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Abstract
Introduction Adverse drug reactions (ADRs) are common among people with dementia; however, little is known about 
the magnitude and predictors associated with ADR-related hospitalisation among these individuals. This study aimed to 
determine the magnitude, types, drugs implicated and predictors of ADRs associated with hospitalisation among people 
with dementia.
Methods This retrospective case-control study analysed medical records of individuals aged ≥ 65 years with dementia 
admitted to major public hospitals in Tasmania, Australia, from July 2010 to July 2021. Adverse drug reactions and implicated 
drugs were identified using administrative data and cross-checked with hospital medical records, with consensus reached 
among the research team.
Results Of the 7928 people admitted to hospital at least once within the study period, 1876 (23.7%) experienced at least 
one ADR-related hospitalisation. Of these, 300 case patients with 311 ADRs and 300 control patients were randomly 
selected. The most common types of ADRs were renal (acute kidney injury; AKI) (36.0%), followed by neuropsychiatric 
(17.6%), cardiovascular (16.0%) and haematological (13.1%). Diuretics, renin-angiotensin system (RAS) inhibitors and 
anti-thrombotics constituted the main implicated drug classes. The ADR-related hospitalisation was associated with: chronic 
kidney disease (CKD) (OR 8.00, 95% CI 2.63–24.28, p < 0.001), Australian-born (OR 1.62, 95% CI 1.08–2.43, p = 0.019), 
hypertension (OR 1.48, 95% CI 1.01–2.17, p = 0.044) and the number of medicines (OR 1.06, 95% CI 1.00–1.12, p = 0.022). 
Potentially inappropriate medication use and anticholinergic burden did not predict ADR-related hospitalisation.
Conclusions These predictors could help identify the individuals at the highest risk and enable targeted interventions to be 
designed.

Key Points 

In total, 23.7% of hospitalised people with dementia 
experienced at least one ADR-related hospitalisation 
during the study period.

The most common type of ADR was acute kidney injury, 
while diuretics and renin-angiotensin system inhibitors 
constituted the main drug classes associated with ADR-
related hospitalisations.

Four predictors independently associated with ADR-
related hospitalisation were chronic kidney disease, Aus-
tralian-born, hypertension and the number of medicines.
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1 Introduction

An adverse drug reaction (ADR) is defined by the World Health 
Organization (WHO) as “any response to a drug which is nox-
ious and unintended, and which occurs at doses normally used 
in man for prophylaxis, diagnosis or therapy of disease, or for the 
modification of physiological function” [1]. Adverse drug reac-
tions represent a significant clinical challenge, as they can lead to 
important adverse outcomes, including higher rates of morbid-
ity and mortality, extended hospitalisation, and increased health 
care expenditures [2]. An Australian study found that ADRs 
were responsible for 18.9% of unplanned admissions to medical 
wards among elderly patients [3]. A systematic review reported 
that ADR-related hospitalisations had a median prevalence rate 
of 6.0% of all admissions [4].

The ageing population results in an exponential increase in 
the incidence of neurodegenerative disorders, such as dementia 
[5]. The global number of individuals living with dementia is 
expected to rise significantly from 57 million in 2019 to 153 
million by 2050 [6]. The Australian Institute of Health and Wel-
fare (AIHW) estimated that in 2022, there were around 401,300 
individuals living with dementia in Australia, where dementia 
also ranks as the second leading cause of death [7]. Similarly, 
in 2023 it was estimated that there were more than 10,300 peo-
ple living with all forms of dementia in Tasmania [8]. Impaired 
cognition, possible reduction in adherence, age, polypharmacy 
and increased sensitivity to drugs with anticholinergic properties 
make people with dementia more prone to ADRs [9]. Evidence 
suggests that ADRs are common among people with dementia 
[10], but the predictors of ADR-related hospitalisation in these 
individuals have not been captured. Such information is crucial 
to address any modifiable predictors causing hospitalisation. 
Developing strategies to reduce ADR-related hospitalisation 
is dependent on determining the nature of ADRs, drugs most 
frequently implicated and the clinical impact of ADRs. Mul-
tiple studies have identified several predictors of ADRs caus-
ing hospitalisation among general population [4, 11]; however, 
medical practitioners may lack awareness of factors predicting 
ADRs leading to hospitalisation among people with dementia. 
Hence, this research aimed to determine the magnitude, types, 
drugs implicated and potential predictors of ADRs associated 
with hospitalisation among people with dementia.

