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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Inappropriate medication use is common

among the elderly.
• Use of medications with anticholinergic

and sedative properties is associated with
functional impairments in older people.

• Exposure to anticholinergic and sedative
medications, measured with Drug Burden
Index that includes the principles of
dose–response and maximal effect, was
associated with impairment in physical and
cognitive function in two studies of older
people in the USA.

WHAT THIS STUDY ADDS
• We evaluated Drug Burden Index in an

Australian population of community-
dwelling older men, The Concord Health
and Ageing in Men Project that enrolled a
random sample of community-dwelling
men aged �70 years living in Sydney,
Australia.

• In this population, increasing Drug Burden
Index was associated with objective
impairments of physical performance and
functional status.

• The Drug Burden Index has broad
applicability regardless of healthcare
system, prescribing practices, gender or
country.

AIMS
This study evaluated the associations of physical performance and
functional status measures with the Drug Burden Index in older
Australian men. The Drug Burden Index is a measure of total exposure
to anticholinergic and sedative medications that incorporates the
principles of dose–response and maximal effect.

METHODS
A cross-sectional survey was performed on community-dwelling older
men enrolled in The Concord Health and Ageing in Men Project,
Sydney, Australia. Outcomes included chair stands, walking speed over
6 m, 20-cm narrow walk speed, balance, grip strength and Instrumental
Activities of Daily Living score (IADLs).

RESULTS
The study population consisted of 1705 men (age 76.9 � 5.5 years). Of
the 1527 (90%) participants who reported taking medications, 21%
were exposed to anticholinergic and 13% to sedative drugs. The
average Drug Burden Index in the study population was 0.18 � 0.35.
After adjusting for confounders (sociodemographics, comorbidities,
cognitive impairment, depression), Drug Burden Index was associated
with slower walking speed (P < 0.05), slower narrow walk speed (P <
0.05), balance difficulty (P < 0.01), grip weakness (P < 0.01) and poorer
performance on IADLs (P < 0.05). Associations with physical
performance and function were stronger for the sedative than for the
anticholinergic component of the Drug Burden Index.

CONCLUSIONS
Higher Drug Burden Index is associated with poorer physical
performance and functional status in community-dwelling older
Australian men. The Drug Burden Index has broad applicability as a
tool for assessing the impact of medications on functions that
determine independence in older people.
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Introduction

Age-associated disability and functional impairment limit
independent living and quality of life of older adults [1].
Although clinical trials show that many medications are
effective for the management of age-related illnesses in
clinical trial subjects, they may also adversely affect func-
tion of real-life older people with multiple comorbidities
and polypharmacy. Age-related changes in pharmacoki-
netics and pharmacodynamics, the presence of multiple
medical conditions and the increased prevalence of poly-
pharmacy contribute to an increased likelihood of drug
interactions and adverse drug reactions in older people
[2–4]. Inappropriate medication use in older people is com-
monly determined by expert consensus such as the modi-
fied Beers’ Criteria, which include many medications with
anticholinergic and sedative properties [5].

Exposure to medications defined by Beers’ criteria has
been associated with adverse healthcare outcomes in the
community-dwelling elderly [6], but not with health out-
comes in hospitalised older people [7] or with deficits in
functional status in community-dwelling older people [8].
A number of studies have found associations between
medications and the risk of falling in older people [9]. Ben-
zodiazepine use is associated with increased risk of hip
fracture [10] and impaired physical performance measures
[11]. Exposure to drugs with anticholinergic effects
measured with a variety of methods is associated with
impaired measures of cognitive performance [12, 13],
physical performance and functional status [14–16].Objec-
tive measures of physical functioning are important out-
comes for older people, and predict subsequent disability,
nursing home admission, death and hospitalisation
[17, 18].

The Drug Burden Index is a recently developed tool
that calculates exposure to medications with anticholin-
ergic or sedative effects. It is based on the principles of
cumulative exposure and dose–response [19]. The Drug
Burden Index is a linear additive model that incorporates
principles of pharmacokinetics and pharmacodynamics
to describe total exposure to medications with anticholin-
ergic and sedative effects across drug classes. The Drug
Burden Index has been independently associated with
poorer performance in tests of physical and cognitive
function in a population of well-functioning community-
dwelling older people in the USA, aged 70–79 years [19].
Similar associations between the burden of anticholinergic
or sedative drugs and poorer physical and cognitive func-
tion were observed in a population of frail older women
enrolled in the Women’s Health and Aging Study (WHAS).
These associations were independent of sociodemo-
graphic factors and physical and cognitive comorbidities
[20].

