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Abstract
Background—The Drug Burden Index (DBI), a measure of exposure to anticholinergic and
sedative medications, has been independently associated with physical and cognitive function in a
cross-sectional analysis of community dwelling older persons participating in the Health, Aging
and Body Composition (Health ABC) study. Here we evaluate the association between DBI and
functional outcomes in Health ABC participants over five years.

Methods—DBI was calculated at years 1 (baseline), 3 and 5 and a measure of the area under the
curve for DBI (AUCDB) over the whole study period was devised and calculated. Physical
performance was measured using the short physical performance battery (SPPB), usual gait speed,
and grip strength. The association of DBI at each time point and AUCDB with year 6 function was
analyzed in data from participants with longitudinal functional measures, controlling for socio-
demographics, co-morbidities and baseline function.

Results—Higher DBI at years 1, 3 and 5 was consistently associated with poorer function at year
6. On multivariate analysis, a one unit increase in AUCDB predicted decreases in SPPB score of
0.08 (p = 0.01), gait speed of 0.01 m/s (p=0.004), and grip strength of 0.27 kg (p=0.004) at year 6.

Conclusion—Increasing exposure to medication with anticholinergic and sedative effects,
measured with DBI, is associated with lower objective physical function over five years in
community dwelling older people.
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Introduction
Prescribing for older people requires careful assessment of the benefits and risks of all of the
person's medications. With advancing age comes increasing disease prevalence, medication
use, and risk of adverse drug reactions.1-3 Several studies have shown associations between
exposure to certain classes of medications, particularly those with sedative and
anticholinergic actions, and physical and mental function in older people.4-6 Although
optimizing overall function is one of the most important therapeutic aims for many older
patients7, limited evidence exists regarding the effects of medication on function in older
people, particularly frail older people with multiple comorbidities.89

We recently developed the Drug Burden Index (DBI), a measure of overall exposure to
medications with anticholinergic and sedative properties that implements the principle of
dose response to determine the effect of medication exposure.10 Cross sectional analysis in
high functioning older persons, Health, Aging and Body Composition (Health ABC) study
participants, showed DBI was strongly negatively associated with objective measures of
concurrent physical and cognitive function. Whether drug burden exposure contributes to
accelerated functional decline over time and the degree to which DBI score is prognostic of
such decline remains unknown.

This study examines associations between medication exposure, as assessed by DBI, and
change in physical function over five years, in Health ABC study participants, who were
high functioning men and women aged 70-79 at study enrollment. We hypothesized that
higher DBI at years 1 (baseline), 3 and 5 would be associated with a greater than expected
reduction in functional capacity after five years (at year 6 follow-up). We propose a method
for calculating total drug burden exposure over the five years, using area under the drug
burden-time curve, and hypothesized that this would also be associated with reduced
functional capacity at year 6.

Methods
Study population

The Health ABC study population consists of 3075 community-resident Medicare recipients
aged 70-79 years, recruited from April 1997 to June 1998 from areas around Pittsburgh,
Pennsylvania and Memphis, Tennessee. To participate, subjects were required to report no
difficulty in walking 0.25 miles, climbing 10 steps, or performing activities of daily living at
baseline. Of the 3075 participants, 501 had died by the end of the five year follow-up period.
Subjects who did not have objective measures of the specific performance measures
recorded in year 6 were excluded from analyses of association between drug burden
exposure and that measure at year 6. A total of 2172 participants (71 % of baseline
population) had data for longitudinal analysis of the association between DBI and the short
physical performance battery (SPPB). The association of DBI with gait speed was analyzed
in 2192 participants, and with grip strength in 2099. At year 6, of the 2172 participants with
SPPB scores recorded, all had gait speed recorded and 2067 had grip strength recorded. Of
participants without SPPB recorded at year 6, 20 had gait speed recorded and 32 had grip
strength recorded. Table 1 describes times at which measures of function, comorbidities and
medication exposure were obtained.

