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Impact of drug burden index on adverse
health outcomes in Irish community-
dwelling older people: a cohort study
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Abstract

Background: The Drug Burden Index (DBI) quantifies exposure to medications with anticholinergic and/or sedative
effects. A consensus list of DBI medications available in Ireland was recently developed for use as a DBI tool. The
aim of this study was to validate this DBI tool by examining the association of DBI score with important health
outcomes in Irish community-dwelling older people.

Methods: This was a cohort study using data from The Irish Longitudinal Study on Ageing (TILDA) with linked
pharmacy claims data. Individuals aged ≥65 years participating in TILDA and enrolled in the General Medical
Services scheme were eligible for inclusion. DBI score was determined by applying the DBI tool to participants’
medication dispensing data in the year prior to outcome assessment. DBI score was recoded into a categorical
variable [none (0), low (> 0 and < 1), and high (≥1)]. Outcome measures included any Activities of Daily Living (ADL)
impairment, any Instrumental Activities of Daily Living (IADL) impairment, any self-reported fall in the previous 12
months, any frailty criterion met (Fried Phenotype measure), quality of life (QoL) score (CASP-19 [Control Autonomy
Self-realisation Pleasure] measure), and healthcare utilisation (any hospital admission and any emergency
department (ED) visit) in the previous 12 months. Statistical analyses included multivariate logistic and linear
regression models controlling for potential confounders.

Results: 61.3% (n = 1946) of participants received at least one DBI prescription in the year before their outcome
assessment. High DBI exposure (DBI score ≥ 1) vs none was significantly associated with impaired function (ADL
impairment adjusted OR 1.89, 95% CI 1.25, 2.88; IADL impairment adjusted OR 2.97, 95% CI 1.91, 4.61), self-reported
falls (adjusted OR 1.50, 95%CI 1.03, 2.18), frailty (adjusted OR 1.74, 95% CI 1.14, 2.67), and reduced QoL (β = − 1.84,
95%CI -3.14, − 0.54). There was no significant association between DBI exposure and healthcare utilisation.

Conclusions: The findings validate the use of the DBI tool for predicting risk of functional impairment, falls, frailty
and reduced QoL in older people in Ireland, and may be extended to other European countries. Integration of this
tool into routine practice may be an appropriate step forward to improve outcomes in older people.

Keywords: Drug burden index, Anticholinergic and sedative medications, Older people, Health outcomes,
Potentially inappropriate prescribing
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Background
An area of specific concern in terms of potentially in-
appropriate prescribing in older people is the prescribing
of medications with anticholinergic and/or sedative
properties. These medications are used to treat a range
of conditions that occur commonly in later life, includ-
ing urinary incontinence, sleep disturbances, mental ill-
ness, pain, and gastrointestinal disorders [1]. In older
patients, with multiple comorbidities, this may result in
an additive anticholinergic and sedative burden.
The Drug Burden Index (DBI) is a novel risk assess-

ment tool to quantify older individuals’ cumulative ex-
posure to medications with clinically significant
anticholinergic and/or sedative effects [2]. A growing
number of studies conducted in older aged populations
in several different countries have demonstrated an asso-
ciation between higher DBI scores – that is, greater ex-
posure to anticholinergic and/or sedative medications –
and a range of adverse outcomes including poorer phys-
ical function, falls, frailty, lower quality of life (QoL), and
healthcare utilisation [3].
A consensus list of DBI medications relevant to

Ireland, and their corresponding minimum daily dosages
in older people, was previously developed and applied to
a national pharmacy claims database in Ireland [4]. This
involved using the Irish DBI list in conjunction with the
original DBI formula [2], referred to as the DBI tool, to
determine an individual’s DBI score. The relationship be-
tween DBI score and health outcomes in older aged
people living in Ireland has not previously been exam-
ined. The aim of this study was to validate this DBI tool,
by examining the association of DBI score with import-
ant health outcomes in a representative cohort of Irish
community-dwelling older people using a linked data
resource.

