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Abstract

Introduction Adverse drug reactions (ADRs) have been

commonly cited as a major cause of hospital admissions in

older individuals. However, despite the apparent magni-

tude of this problem, there are limited prospective data on

ADRs as a cause of hospitalization in elderly medical

patients.

Objectives The objective of this study was to evaluate the

proportion, clinical characteristics, causality, severity,

preventability, and outcome of ADR-related admissions in

older patients admitted to two Tasmanian hospitals.

Methods We conducted a prospective cross-sectional study

at the Royal Hobart and Launceston General Hospitals in

Tasmania, Australia. A convenience sample of patients,

aged 65 years and older, undergoing unplanned overnight

medical admissions was screened. ADR-related admissions

were determined through expert consensus from detailed

review of medical records and patient interviews. The

causality, preventability and severity of each ADR-related

admission were assessed.

Results Of 1008 admissions, the proportion of potential

ADR-related medical admissions was 18.9%. Most

(88.5%) ADR-related admissions were considered

preventable. Cardiovascular complaints (29.3%) repre-

sented the most common ADRs, followed by neuropsy-

chiatric (20.0%) and renal and genitourinary disorders

(15.2%). The most frequently implicated drug classes were

diuretics (23.9%), agents acting on the renin angiotensin

system (16.4%), b-blocking agents (7.1%), antidepressants

(6.9%), and antithrombotic agents (6.9%). Application of

the Naranjo algorithm found 5.8% definite, 70.1% proba-

ble, and 24.1% possible ADRs. ADR severity was rated

moderate and severe in 97.9% and 2.1% of admissions,

respectively. For most (93.2%) ADR-related admissions

the ADR resolved and the patient recovered.

Conclusion Hospitalization due to an ADR is a common

occurrence in this older population. There is need for future

studies to implement and evaluate interventions to reduce

the risk of ADR-related admissions in elderly populations.

Key Points

Almost one in five unplanned overnight hospital

admissions to medical wards in elderly Australian

patients were related to ADRs.

Most ADRs were preventable, and cardiovascular

medications were commonly implicated.

In the majority of patients, ADR-related admissions

were caused as a result of a combination of two or

more drugs sharing a similar ADR profile (e.g.,

hypotension).
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1 Introduction

Adverse drug reaction (ADR) rates in the USA increased

between 1999 and 2006, with higher ADR death rates

observed among elderly individuals [1]. It has also been

estimated that ADRs cause 100,800–197,000 deaths

annually in the European Union [2], while a considerable

proportion (5.6%) of all unplanned admissions were med-

ication-related based on a multicenter prospective study in

The Netherlands [3]. An Australian study found that hos-

pital admissions due to ADRs in elderly patients had

increased despite programs to promote rational and safer

use of medicines [4]. Elderly people are particularly vul-

nerable to ADRs due to an increased chronic disease bur-

den, polypharmacy (concomitant prescription of five or

more drugs [5]), and age-related physiological changes

affecting the pharmacokinetics and pharmacodynamics of

drugs [6–8]. Although one of the more serious outcomes of

ADRs in elderly people living in the community is hospi-

talization, data on the occurrence of these events are often

not well-documented and difficult to obtain [9, 10].

Prospective studies allowmore accurate recording of both

drug history and symptoms to assess the causality of ADRs

[11]. Pirmohamed et al. [11] conducted a large prospective

analysis of ADR-related hospital admissions in two large

general hospitals in the UK (2001–2002) and found that

patients admitted with ADRs (median age 76 years) were

significantly older than hospitalized patients without ADRs

(median age 66 years). Themajority of the other prospective

studies [8] on ADR-related admissions in the elderly were

conducted in specialist settings (geriatric/emergency

departments), rather than general medical settings. Further-

more, few studies have utilized patient interviews to com-

plement ‘intensive monitoring’ [12] in identification of

ADRs and assessment of ADR preventability. Franceschi

et al. [13] and Conforti et al. [14] conducted prospective

studies in Italy (2004–2005 and 2009, respectively) and

found 6–11% of admissions to a geriatric unit were due to

ADRs. De Paepe et al. [15], Olivier et al. [16], and Ma et al.