2  Methods

2.1  Study Design and Setting

This study used a retrospective case-control design, from the 
population of Tasmania, an Australian state with a popula-
tion of 558,000 [12]. The data for the study were retrospec-
tively collected from the four major public hospitals. This 

study was reported following the Strengthening the Report-
ing of Observational studies in Epidemiology (STROBE) 
checklist for case-control studies (Supplementary Table ST1 
of the Electronic Supplementary Material [ESM]).

2.2  Dataset

For this study, the Admitted Patient Care National Minimum 
Dataset (APC-NMDS) [13] and Digital Medical Records 
(DMR) were utilised to obtain patient information. The 
APC-NMDS is a collection of coded clinical and adminis-
trative data elements from Australian public hospitals, that 
includes summary information about each patient’s soci-
odemographic characteristics, principal diagnosis, and any 
additional diagnoses associated with their admission, based 
on the International Statistical Classification of Diseases and 
Related Health Problems, tenth edition, Australian Modifica-
tion (ICD-10-AM) [13]. The DMR contains scanned copies 
of all documents related to a patient’s episode of care in a 
public hospital. It contains a detailed record of sociodemo-
graphic characteristics, primary and secondary diagnoses, 
comorbidities, medication history, and laboratory data.

2.3  Study Population and Admissions

The study population comprised people aged ≥ 65 years who 
had a medical admission to one of the four major Tasmanian 
public hospitals between July 2010 and July 2021, with a 
primary or secondary diagnosis of dementia, based on ICD-
10-AM. The study sample consisted of two groups (i) cases: 
a randomly selected subset of 300 patients from the APC-
NMDS who had at least one ADR-related admission during 
the study period, and (ii) controls: another randomly selected 
group of 300 patients from the APC-NMDS with no admis-
sion codes related to ADRs, i.e., the control group included 
patients with dementia not admitted with an ADR (patients 
admitted for other medical reasons) during the study period.

We used a two-step process in identifying the ADRs and 
implicated drugs, through the external cause codes and diag-
nostic codes in the APC-NMDS, followed by cross-check-
ing and verifying the ADRs and implicated drugs using the 
information provided in the DMR. An ICD-10-AM exter-
nal cause code between Y40 and Y59 was recorded in the 
APC-NMDS as a diagnosis associated with the hospitalisa-
tion. These codes align with the WHO’s ADR definition 
and are commonly used for ADR identification [14, 15]. 
The diagnostic codes (Du et al. codes) mainly refer to drug-
induced symptoms or conditions without explicitly specify-
ing the external cause of the ADR [16]. Code categories 
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A1, A2, C and D were included, where A1: The ICD-10 
code description includes the phrase ‘induced by medica-
tion/drug’, A2: The ICD-10 code description includes the 
phrase ‘induced by medication or other causes’, C: Adverse 
drug event deemed to be very likely although the ICD-10 
code description does not refer to a drug, and D: Adverse 
drug event deemed to be likely although the ICD-10 code 
description does not refer to a drug. Patients coded with C 
and D code categories were said to have ADR-related hospi-
talisations when the association between the ADR and drug 
was stated in the DMR. The admission was not classified 
as ADR-related if the ADR occurred during the hospital 
stay. Each patient’s first ADR admission during the study 
period was defined as their index admission. The primary 
researcher (ASZ) independently reviewed all cases of sus-
pected ADRs and cases without suspected ADRs for the 
presence of ADRs. If any uncertainty existed when identify-
ing an ADR and associated drug (for the reasons outlined 
in Supplementary Figure SF1 of the ESM), a meeting of the 
research team was held to reach a consensus.

2.4  Sample Size Calculation for Identifying 
the Predictors of ADR‑related Hospitalisations

The sample size calculation was based on the guidelines 
for multiple logistic regression by Peduzzi et al [17]. A 
rate of 0.235 (23.5%) was assumed for positive cases; our 
previous study investigating the trends in the incidence of 
ADR-related hospitalisations among people with demen-
tia showed that 23.5% of hospitalised people experienced 
at least one ADR-related hospitalisation over a 10-year 
period [18]. An estimated 7 independent variables were 
included in the analysis. The minimum sample size was 
approximately 300 people. We doubled this number to 
600 patients to ensure ample power, and any dropouts 
(missing or unclear information) were replaced.