Medication Inventory
A medication inventory was conducted by research personnel during the baseline clinic visit
(year 1) and at years 3 and 5. Participants were instructed to bring all prescription and over
the counter medications used in the past two weeks to their clinic visit. Staff administered a
structured medication history to confirm medications actually taken by participants in the
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previous two weeks. For each medication, the name of the drug, Iowa Drug Information
System ingredient code, route of administration, dose and frequency that the medication was
taken was recorded. At year 1, out of 3075 participants, 338 reported no medications. Ten
did not have a medication inventory recorded and were assumed to be taking no
medications. At year 3, 231 subjects did not have a medication inventory of whom 187 were
deceased, and at year 5, 430 subjects did not have a medication inventory of whom 378 were
deceased.

Drug Burden Index
Medication exposure was quantified using the DBI, which was derived from cross sectional
data collected in year 1 in the Health ABC population10, and further validated using baseline
data from the Women's Health and Aging Study11. Briefly, medications were characterized
with respect to risk into two groups: drugs with anticholinergic effects and drugs with
sedative effects. Medications with both anticholinergic and sedative effects were classified
as anticholinergic.

The following factors were used in the equation for total drug burden (TDB):

(Eq 1)

where BAC and BS each represent the linear additive sum of D/(δ + D) for every
anticholinergic (AC) or sedative (S) drug to which the subject is exposed, D is the daily dose
taken by the subject, and δ is the minimum efficacious daily dose (minimum daily dose
approved by the FDA). Both prescription and over the counter drugs were included in the
analysis. Topical preparations without significant systemic effects were excluded. Where a
dose was missing for an anticholinergic or sedative medication the median dose for the
population was used in the calculations. Medications with anticholinergic and/or sedative
effects that the study population was exposed to are shown in Appendix 1.

Drug burden exposure was calculated at years 1, 3 and 5. Cumulative exposure over the six
years was calculated using the principles of trapezoidal area under the curve. The
rectangular rule was used for year 5-6 as there were no measurements of drug burden
beyond year 5. Area under the curve for drug burden (AUCDB) is the average drug burden
at each time point multiplied by the time of exposure (in years):

(Eq 2)

where DBi represents the total DBI for the ith year and t is time. This expression can be
simplified to:

(Eq 3)

where DBY1, DBY3 and DBY5 represent TDB at years 1, 3 and 5 of the study respectively.
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Covariates
Covariates were selected using clinical judgment. Prevalent medical conditions were
determined algorithmically from self-report of physician diagnoses, clinic assessments, and
medication use. The functional comorbidity index (FCI)12 was used to assess co-morbidity
at baseline. Other covariates were the incidence of each of the following conditions from
years 2 to 6: cancer, cerebrovascular disease, ischemic heart disease, hypertension and
diabetes mellitus; and hospitalization throughout the study period. An overall score (0-6) for
the absence (score 0) or presence (score 1) of: cognitive impairment (Teng-modified Mini-
Mental Status Exam13 score < 80), depressive symptoms (Center for Epidemiological
Studies Depression (CESD) Scale14 score >15) and anxiety symptoms (Hopkins Symptom
Checklist15 response for fear, tense or nervous included at least one moderate or at least two
mild) at baseline and at year 5 or 6 served as a measure of psychological co-morbidity.
Significant sleep disturbance was defined as three or more sleep problems, determined
algorithmically at years 1, 3 and 5, and scored absent (0) or present (1). Sleep problems were
defined as <5 hours of sleep per night; napping for ≥5 minutes >7 times per week; snoring,
excessive day time somnolesence, or taking medication to sleep at least twice a month; and
having trouble falling asleep or early morning wakening at least 5 times per month.

Sociodemographic characteristics, which included the sampling variables (age, race, sex,
study site) and high school completion, were also covariates because these factors have been
associated with health, medication use and physical and cognitive performance.

Outcome Measures
Physical function—The primary functional outcome was the short physical performance
battery (SPPB) score, which was obtained at years 1 and 6 of the study. The SPPB summary
performance score (total 0-12) adds scores (0-4) for tests of standing balance, usual gait
speed and time to complete five repeated chair stands.7 Higher scores represent better
function. A single component of the SPPB, usual gait speed, was also analyzed separately.