[17] conducted prospective studies in Belgium (2007),

France (2002–2003), and China (2008–2011), respectively,

and found 7–30%of admissions to an emergency department

were due to ADRs. From an Australian perspective, Chan

et al. [18] conducted a prospective cross-sectional survey in

1998 at the Royal Hobart Hospital (RHH) and found that

13.3% of admissions to medical wards were ADR-related,

although this study was small relative to other studies.

Given the scarcity of ADR-related hospital admissions

data in the elderly identified using intensive monitoring, and

the lack of recent data from Australia, additional prospective

studies on elderly ADR-related admissions are needed.

Hence, our aim was to ascertain the proportion of ADR-

related medical admissions in older patients admitted to

Tasmanian hospitals, identify the commonly implicated

drugs, describe the clinical manifestations and outcomes of

these ADRs, and determine their causality, preventability, and

severity.

2 Methods

This prospective cross-sectional study was carried out at two

tertiary care hospitals in Tasmania, Australia: the Royal

Hobart Hospital (RHH) and Launceston General Hospital

(LGH). The RHH is Tasmania’s largest public acute care

hospital for Southern Tasmanians (500-bed capacity in a

population of approximately 250,000). The LGH provides

acute care for the northern region of Tasmania (300-bed

capacity in a population of approximately 87,000). Both

hospitals are within the Tasmanian Health Service, and pro-

vide a comprehensive range of general and specialty medical

and surgical services. The majority of patients in both hos-

pitals are seen by clinical pharmacists on the wards, who

undertake an admission medication history and reconciliation

as per national standards [19]. The best possible medication

history is collected from the patients and their relatives and/or

caregivers, their general practitioner (GP), and/or community

pharmacy. This information is entered into a state-wide

hospital medication management system available for all

staff to access across the state. The patients’ previous

admission/discharge details are also stored as an electronic

patient file or digital medical record, which could also be

accessed during the study for any missing information.

The study was approved by the Tasmanian Health and

Medical Human Research Ethics Committee, and study

participants provided written informed consent. The data

presented here were collected as part of the PADR-EC

(Prediction of Hospitalization due to Adverse Drug Reac-

tions in Elderly Community-Dwelling Patients) study,

which has been published elsewhere [20]. The previous

paper reported on the derivation of the prediction score

from the RHH cohort and the validation of the dataset in

the LGH cohort. In the present analysis, we pooled the

available data to create a larger dataset to allow us to report

on the proportion of ADR-related hospital admissions in

older patients admitted to Tasmanian hospitals, identify

commonly implicated drugs, and describe the clinical

manifestations and outcomes of ADRs.

A convenience sample of community-dwelling patients

aged C65 years with acute, unplanned admissions to the

medical wards of the RHH and LGH was included in the

study. Data were collected from March 2014 to March

2015 at the RHH and from September 2015 to December

2015 at the LGH. Exclusion criteria included an inability to
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be interviewed due to their medical condition (e.g., patients

with infections in isolation, a terminal illness, or a hearing

impairment or low vision), refusal to participate, or

unavailability of medical records.

We assessed each patient to determine whether the

admission was potentially due to an ADR. An ADR was

defined as ‘‘a response to a drug that is noxious and

unintended and occurs at doses normally used in humans

for the prophylaxis, diagnosis or therapy of disease, or for

modification of physiological function’’ [12, 21]. This

definition excludes therapeutic failures, under-treatment,

intentional and accidental poisoning (i.e., overdose), and

drug abuse. ADRs that were observed during the hospital

stay were excluded. All elderly admissions to the medical

wards between Monday and Friday (9 am–5 pm) were

identified by the primary clinical pharmacist researcher

(NPN) using computerized admission entry details.