An evidence-based and easy to use prescribing tool
could improve the quality use of medicines in the older
population. Investigating the association of medication

exposure with functional outcomes in older adults in dif-
ferent countries with different prescribing practices and
different access to healthcare and medications is essential
to test the robustness of such a tool. The aim of this study
was to evaluate the association between the Drug Burden
Index and physical performance and functional status
measures in a random sample of community-dwelling
older men, aged �70 years, enrolled in the Concord Health
and Ageing in Men Project (CHAMP), Sydney, Australia [21].

Methods

Study population
CHAMP is a longitudinal study of health and ageing in
community-dwelling men, aged �70 years, living in a
defined geographical region (the Local Government Areas
of Burwood, Canada Bay and Strathfield surrounding
Concord RG Hospital) in Sydney, Australia [21]. The study
was approved by the Sydney South West Area Health
Service Human Research Ethics Committee Concord Repa-
triation General Hospital. All participants gave written
informed consent.The sampling frame was the New South
Wales Electoral Roll. The only exclusion criterion was living
in a residential aged care facility. Eligible men in the study
area were sent a letter describing the study and, if they had
a listed telephone number, were telephoned about 1 week
later. Men without listed telephone numbers who did not
respond to the first letter were sent a second invitation
letter. Baseline data were collected between January 2005
and June 2007. Invitation letters were sent to 3627 men
and contact was made with 3005. One hundred and ninety
of the contacted men were not eligible for the study
because they had moved out of the study area, moved into
a nursing home, or had died. Of the 2815 eligible men with
whom contact was made, 1511 participated (54%). An
additional 194 men aged �70 years who lived in the study
area volunteered to be in the study independently of the
invitation letter system. All participants completed a ques-
tionnaire at home before coming to the study clinic. The
study questionnaire included questions on sociodemo-
graphic factors, medical history, anxiety, depression and
physical activity. During the clinic visit objective measures
of cognition, depression, muscle strength, gait and balance
were obtained.

Medication exposure
Information about medication use was collected during
the clinic visit. Participants were instructed to bring all
prescription and over-the-counter medications with them
to the clinic visit.They were asked whether they had taken
any medication either prescribed by their doctor or
obtained over the counter during the past month. Details
of all medications, including the name, dose, frequency,
duration and prescription pattern (regular or as required),
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were gathered. The Iowa Drug Information Service drug
code numbers were used to code and classify the medica-
tion data.

Use of sedative and anticholinergic medications was
quantified using the Drug Burden Index, a measure of a
person’s exposure to medications with anticholinergic and
sedative properties that incorporates the principles of
dose–response and maximal effect [19]. Drug burden (DB)
was calculated using the equation:

DB B B= +AC S

where BAC indicates the burden from drugs with anticho-
linergic effects and BS that from drugs with sedative
effects.The Drug Burden Index for each drug with anticho-
linergic or sedative effect was calculated using the follow-
ing equation:

Drug Burden Index
D

D
=

+∑ δ

where D is the daily dose taken by the subject and d is the
recommended minimum dose registered by the Therapeu-
tic Goods Administration of Australia. The minimum rec-
ommended daily dose is used as an estimate of the dose
required to achieve 50% of the maximum of anticholin-
ergic or sedative effect (DR50). The registered product
information,obtained from Medicare Information Manage-
ment System, was used to define medications with clini-
cally significant anticholinergic and/or sedating effects
[22]. Medications with both anticholinergic and sedative
effects were classified as anticholinergic. Complementary
medications were excluded from the Drug Burden Index
calculations.