2.5  Sampling Strategy

A random sampling strategy was used for recruiting the 
cases and controls. The patients were assigned a study 
ID number, and for each case, one control was randomly 
selected, using a web-based random number generator 
programme [19]. Controls were not matched with cases 
based on clinical characteristics such as age and sex. This 
decision was made for two primary reasons: first, match-
ing variables would hinder the assessment of these vari-
ables’ impact on the outcome; second, matching has the 
potential to introduce bias in case-control study designs 
[20].

2.6  Definitions and Measures

2.6.1  Potentially Inappropriate Medication

Potentially inappropriate medications (PIMs) are drugs that 
carry a high risk of causing harm to patients and should be 
avoided in an individual due to the health risks outweigh-
ing the clinical benefits [21]. These medications may be 
inappropriate due to factors such as a lack of efficacy, the 
potential for ADRs or interactions, or the availability of safer 
alternatives. Given that the patients were elderly and had 
dementia, the use of PIMs was identified using the STOPP-
Frail criteria [22].

2.6.2  Drug‑Drug Interactions

The  Lexicomp® (Wolters Kluwer Health Inc. Riverwoods, 
IL, USA) database system was used to identify potential 
drug-drug interactions (DDIs), which are classified into five 
types (A, B, C, D, X) based on their level of clinical signifi-
cance. Only the most severe DDIs (X) on admission were 
considered for this study.

2.6.3  Anticholinergic Burden

Anticholinergic drug burden is defined as the cumulative 
effect of drugs with anticholinergic activity that a patient is 
taking [23]. The Anticholinergic Cognitive Burden (ACB) 
Scale was utilised to ascertain the anticholinergic burden on 
admission in each patient [24].

2.6.4  Charlson Co‑Morbidity Index

The Charlson Co-Morbidity Index (CCI) comprises 19 
medical conditions that are weighted with scores ranging 
from 1–6, resulting in a total score range of 0–37 [25]. A 
pre-validated age-adjusted Microsoft Excel spreadsheet was 
utilised to compute the score for each patient [25].

2.6.5  Postcode

The residential postcode of the patient was used to determine 
the following.

a. Rurality
The Australian Bureau of Statistics Accessibility/Remote-

ness Index of Australia plus (ARIA+ 2016) was employed 
to determine the geographic location [26]. The ARIA+ 
classifies geographic regions into five groups: major cit-
ies, inner regional, outer regional, remote and very remote 
Australia. However, in Tasmania, no regions are classified 
as major cities based on ARIA+ 2016 [26]. Consequently, 
postcodes were reassigned to inner regional, outer regional, 
and remote/very remote Australia. The University of Sydney 



 A. S. Zaidi et al.

ARIA Lookup tool was used to generate ARIA+ classifi-
cations [27], and areas with multiple classifications were 
identified using the ARIA+ 2016 demonstration map [28].

b. Socio-economic status
We utilised the Socio-economic Indexes for Areas-Index 

of Relative Socio-economic Advantage and Disadvan-
tage (SEIFA-IRSAD) based on the 2016 census data from 
the Australian Bureau of Statistics to ascertain the socio-
economic status of each patient [29]. The SEIFA-IRSAD 
offers a concise summary of various census variables that 
pertain to the relative socio-economic disadvantage and/
or advantage of geographical regions in Australia. These 
indices are assigned deciles (1 to 10) based on the patient’s 
residential postcode, with decile 1 representing the most 
socio-economically disadvantaged region and decile 10 
representing the most socio-economically advantaged. We 
grouped these deciles into three categories: 1–3 (low socio-
economic class), 4–6 (middle socio-economic class), and 
7–10 (high socio-economic class) in order to achieve an 
approximately equal distribution of the study sample across 
the three groups.