Patients were followed until discharge to collect sufficient

information for the final assessment of the ADR. All data

were collected manually using a data collection form and

later transferred into a Microsoft Access� database (Mi-

crosoft Corporation, Redmond, WA, USA). Each ADR

contributing to the patient admission was assessed if the

symptoms of admission were consistent with the known

adverse effect profile of the drug/drugs (according to the

Australian Medicines Handbook [22] or UpToDate data-

base [23]) and, after investigation, other causes were

excluded [11]. The assessment of whether a certain

drug/drugs may have caused or contributed to an acute

admission was determined through expert consensus from

comprehensive review of medical records and patient

interviews. The patient interviews were conducted in the

presence of their family members using a pre-tested

structured questionnaire (Table 1 of the Electronic Sup-

plementary Material). During the recruitment process, we

initially tested the questionnaire in a small sample of

patients and structured it to suit the patients’ understanding

of specific questions. Questions that patients found difficult

to answer (e.g., recent drug changes, previous history of

ADRs) were confirmed with family members. These data

were verified using the detailed medication reconciliation

notes from clinical pharmacists, GPs’ medical records if

available, and other patient history notes by nurses and

doctors. Patients who could not be interviewed due to their

illness at the time of their admission were interviewed at a

later stage of their hospital stay. All patients initially cat-

egorized as having an ADR-related admission by the

clinical pharmacist researcher (NPN) and a random selec-

tion of 10% of cases without a suspected ADR-related

admission were independently and blindly assessed by a

senior clinical pharmacist (MC). The clinical pharmacists

met to reach a consensus decision regarding the presence of

an ADR-related admission, causality, and preventability,

and subsequently excluded the doubtful cases. This method

of ADR assessment had been reported in previous studies

[3, 9, 24]. During expert consensus, the average time spent

for assessment of ADR cases was 15–30 min per case. The

causality of the relation between drug use and ADRs were

determined using the Naranjo algorithm [25]. ADRs were

classified as definite (score from 9 to 12), probable (score

from 5 to 8), possible (score from 1 to 4), or doubtful (score

from 0 to -2) and only definite, probable, and possible

ADRs were considered for this study. We assessed the

causality of each suspected ADR [26, 27] and of the ADR-

related admission [11, 13]. When a patient had multiple

ADRs, we used the ADR with the highest score using the

Naranjo algorithm for further analysis [28].

The Anatomical Therapeutic and Chemical (ATC)

classification was used to code the medications taken

before hospital admission [29]. We determined the pre-

ventability of the ADRs using the modified Schumock and

Thornton criteria [30, 31], as follows:

• The drugs were not appropriate for the patient’s

condition;

• The dose, frequency, and route of administration were

inappropriate for the patient’s age, weight, or disease

state;

• Therapeutic drug monitoring or other necessary labo-

ratory tests were not performed;

• The patient had a history of allergy or previous reaction

to the administered drug;

• A documented drug interaction was involved in the

ADR;

• A serum concentration above the therapeutic range was

documented;

• Non-compliance was involved in the ADR; or

• A medication error was the cause of the reaction.

We assessed the preventability of each suspected ADR

[26] and the preventability of the ADR-related admission

[11]. When a combination of drugs was involved but the

preventability varied for each drug, the preventability of

the ADR was assessed as that for the drug scoring the

highest grade of preventability [18].

The severity of ADRs was determined using the Hartwig

et al. scale [27]. Severe reactions were defined as those that

were life-threatening, caused permanent damage, or

required intensive care. Moderate reactions were those

requiring hospital admission, change in therapy, or specific

treatment. Although this classification also includes a

definition for mild ADRs, all ADRs in this study at least

resulted in hospital admission and were therefore only

classified as either moderate or severe.

