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Aims: Comprehensively investigate prescribing in usual care of hospitalized older
people with respect to polypharmacy; potentially inappropriate medications (PIMs)
according to Beers criteria; and cumulative anticholinergic and sedative medication
exposure calculated with Drug Burden Index (DBI). Specifically, to quantify exposure
to these measures on admission, changes between admission and discharge, associa-
tions with adverse outcomes and medication costs.

Methods: Established new retrospective inpatient cohort of 2000 adults aged
>75 years, consecutively admitted to 6 hospitals in Sydney, Australia, with detailed
information on medications, clinical characteristics and outcomes. Conducted cross-
sectional analyses of index admission data from cohort.

Results: Cohort had mean (standard deviation) age 86.0 (5.8) years, 59% female, 21%
from residential aged care. On admission, prevalence of polypharmacy was 77%,
PIMs 34% and DBI > 0 in 53%. From admission to discharge, mean difference (95%
confidence interval) in total number of medications increased 1.05 (0.92, 1.18); while
prevalence of exposure to PIMs (—3.8% [-5.4, —2.1]) and mean DBI score (—0.02
[-0.04, —0.01]) decreased. PIMs and DBI score were associated with increased risks
(adjusted odds ratio [95% confidence interval]) of falls (PIMs 1.63 [1.28, 2.08]; DBI
score 1.21[1.00, 1.46]) and delirium (PIMs 1.76 [1.38, 1.46]; DBI score 1.42 [1.19,
1.71]). Each measure was associated with increased risk of adverse drug reactions
(polypharmacy 1.42 [1.19, 1.71]; PIMs 1.87 [1.40, 2.49]; DBI score 1.90 [1.55, 2.15]).
Cost (AU$/patient/hospital day) of medications contributing to PIMs and DBI was
low ($0.29 and $0.88).

Conclusion: In this large cohort of older inpatients, usual hospital care results in an
increase in number of medications and small reductions in PIMs and DBI, with vari-

able associations with adverse outcomes.
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1 | INTRODUCTION

Optimal healthcare for older people involves using medications to
address what matters to the older person and to minimize the adverse
effects of medications on the person's mobility and mentation. Older
people admitted to hospital have a high prevalence of high-risk pre-
scribing including polypharmacy (multiple medicine use)? and adverse
drug events.® Medication use may be a modifiable contributing factor
for important common adverse outcomes in older inpatients such as
falls, delirium and pressure areas.* During a hospital stay, patients fre-
quently receive new diagnoses and treatments. These may affect over-
all prognosis and may directly result in drug-drug or drug-disease
interactions, which can impact on appropriateness, safety and effective-
ness of existing treatments.> Therefore, a hospital stay is an opportunity
to review and intervene to optimize medication use in older people.

The extent of high-risk prescribing in usual care, how it is
addressed, its clinical associations and costs are difficult to assess.
Most large-scale studies using routine data lack detail, particularly
accurate information on prescribing changes in hospital and measures
of geriatric outcomes.® In-depth medical record reviews are usually
conducted at a small scale and unlikely to be representative or
generalizable.”

We conducted a real-world, retrospective multicentre cohort
study of high-risk prescribing in older inpatients. We established a
new inpatient cohort of 2000 older adults, consecutively admitted to
6 hospitals of different sizes in different regions of metropolitan
Sydney, Australia. The aim of this study is to investigate medications
prescribed in the usual care of hospitalized older people with respect
to 3 measures of high-risk prescribing: polypharmacy, potentially
inappropriate medications (PIMs) according to Beers criteria and the
Drug Burden Index (DBI). Specifically, this study investigates preva-
lence of these measures on admission, changes between admission
and discharge, associations of these measures with adverse outcomes

in hospital and the costs of medications contributing to PIMs and DBI.