Outcome measures
Physical performance was assessed by administering the
performance battery, a modification of the Established
Populations for Epidemiological Studies of the Elderly
summary performance score. This is similar to the Health
Aging and Body Composition (ABC) score [23]. The Estab-
lished Populations for Epidemiological Studies of the
Elderly summary performance scale is a useful marker for
predicting disability in older people over time as well as
nursing home admission and mortality [24]. The battery
incorporated four tasks: (i) chair stands test – time
(seconds) needed to complete five chair stands; (ii) walk
speed (m/s) over a 6-m course; (iii) 20-cm narrow walk
speed (m/s) over a 6-m course; and (iv) balance tests.
Balance was assessed by administering the balance sway
meter test, which involves performing the following for
30 s each: floor sway test, foam sway test and race track
test [25]. Participants who were unable to complete the
balance sway meter test were given a score of 0. Partici-
pants scored 1 if they were able to hold the floor sway test
but not the foam and the race track test; a score of 2 was

given if they held the floor and foam sway positions and a
score of 3 if they held all three positions.

Muscle strength was assessed by hand grip strength
using a dynamometer. The score was calculated as the
grip strength (kg) of the dominant hand (best of two trials)
with higher number indicating better function. Hand grip
strength has been associated with functional disabilities
in older people [26] and as a component of the frailty
phenotype [27]. Functional status was measured with the
Instrumental Activities of Daily Living (IADLs) scale [28]. For
IADLs scale, the score ranges from 0 to 7, with higher scores
indicating poorer functional status.

Covariates
Age (continuous), secondary education (completed or
not), body mass index (BMI, continuous), history of falls
during the previous year (yes or no), cognitive impairment,
depression and comorbidities were treated as covariates.
The Mini-Mental State Examination (MMSE) score �26 was
used to screen for cognitive impairment [29].The presence
of depression was defined by a Geriatric Depression Scale
(GDS) score of �5 [30].The comorbidity score (continuous)
was calculated by summing the presence of the following
self-reported conditions: diabetes mellitus, osteoporosis,
Parkinson’s disease, epilepsy, arthritis, hypertension, stroke,
lung disease, cardiac disease, peripheral arterial disease
and cancer (excluding skin cancer). Diseases included in
this comorbidity score were based on those in the Func-
tional Comorbidity Index, which is associated with physical
function in older people [31].

Statistical analysis
Descriptive analyses were generated. Analyses of covari-
ance were used to compare functional outcomes between
subjects with Drug Burden Index of zero and subjects with
Drug Burden Index greater than zero, adjusting for the
effects of age, education, BMI, history of falls, medical con-
ditions, cognitive impairment and depression. Analyses of
covariance were also performed to compare the adjusted
means (adjusted for the effects of age, education, BMI,
history of falls, medical conditions, cognitive impairment
and depression) of each of the functional outcomes
between subjects exposed to three different levels of Drug
Burden Index ranges: 0, 0–1, �1. In order to test the Drug
Burden Index as a continuous variable, multiple linear
regression analyses on subjects with the Drug Burden
Index greater than zero (n = 447) were used to evaluate the
association between the Drug Burden Index (continuous)
and functional outcomes controlling for the effects of age,
education, BMI, history of falls, presence of self-reported
medical conditions, cognitive impairment and depression.
All analyses were performed with SAS statistical software
(version 9.1; SAS Institute, Cary, NC, USA). All tests were two
tailed. Statistical significance was set at P < 0.05.

Drug Burden Index and function in elderly

Br J Clin Pharmacol / 68:1 / 99



Results

The CHAMP study consisted of 1705 men. The mean age
(�SD) of participants was 76.9 � 5.5 years (range 70–97),
50% of whom were born in Australia and 56% had com-
pleted secondary school (Table 1). Of the 1705 study
participants, 1527 (90%) reported taking medications, 130
reported no medication use and 39 reported taking over-
the-counter medications only. Information on medication
exposure was missing for nine subjects. Of the 1527 sub-
jects known to be taking medications, 21% were exposed
to anticholinergic and 13% to sedative drugs. Of study sub-
jects who reported taking an anticholinergic and/or seda-
tive drug, 46 (3%) did not have daily dose and/or frequency
recorded. For Drug Burden Index calculations, these indi-
viduals were included using the median dose for the study
population in calculations.

The average Drug Burden Index in the study popula-
tion was 0.18 � 0.35. The mean anticholinergic and seda-
tive components of the Drug Burden Index were 0.11 �
0.24 and 0.07 � 0.22, respectively.With respect to anticho-
linergic drug exposure, the most frequently used drugs
were antidepressants [excluding selective serotonin
reuptake inhibitors (SSRIs)], sympathomimetics and para-
sympathomimetics (Table 2).The most frequently reported
drugs with sedative effects included SSRIs and anxiolytic
drugs. On univariate analysis exposure to all anticholin-
ergic and sedative drug groups except the antihistamines
and sympathomimetics were significantly associated with
at least one functional outcome (Table 3). The association
with functional outcomes was the strongest for anticon-
vulsant, dopaminergic, spasmolytic and opioid drugs.