We grouped ADRs as Type A and Type B reactions

based on the Rawlins and Thompson [32] classification and

whether it was due to any drug–drug interactions (DDIs),
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including with any ‘over-the-counter’ (OTC) medications,

as evaluated according to the UpToDate database (Lexi-

InteractTM Online) [23]. Type A reactions were defined as

dose-dependent reactions as an exaggeration of a drug’s

normal pharmacological actions and Type B reactions

were dose-independent and unpredictable. A drug interac-

tion was defined as the modification of one drug by the

prior administration of another, producing loss of thera-

peutic effect or toxicity [18]. The UpToDate database

assigns each DDI a risk rating of A (no known interaction),

B (no action required), C (monitor therapy), D (consider

therapy modification), or X (avoid combination). The

outcome of the ADR-related admission was categorized as

recovery (i.e., patients were clinically stable at discharge),

death, or unknown.

Data were analyzed descriptively and presented as

median (interquartile range [IQR]) or number (%) based on

type and distribution of data. Analyses were performed

using SPSS� version 20.0 (SPSS Inc., Chicago, IL, USA).

3 Results

A total of 1789 elderly patients were screened and 781

(43.7%) were excluded either due to their unwillingness to

consent (253 patients) or inability to be interviewed due to

the severity of their medical condition (528 patients). The

remaining 1008 patients were enrolled in the study (RHH,

768 patients; LGH, 240 patients). The characteristics of the

study population are summarized in Table 1 and Electronic

Supplementary Material Table 2. The median age of the

participants was 81 years (IQR 74–86) and the median

number of medications (including OTC medications) taken

at the time of admission was ten (IQR 7–14). Most (89.0%)

were taking five or more medications. Males and females

were almost equally distributed. The patients’ characteris-

tics were comparable in both hospitals [20].

Of the 1008 patients examined, ADRs potentially

caused or contributed to 191 (18.9%) acute medical

admissions. Participants with an ADR had a median age

of 82 years (IQR 73–86) and 54.5% were females. The

median number of medications taken at the time of

admission was 11 (IQR 8–15), and the median length of

hospital stay was 6 days (IQR 3–12). Among the 191

patients with ADRs, 83 (43.5%) were using OTC medi-

cations and 43 (22.5%) were using herbal medications; no

ADRs to these medications were identified. Of the 191

patients, 108 (56.5%) had a history of previous ADRs, and

in 102 (94.4%) of these patients the medications were

altered after the last ADR was experienced. Only two

(1.1%) patients were admitted with the same ADR (rash

induced by furosemide and dizziness induced by prega-

balin) as previously reported.

Of the 191 patients with potential ADRs, 100 (52.4%)

had a single ADR; 62 (32.5%) had two ADRs; 18 (9.4%)

had three ADRs; six (3.1%) had four ADRs; four (2.1%)

had five ADRs, and one (0.5%) had six ADRs. In 58

(30.4%) cases the ADRs were caused by a single drug and

in 133 (69.6%) cases the ADRs were caused by a combi-

nation of drugs. Also, in the majority (123 [64.4%]) of

cases, a combination of two or more drugs sharing a similar

ADR profile (e.g., hypotension) caused the ADR-related

admissions. Thus, a total of 328 ADRs caused by 452 drugs

contributed to all ADR-related admissions. Applying the

Naranjo algorithm to the 328 ADRs, there were 27 (8.2%)

definite ADRs, 208 (63.4%) probable ADRs, and 93

(28.4%) possible ADRs. When only the one highest scoring

ADR per patient was considered, 11 (5.8%) patients had

definite ADRs, 134 (70.1%) had a probable ADR, and 46

(24.1%) had a possible ADR.

The most frequently involved drug classes were cardio-

vascular drugs (269 [59.5%]), followed by drugs acting on

the nervous system (100 [22.1%]) and antithrombotic agents

(31 [6.9%]). Among the cardiovascular drugs, diuretics (108

[23.9%]), agents acting on the renin–angiotensin system (74

[16.4%]), and b-blockers (b-adrenoceptor antagonists) (32
[7.1%]) were frequently implicated in causing ADRs

(Table 3 of the Electronic Supplementary Material).