2 | METHODS

21 | Study design and population

A retrospective multicentre cohort study of 2000 individuals aged
>75 years and admitted to 6 metropolitan hospitals in Sydney, New
South Wales, Australia. Six hospital sites of varying sizes within 2 local
health districts were chosen to ensure a representative, real-world,
generalizable sample within the limitations of feasible data collection
for the proposed study timeframe and budget. A stratified consecu-
tive sampling strategy was used to assemble the cohort and guide

data collection.

What is already known about this subject

e Polypharmacy and medication-related harm are common
in older people admitted to hospital.

e Medication review is recommended for older people in
hospital.

o The extent, management, outcomes and costs of medica-
tion use in older people in routine hospital care have not

been comprehensively assessed.

What this study adds

e A new multisite retrospective cohort of 2000 consecutive
inpatients aged 275 with in-depth clinical and drug data.

e Observed high prevalence of polypharmacy, potentially
inappropriate medications (PIMs) and Drug Burden Index
(DBI > 0).

e With usual hospital care, total number of medications
taken increased, with small decreases in PIMs and DBI.

o Polypharmacy, PIMs and DBI were all associated with an

increased risk of adverse drug reactions.

Data on medication use and clinical outcomes were collected for
patients who met the following inclusion criteria: (a) aged 275 years;
(b) consecutively admitted to Royal North Shore (n = 600), Ryde
(n =200), Hornsby Ku-ring-gai (n = 200), Concord Repatriation
General (n = 700), Canterbury (n = 200) and Balmain (n = 100) hospi-
tals, from 1 July 2016 for >48 h, under the care of general medicine,
geriatric medicine and/or rehabilitation services. Patients who did not
survive the hospital stay were excluded. The latest date of hospital
admission for the cohort was 31 May 2017, and the latest discharge
date was 21 June 2017.

Ethics approval, with a waiver of consent, was obtained from the
NSW Population and Health Services Research Ethics Committee
(HREC/17/CIPHS/30). All data were de-identified prior to analysis.

2.2 | Data collection
Individuals who met study inclusion and exclusion criteria were
electronically identified by the Performance Unit at each Local Health

District. Potential duplication within and between the Local Health
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Districts was managed through buffering the data extract to an
additional 20% and then manual screening to ensure a cohort of 2000
unique individuals. Sociodemographic, clinical characteristics, diagno-
ses and clinical outcomes in hospital data, described in the data
extracts from the Performance Units, were verified in the electronic
medical record (eMR) system (Cerner Millennium PowerChart) and
then manually entered into a specially built REDCap study database, a
secure web application designed for online capture of research data
(REDCap Software—Version 9.2.5 © 2019 Vanderbilt University,
Sydney Local Health District installation). All data were collected by
trained clinical researchers.

An inter-rater check was completed for a random sample of 15%
of the study population on demographic data (date of birth, admission
and discharge dates, allergy status, residential setting prior to hospital
admission, discharge status, dementia/mild cognitive impairment
status), clinical outcome data (falls, pressure areas and delirium) and
medication data (medication use at admission and discharge, and the
types of medication-related interventions [e.g. dose modification or
cessation] made during the hospital stay; n = 300).

Residential setting prior to hospital admission included home,
residential aged care facility and assisted living. Discharge destination
included home, residential aged care facility and assisted living, public
or private hospital, respite, and hospice.

Primary reason for admission, diagnoses throughout the hospital
stay and clinical outcomes data, obtained from the Performance Unit,
were coded using International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision, Australian Modification
(ICD-10-AM) coding. This is an alphanumeric coding scheme for dis-
eases and external causes of injury, adapted from the World Health
Organization (WHO) ICD-10 codes for use in Australian clinical
practice. The ICD-10-AM codes were used to calculate Charlson
Comorbidity Index following published guidance.® The use of ICD-
10-AM codes to score Charlson Comorbidity Index was validated
against 300 individuals in whom the Charlson Comorbidity Index was

manually scored from the eMR.