Unadjusted and adjusted models comparing each of
the functional outcomes between subjects with Drug
Burden Index of zero and subjects with Drug Burden Index
greater than zero are shown in Table 4. These associations
are also shown for the anticholinergic and sedative com-
ponents of drug burden (Table 4). In the unadjusted
models, there was a strong relationship between Drug
Burden Index (>0) and each of the functional measures. On
univariate analysis, Drug Burden Index (>0) was associated
with difficulty in rising (P < 0.01), slow walking speed (P <
0.0001), slow narrow walk speed (P < 0.0001), balance dif-
ficulty (P < 0.0001), grip weakness (P < 0.0001) and difficul-
ties in IADLs (P < 0.0001). With respect to anticholinergic
and sedative components of the Drug Burden Index, asso-
ciation with physical performance measures, grip strength
and IADLs was stronger for the sedative than for the anti-
cholinergic component of Drug Burden Index.

After adjusting for confounders (age, education, BMI,
history of falls, medical conditions, cognitive impairment

Table 1
Baseline characteristics of CHAMP study population (n = 1705)

Characteristics Value � SD*

Age (years) 76.9 � 5.5
Marital status, %

Married 76.8
Widowed 12.9
Never married 5.0

Country of birth, %

Australia 49.8

Italy 19.5

Great Britain 4.6
Completed secondary school, % 55.5

Comorbidity score 1.0 � 0.9
BMI (kg m-2) 27.8 � 4.0

Depression, % 12.8
Cognitive impairment, % 31.5

History of falls, % 43.1
6 m walking speed, m/s 0.9 � 0.2

20 cm narrow 6 m walking speed, m s-1 0.8 � 0.2
Chair stands, s 16.7 � 6.0

Balance score 2.8 � 0.7
Grip strength, kg 34.3 � 7.6

IADL score 0.8 � 1.5
Number of medications 4.4 � 2.7

Number of medications (excluding those
with anticholinergic and sedative effects)

4.0 � 2.4

Medication exposure, (% subjects) 89.6

Exposed to anticholinergic medications, % 20.7
Exposed to sedative medications, % 13.4

As needed (prn) exposure to anticholinergic
and sedative medications, %

3.1

DBI 0.18 � 0.35

DBA 0.11 � 0.24
DBS 0.07 � 0.22

*Data are given as means � SD or percentages. CHAMP, Concord Health and
Ageing in Men Project; BMI, body mass index; DBI, Drug Burden Index; DBA,
anticholinergic component of Drug Burden Index; DBS, sedative component of
Drug Burden Index; IADL, Instrumental Activities of Daily Living.

Table 2
Exposure of study participants to medications with anticholinergic and
sedating effects

Drug group Number exposed (%)

Anticholinergics

Antiemetics 7 (0.4)

Antipsychotics 10 (0.6)

Antihistamines 22 (1.3)

Spasmolytics 26 (1.5)

Cardiovascular 32 (1.9)

Parasympathomimetics 85 (5.0)

Antidepressants other than SSRIs 90 (5.3)

Sympathomimetics 90 (5.3)
Sedatives

Dopaminergics 32 (1.9)
Anticonvulsants 36 (2.1)
Opioids 39 (2.3)
Antidepressants-SSRIs 43 (2.5)
Anxiolytics 77 (4.5)

n represents the number of study participants taking at least one of the anticho-
linergic and/or sedative medications. SSRIs, selective serotonin reuptake inhibitors.
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and depression) Drug Burden Index (>0) was associated
with slower walking speed (P < 0.05), slower narrow
walk speed (P < 0.05), balance difficulty (P < 0.01),
grip weakness (P < 0.01) and poorer performance on

IADLs (P < 0.05) (Table 4) (Figure 1). The association
of Drug Burden Index (>0) with the chair stands
test was no longer significant after adjusting for
confounders.