Methods
Study design, setting and participants
This cohort study used data from Wave 1 of The Irish
Longitudinal Study on Ageing (TILDA), which has been
described in detail elsewhere [5]. For TILDA Wave 1,
data were collected from a representative sample of the
Irish community-dwelling population, aged 50 years and
older, from October 2009 to February 2011, through a
computer-assisted personal interview, a self-completed
questionnaire, and a nurse-led health assessment [5].
Written informed consent to participate in TILDA was
provided by each participant. Consent was also provided
by participants to the use of their administrative phar-
macy claims data from the Health Service Executive Pri-
mary Care Reimbursement Service (HSE-PCRS). Ethical
approval for TILDA was granted by the Faculty of
Health Sciences Ethics Committee, Trinity College
Dublin, which included secondary analysis of collected

data and provision for linkage to participants’ GMS dis-
pensing information. Permission to use the HSE-PCRS
data for the purposes of this research was granted by the
HSE-PCRS.
In the present study, participants were included if they

were aged ≥65 years at their TILDA Wave 1 interview,
were enrolled in the General Medical Services (GMS)
scheme, and presented a GMS identifier which could be
linked to their pharmacy claims data [6]. The GMS
scheme is a form of public health cover in Ireland, with
eligibility for the scheme based on means testing. The
GMS scheme provides mainly free health services to eli-
gible persons. A small monthly co-payment for prescrip-
tion items was introduced in October 2010. The GMS
scheme is the single largest pharmacy claims dataset in
Ireland, covering approximately 40% of the general Irish
population. However, a considerably higher income
threshold for eligibility is applied for people aged over
70 years, with approximately 96% of this age group being
eligible in 2011 [7, 8].
In the HSE-PCRS pharmacy claims database, medi-

cines are coded using the World Health Organisation
Anatomical Therapeutic Chemical (ATC) classification
system [9]. For each participant in this study, details of
prescribed medicines that were dispensed were extracted
from the HSE-PCRS pharmacy claims database from
two years before the date of their TILDA Wave 1 inter-
view up to the interview date. All data were anonymised
after linkage.

Medication exposure
The DBI tool was applied to participants’ medication
dispensing data to determine DBI exposure [4]. DBI
medications (with dose information) were identified
using relevant ATC codes.
Total DBI exposure for each participant was calculated

as the sum of exposure to any DBI medication dispensed
in the 12 months before the time-period specified for
outcome assessment. Outcomes included in this study
were either assessed at the time of interview or over the
12-month period preceding the interview. As GMS eligi-
bility may change over time, 2 cohorts of participants
were included in this study – Cohort 1 included eligible
participants in the year preceding the interview date,
and Cohort 2 included eligible participants in the year
preceding one year before the interview date, to account
for varying time windows for outcome assessment. Out-
comes relating to an individual’s condition at the time of
the interview included functional status, frailty and QoL.
For these outcomes, DBI exposure was determined from
0 to 12 months prior to the interview date (Cohort 1)
(Fig. 1). Outcomes relating to an individual’s condition
over the 12-month period preceding the interview in-
cluded self-reported falls and healthcare utilisation. For
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these outcomes, DBI exposure was determined from 13 to
24months prior to the interview date (Cohort 2) (Fig. 1).
DBI score for each patient was calculated using the

following formula [2]:

DBI ¼
X

D= δ þ Dð Þ

where D is the patient’s daily dose of a DBI medication
and δ is the minimum recommended daily dose for that
drug. For each DBI medication, the daily dose taken by
the individual patient was estimated by multiplying the
strength and total quantity dispensed over the 12-month
period, and then dividing by 365 days to normalise to an
average daily dose. The scores for each DBI medication
taken by the individual patient were summed to give that
patient’s total DBI score. The total DBI score was then
recoded into a categorical variable [none (0), low (> 0
and < 1), and high (≥1)].