2.3 | Definition of dementia and mild cognitive
impairment

Dementia status was established based on whether a diagnosis was
recorded in the eMR, including admission notes, inpatient clinical
notes and discharge summary generated during the hospital stay.
Similarly, mild cognitive impairment was defined as explicit documen-
tation of a diagnosis in the eMR. For the index hospital stay, each
patient was classified as having either dementia or mild cognitive

impairment, not both.

2.4 | Definition of clinical outcomes

A fall was defined as any unintended event that results in a person

coming to rest on the ground/floor/other lower-level falls (as a

presenting complaint or occurred during the hospital stay). A pressure
area was defined as any area of damage to the skin and underlying
tissues caused by constant pressure or friction (as a presenting
complaint or occurred during the hospital stay). Delirium was defined
as a sudden state of severe confusion and rapid changes in brain
function (previous history, presenting complaint or developed during
the hospital stay).

A suspected adverse drug reaction (ADR) was defined as any
injury resulting from a medical intervention related to a drug.
ICD10-AM codes from data extracts were used to detect ADRs using
a previously externally validated method.” ICD-10 external cause
codes Y40-Y59 were used to ascertain ADR events caused by a
medicine properly administered at therapeutic or prophylactic dose. A
broader definition of ADRs was also applied, which included the Y40-
59 codes as well as diagnosis codes that have a very high or high
probability of being ADR related (category A) and others with a lower
probability of being ADRs (categories B-D).

Clinical events that occurred prior to hospital admission were
included if the individual received treatment for the event during the
hospital stay. For example, a fall resulting in a wrist fracture that
occurred 3 days prior to the individual's admission would be included

if they received analgesia for the fracture during their hospital stay.

2.5 | Medication use at admission and discharge
Data were recorded on medication use, including drug name, active
ingredient(s), Anatomical Therapeutic Classification code, dose, fre-
quency and duration. Information was collated from the Emergency
Department assessment, progress notes, medication chart(s), Medica-
tion Management Plans and discharge summary for the relevant hos-
pital stay. Admission medications were defined as the medications the
individual was using prior to hospital admission. This information was
collected from documentation of a best possible medication history
and medication reconciliation on admission, when available. Discharge
medications consisted of the continuing medications taken prior to
admission (with/without dose modifications) and newly started medi-
cations being used at the time of hospital discharge. This information
was collected from the discharge medication list in the discharge sum-
mary. Drug status was defined as the type of change made to the
admission medications, for example, dose reduction or dose increase.
Regular medications were defined as all active pharmaceutical ingredi-
ents excluding as required medications and selected complementary
and alternative medications, including vitamins and mineral supple-
ments, which were included on the Pharmaceutical Benefits Scheme
(PBS) general schedule (last consulted on 27 August 2019) for any
condition or population were considered a regular medication.

Three different measures of medication use were applied to
active ingredients of each patient's regular medications on admission
and discharge. The first was the number of active ingredients. This
was considered as absolute number, polypharmacy (concurrent use of
5 or more) and hyperpolypharmacy (concurrent use of 10 or more)

active ingredients as regular medications. The second was DBI, a
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measure of the cumulative exposure of an individual's anticholinergic
and sedative medications that estimates the functional burden of an
older person's medications.'® Where a regular medication contributed
to DBI, the minimum effective daily dose (5) currently recommended
by the Australian Therapeutic Goods Administration and actual daily
dose (D) were recorded to calculate each patient's DBI according to
the formula DBI:ZD%(S.11 If actual daily dose was missing, we
imputed average DBI score for that medication, based on the study
cohort scores at admission or discharge. Use of at least 1 DBI-
contributing medication constituted exposure to DBI medications and
was expressed as proportions. The third was Beer's Criteria 2015,*?
an explicit list of PIMs in older adults. Medications were considered
independent of and in relation to drug-disease/syndrome interac-
tions. The presence of at least 1 regular medication listed on the 2015
Beers criteria was used to capture exposure to PIMs. This was
expressed as proportions. The number of regular PIMs per patient

was also calculated.