2.7  Statistical Analysis

Statistical Package for Social Sciences (IBM Corp. Released 
2012. IBM SPSS Statistics for Windows, version 28.0. 
Armonk, NY, USA: IBM Corp.) and Microsoft Office Excel 
2019 were used for data analysis. Variables were checked 
for normality of distribution via visual inspection of his-
tograms. Normally distributed continuous variables were 
reported as mean ± standard deviation (SD), and non-nor-
mally distributed variables as median (interquartile range 
[IQR]). Frequency (percentage) was used to report propor-
tions and categorical variables. A chi-square test/Student’s 
t-test/ANOVA/Mann-Whitney U test/Kruskal Wallis test 
was applied, as appropriate, to make comparisons between 
groups. Multiple logistic regression analysis was used to 
determine the predictors of ADR-related hospitalisation. A 
p-value < 0.05 was considered statistically significant. The 
collinearity was determined through collinearity diagnostics, 
and variables with a high variance inflation factor (VIF) (≥ 
5) were excluded from the model.

3  Results

Of the 7928 people admitted to hospital at least once 
within the study period with a primary or secondary 
diagnosis of dementia, 1876 (23.7%) experienced at least 
one ADR-related hospitalisation. Of these 1876 people, 
300 patients were randomly selected as cases, while 300 
patients were randomly selected as controls from the rest 

of the study population. The numbers of pre-existing 
chronic conditions and regular medicines upon presen-
tation, and the ACB score were significantly greater for 
the ADR-related admission group, as detailed in Table 1. 
The proportion of Australian-born individuals was sig-
nificantly greater among people with ADR-related admis-
sions, and the estimated glomerular filtration rate (eGFR) 
at presentation was significantly lower among people with 
ADR-related admissions. Nevertheless, the assessment of 
eGFR at the time of presentation was determined to be 
an unreliable measure for further analysis because the 
lower eGFR values observed were probably influenced by 
the presence of renal ADRs among individuals who had 
experienced ADR-related hospital admissions. Common 
comorbid conditions, including hypertension, diabetes, 
chronic kidney disease (CKD), ischaemic heart disease 
and cerebrovascular disease, were more prevalent in ADR-
related admissions.

A total of 311 ADRs was identified among 300 patients 
with ADR-related hospitalisations. Table 2 and Fig. 1 
represents the most common ADRs and the implicated 
drugs/drug class(es). The most common type of ADRs 
were renal (acute kidney injury; AKI) (36.0%), followed 
by neuropsychiatric (17.6%), cardiovascular (16.0%) and 
haematological (13.1%). A detailed description of the 
types of ADR causing or contributing to hospitalisations 
among people with dementia is given in Supplementary 
Table ST2 of the ESM. Of the total 2487 drugs being taken 
by the 300 patients with ADR-related hospitalisations, 399 
drugs were implicated in the 311 ADRs. Diuretics, renin-
angiotensin system (RAS) inhibitors and anti-thrombotics 
comprised the main drug classes implicated in ADR-
related hospitalisations (Supplementary Table ST3 of the 
ESM).

The median number of PIMs, DDIs and anticholinergic 
burden score among cases and controls was 1 (IQR for 
cases = 1–2; IQR for controls = 0–2, respectively), 0 and 
1 (IQR of 1–3 for cases and 0–2 for controls), respectively. 
The detailed prevalence of PIMs, DDIs and anticholinergic 
burden among cases and controls is given in Supplemen-
tary Tables ST4-ST7 of the ESM.

Logistic regression was used to identify the predictors 
of ADR-related hospitalisation (Table 3). Four predic-
tors were identified to be independently associated with 
ADR-related hospitalisation: CKD (odds ratio [OR] 8.00, 
95% confidence interval [CI] 2.63–24.28, p < 0.001), 
Australian-born (OR 1.62, 95% CI 1.08–2.43, p = 0.019), 
hypertension (OR 1.48, 95% CI 1.01–2.17, p = 0.044) and 
the number of medicines (OR 1.06, 95% CI 1.00–1.12, p 
= 0.022).
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Table 1  Patient characteristics 
at index admission (n = 600)

Bold values signify statistical significance
ADR adverse drug reaction, ARIA Accessibility/Remoteness Index of Australia, CCI Charlson Co-mor-
bidity Index, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, eGFR estimated 
glomerular filtration rate, IQR interquartile range, SEIFA-IRSAD Socio-Economic Indexes for Areas-Index 
of Relative Socio-economic Advantage and Disadvantage
a 14 missing cases
b eGFR was determined at the time of index admission, so it might be a consequence of an adverse drug 
reaction among people who had an adverse drug reaction-related hospitalisation