Outcomes
The Activities of Daily Living (ADL) scale [10], and the
Instrumental Activities of Daily Living (IADL) scale [11],

were used to assess functional status. For each of these
scales, disability was defined as ≥1 self-reported inability
to perform a listed activity. Falls were defined as ≥1
self-reported fall in the previous 12months. Frailty was
assessed using the Fried Phenotype measure [12]. Five cri-
teria based on the participant’s objective and self-reported
measures were used to construct this frailty measure: gait
speed, exhaustion, physical inactivity, unintentional weight
loss, and grip strength [12]. Participants were classified as
frail if they met ≥1 frailty criterion. QoL was assessed
using the CASP-19 (Control Autonomy Self-realisation
Pleasure) measure [13]. In this measure, participants rate
how often each item describes how they feel, giving a pos-
sible range of scores from 0 (worst QoL) to 57 (best QoL).
Healthcare utilisation was based on the participant’s
self-report of any hospital admission, and any visit to the
hospital emergency department (ED) as a patient, in the
previous 12months.

Covariates
Age, sex, education level, living arrangements, polyphar-
macy, number of chronic diseases, depression [14], and

Fig. 1 Flow diagram of study participants from The Irish Longitudinal Study on Ageing (TILDA) cohort aged 65 years and over. ADL, activities of
daily living; ED, hospital emergency department; GMS, General Medical Services; IADL, instrumental activities of daily living; QoL, quality of life
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cognitive function [15], were included as covariates in
models for all outcome measures. For healthcare utilisa-
tion outcome measures (hospital admission and ED
visits), disability, defined as any ADL or IADL difficulty,
was also included as a covariate. Details of covariates ad-
justed for in the multivariate regression models are pro-
vided in Table 1.

Statistical analyses
The associations between the categorised DBI score and
outcome measures were analysed using multivariate re-
gression analyses. For the binary outcome measures of
function (ADL and IADL), self-reported falls, frailty,
hospital admission, and ED visits, logistic regression was
used, with results presented as odds ratios (OR) with

95% CI. For QoL, linear regression was used, with re-
sults presented as β coefficients with 95% CI. Partici-
pants with missing data for any outcome, exposure or
covariate were excluded from that analysis.
All significance tests were two-tailed. Statistical signifi-

cance was set at P < 0.05, after adjustment for a false dis-
covery rate of 5% [16]. Data were analysed using Stata v
15 (StataCorp, College Station, TX, USA).

Results
1924 participants, and 1781 participants, were included
in the cohorts relating to 0–12months (Cohort 1), and
13–24months (Cohort 2), before the TILDA interview,
respectively. A flow diagram detailing the inclusion and
exclusion of study participants is provided in Fig. 1. The
demographic and clinical characteristics of participants
included in each cohort are provided in Table 2.
Overall, 62.2% (1197) of participants in Cohort 1, and

60.4% (1075) of participants in Cohort 2, received at
least one prescription for a DBI medication in the prior
year. Further details of DBI exposure are provided in
Table 2.
Table 3 summarises the association of DBI exposure

with patient outcomes. For these analyses, due to miss-
ing data, 55 (2.86%) participants were excluded for both
the ADL and IADL outcomes, 703 (36.54%) participants
were excluded for the frailty outcome, 678 (35.24%) par-
ticipants were excluded for the QoL outcome, 55
(3.09%) participants were excluded for both the falls and
hospital admission outcomes, and 56 (3.14%) partici-
pants were excluded for the ED visits outcome.
Low DBI exposure (DBI score > 0 and < 1) vs none was

significantly associated with self-reported falls (adjusted
OR 1.40, 95% CI 1.08, 1.81), frailty (adjusted OR 1.39,
95% CI 1.06, 1.83), and reduced QoL (β = − 1.55, 95% CI
-2.37, − 0.73). High DBI exposure (DBI score ≥ 1) vs
none was significantly associated with impaired function
(ADL impairment adjusted OR 1.89, 95% CI 1.25, 2.88;
IADL impairment adjusted OR 2.97, 95% CI 1.91, 4.61),
self-reported falls (adjusted OR 1.50, 95%CI 1.03, 2.18),
frailty (adjusted OR 1.74, 95% CI 1.14, 2.67), and re-
duced QoL (β = − 1.84, 95%CI -3.14, − 0.54). There was
no significant association between any DBI exposure and
healthcare utilisation (hospital admission or ED visits)
(Table 3).