Antidepressants (31 [6.9%]) and opioids (22 [4.9%]) were

the most frequently implicated centrally acting drugs. Con-

sidering individual drugs, furosemide was the most common

drug responsible for ADRs (61 [13.5%]), followed by

perindopril (19 [4.2%]),metoprolol (15 [3.3%]), candesartan

(15 [3.3%]), and amitriptyline (14 [3.1%]).

The type of ADRs observed in the study cohort and the

most frequently implicated drugs are presented in Table 2.

The most common manifestations of ADRs were cardio-

vascular (96 [29.3%]), neuropsychiatric (72 [20.0%]), renal

and genitourinary (50 [15.2%]), and hematological (35

[10.7%]) in nature (Table 4 of the Electronic Supplemen-

tary Material).

Of the 328 ADRs, 286 (87.2%) were assessed as pre-

ventable. When the preventability of ADR-related admis-

sions was assessed based on the highest grade of

preventability, 169 (88.5%) ADR-related admissions were

considered preventable. Overall, 187 (97.9%) of ADR-re-

lated admissions were classified as moderately severe,

while only 4 (2.1%) were severe. Of the 191 ADR-related

admissions, the ADR resolved in 178 (93.2%) and the

patient recovered, while in four cases (2.1%) the outcome

was fatal and in nine cases (4.7%) the outcome was

unknown due to the patient’s transfer to another hospital.

The severe ADRs that contributed to the four deaths were

‘probable’ ADRs and these included digoxin toxicity,

pancytopenia related to antiplatelets (aspirin) in combina-

tion with other drugs (methotrexate, hydroxychloroquine),
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hypotension caused by a combination of diuretic (fur-

osemide), ACE inhibitor (ACEI) (perindopril) and a b-
blocker (carvedilol), and acute renal failure related to the

combination of an ACEI (fosinopril) and a diuretic (inda-

pamide) (glomerular filtration rate on admission was 7 mL/

min). The patients who were admitted with digoxin toxicity

and pancytopenia died due to hospital-acquired pneumonia

and multiple organ failure, respectively. The patient

admitted due to severe hypotension eventually died

because of arrhythmia. Multiple organ failure was the

reason of death in the patient admitted with acute renal

failure.

A total of 181 DDIs were potentially involved in 82

(42.9%) of the ADR-related admissions. Of 181 DDIs

observed, 131 (72.4%) were assigned a risk rating of C, 48

(26.5%) a risk rating of D, and two (1.1%) a risk rating of

B. Examples of DDIs included confusion caused by mul-

tiple nervous system depressants, hypotension caused by

multiple blood pressure-lowering agents, bleeding caused

by clopidogrel and aspirin, and renal failure associated with

concomitant use of diuretics and ACEIs. All ADRs were

classified as Type A reactions except one ADR (rash

induced by furosemide), which was considered a Type B

reaction.

Table 1 Principal

characteristics of the study

population (n = 1008)

Characteristic Value

Age in years [median (IQR)] 81 (74–86)

Length of stay in days [median (IQR)] 5 (3–10)

Female (%) 53.4

Use of alcohola (%) 37.4

Smoker (%) 10.7

Number of drugs taken at the time of admission [median (IQR)] 10 (7–14)

Number of co-morbid conditions [median (IQR)] 5 (4–7)

Drug changes in the preceding 3 months (%) 49.4

Use of OTC medications (%) 44.0

Use of herbal medicines (%) 23.2

Living status (%)

Alone 40.6

With family or friends 56.3

Nursing home 3.1

Medical history (%)

Cardiovascular disease 89.1

Renal failure 52.7

Anemia 43.9

Vascular disease 39.6

Hyperlipidemia 31.2

Diabetes 30.3

Chronic obstructive pulmonary disease 29.5

Cancer 24.4

Cerebrovascular disease 17.7

Depression 12.8

Falls 5.1

Dementia 6.8

Other variables (%)

Regular GP visits 93.0

Assistance required with C1 activity of daily living 65.4

Previous ADR 58.3

Presence of ADR within past 3 months 16.7

HMR in preceding 3 months 6.3

ADR adverse drug reaction, GP general practitioner, HMR Home Medicines Review, IQR interquartile

range, OTC over-the-counter
a More than two standard drinks daily [57]
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4 Discussion

We conducted a prospective analysis of ADR-related

hospital admissions in an elderly Tasmanian population.