Variables ADR-related hospitalisation p-value

Yes (n = 300) No (n = 300)

Age (y), Median [IQR] 83 [78–88] 84 [78–88] 0.266
Sex, n (%)
 Male 142 (47.3) 123 (41.0) 0.118

Socioeconomic status, SEIFA-IRSAD (deciles), n (%)a

 1–3 (low socio-economic class) 139 (47.4) 134 (45.7) 0.803
 4–6 (middle socio-economic class) 12 (4.1) 15 (5.1)
 7–10 (high socio-economic class) 142 (48.5) 144 (49.1)

Geographic location (ARIA+), n (%)
 Inner regional 185 (61.7) 202 (67.6) 0.361
 Outer regional 102 (34.0) 88 (29.4)
 Remote 12 (4.0) 9 (3.0)
 Very remote 1 (0.3) 0 (0)
 Australian-born, n (%) 243 (81.0) 216 (72.0) 0.009

Admission source, n (%)
 Home 216 (72.0) 207 (69.0) 0.776
 Aged-care facility 81 (27.0) 91 (30.3)
 Statistical admission 3 (1.0) 2 (0.6)

Separation destination, n (%)
 Home 128 (42.7) 131 (43.7) 0.517
 Aged-care facility 136 (45.3) 127 (42.3)
 Died (in-hospital mortality) 21 (7.0) 25 (8.3)
 Statistical separation 16 (5.3) 13 (4.3)
 Number of diagnoses (median, IQR) 2 [2–3] 2 [1–2] < 0.001
 CCI score (median, IQR) 8 [7–10] 7 [6–8] < 0.001
 Number of pre–existing chronic diseases 5 [3–6] 4 [3–6] 0.003

Most common comorbid conditions, (n,%)
 Hypertension 192 (64.0) 162 (54.0) 0.013
 Rheumatologic diseases 147 (49.0) 139 (46.3) 0.513
 Gastrointestinal diseases 97 (32.3) 93 (31.0) 0.726
 Atrial fibrillation 76 (25.3) 64 (21.3) 0.247
 Diabetes 86 (28.7) 55 (18.3) 0.003
 CKD 53 (17.7) 20 (6.7) < 0.001
 Ischaemic heart disease 73 (24.3) 53 (17.7) 0.045
 COPD/asthma 59 (19.7) 44 (14.7) 0.104
 Cerebrovascular disease 59 (19.7) 36 (12.0) 0.010

eGFR (mL/min/1.73  m2) at presentation (median, IQR) 47 [28–69] 69 [55.5–82] < 0.001b

Number of medicines (median, IQR) 8 [5–11] 7 [4–9] < 0.001
Potentially inappropriate drugs (present), (n,%) 231 (77.0) 69 (23.0) 0.078
Potentially inappropriate drugs (median, IQR) 1 [1–2] 1 [0–2] 0.158
Drug interactions (present), (n,%) 39 (13.0) 33 (11.0) 0.451
Drug interactions (median, IQR) 0 [0] 0 [0] 0.423
Anticholinergic burden (present), (n,%) 223 (74.3) 188 (62.7) 0.002
Anticholinergic burden score (median, IQR) 1 [1–3] 1 [0–2] < 0.001
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Table 2  Most common adverse drug reactions (ADRs) causing or contributing to hospitalisations with implicated drugs

a Percentages are given with respect to the total number of ADRs (n = 311)
b Multiple drugs were suspected to be involved in some ADRs, or one drug might have contributed to multiple ADRs

Types of ADR n (%)a Most common clini-
cal presentation of 
ADR

n (%)a Most commonly implicated drug(s)b

Renal 112 (36.0) (36.0) Acute kidney injury 112 (36.0) Furosemide (26), perindopril (9), aspirin (8), spironolactone 
(6), ramipril (5)

Neuropsychiatric 55 (17.6) Confusion/delirium 25 (8.0) Oxycodone (6), buprenorphine (4)
Cardiovascular 50 (16.0) Hypotension/syncope 39 (12.5) Atenolol (4), furosemide (4), metformin (4), hydrochlorothi-

azide (4)
Haematological 41 (13.1) Haemorrhage 23 (7.4) Warfarin (12), aspirin (5), enoxaparin (3)