Table 3
Univariate analysis for the association of physical performance, grip strength and functional status with the burden of medications with anticholinergic
and/or sedating effects

Parameter estimate (B)
Chair Stands Walking speed Narrow walk Balance Grip strength IADL score
n = 1548 n = 1616 n = 1589 n = 1613 n = 1595 n = 1678

Anticholinergics

Antiemetics 0.36 -0.23 -0.38 0.64 -1.26 5.12**

Antipsychotics -0.02 -0.08 -0.04 -0.54 -8.72 2.90**

Antihistamines 2.06 -0.03 -0.01 0.01 -3.82 0.25

Spasmolytics 3.16 -0.20*** -0.15 -1.34** -9.75** 1.56***

Cardiovascular 4.30*** -0.19** -0.11 -0.29 -5.37*** 0.39

Parasympathomimetics 1.17 -0.10*** -0.09 -0.28 -3.72*** 0.93**

Antidepressants other than SSRIs 1.36 -0.07 -0.06 -0.27 -2.80 0.86**

Sympathomimetics -0.01 -0.02 0.00 0.16 -0.64 -0.07
Sedatives

Dopaminergics 2.29 -0.11*** -0.16** -0.83* -1.04 1.62*
Anticonvulsants 6.29*** -0.36* -0.36** -0.91** -8.22** 1.67**
Opioids 2.37 -0.17*** -0.18*** -0.89* -5.29*** 1.02***
Antidepressants-SSRIs 3.21 -0.04 -0.19** -0.31 0.90 1.16**
Anxiolytics 1.68 -0.10*** -0.13** -0.20 -2.13 0.60***

IADL, Instrumental Activities of Daily Living; IADL score – higher score indicates worse function, balance test, 0-worst performance, 3-best performance; grip strength – higher
number indicates better function; chair stands, 6 m walking speed and 20 cm narrow walking speed – lower number indicates better performance; ***<0.05; **<0.01, *<0.0001;
only significant P-values shown; SD, standard deviation; SSRIs, selective serotonin reuptake inhibitors; n represents number of subjects completing each test.

Table 4
Analysis of covariance to compare physical performance, grip strength and functional status measures with the exposure to the anticholinergic and
sedative medications

DBI > 0 DBA > 0 DBS > 0
B (95% CI) n B (95% CI) n B (95% CI) n

Chair stands

n = 1548 1.25** (0.58, 1.93) 395 0.90*** (0.14, 1.66) 283 1.71** (0.78, 2.65) 172

n = 1423 0.58 (-0.11, 1.27) 364 0.35 (-0.43, 1.12) 262 0.92 (-0.05, 1.88) 160
Walking speed

n = 1616 -0.05* (-0.07, -0.03) 410 -0.04** (-0.07, -0.02) 294 -0.08* (-0.11, -0.05) 182
n = 1484 -0.03*** (-0.05, -0.00) 379 -0.02 (-0.05, 0.01) 273 -0.05** (-0.08, -02) 170

Narrow walk

n = 1589 -0.06* (-0.08, -0.03) 404 -0.04*** (-0.07, -0.01) 290 -0.12* (-0.15, -0.08) 178

n = 1461 -0.03*** (-0.05, -0.01) 374 -0.01 (-0.04, 0.02) 269 -0.09* (-0.12, -0.06) 168
Balance

n = 1613 -0.18* (-0.26, -0.10) 420 -0.11*** (-0.20, -0.02) 298 -0.32* (-0.42, -0.21) 190
n = 1468 -0.11** (-0.18, -0.03) 384 -0.03 (-0.11, 0.05) 273 -0.20* (-0.31, -0.10) 175

Grip strength

n = 1595 -2.08* (-2.93, -1.24) 412 -1.99* (-2.95, -1.03) 290 -2.28** (-3.42, -1.13) 189

n = 1458 -1.09** (-1.90, -0.28) 381 -1.08*** (-1.99, -0.17) 270 -1.10*** (-2.20, -0.00) 175
IADL

n = 1678 0.46* (0.30, 0.62) 444 0.39* (0.21, 0.57) 315 0.71* (0.49, 0.92) 203
n = 1541 0.18*** (0.04, 0.32) 407 0.13 (-0.03, 0.29) 289 0.36** (0.17, 0.56) 188