Our study found that approximately one in five unplanned

admissions to medical wards were potentially due to ADRs

in patients aged C65 years. A similarly high rate (17%) of

ADR-related hospitalizations in the elderly was also found

in a meta-analysis of 17 observational studies [33].

Determining the number of ADR-related admissions

depends primarily on the methods used in their detection

[34]. Prospective and intensive monitoring usually have the

highest detection rate and can provide data not otherwise

available [12, 35]. In other studies, the proportion of all

hospital admissions due to ADRs has ranged from 3 to 20%

[9, 24, 28, 36–38]. Differences in definitions of ADR,

method of data collection, and target populations may

account for the difference in these proportions [13]. In our

study, the inclusion of all definite, probable, and possible

ADRs, together with a thorough review of ADR cases by

the two expert clinical pharmacists, might have contributed

to the identification of more ADRs. We interviewed all

patients included in the study, in addition to reviewing

medical records, to identify ADR-related admissions.

Patient interviews by pharmacists identified more ADRs

than spontaneous reporting by physicians and nurses in a

previous prospective study [36]. There is also strong

evidence that pharmacists report higher rate of adverse

drug events than non-pharmacists [39].

Almost 90% of ADR-related hospitalizations were pre-

ventable, which is consistent with a subgroup meta-anal-

ysis demonstrating that 88% of ADR-related

hospitalizations in the elderly were preventable [33]. In

other studies, the preventability varied from 37 to 77%

[9, 13, 40]. Even though the preventability estimates vary

across studies, it is evident that more than 50% of ADRs

are preventable [41]. We found a predominance of ADRs

due to Type A reactions resulting from known pharmaco-

logical actions, consistent with other studies

[11, 18, 27, 37]. This study found 2.1% of patients had fatal

outcomes due to ADRs. Fatal outcomes and increased

length of stay in older patients due to ADRs have been

observed in some studies [11, 13] and the proportion of

severe ADRs was found to be as high as 18.6% in a

prospective study [40]. A recent study found the crude in-

hospital mortality rate was 10.2% in elderly patients with

an ADR-related admission [38].

Our data showed that cardiovascular complaints, such as

hypotension/orthostatic hypotension/syncope, were the

most common ADRs resulting in hospital admission, and

these results are consistent with other studies

[17, 18, 37, 42]. This proportion may have been even

higher if cases of dizziness associated with antihyperten-

sives were also included. Some studies have reported

gastrointestinal complaints as frequent ADRs causing

Table 2 Adverse drug reactions contributing for hospital admission and the drugs most potentially implicated

Type of ADR

(n = 328)a
n (%) Most common clinical

presentation of ADRa
n (%) Most common drugs implicateda

Cardiovascular 96 (29.3) Hypotension/orthostatic

hypotension/syncope

64 (33.5) Diuretics, RAS inhibitors, b-blockers (b-adrenoceptor antagonists),
calcium channel blockers (antagonists)

Bradycardia 12 (6.3) b-Blockers

Neuropsychiatric 72 (20.0) Dizziness 44 (23.0) Diuretics, b-blockers, calcium channel blockers, RAS inhibitors,

antidepressants

Confusion 14 (7.3) Benzodiazepines, opioids, anticonvulsants, antidepressants

Renal and

genitourinary

50 (15.2) Renal impairment 49 (25.7) Diuretics, RAS inhibitors

Hematological 35 (10.7) Hemorrhage 22 (11.5) Antiplatelets, anticoagulants

Endocrine and

metabolic

30 (9.1) Hyperkalemia 11 (5.8) RAS inhibitors

Hyponatremia 11 (5.8) Diuretics

Gastrointestinal 24 (7.3) Nausea and vomiting 8 (4.2) Cardiac glycosides

Neuromuscular

and skeletal

12 (3.7) Myalgia 4 (2.1) HMG-CoA reductase inhibitors (statins)