2.6 | Statistical analyses

Stata IC (Stata Statistical Software: Release 16. College Station, TX,
USA: StataCorp LLC. StataCorp) was used to perform all drug utiliza-
tion and regression analyses. Descriptive statistics (means for contin-
uous and integer variables; frequency and proportions for categorical
variables) were reported for the cohort's sociodemographics, clinical
characteristics, medication use and high-risk prescribing measures on
admission and discharge (including the top 20 drug classes that
contributed to high-risk prescribing). Changes in medication use for
patients between admission and discharge were summarized by the
mean of the within-person difference for the number of regular
medications, DBI score and number of PIMs, based on pair t-tests;
and within-person change in high-risk prescribing measures was
summarized as change in proportions for polypharmacy, hyperpoly-
pharmacy, DBI >0, any exposure to PIMs, based on McNemar's
¥ test.

Cross-sectional associations between medication use and the
clinical outcomes were analysed using logistic regression with medica-
tion use fitted as a binary explanatory variable or as a continuous
explanatory variable for integer or score medication use measures. All
models for clinical outcomes used an offset for length of hospital stay
to adjust for differences in duration of hospital stay between patients.
The adjusted results presented for clinical outcomes also included the
following explanatory variables in the model: age fitted as a continu-
ous variable; sex coded as a binary variable; and the Charlson Comor-

bidity Index coded as a categorical variable with 4 groups (0, 1, 2, 3+).

2.7 | Costof medications

Cost analyses were conducted using Stata 16 (StataCorp LLC, TX,
USA). The costs of medications contributing to DBI score and PIMs
were calculated per person per day at admission and discharge for the

cohort in Australian dollars. Medications were included if they were
listed on the PBS Schedule, 1 May 2020 (https://www.pbs.gov.au/
pbs/home). The PBS Schedule lists all medications that are available
to be dispensed to patients, at a price subsidized by the Australian
Federal Government, and includes medications for most medical
conditions. Costs were calculated on the basis of the Dispensed Price
for Maximum Quantity, which is the PBS-listed price for dispensing
the maximum quantity of a product and incorporates the approved
ex-manufacturer price and all relevant dispensing fees and mark-ups.
The costs of medications were calculated using the reported dosage

and frequency of administration.

3 | RESULTS

In total, 2000 patients were included in this cohort study (Table 1).
The mean age (+ standard deviation) of patients was 86.0 (5.8) years,
59% were female, and 21% were admitted to hospital from a residen-
tial aged care facility. In this cohort, 31% of people spoke a language
other than English at home, and 26% had a documented dementia
diagnosis.

Use of multiple medications was very common. Number of
medications increased overall from admission to discharge, with small
reductions in both DBI score and use of PIMs according to the 2015
Beers criteria in the cohort (Table 2). On an individual patient level
(Figure 1), 57% of patients had an increase in their number of regular
prescribed medications (active ingredients), 53% had a decrease in
DBl score, and 81% had a decrease in number of PIMs. The
20 medication classes that contributed most commonly to DBI score
and PIMs on admission and discharge are shown in Table S1.

Adverse outcomes were common and variably associated with
measures of medication exposure on admission (Figure 2 and
Table 3). Falls were present on admission or occurred during the
hospital stay in 34% of the cohort. Number of regular medications
was not associated with falls; hyperpolypharmacy was associated
with a lower risk of falls; and both DBI score and exposure to PIMs
were associated with a higher risk of falls. Pressure areas were docu-
mented as present on admission or occurring during the hospital stay
in 8% of the cohort; these were not associated with any of the medi-
cation measures. Delirium occurred in 25% of the cohort (22% preva-
lent on admission and an additional 3% occurring during the hospital
stay). Number of medications, polypharmacy and hyperpolypharmacy
were not associated with delirium; and both DBI score and PIMs
exposure were associated with a greater risk of delirium. All measures
of drug exposure were associated with an increased risk of ADRs,
defined using the more specific Y codes only, and with the more
sensitive Y + ABCD codes (prevalence during hospital stay 12 and
31%, respectively).