Discussion
This study is the first to investigate the association be-
tween DBI exposure and adverse outcomes in older
people from the general population of Ireland. We found
that high exposure to DBI medications was independ-
ently associated with important adverse health outcomes
in Irish community-dwelling older people. The findings
are particularly relevant given the high prevalence of

Table 1 Description of covariates adjusted for in multivariate
regression models

Variable Format Description of categories

Age (in years) Continuous N/A

Sex Binary Male (reference)

Female

Education level Categorical None or Primary (reference)

Secondary

Tertiary

Living arrangements Binary Living alone (reference)

Living with spouse or others

Polypharmacya Binary No (reference)

Yes

Number of chronic
diseasesb

Categorical 0 (reference)

1

2

3 or more

Depressionc Categorical None/mild (reference)

Moderate

Severe

Cognitive functiond Binary Normal (MMSE≥25, reference)

Impaired (MMSE< 25)

Disabilitye Binary No (reference)

Yes (any ADL or IADL difficulty)
aPolypharmacy defined as taking > 5 regular medications
bThe number of doctor-diagnosed chronic conditions reported by participants
from the following list: cardiovascular disease (heart attack, heart failure or
angina), cataracts, hypertension, high cholesterol, stroke, diabetes, lung
disease, asthma, arthritis, osteoporosis, cancer, Parkinson’s disease, peptic
ulcer, and hip fracture
cLevel of depressive symptoms was determined using the Centre for
Epidemiological Studies Depression scale [14], based on the participant’s
self-completion questionnaire
dCognitive function was determined using the Mini-Mental State Examination
(MMSE) [15], based on the participant’s self-completion questionnaire
eDisability was defined as at least one self-reported difficulty with any task
listed in either the Activities of Daily Living (ADL) scale [10], or the
Instrumental Activities of Daily Living (IADL) scale [11]
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anticholinergic and/or sedative medication use observed
in this population.
In the present study, high DBI exposure was signifi-

cantly associated with reduced capacity in performing
basic (ADL) and more complex (IADL) tasks of daily liv-
ing. These findings are consistent with those of previous

studies, conducted in several different countries, which
investigated the impact of DBI exposure on a range of
limitations of function in older adults [2, 17–21]. The
present findings also concur with previous studies show-
ing an independent association of DBI exposure with a
greater risk of falls and fall-related hospitalisations in
older people [22–24]. The association of DBI exposure
with an increased risk of frailty is consistent with the
one previous study of older community-dwelling men
living in Australia [25]. The finding of an independent
association of DBI exposure with reduced QoL is also
consistent with previous studies. However, these previ-
ous studies included cohorts of older people living in
residential aged care facilities, with a high prevalence of
cognitive impairment and dementia, and used
health-related QoL measures [26, 27]. In the present
study, a 1-unit increase in DBI score (equivalent to ex-
posure to two additional DBI medications at minimum
dose), predicted a decrease in the QoL CASP-19 score
of approximately 2 points, which equates to a small but
statistically significant effect size [28]. A 2-point reduc-
tion in CASP score is equivalent to answering two posi-
tively worded statements ‘Rarely’ instead of ‘Sometimes’
[29]. Examples of a positively worded statements in the
CASP-19 score include “I can do the things I want to
do” and “I feel full of energy these days” [13].
The utility of the DBI tool for predicting risk of in-

creased healthcare utilisation, in terms of hospital ad-
mission and ED visits, was not supported by the findings
of the present study. Several previous studies have inves-
tigated the association of DBI exposure and various as-
pects of healthcare utilisation with inconsistent results.
Some studies have shown a significant association be-
tween DBI and increased hospital admission rates and
longer length of stay [21, 30], but others have not [31,
32]. In the present study, the use of polypharmacy was
the main driver of healthcare utilisation. In a previous
study of community-dwelling older people living in
Finland, increasing number of regular medications and
declining function were found to be stronger predictors
of hospitalisation than DBI exposure [31].
The associations of increased DBI exposure with im-