Others 9 (2.7) Infections 5 (2.6) Immunosuppressants

The 4th column represents the number and percentage of patients (total number of ADR-related admissions = 191) who experienced the most

common clinical presentation of ADR

ADR adverse drug reaction, RAS renin–angiotensin system
a Multiple drugs were suspected to be involved in some ADRs or one drug might have contributed to multiple ADRs
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admission [13, 27, 38], while hematological complaints

were reported in other studies [16, 43]. Patients with car-

diovascular disease are particularly vulnerable to ADRs

due to their advanced age, polypharmacy, and the influence

of heart disease on drug pharmacokinetics, such as a

reduction in the volume of distribution and impairment of

clearance, as seen in patients with congestive heart failure

[44, 45]. Antihypertensive agents were the most frequent

class of drugs responsible for ADR-related admissions, as

found in other studies [9, 14, 17, 18, 24, 27, 37, 42].

Additionally, renal impairment (25.7% of admissions) was

impacted by antihypertensive medications such as diuretics

and agents acting on the renin angiotensin system. In other

studies, the most frequent therapeutic classes implicated in

ADR-related admissions in the elderly were NSAIDs

[4, 13, 27], antithrombotic agents [4, 13, 14, 16], or

antidiabetic agents [16, 43]. The prevalence of orthostatic

hypotension was very high (35–65%) in one international

study in the elderly and significantly related to the number

of concurrent causative medications [46]; elderly patients

are also more prone to diuretic-induced dehydration and

resulting orthostatic hypotension [47]. Our findings high-

light the importance of cautious prescribing of antihyper-

tensive agents, especially combinations of diuretics and

agents acting on the renin–angiotensin system, in the

elderly to prevent hypotension/orthostatic hypotension/

syncope and renal impairment.

More than 50% of the ADRs identified in the present

study were caused by a combination of drugs and most of

our study participants were exposed to polypharmacy (five

or more medications). Polypharmacy has been identified as

an important potential risk factor for ADRs [9, 27, 28]. We

also evaluated one important factor that has not been

explicitly investigated in previous prospective studies, i.e.,

almost 65% of ADR-related admissions were caused by

two or more drugs that share the same ADRs. Since some

ADRs (e.g., hypotension) were particularly associated with

simultaneous use of multiple medications with synergistic

therapeutic and adverse effects, such as antihypertensives,

prescribers need to be sure that the benefit of prescribing

multiple similar medications is justified, to outweigh the

risk of additive adverse effects of these agents. DDIs might

have played a role in over 40% of ADR-related admissions,

which is consistent with another prospective study in the

elderly (32.3%) [13] and a cross-sectional study in which

DDIs were suspected in 49% of cases [38]. These findings

highlight the importance of obtaining an accurate medi-

cation history at each stage of a patient’s medication

journey so that potential DDIs are not overlooked by their

healthcare team.

Decreasing the medication burden in community-

dwelling elderly patients will lead to reduced adverse

events and improvement in health [48]. There is an

increasing body of research demonstrating that depre-

scribing inappropriate or unnecessary medications is fea-

sible, safe, and can improve older patient’s quality of life

and decrease mortality [49, 50]. From our results, an

obvious focus of deprescribing would be to reduce the

number of different drugs with similar modes of action

and/or adverse effects. Communication between health

professionals such as a physician (geriatrician), nurse, and

pharmacist enables optimal pharmacotherapy in elderly

patients [6]. Clinical pharmacists can play a vital role,

particularly at the point of discharge of elderly patients, in

preventing ADR-related readmissions. In a randomized

trial, pharmacist medication review, patient counselling,

and telephone follow-up were associated with a lower rate

of preventable adverse drug events after hospital discharge

[51]. We also suggest implementing a comprehensive

medication reconciliation at every transition point (ad-

mission, discharge, transfer) for the elderly, as suggested

by the US Joint Commission on Accreditation of Health-

care Organizations [52].