On admission, medications contributing to DBI cost $0.88 per
day (95% confidence interval 0.84-1.08), with a mean increase of
$0.08 per day (0.01-0.16) on discharge. On admission, PIMs cost
$0.29 per day (0.26-0.34), with a mean change of —$0.02 per day
(—0.05-0.02) on discharge (Table 4).
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TABLE 1 Characteristics of the Towards Optimizing Hospitalized Older adults' MEdications (TO HOME) cohort.
Characteristics Cohort (n = 2000)
Age (years), mean (standard deviation) 86 (5.8)
Sex (female), n (%) 1181 (59)
Language spoken at home, n (%)
English 1381 (69)
Language other than English 613 (31)
Country of birth, n (%)
Australia 930 (47)
Italy 213 (12)
UK 120 (6)
Greece 103 (5)
China 96 (5)
Other 538 (27)
Marital status, n (%)
Widowed 926 (46)
Married/de facto 765 (38)
Never married 155 (8)
Divorced/separated 144 (7)
Unknown 10 (1)
Covered by Veteran Affairs, n (%) 155 (8)
Number of comorbidities (Charlson Comorbidity Index), n (%)
Score O 925 (46)
Score = 1-2 740 (37)
Score = 3+ 335 (17)
Cognition, n (%)
Dementia status 517 (26)
Mild cognitive impairment® 197 (10)
End-of-life status, n (%) 98 (5)
Primary reason for admission,” n (%)
Musculoskeletal or connective tissue system 517 (26)
Respiratory 322 (16)
Neurological and psychiatric 308 (15)
Cardiac and circulatory system 220 (12)
Genitourinary system 148 (7)
Gastrointestinal system 122 (6)
Dermatological 101 (5)
Infection 79 (4)
Haematological and neoplasms 61 (3)
Endocrine and metabolic disorders 35 ()
Other 87 (4)
Service, n (%)
Aged care 1139 (57)
General medicine 541 (27)
Rehabilitation 320 (16)
Living status prior to admission, n (%)
Home 1458 (73)
Residential aged care facility 421 (21)
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TABLE 1 (Continued)

Characteristics
Assisted living
Other (including homeless)
Discharge destination, n (%)
Home
Residential aged care facility
Private hospital
Public hospital
Assisted living
Respite
Transitional care unit
Hospice
Other

BRITISH 2513
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Cohort (n = 2000)

118 (6)
3 (<1)
1050 (53)
506 (25)
189 ©)
97 (5
78 (4)
66 @)
11 (1
1 (<1)
2 (<1)

2Explicit documentation of a diagnosis of cognitive impairment without a formal diagnosis of dementia.
PClassification by body system using the ICD-10-AM code (diagnosis_codeP) submitted to the Admitted Patient Data Collection. See Table S2 for a

thorough breakdown of the principal reason for admission.

TABLE 2 Medication use at admission to and discharge from hospital.
Summary of exposure Admission?
Active ingredients Mean (SD) 7.6 (4.2)
Polypharmacy?® n (%) 1543 (77)
Hyperpolypharmacy® n (%) 583 (29)
DBI drugs
Any exposure n (%) 1068 (53)
Score (continuous) Mean (SD) 0.48 (0.63)
Beers criteria drugs
Any exposure n (%) 670 (34)
Number (continuous) Mean (SD) 047 (0.79)

Abbreviations: DBI, Drug Burden Index; SD, standard deviation.
?Polypharmacy, =5 regular active ingredients.
PHyperpolypharmacy, 210 regular active ingredients (a subset of polypharmacy).