Grip strength was a secondary functional outcome. Grip strength was measured with an
isometric dynamometer (Jaymar, JLW Instruments, Chicago, IL) at years 1 and 6.
Participants with severe hand pain or recent surgery were excluded. The maximum grip
strength in kilograms after two attempts with either hand was used.

Statistical Analyses
Relationships between the DBI and SPPB scores, usual gait speed and grip strength,
controlling for corresponding baseline function, comorbidities and sociodemographic
characteristics, were assessed using analysis of covariance and multiple linear regression
analysis. Statistical analyses were performed with SAS 9.1 software (SAS Institute Inc,
Cary, NC). All tests were two tailed and a p-value less than 0.05 was considered statistically
significant.

Results
At baseline, Health ABC study participants were aged 73.6±2.9 years, 48% were men, 42%
were black, 50% were from each site and 75% had completed high school. Characteristics of
the population at baseline and longitudinally, including sociodemographics, comorbidities,
functional measures and exposure to medications with anticholinergic or sedative effects are
shown in Table 2. All participants with the relevant functional measures at year 6 were
included in the longitudinal analysis. At baseline, included participants were younger, had
fewer psychological comorbidities, less anticholinergic or sedative exposure, and higher
functional scores than those who were excluded (Table 2).
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Findings from the analyses of covariance between drug burden at year 1, year 3 and year 5
and functional measures at year 6, adjusting for sociodemographics, baseline and incident
physical and mental comorbidities, sleep disturbance, hospitalization and baseline function
are presented in Figure 1. Higher drug burden exposure at years 1, 3 and 5 was associated
with poorer function at year 6, as measured by the SPPB, usual gait speed and grip strength.

The association between higher DBI at year 1 and lower functional measures at year 6 is
shown in the regression table (Table 3a). The model explains 31% of the variance in year 6
SPPB score, 37% of the variance in year 6 gait speed, and 73% of the variance in year 6 grip
strength. A one unit increase in DBI in year 1 (e.g., additional exposure to two
anticholinergic or sedative drugs, each at the minimal efficacious dose) would predict a
significant decrease in SPPB score of 0.29 (p = 0.008), a decrease in gait speed of 0.04 m/s
(p=0.001), and a trend towards decreased grip strength of 0.56 kg (p=0.08) at year 6. This
degree of change is more than that estimated for an additional physical or mental co-
morbidity.

Cumulative exposure, the area under the curve for drug burden (AUCDB) over five years
from years 1 to 6, was also strongly negatively associated with function at year 6.
Associations between higher cumulative drug burden exposure over five years and poorer
SPPB score, usual gait speed and grip strength at year 6 are shown in Figure 1 and in the
regression table (Table 3b). A one unit increase in the AUCDB exposure over years 1
through 6 (e.g., additional exposure to the minimum efficacious dose of a single
anticholinergic or sedative medication for two of the five years) would predict significant
decreases in SPPB score of 0.08 (p=0.01), in gait speed of 0.01 m/s (p=0.004) and in grip
strength of 0.27 kg (p=0.004), which is slightly less than the degree of change captured by a
single co-morbidity for SPPB and gait speed, and equal to that of an additional co-morbidity
for grip strength.

Discussion
In generally well-functioning community-resident older persons, DBI, measured
independently at years 1, 3 and 5, was associated with reduced functional capacity at year 6,
independent of co-morbidity status, sociodemographics and baseline function. This
relatively straightforward model of medication exposure is associated with physical function
both cross-sectionally and longitudinally to an extent comparable to and independent of the
association of physical function with physical or mental co-morbidity. Total drug burden
exposure over the five years, calculated using area under the drug burden-time curve, was
also associated with functional limitations at year 6. Even low doses of anticholinergic and
sedative medications for short periods are associated with impaired function, with no
evidence of a threshold effect detected.