The major strength of the study is that patients were

prospectively included on admission and were followed up

until discharge. We have also interviewed all the patients

included in the study in addition to reviewing their medical

records, which is different from a recent Spanish study [38]

in which ADRs were identified either from the medical

record or by direct patient interview. We also used a large

sample from two major Tasmanian public hospitals which

allowed us to characterize the ADRs in a detailed manner,

including their preventability. To our knowledge, many

prospective studies on ADRs have focused on patients

admitted in a single hospital and many studies did not

assess the preventability of ADRs.

Our study has some limitations. The main limitation

included the difficulty in determining the contribution of a

certain drug/drugs to an acute admission due to ADRs.

Some of the parameters for assessing the causality of

ADRs, such as the inclusion of a re-challenge and use of

placebo, could not be performed since they were not rou-

tine clinical practice. In addition, measurement of drug

concentrations was not performed in most suspected

ADRs. Another limitation was the collection of the data

using convenience sampling. With limited resources, the

study team relied on recruiting elderly patients whose

availability coinciding with that of the primary clinical

pharmacist researcher. The degree of generalizability of the

study is restrained by this study design. In addition, we

could not recruit some patients due to the severity of their

medical conditions and these patients were perhaps at

higher risk of admissions due to ADRs. A retrospective

study could have included all patients, although such a

study would lose the ability to obtain information through

interview. While we believe that the study results might be
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generalizable to the Tasmanian elderly population, as well

as in other states of Australia that have similar standards of

healthcare delivery to the elderly, there are inherent limi-

tations of convenience sampling. We suggest that further

studies explore the burden of ADRs in elderly residing in

other states of Australia. We could only review by con-

sensus 10% of patients who were not admitted due to an

ADR (controls), which may be another limitation of the

study. This might have caused an underestimation of the

ADR-related admissions even though the primary clinical

pharmacist researcher assessed the cases and controls

comprehensively and thoroughly. Participation of a

physician might have provided a more comprehensive

perspective to the assessment of ADRs [24], although

clinical pharmacists can play a major role in recognizing

drug-related problems in the elderly [53]. Finally, with

limited resources, we could not assess whether patients had

any sustained disability because of an ADR, despite being

clinically stable at discharge.

Given the fact that the majority of the ADRs that

resulted in hospitalization were preventable in the present

study, prevention of ADRs represents an important aim for

physicians treating older patients [54]. Some strategies

have been mentioned here and these include medication

review, avoiding use of inappropriate medications, and

comprehensive geriatric assessment and management [55].

In order to ensure the cost effectiveness of such strategies,

it would be necessary to target them to elderly patients who

are at highest risk of ADR-related admission [56]. The

recently developed PADR-EC score could facilitate iden-

tification of community-dwelling elderly people at risk of

ADRs and subsequent ADR-related admission [20]. The

PADR-EC score could potentially be integrated into a

prescribing software at the point of patient discharge as

well as in primary care to alert healthcare providers (pri-

mary care physicians, pharmacists, and nurses) to their

patients’ risk of ADRs and execute preventive strategies

such as deprescribing.

5 Conclusion

Our research supports the findings from previous studies

and further strengthens the evidence of ADRs as a cause of

admissions in the elderly, along with updating the available

information with respect to their proportion, preventability,

outcome, and clinical characteristics. Cardiovascular

medications prescribed to elderly patients need thorough

and regular scrutiny as these medications were frequently

implicated in ADRs. Improved medication management

services in primary care are required to address the high

rate of unnecessary hospitalization due to pre-

ventable ADRs. Further research is needed to address the

effectiveness of some interventions, such as deprescribing,

in reducing the risk of ADR-related admissions in elderly

populations.
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