paired function and falls are understandable given the
established pharmacological effects of anticholinergic
and sedative drugs, such as drowsiness, dizziness, visual
disturbance, cognitive and psychomotor performance
impairment, and impairment of balance control [19]. It
is also plausible that exposure to medicines that increase
the DBI might contribute to the decline in function that
characterises frailty [33]. In older people, independence
and well-being depend on a sufficient level of physical
function [21]. Consequently, factors contributing to a
decline in physical function may result in lower QoL. It
has been shown that impairments in physical function

Table 2 Characteristics of participants included in Cohort 1 (0–
12 months before interview) and Cohort 2 (13–24 months
before interview)

Characteristic Cohort 1 (n = 1924) Cohort 2 (n = 1781)

Age (years, mean (SD))a 75.0 (6.1) 75.3 (6.1)

Female sex (n (%)) 1052 (54.7) 977 (54.9)

Education level (n (%))b

Primary 994 (51.7) 939 (52.8)

Secondary 602 (31.3) 553 (31.1)

Tertiary 326 (17.0) 287 (16.1)

Living alone (n (%)) 679 (35.3) 652 (36.6)

Polypharmacy (n (%))c 774 (40.6) 728 (41.3)

No. of chronic diseases (n (%))d

0 181 (9.4) 154 (8.6)

1 387 (20.1) 361 (20.3)

2 475 (24.7) 435 (24.4)

3+ 881 (45.8) 831 (46.7)

Depression (n (%))e

None/mild 1087 (57.5) 985 (56.4)

Moderate 579 (30.7) 547 (31.3)

Severe 223 (11.8) 215 (12.3)

Cognitive impairment (n (%))f 178 (9.3) 173 (9.7)

Disability (n (%))g 397 (20.6) 382 (21.5)

Drug Burden Index score

Mean (SD) 0.63 (0.71) 0.64 (0.70)

Median (IQR) 0.44 (0.07–0.88) 0.46 (0.08–0.91)

Drug Burden Index groups
(n (%))

0 727 (37.8) 706 (39.6)

> 0 to < 1 934 (48.5) 850 (47.7)

≥ 1 263 (13.7) 225 (12.6)
aMissing for 1 participant (0.05%) in Cohort 1
bMissing for 2 participants (0.10%) in Cohort 1, and 2 participants (0.11%) in
Cohort 2
cTaking > 5 regular medications. Missing for 17 participants (0.88%) in Cohort
1, and 18 participants (1.01%) in Cohort 2
dDoctor-diagnosed chronic conditions from the following list: cardiovascular
disease (heart attack, heart failure or angina), cataracts, hypertension, high
cholesterol, stroke, diabetes, lung disease, asthma, arthritis, osteoporosis,
cancer, Parkinson’s disease, peptic ulcer, and hip fracture
eBased on the Centre for Epidemiological Studies Depression scale [14].
Missing for 35 participants (1.82%) in Cohort 1, and 34 participants (1.91%) in
Cohort 2
fMini-Mental State Examination (MMSE) score < 25 [15]
gAt least one difficulty with any task listed in either the Activities of Daily
Living (ADL) scale [10] or the Instrumental Activities of Daily Living (IADL)
scale [11]
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and activity limitations mediate the effect of chronic dis-
ease on QoL (CASP-19 measure) [34].
Overall, the risks associated with exposure to DBI

medications suggests that these medications should be
avoided in older people unless there is a compelling clin-
ical indication. Furthermore, for all outcomes tested,
participants with a high DBI score (DBI ≥1) had a
greater risk of adverse outcomes than those in the low
DBI group (DBI > 0 to < 1). These findings concur with
those of previous studies conducted in other countries
[2, 18–21, 24, 25, 27]. Therefore, strategies aimed at re-
ducing the number and/or the dose of DBI medications
might lead to improved outcomes.
A major strength of this study is the generalizability of