Blood dyscrasias 15 (4.8) Aspirin (2)
Gastrointestinal 20 (6.4) Diarrhoea 5 (1.6) Amoxicillin/clavulanic acid (1), wheat dextrin (1), cephalexin 

(1), colchicine (1), docusate/sennoside (1), loperamide (1), 
macrogol (1)

Endocrine and metabolic 8 (2.5) Electrolyte imbalance 8 (2.5) Furosemide (3), spironolactone (2), hydrochlorothiazide (2)
Dermatological/allergic 8 (2.5) Rash 7 (2.2) Amoxicillin (3)

Fig. 1  Most common ADRs causing or contributing to hospitalisations and the drug classes most frequently implicated. ADRs adverse drug 
reactions, RAS renin-angiotensin system
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4  Discussion

Our study provides valuable insights into the burden of 
ADR-related admissions on the health system and the 
patients in its care. Nearly one-quarter of those admitted to 
hospital at least once within the study period with a primary 
or secondary diagnosis of dementia, experienced at least one 
ADR-related hospitalisation. Older people with dementia 
often require multiple drugs to treat cognitive difficulties, 
manage behavioural and neuropsychiatric symptoms, and 
treat various coexisting conditions [30]. Consequently, 
polypharmacy is common among people with dementia 
[31]. In addition to the physiological changes associated 
with aging that alter the activity and metabolism of drugs, 
individuals with dementia exhibit increased sensitivity to 
the cognitive effects of medications [32]. Additionally, these 
individuals are frequently excluded from clinical trials and 
observational studies, resulting in a significant scarcity of 
high-quality data. Therefore, the lack of substantial evidence 
impedes the capacity to establish precise guidelines for 
appropriate prescribing practices [33]. All of these factors 
collectively contribute to a substantial increase in the risk 
of ADRs among individuals with dementia.

Identifying the nature of ADRs, implicated drugs and 
predictors of ADR-related hospitalisations among people 
with dementia is crucial for developing strategies to reduce 
harm in this cohort. Our study showed that the most common 
ADR was AKI associated with RAS inhibitors and diuretics. 
Similar findings have been reported from studies conducted 
among the older population [34–36]. Most people with 
dementia are elderly with chronic medical conditions such 
as CKD, diabetes mellitus, heart failure and cancer, who 
regularly take medications and are at increased risk of AKI 
[37]. Additionally, AKI can be exacerbated by dehydration, 
which is a common issue among individuals with dementia, 
who may lose their ability to recognise thirst [38]. To 
address these concerns, it is essential for patients with 
dementia to receive regular renal function tests and primary 
care reviews. During these reviews, health care professionals 
should engage with caregivers to discuss the risk of AKI 
resulting from the patients’ diminished capacity for self-
care, particularly in regulating fluid intake when unwell [37].

Neuropsychiatric ADRs, including confusion and delir-
ium, were the second most common type of ADRs among 
people with dementia. While long-term treatment with 
some CNS-acting medications may be necessary for indi-
viduals with dementia, there is abundant evidence indicating 

Table 3  Predictors of adverse 
drug reaction (ADR)-related 
hospitalisation among people 
with dementia

Bold values signify statistical significance
Variables with p < 0.1 were included in the adjusted analysis. Variables with p < 0.05 in the adjusted 
model were considered significant
a The number of medicines included only regular medicines