The finding that DBI was associated with longitudinal decline in physical function is
consistent with the limited existing literature. In a dose-related manner, women aged over 70
years who were exposed to benzodiazepines had a higher risk of incident mobility problems
and activity of daily living disability over four years than those who were not exposed.16

Exposure to antipsychotic medications, which are components of DBI, has been associated
with increased all cause mortality in older adults with dementia17. Despite incorporating
most factors known to influence function, the models in this study only capture 30-73% of
variability in the functional outcomes over the five years. The remaining variability may
reflect unmeasured confounders as well as the well recognized and poorly understood inter-
individual variability in older people.18
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There are several limitations to our study. Calculation of DBI uses the minimum efficacious
dose to estimate the dose that gives 50% of the effect.10 The estimate of AUCDB does not
capture duration of exposure prior to enrollment or any brief exposures between measures.
This longitudinal analysis was limited to the 71% of subjects who had performance data
after five years of follow-up and the longitudinal association between DBI and functional
limitation in the excluded population remains unknown. Despite carefully controlling for
potential confounders, the association between increasing drug burden index and functional
impairment may be the result of residual confounding. Due to the small changes in DBI and
function over the five years, this study was not powered to test the association between
change in DBI and change in function over time. The possibility that reducing DBI may
improve function is supported by the finding that withdrawal of sedative and neuroleptic
drugs can significantly reduce falls.19 However, emerging evidence from primate studies
suggests that exposure to antipsychotic drugs may alter brain structure.20 It is not known
whether such effects are reversible, or whether they occur in humans.

A major strength of the Health ABC study lies in the rigorous objective data collected.
Recording of actual medication use was based on inspection of all medications with the
participant during clinic visits. Medical conditions were thoroughly assessed throughout the
study, which permitted careful adjustment for physical and mental co-morbid illnesses,
essential to account for the relationships of co-morbidity with medication exposure and
functional impairment.

The study outcomes are objective and clinically relevant. Physical performance batteries
such as the SPPB have been shown to predict nursing home admission, disability and
mortality in older people over time7. The gait speed component of SPPB has also been
shown to predict disability in older people21 and is a component of the frailty phenotype22.
A five unit increase in AUCDB exposure (e.g., additional exposure to the minimum
efficacious dose of two anticholinergic or sedative medications for five years) predicts
decreases in SPPB score of 0.40 points and in usual gait speed of 0.05 m/s, which other
studies have shown to be significant meaningful changes.23 Loss of grip strength is a strong
predictor of disability2425 and mortality2627 in older people and is associated with frailty.22

Grip strength co-varied with SPPB scores only 4% at baseline and 6% at year 6. The lack of
strong correlation between grip strength and SPPB, and the consistent association of all
three functional measures with DBI, strengthens the evidence for a meaningful association
between greater DBI exposure and decreased function across a range of clinically important
measures in older people.

Amongst older persons who were highly functioning at enrollment, we have established
associations between greater DBI at baseline, year 3 and year 5 and cumulatively over five
years, with poorer overall physical performance, usual gait speed and grip strength after five
years. The consistent association between DBI and functional outcomes over five years in
the Health ABC population supports use of DBI to inform prescribers of the likely
functional implications of medication exposure in their patients. This evidence-based tool
can contribute clinically relevant information to the assessment of risk and benefit when
reviewing an older patient's medication management. The prescriber and patient can discuss
the potential effects of the disease and different treatment options on the patient's physical
function. The association of increasing DBI with impaired physical performance could be
further tested in populations of older people who are less high functioning at baseline or in
those from different health systems. Future studies in larger populations or populations with
larger changes in medication exposure and function will be required to test whether
changing DBI in an individual will change function. Finally, interventional studies are
required to assess the clinical feasibility and utility of DBI to guide prescribing in older
people.
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Appendix
Appendix 1

Medications participants were exposed to that were used in the calculation of Drug Burden
Index.
IDIS; Iowa Drug Information System