Number of regular prescription
medications (active ingredients)

Discharge®
8.7

1675

810

1104
0.46

595
0.40

Discharge—admission difference between
means or percentages (95% Cl)

(4.2) 1.05(0.92-1.18)

(84) 6.6 (4.8-8.4)

(41) 11.4(9.3-13.4)

(55) 1.8 (0.05-3.5)

(0.58) —0.02 (—0.04 to —0.01)
(30) —3.8(-54to0-2.1)
(0.72) —0.07 (—0.09 to —0.04)

57

23

W Increase (%)

O Decrease (%)

DBIscore |[EVAN 20

B No Net Change (%)

Number of Beers Criteria Drugs \ 12 |

0% 20% 40%

FIGURE 1

60%

between admission and discharge at an individual participant level (n = 2000).

80%

100%

Prevalence of change in the number of medications, the Drug Burden Index (DBI) score and number of Beers criteria drugs

85USD17 SUOWILLOD BAIERID 3|qed![dde 8u) Ag peuenob a1e DI YO 88N JO S3INJ J0} ARG 1T BUIIUO AB]IM UO (SUORIPUOD-PUR-SLLLBYWOD" A2 |1 ARe1q 1BUIIUO//SHNY) SUORIPUOD PUE SWB L U3 885 *[£202/0T/2T] U0 AR1g178U1IuO AB]IM |10UN0D YoReesay IIPSIN PUY UIESH [BUOIEN Aq £2/ST 'doa/TTTT OT/10p/wod Ao 1m AReiqipuljuo'sqndsday/sdny woj pepeojumoa ‘g ‘€202 ‘SCTZSIET



2514 @ BRITISH HILMER ET AL.
E PHARMACOLOGICAL-
1] SOCIETY
>
800
700
600
500 ]
400 o
300
200
- I I I
0
Fall Pressure area Delirium Adverse drug events by ICD-10- Adverse drug events by ICD-10-
AM external cause codes Y 40-59 AM external cause codes Y40-59
only + additional ABCD ADR-related
diagnoses codes with at least a
‘likely’ rating®
H Frequency overall [ Frequency amongst participants with polypharmacy
[l Frequency amongst participants with hyperpolypharmacy B Frequency amongst participants with DBI>0
[0 Frequency amongst participants with any PIMs
FIGURE 2 Frequency of adverse outcomes in older inpatients overall and amongst subgroups exposed to different measures of high-risk

prescribing. DBI, Drug Burden Index; PIMs, potentially inappropriate medications. ¥Consists of causality ratings A1, A2, B, C and D as defined by

Duetal’

4 | DISCUSSION

In this unique real-world inpatient cohort of 2000 older adults consec-
utively admitted to 6 diverse Australian hospitals, use of multiple
medications was common and increased during the hospital stay.
However, the DBI score, a measure of medication risk in older adults
that includes drug class and dose, and use of Beers criteria PIMs,
which consider medication class with dose or indication in some cir-
cumstances, both decreased from admission to discharge. This was
seen consistently in measures at a cohort level and an individual level.
The DBI score and PIM exposure, but not total number of drugs used,
were associated with an increased risk of falls and delirium. Number
of drugs, the DBI score and PIMs were all associated with an
increased risk of adverse drug events in hospital. The direct cost of
medications contributing to the DBI or Beers criteria is very low.

The high exposure of this inpatient population to polypharmacy,
anticholinergic and sedative drugs and PIMs and the very small
changes seen during the hospital stay are comparable to findings in
previous observational studies in Australia and internationally.”-*3#
Deprescribing interventions in hospital have shown small impacts on
prescribing outcomes.!® Barriers to implementing medication review
and deprescribing in hospital practice are well described,*® with addi-
tional complexity in communication with our cohort arising from the
high prevalence of people with cognitive impairment and from non-

English-speaking backgrounds.

The prevalence of ADRs that caused admission or occurred dur-
ing the hospital stay was 12-31%, depending on ICD-10-AM defini-
tion used. This is comparable to the estimates from systematic
reviews and meta-analyses of studies of hospitalized older people, of
16% (95% confidence interval 12-22%) for in hospital ADRs'” and
8.7% (7.6-9.8%) for hospital admissions caused by ADRs.® The
association of polypharmacy with an increased risk of ADRs is con-
sistent with previous reports demonstrating that number of drugs is
a strong predictor of in hospital ADRs? and of ADRs causing hospi-
tal admissions.® While our study demonstrated an increased risk of
ADRs with use of PIMs, only a minority of ADRs that occur in
hospital?® or cause hospital admission? are attributable to PIMs, and
only 1 of 6 studies in a recent review found a significant relationship
between PIMs and hospital admissions due to ADRs in older
inpatients.'® Our study also demonstrated an association of DBI with
ADRs. To our knowledge, this explicit relationship has not been
reported previously.

