine events in a cohort of Australian aged-care 
residents. Our study showed that in a 1-year period there 
were 583 adverse medicine events in our study population of 
248 older adults living in aged care. Five in six (83%) of the 
adverse medicine events were preventable. One hundred and 
fifty-four residents experienced at least one AE due to their 
medicines and most residents experienced three or more AEs 
due to medicines. Australia-wide, there are approximately 
190,000 aged-care residents [22]. Extrapolating our results 
to the entire Australian aged-care population of 190,000 
people suggests that, each year, there could be over 117,000 
people in aged care in Australia who experience an AE due 
to their medicines and for 102,000 people the medication-
related AE is likely to be preventable.

Our estimate of the prevalence and preventability of 
adverse medicine events in aged-care residents is compara-
ble to prior research conducted internationally. In the present 
study, we found that 62% of aged-care residents had an AE 
due to medicines over a 12-month period. The incident rate 
of AEs in the trial was 20 adverse medicine events per 100 
resident months, with no difference in the rate of AEs for 
intervention or control group patients [18]. A 2022 study 
from Japan found that over a 1-year study period, 73% of 
459 aged-care residents in the study experienced an adverse 
medicine event (equivalent to an incidence of 36.4 AEs per 
100 resident months of follow-up) [23]. One-third of adverse 
medicine events were preventable (equivalent to 13.2 pre-
ventable adverse medicine events per 100 residents months 
of follow-up) [23]. In the Japanese study, falls (70% of pre-
ventable adverse medicine events) and neuropsychiatric 
events (65% of preventable adverse medicine events) were 
the most common types of preventable adverse medicine 
events. In our study, 318 of 407 falls (78%) were preventable 
medication-related AEs. This finding is similar to the results 
of a 2022 study from Japan, which identified the incidence of 
medication-related falls in aged care. In this study, 645 falls 

Table 1  Adverse events identified during the ReMInDAR trial

AEs adverse events, ReMInDAR Reducing Medicine Induced Deterio-
ration and Adverse Reactions

All AEs Medication- 
related AEs

Preventable medi-
cation- related 
AEs

Total AEs identified N = 1978 N = 583 N = 482
Prevalent types of AE:
 Fall 407 (21%) 324 (56%) 318 (66%)
 Gastroenteritis 293 (15%) 5 (1%) 2 (0.4%)
 Bleeding 213 (11%) 104 (18%) 56 (12%)
 Coughing 208 (11%) 3 (0.5%) 1 (0.2%)
 Bruising 118 (6%) 54 (9%) 30 (6%)
 Urticaria 91 (5%) 6 (1%) 4 (0.8%)
 Dizziness 65 (3%) 46 (8%) 38 (8%)
 Confusion 71 (4%) 21 (4%) 18 (4%)

Fig. 1  Adverse events in the 
Reducing Medicine-Induced 
Deterioration and Adverse 
Reactions (ReMInDAR) trial
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occurred over a 1-year period with 480 (74%) determined to 
be adverse medicine events [24].

Unlike our study where bleeding was the second most 
common preventable adverse medicine event (11%), in 
the study from Japan there was only one preventable bleed 
related to medicines (0.2% of all preventable adverse medi-
cine events) [23]. Similarly, in prior studies, gastrointestinal 
(GI) adverse medicine events were relatively common in 
aged-care residents. For example, in the 2022 study from 
Japan, 26% of adverse medicine events and 3% of prevent-
able adverse medicine events were GI events [23] and in a 
study from the USA, published in 2000, 12% of all adverse 
medicine events were GI related, and 11% of preventable 
adverse medicine events were GI related [10]. Another US 
study conducted in the early 2000s found that 17% of all 
adverse medicine events, and 16% of preventable adverse 
medicine events, were GI related [25]. In our study, only 1% 
of adverse medicine events and 0.4% of preventable adverse 
medicine events were GI events, a prevalence much lower 
than that seen in prior research. It is worth noting that 15% 
(n = 293) of all AEs in our study were GI AEs but only 5 
were deemed by the panel to be adverse medicine events. 
A number of factors are likely to have influenced the iden-
tification of different types of adverse medicine events in 
the different studies, including the methods used to collect 
data relating to adverse medicine events, the methods used 
to assess AEs, or the types of medicines used by study par-
ticipants. Differences in the type of information recorded 

by aged-care facility staff in the different study settings 
may also have contributed to the different prevalence of GI 
adverse medicine events across the different studies.

In our study, medicines commonly used by participants 
with AEs and adverse medicine events included antithrom-
botic agents, proton-pump inhibitors, opioid analgesics anti-
depressants and cardiovascular medicines. Our study, which 
did not include a comparison group of people with no AEs, 
was not designed to identify associations between the medi-
cines used by study participants and the prevalence of AEs. 
However, it is worth noting that falls and bleeding were the 
two most common medication-related AEs and preventable 
medication-related events in our study (related AEs of dizzi-
ness and bruising were also common) and use of medicines 
that can cause falls or bleeding was also common. Prior 
studies have shown that medication-related falls are common 
in aged-care residents. A prospective cohort study involving 
1655 residents from 84 aged-care facilities in the UK found 
that 519 residents (31%) had a fall over an 18-month period 
and that the risk of falling was higher in people using multi-
ple medicines (OR 1.041, 95% CI 1.011–1.071, p = 0.006) 
and people using psychotropic medicines like antidepres-
sants and benzodiazepines (OR 1.392, 95% CI 1.1–1.76, p 
= 0.006) [26]. A root cause analysis of fall-related hospi-
tal admissions from aged-care residents in South Australia 
found that, in a population of 383 aged-care residents, there 
were 47 hospital admissions for falls in a 5-month period 
[27]. Almost three-quarters of hospital admissions for falls 