For each end-point the first row represents unadjusted model and second row adjusted model for age, education, comorbidities, body mass index, history of falls, cognitive
impairment and depression; B, parameter estimate; CI, confidence interval; ***<0.05; **<0.01; *<0.0001; only significant P-values shown; DBI, Drug Burden Index; DBA,
anticholinergic component of Drug Burden Index; DBS, sedative component of Drug Burden Index; n, number exposed to anticholinergic and/or sedative drugs; IADL, Instrumental
Activities of Daily Living; IADL score – higher score indicates worse function; balance test, 0-worst performance, 3-best performance; grip strength – higher number indicates better
function; chair stands, 6 m walking speed and 20 cm narrow walking speed – lower number indicates better performance; n first row, number of subjects completing each test;
n second row represents available data on subjects after controlling for confounders.
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Figure 1
Analysis of covariance for the association of adjusted means of physical performance measures, grip strength and functional status with increasing Drug
Burden Index. Means adjusted for age, education, comorbidities, body mass index (BMI), history of falls, cognitive impairment and depression. Drug Burden
Index grouped into three intervals (0, 0–1, �1). Error bars show 95% confidence interval (CI). IADL, Instrumental activities of daily living; IADL score – higher
score indicates worse function,balance test,0-worst performance,3-best performance; grip strength – higher number indicates better function; chair stands,
6 m walking speed and 20-cm narrow walking speed, lower number indicates better performance
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Sedative drug burden was significantly associated
with slow walking speed (P < 0.01), slow narrow walk
speed (P < 0.0001), balance difficulty (P < 0.0001), grip
weakness (P < 0.05) and poorer performance on IADLs (P
< 0.01), after adjusting for confounders. After controlling
for confounders, the relationship of sedative drug burden
with the chair stands test was no longer significant. After
controlling for confounders, anticholinergic drug burden
exposure was significantly associated with grip weakness
(P < 0.05) only. The associations between anticho-
linergic drug burden and the chair stands test, walking
speed, narrow walk speed, balance and IADLs were not
significant after adjusting for the effects of confounding
factors.

On subgroup analysis of participants with a Drug
Burden Index greater than zero (n = 447), after controlling
for confounders, increasing Drug Burden Index was asso-
ciated with slower walking speed (P < 0.01), slower
narrow walk speed (P < 0.01) and difficulties in IADLs
(P < 0.01) (data not shown). On this subgroup analysis,
increasing Drug Burden Index was not independently
associated with difficulty in rising, balance difficulty or
grip weakness.

Discussion

Exposure to medications with anticholinergic and sedative
effects measured with the Drug Burden Index was inde-
pendently associated with poorer physical performance
measures and functional status in the community-
dwelling older Australian men enrolled in the CHAMP
study. Furthermore, in this study population, after adjust-
ing for confounders, sedative drug burden was associated
with poorer physical performance and impairment of
IADLs, whereas increasing anticholinergic drug burden
was weakly associated with grip weakness only. The asso-
ciation between higher Drug Burden Index and impair-
ment in function has been observed in older adults in the
USA [19, 20]. With respect to different components of the
Drug Burden Index, in the Health ABC Study, both anticho-
linergic and sedative drug burden exposure were associ-
ated with decline in physical function [19], whereas in the
WHAS of frail older women, association with poorer physi-
cal function was stronger for the anticholinergic than for
the sedative component [20].

The established pharmacological effects of medica-
tions with anticholinergic and sedative effects obviously
may explain their effects on function in older people.
Adverse effects of anticholinergic drugs include dry
mouth, gastrointestinal effects (e.g. constipation, de-
creased peristalsis), ophthalmological effects (e.g. ocular
dryness, inability to accommodate vision) [32] and neurop-
sychological impairments, such as memory deficits, confu-
sion, disorientation, agitation, hallucinations and delirium.
Drugs with sedative effects also cause central nervous

adverse effects, including sedation, memory and psy-
chomotor performance impairment, and impairment
of neuromuscular processing related to balance control
[33].