The lack of association of polypharmacy with falls or delirium in
our inpatient cohort contrasts with much of the existing literature.
Much of the data for the association of polypharmacy with falls are
from community-dwelling older adults?? or nursing homes,?® and
there are limited data specifically on polypharmacy as a risk factor for
falls or delirium causing hospital admission or occurring in
hospital.?#~2¢ The association of specific drug classes, many of which

are captured by DBI and Beers criteria, with falls and delirium is better
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TABLE 4 Daily cost of medications (per person) contributing to Beer's criteria potentially inappropriate medications (PIMs) or Drug Burden

Index (DBI) on admission to and discharge from hospital.
Total daily medication
cost (per person) ($)

DBI 0.88 (0.77-0.99)

Beers criteria PIMs 0.29 (0.26-0.34)

Note: Medication cost is provided in Australian dollars per person per day.

Admission (95% Cl)

Discharge (95% Cl) Change between P value
admission and discharge

0.96 (0.84-1.08) 0.08 (0.01-0.16) .03

0.28 (0.25-0.31) —0.02 (—0.05-0.02) .32

Abbreviations: ClI, confidence interval; DBI, Drug Burden Index; PIMs, potentially inappropriate medications.

understood.?”?® DBI has previously been associated with falls?>*°

and fractures®! in population based studies and with delirium in a
small cohort of older inpatients.” Beers criteria include specific lists of
drugs to avoid in people with delirium or falls,*?> which probably con-
tributed to the observed association of Beers criteria with delirium
and falls in this study.

The strengths of this study are the population size and its repre-
sentativeness of older patients in metropolitan Australian hospitals. It
is not representative of those who die during their hospital stay.
Exclusion of patients who died in hospital is a potential source of
selection bias in analysis of the association between medication use
and adverse outcomes. Furthermore, the data for medication expo-
sure and clinical characteristics were derived from detailed chart
review by clinician researchers and had good inter-rater reliability.
The ADR outcome is limited to a previously validated method using
ICD-based criteria for ADR-related hospitalizations.” This is not the
gold standard for collecting data on ADRs, but was selected for feasi-
bility in this large data set. This may result in under-estimation of
ADRs, particularly in older people where ADRs may present non-
specifically as falls or confusion, and a bias towards ADRs that can be
detected by these criteria. Future studies will investigate the sensitiv-
ity and specificity of this method for ADR detection against the gold
standard of independent medical record review. While the medication
history on admission captured medications taken prior to admission,
and the outcomes were those present on admission and occurring
during admission, some outcomes measured may have been sub-acute
or chronic, preceding medication changes made prior to admission.
The associations between drug use and outcomes are likely to be lim-
ited by residual confounding. The data quality was not considered
strong enough for all elements in the causative pathways to obtain
estimates of attributable risk for costing of health outcomes with
medication use. Future studies will link this inpatient cohort with
detailed clinical and prescribing data to longitudinal administrative

data on readmission, mortality and medication use.

5 | CONCLUSIONS

Multiple medication use is very common in older inpatients, with
some reduction of high-risk medication exposures during usual care.
While optimal medication regimens for older individuals may include
some use of anticholinergic and sedative medications (DBI > 0) and

occasional use of PIMs, the substantial exposure to these medications

on discharge suggests that there is scope to improve medication
review during a hospital stay. While the costs of the drugs contribut-
ing to DBI and Beers criteria are low, the costs of the associated falls,

delirium and ADRs also need to be considered.
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