Variables Univariate Adjusted
OR (95% CI); p-value OR (95% CI); p-value

Age 0.98 (0.96–1.01); 0.294 –
Sex (male) 1.29 (0.93–1.78); 0.119 –
Australian-born 1.65 (1.13–2.43); 0.010 1.62 (1.08–2.43); 0.019
History of falls (in last 12 months) 1.41 (0.78–2.57); 0.252 –
Number of pre-existing chronic diseases 1.11 (1.03–1.20); 0.003 1.06 (0.98–1.15); 0.114
Hypertension 1.51 (1.09–2.10); 0.013 1.48 (1.01–2.17); 0.044
Rheumatologic disease 1.11 (0.80–1.53); 0.513 –
Gastrointestinal disease 1.06 (0.75–1.50); 0.726 –
Atrial fibrillation 1.25 (0.85–1.82); 0.247 –
Chronic kidney disease 3.00 (1.74–5.16); < 0.001 8.00 (2.63–24.28); < 0.001
Ischaemic heart disease 1.49 (1.00–2.22); 0.046 0.80 (0.36–1.76); 0.585
Chronic obstructive pulmonary disease/asthma 1.42 (0.92–2.18); 0.105 –
Cerebrovascular disease 1.79 (1.14–2.81); 0.011 1.89 (0.80–4.44); 0.143
Number of  medicinesa 1.10 (1.05–1.15); < 0.001 1.06 (1.00–1.12); 0.022
Potentially inappropriate medicines (present) 1.39 (0.96–2.00); 0.078 1.04 (0.70–1.56); 0.822
Number of potentially inappropriate medicines 1.06 (0.92–1.23); 0.381 –
Drug interactions (present) 1.20 (0.73–1.98); 0.451 –
Number of drug interactions 1.25 (0.88–1.78); 0.201 –
Anticholinergic burden (present) 1.72 (1.21–2.44); 0.002 1.23 (0.78–1.95); 0.367
Anticholinergic burden score 1.15 (1.04–1.26);0.004 1.01 (0.89–1.15); 0.807
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that benzodiazepines, opioids, and antipsychotics may be 
excessively or inappropriately used in this population [39]. 
Opioid-induced neurotoxicity is a complex syndrome that 
can manifest a range of symptoms, from mild confusion and 
drowsiness to more severe symptoms, such as hallucinations, 
delirium, and seizures [40]. Older adults, especially those 
with pre-existing cognitive impairment, are at a greater risk 
of developing confusion and delirium as a result of opioid 
use [41].

Cardiovascular ADRs are frequently reported in the lit-
erature [11, 42]. This is due to a combination of drug and 
patient-related factors, including the impact of heart disease 
on drug pharmacokinetics, which can lead to reduced vol-
ume distribution and clearance in patients with congestive 
heart failure [44, 45]. Individuals with dementia may expe-
rience amplified age-related changes, further increasing the 
risk of cardiovascular ADRs.

Haematological complaints were the fourth most common 
ADRs identified. Around 20% of elderly individuals with 
dementia are estimated to experience atrial fibrillation (AF) 
[43]. People with dementia are prescribed anticoagulants or 
aspirin to prevent stroke in patients with AF [44]. However, 
individuals with advanced dementia and AF receive limited 
clinical benefit in terms of life prolongation from anticoagu-
lation therapy, accompanied by an increased risk of bleed-
ing [43]. It is crucial to regularly review the need for anti-
thrombotics and deprescribe according to treatment goals.

Understanding the factors that predispose people with 
dementia to ADRs is crucial in developing effective preven-
tive measures. Furthermore, enhancing prescriber education 
by emphasising the identification of predictors for ADRs 
and the significance of conducting risk-benefit assessments 
prior to prescribing any medication is imperative for enhanc-
ing the safety of pharmacological treatments for individuals 
with dementia. Our study identified the presence of CKD, 
being Australian-born, having hypertension and the number 
of medications as the predictors of ADR-related hospitalisa-
tions among people with dementia.

Patients with pre-existing renal disease exhibited a higher 
likelihood of hospitalisation due to ADRs than patients with 
normal renal function (Supplementary Table ST8 of the 
ESM), as observed in previous studies [11, 45]. Acute kid-
ney injury (the most common type of ADR) was experienced 
by three-quarters of the individuals with ADR-associated 
hospitalisations who had CKD as a comorbidity (Supple-
mentary table ST9 of the ESM). Additionally, 49% of peo-
ple with comorbid CKD were prescribed at least one of the 
most commonly implicated drug classes (RAS inhibitors and 
diuretics).

In 2021 it was estimated that 15% of the Tasmanian popu-
lation were individuals who were born overseas [46]. One 
of the predictors of ADR-related hospitalisation was being 
born in Australia. The most common type of ADR (AKI) 

and use of commonly implicated drug classes in ADRs (diu-
retics, RAS inhibitors and anti-thrombotics) were predomi-
nant among Australian-born individuals (Supplementary 
table ST10 of the ESM). The causative reasoning behind 
this predictor is unclear.