Table 2  Characteristics of aged-care residents with AEs identified during the ReMInDAR trial

AEs adverse events, IQR interquartile range, ReMInDAR Reducing Medicine-Induced Deterioration and Adverse Reactions
*At baseline study visit
# Top 10 most frequently used medicines or classes of medicine are presented here

All residents with AEs
N = 225

Residents with medication-
related AEs
N = 154

Residents with prevent-
able medication- related 
AEs
N = 133

Female gender n (%) 149 (66%) 97 (63%) 83 (62%)
Median age (IQR)* 87 (81–90) 87 (82–90) 87 (81–90)
Median (IQR) AEs per resident 6 (3–11) 3 (1–5) 2 (1–4)
Median number of medicines used* 14 (11–19) 16 (12–19) 16 (12–19)
Commonly prescribed classes of medicines (ATC code):*#

 Paracetamol (N02BE01) 215 (96%) 148 (96%) 127 (95%)
 Laxatives (A06A) 171 (76%) 120 (78%) 105 (79%)
 Antithrombotic agents (B01A) 141 (63%) 107 (69%) 88 (66%)
 Proton-pump inhibitors (A02BC) 135 (60%) 96 (62%) 82 (62%)
 Opioid analgesics (N02A) 119 (53%) 87 (56%) 77 (58%)
 Colecalciferol (A11CC) 105 (47%) 71 (46%) 63 (47%)
 Antidepressants (N06A) 98 (44%) 73 (47%) 65 (49%)
 Statins (C10AA) 89 (40%) 66 (43%) 57 (43%)
 Furosemide (C03CA01) 88 (39%) 60 (39%) 51 (38%)
 Beta-blockers (C07A) 87 (39%) 67 (44%) 56 (42%)
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occurred in people using multiple medicines, and in all cases 
the resident had recently used a medicine which increases 
the risk of falls [27]. We located only one study, which found 
that use of warfarin by aged-care residents was associated 
with increased risk of hospital admission for any type of 
bleeding event (OR 1.26, 95%CI 1.11–1.43), and increased 
risk of specific bleeding events including CNS bleeding (OR 
1.64, 95% CI 1.19–2.26) and GI bleeding (OR 1.18, 95% 
CI 1.03–1.36), and that use of aspirin was associated with 
increased risk of hospital admission for CNS bleeding (OR 
1.36, 95% CI (1.05–1.78) [28]. The findings of our study 
support and add to these findings of prior research. A previ-
ous analysis of the ReMInDAR trial data investigated factors 
predictive of AEs in this aged-care population. The results 
of this analysis showed that increasing age, higher body 
weight, use of sedative or hypnotic medicines and a prior 
history of falls were independent risk factors for having an 
adverse medicine event, while better cognition (as measured 
by higher scores on the Montreal Cognitive Assessment) was 
associated with reduced risk of having an adverse medicine 
event [29].

Our study provides insight into which AEs in aged-care 
residents are most likely to be medicine related. These 
insights can be used to improve existing triage tools. For 
example, one-fifth of all AEs in our study population were 
falls and more than half of medication-related AEs and pre-
ventable medication-related AEs were falls. In contrast, gas-
troenteritis was also a common AE in our aged-care popula-
tion (15% of all AEs) but was rarely a medication-related 
AE or a preventable medication-related AE. Identifying 
the types of AEs in aged-care residents that are medication 
related and preventable allows us to target interventions to 
reduce medication-related harm in these areas.

Our study has several limitations. First, the Schumock-
Thornton criteria were used to assess preventability of 
adverse medicine events; however, data were not collected 
relating to each item within the criteria meaning that a 
breakdown of the reasons for preventability of AEs cannot 
be reported. This information would be useful in design-
ing interventions to reduce preventable adverse medicine 
events in aged-care residents and should be the focus of 
future research. Second, severity of adverse medicine events 
was not reported in our study. Unfortunately, the level of 
detail required to accurately, and consistently report AE 
severity for study participants was not available in the aged-
care records and so a decision was made not to include an 
assessment of severity in our study. A US study conducted in 
the early 2000s found that, of 338 preventable adverse medi-
cine events in aged care, 32% were serious events and 7% 
were life-threatening events [25]. These results indicate that 
examining the severity of AEs is an important component in 
interpreting adverse medicine events in aged-care residents, 

and this should be the focus of future research. Our analy-
sis of AEs included residents in both the intervention and 
control arms of the ReMInDAR trial. These groups differed 
in their level of interaction with health care professionals, 
with the intervention group receiving 8-weekly visits and 
review by study pharmacists to identify AEs early, mean-
ing that there may have been the potential for differences in 
both the rate of detection and resolution of adverse medicine 
events between groups. However, the primary analysis of the 
ReMInDAR trial data showed that there was no difference 
in the rate of AEs and no difference in the rate of prevent-
able AEs between intervention and control group partici-
pants [18], so this is unlikely to have influenced the results 
of this medication-related AE analysis. Our study included 
248 aged-care residents from 39 aged-care facilities across 
South Australia and Tasmania and our study participants, 
who were not frail and did not have moderate or severe 
dementia at baseline, were not representative of people liv-
ing in aged care in Australia [18]. Replication of our study in 
a large sample from more Australian states, and in a popula-
tion more representative of the Australian aged-care resident 
population would strengthen our findings.

5  Conclusion

Our study has shown that 62% of aged-care residents have an 
adverse medicine event and 54% of aged-care residents have 
a preventable adverse medicine event in a 12-month period, 
with a median of two preventable adverse medicine events 
per resident. Falls were identified as the most common pre-
ventable adverse medicine event in our study.
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