Differences in the classes of anticholinergic drugs
between the CHAMP study and previously reported
studies might explain the inconsistent findings with rela-
tion to the anticholinergic and sedative components of
drug burden. In our study the most frequently used
anticholinergic drugs were sympathomimetics (5%) and
antidepressants (excluding SSRIs) (5%). In the WHAS popu-
lation the most common drug classes used were anti-
histamines, tricyclic antidepressants, benzodiazepines and
narcotic analgesics. In comparison, antihistamine use in
the CHAMP population was reported by only 22 study par-
ticipants (1%). Furthermore, the CHAMP study population
included older men only, which may explain different
results from studies including women, as there are sex dif-
ferences with respect to the medication exposure [34], the
pharmacokinetics and pharmacodynamics of different
drugs [35] and function [36].

Observation of a large veteran population in the USA
[34] found that older men (23%) are less likely to use inap-
propriate medications such as analgesic, psychotropic
and anticholinergic medications than older women (31%).
There is evidence of sex differences in the pharmacokinet-
ics of some anticholinergic [37] and sedative drugs [38].
With regards to functional status into extreme old age,
men have been reported to maintain better physical and
cognitive function than women [36]. End-points from the
CHAMP study such as grip strength, walking speed and
IADLs are markers of frailty status in older men [39], and
the association of Drug Burden Index with these end-
points was not evaluated in the Health ABC population.
The Health ABC analysis tested the association between
Drug Burden Index and a continuous composite score as a
measure of overall physical performance.

Regardless of the observed differences with respect
to sedative and anticholinergic components of the drug
burden, the relationship between the higher Drug Burden
Index and impairment in functional performance was
observed across populations of older adults with differ-
ent healthcare access, prescribing practices and medica-
tion exposure. This association is further strengthened as
the load of the anticholinergic and sedative medicines
was quantified based on the principles of cumulative
exposure and dose–response pharmacological principles,
rather than the total number of drugs prescribed [40]. In
relation to the magnitude of meaningful change, on the
subgroup analysis of participants with a Drug Burden
Index greater than zero one unit increase in Drug Burden
Index was significantly associated with decrease in
walking speed by 0.07 m/s, which is a clinically important
change [41].

The CHAMP population represents a large random
sample of community-dwelling older Australian men.
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Objective and clinically validated physical performance
measures were used in this study. Information on medi-
cation exposure was obtained by checking all medica-
tions brought to the clinic by the study subjects rather
than from interview-based self-reports. There are several
limitations to this study. With respect to the drug burden
calculations, the minimum recommended daily dose was
used as an estimate of the dose needed to achieve 50%
of the maximum effect. The accuracy of the estimate of
minimum efficacious dose may differ among drugs and
study subjects with different pharmacokinetic and phar-
macodynamic characteristics. The possibility of misclassi-
fication bias should be considered when evaluating the
effects of anticholinergic and sedative drugs, as some
drug classes have both anticholinergic and sedative
effects. Furthermore, the functional impairment associ-
ated with these drugs may be due to activity beyond
their anticholinergic and sedative effects. This study was
conducted in older men only, living in a single geographi-
cal region. Hence, these findings should not be general-
ized to older women. Regarding the functional outcome
assessments, information bias in interviewing and report-
ing IADL difficulties should be taken into account. The
possibility of temporal and indication bias should be also
considered, as it may compromise the reliability and
validity of the outcome data. Each analysis was limited to
those participants in whom relevant functional outcomes
and cognition data were available. The accuracy of the
MMSE as a screening test for dementia may vary between
men born in non-English speaking countries (46.5% of
this study population) and those born in English speaking
countries.

In summary, the use of anticholinergic and seda-
tive drugs was commonly reported by the community-
dwelling older Australian men participating in the
CHAMP study. The average Drug Burden Index in the
CHAMP study population was very similar to that of
community-dwelling older people in the USA. Higher
Drug Burden Index was associated with impaired objec-
tive physical performance measures and IADLs in the
CHAMP population. An electronic calculator that feeds
into prescribing software could be implemented to
inform prescribers about Drug Burden Index and to esti-
mate the impact of medicines on an older patient’s func-
tion. The Drug Burden Index appears to be a valid tool for
predicting medication-related impairment of function in
older people, regardless of the healthcare system, pre-
scribing practices, gender or country. Optimising use of
medications with anticholinergic and sedative effects
using an assessment tool such as the Drug Burden Index
may reduce functional decline and disability among older
adults. Further interventional studies are required to
assess whether the association between increasing Drug
Burden Index and impaired function is causative, and
whether reductions in Drug Burden Index result in
improvements in function in older adults.
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