Hypertension is as common in people with dementia as 
in other populations and is as commonly treated with anti-
hypertensive drugs [47]. Hypertension can lead to vascular 
changes and compromised blood flow in the brain, which 
can make individuals with dementia more vulnerable to the 
adverse effects of medications. The impaired blood supply 
to the brain may exacerbate the negative impact of ADRs, 
potentially leading to severe symptoms and hospitalisation 
[47]. Moreover, approximately 70% of patients with hyper-
tension require two or more drugs to achieve their target 
blood pressure [48]. The use of multiple antihypertensives 
in elderly patients has been identified as a frequent cause of 
hospital admission [49].

Patients who experienced an ADR were found to be tak-
ing significantly more medications than patients without 
ADRs. This is consistent with findings in other studies [50, 
51]. According to estimates, individuals who take two drugs 
face a 13% chance of encountering an ADR. However, this 
risk significantly escalates to 58% and 82% when an indi-
vidual takes five or seven or more drugs per day, respectively 
[52]. People with dementia are often subject to “prescribing 
cascade” [53]. There might be a greater risk of error due to 
more complicated regimens and also a greater chance of 
drug-drug and drug-disease interactions among this group 
of people [54]. To address these concerns and minimise the 
risks associated with inappropriate polypharmacy in older 
adults living with dementia, it is crucial to integrate medica-
tion reviews and deprescribing plans into routine care [55].

Our study showed that PIM use did not predict ADR-
related hospitalisation. There is controversy regarding 
whether the use of PIM leads to hospital admission. Adverse 
drug reaction-related hospitalisation among older people can 
be explained by idiosyncratic response or the predisposition 
of these patients to develop adverse drug events, whether 
or not drugs are classed as PIMs [56]. Similarly, we did 
not demonstrate DDIs to be a predictor of ADR-related 
hospitalisations. In contrast to other studies conducted 
among the general population [57, 58], our study only 
considered the most severe type of DDIs. The disparity in 
our findings compared to other studies can be attributed to 
various factors, including differences in the study population, 
methods employed for detecting DDIs and the type of DDIs 
included in the study. Our study showed that anticholinergic 
burden was not associated with ADR-related hospitalisation. 
A systematic review conducted among older population 
also showed that the use of anticholinergic medicines was 
not associated with hospitalisation [59]. Anticholinergic 
medications can cause a wide range of side effects, including 
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cognitive impairment, dry mouth, constipation, blurred 
vision, and urinary retention. However, not all of these will 
lead to hospital admissions.

Our study has some limitations. We relied on administra-
tive hospital coding and hospital datasets for the identifi-
cation of ADR-related hospitalisations, which might result 
in the underestimation of ADRs. The ADR-related admis-
sions are detected at a much lower rate using administrative 
datasets. It has been estimated that only 18%–35% of ADR-
related admissions captured prospectively can be identified 
via administrative data sources, although these rates can be 
affected by the ICD codes used with this methodology [41, 
60]. Additionally, some ADRs such as falls/fractures might 
not have been documented in the hospital dataset because 
they are not always seen as ADR related. Second, informa-
tion related to some variables (such as frailty status) that 
might be predictors of ADR-related hospitalisation, was 
missing for most patients and was not incorporated in the 
final analysis. Third, the assessment of ADRs was not done 
through any formal causality assessment tool. However, the 
concomitant use of an administrative dataset and hospital 
DMR, followed by consensus between the research team, 
allowed for a robust evaluation of ADRs and the implicated 
drugs. Finally, the ACB scale utilised in this study might not 
capture the full extent of the anticholinergic burden because 
anticholinergic load is cumulative, and over-the-counter 
(OTC) drugs, which may not have been included in the drug 
list, could potentially contribute to the overall burden.

Our study is the first to identify independent predictors 
of ADR-related hospitalisation among people with demen-
tia over an extensive period of time. Tasmania is an ideal 
location for tracking hospital admissions over time. Its rela-
tive isolation makes it reasonable to expect that almost all 
eligible patients’ hospital admissions would occur within 
the Tasmanian health system and be captured in our dataset.

5  Conclusions

The most common type of ADR was renal (AKI), followed 
by neuropsychiatric, cardiovascular and haematologic. Diu-
retics, RAS inhibitors and anti-thrombotics constituted the 
drug classes most potentially implicated in causing ADR-
related hospitalisation in patients with dementia. Four pre-
dictors associated with ADR-related hospitalisation were 
CKD, being Australian-born, hypertension and the number 
of medicines. These factors could help identify the individu-
als at the highest risk and enable targeted interventions to 
be designed.
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