the findings as the cohort exemplifies a true representa-
tion of the Irish community-dwelling older population.
Further strengths include the use of a large sample,
which was well characterised using a broad range of epi-
demiological and clinically validated measures. Pharmacy
claims data were employed, which is likely to be more
reliable than self-reported medicines use [35]. However,
there are limitations inherent to using pharmacy claims
data as non-adherence and medications purchased
over-the-counter (OTC) cannot be accounted for.
Therefore, the DBI score may not reflect all exposure.
However, given that GMS patients can obtain most OTC
medicines on prescription for a small co-payment, the
risk of bias is likely to be minimal and non-differential
across the exposure groups.
A fixed 12-month exposure period was used before

outcome assessment, which in the case of healthcare
utilisation and falls was also over a fixed 12-month
period. Therefore, any effect of DBI would have to be
sustained beyond the exposure period in order to be de-
tected [29]. This may have resulted in misclassification
and bias of the results towards the null hypothesis [30].
Socioeconomic bias towards low income individuals
aged 65–70 years may have affected the findings since
only approximately 40% of the population in this age
group were covered by the GMS scheme. Socioeconomi-
cally deprived individuals may be more prone to multi-
morbidity and the use of DBI medications, which may
result in an overestimation of the impact of DBI score
on health outcomes. However, socioeconomic bias in
those aged > 70 years is expected to be considerably
lower as approximately 96% of this population were cov-
ered by the GMS [7, 8]. Missing data for the outcomes
of frailty and QoL were relatively high, which may have
biased our results. We also acknowledge that much of
the data were self-reported and, therefore, there may be
a degree of misreporting. In addition, healthcare utilisa-
tion and falls were based solely on participant recall over
a 12-month period, and validation against administrative
records was not possible. Whilst every attempt was

made to control for potential confounders, there may be
residual confounding. Volunteer bias may also have in-
fluenced study findings. Finally, no adjustment was made
in terms of the severity of co-morbid conditions, which
may have had an impact on the findings.
The demonstration of negative associations between

DBI scores and established markers of outcomes in older
people has important implications for practice. When
treating older people, due consideration should be given
to the dose and the cumulative exposure of drugs that
have anticholinergic or sedative effects, because the
higher the exposure the greater the risk of adverse out-
comes. This emphasizes the importance of regular medi-
cation reviews, so that doctors can contemplate the risks
and benefits when prescribing multiple medications [22].
In practice, the DBI may be useful as a screening tool
for older patients, to identify those with high exposure
who may be suitable for de-prescribing interventions [3].
Intervention strategies aimed at reducing the burden of

anticholinergic and sedative medications in this popula-
tion are clearly needed. Such strategies have been tested in
Australia. Nishtala et al. showed that collaborative
pharmacist-led medication review can reduce the pre-
scribing of anticholinergic and sedative medications in
older people living in care homes, resulting in a significant
decrease in the DBI score [36]. Gnjidic et al. found that
provision of information about patients’ DBI scores to
general practitioners led to decreased DBI scores in 32%
of older patients living in retirement villages [37]. How-
ever, whether intervening to reduce DBI in older patients
improves patient outcomes remains to be seen.

Conclusions
This study validates the DBI tool against a spectrum of
important adverse health outcomes in Irish
community-dwelling older people. Using the DBI tool,
increasing DBI score was independently associated with
a greater risk of functional impairment, self-reported
falls, frailty, and reduced QoL. The findings support the
use of the DBI tool for predicting risk in older people in
Ireland, and possibly other European countries. The
findings also highlight the potential value of prescribers
minimising DBI exposure in older patients as much as
possible to reduce the risk of adverse health outcomes.
Incorporation of the DBI tool into routine practice may
be an appropriate step forward to assist prescribers in
identifying high-risk prescribing and optimising treat-
ment in older people. Future research should focus on
interventional studies to determine whether interven-
tions to reduce DBI scores in older people translate into
improved outcomes.
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