Medication IDIS ingredient code

fentanyl 28080810

methadone 28080818

morphine 28080819

propoxyphene 28080840

tramadol 28080854

opium 28080881

oxycodone 28080883

pentazocine 28080892

phenobarbital 28120405

primidone 28120407

phenytoin 28120805

carbamazepine 28122007

oxcarbazepine 28122011

valproic acid 28122015

gabapentin 28122020

lamotrigine 28122024

tiagabine 28122034

levetiracetam 28122040

venlafaxine 28160458

selegiline 28160520

mirtazepine 28160617

paroxetine 28160702

sertraline 28160703

citalopram 28160705

ecitalopram 28160711

risperidone 28160822

ziprasidone 28160844

chlordiazepoxide 28240202

diazepam 28240205

flurazepam 28240206

clonazepam 28240212

oxazepam 28240215

estazolam 28240216

triazolam 28240222
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Medication IDIS ingredient code

clorazepate 28240228

temazepam 28240231

alprazolam 28240232

lorazepam 28240276

hexobarbital 28240405

butalbital 28240413

meprobamate 28240820

dichloralphenazone 28240828

zolpidem 28240834

buspirone 28240837

zaleplon 28240856

ropinerole 28280011

pramipexole 28280013

benzonatate 48000054

codeine 48000063

dextromethorphan 48000069

hydrocodone 48000072

diphenoxylate 56080005

loperamide 56080009

metoclopramide 56220098

chlorpheniramine 4000003

diphenhydramine 4000006

promethazine 4000010

cyproheptadine 4000012

tripelennamine 4000013

azatadine 4000018

astemizole 4000022

loratadine 4000029

cetirizine 4000031

clemastine 4000054

phenyltoloxamine 4000061

doxylamine 4000068

brompheniramine 4000078

dexbrompheniramine 4000083

dexchlorpheniramine 4000084

pheniramine 4000092

triprolidine 4000099

belladonna 12080002

dicyclomine 12080005

methscopolamine 12080007

propantheline 12080008

flavoxate 12080039
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Medication IDIS ingredient code

clidinium 12080047

hyoscyamine 12080079

trihexyphenidyl 12080802

orphenadrine 12080804

benztropine 12080806

terazosin 12160401

prazosin 12160404

tamulosin 12160411

doxazosin 12160419

carisoprodol 12200001

methocarbamol 12200005

cyclobenzaprine 12200009

chlorzoxazone 12200091

metaxalone 12200097

disopyramide 24040024

guanethidine 24080003

methyldopa 24080006

reserpine 24080010

guanfacine 24080063

clonidine 24080064

guanabenz 24080084

trazodone 28160415

nefazodone 28160486

phenelzine 28160505

amitriptyline 28160601

tranylcypromine 28160601

imipramine 28160602

trimipramine 28160650

doxepin 28160681

clomipramine 28160688

desipramine 28160689

nortryptyline 28160695

fluoxetine 28160701

chlorprothixine 28160804

hydroxyzine 28160807

quetiapine 28160834

olanzapine 28160836

loxapine 28160858

fluphenazine 28160906

perphenazine 28160909

thioridazine 28160912

trifluoperazine 28160913
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Medication IDIS ingredient code

triflupromazine 28160996

haloperidol 28161014

dimenhydrinate 56220003

meclizine 56220005

trimethobenzamide 56220006

chlorpromazine 56220089

prochlorperazine 56220096

oxybutynin 86000004

papaverine 86000007

tolterodine 86000047
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Clinical Significance

- Drug Burden Index measures increasing exposure to medications with anticholinergic
and sedative effects.

- In community dwelling older people, increasing Drug Burden Index is associated with
poorer objective measures of physical function over five years.

- Drug Burden Index provides clinically relevant information for the assessment of risk
when prescribing for older patients.
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Figure 1.
Association between higher Drug Burden Index (DBI) at years 1, 3 and 5, and total drug
burden exposure over five years, calculated using area under the drug burden time curve
(AUCDB), with lower functional scores at year 6 measured with SPPB score (A), usual gait
speed in m/s (B) or grip strength in kg (C).
DBI and AUCDB grouped into 0, 0-1 and ≥ 1. Means adjusted for year 1 functional score,
co-morbidities, hospitalizations and sociodemographic factors using analysis of co-variance.

Hilmer et al. Page 13

Am J Med. Author manuscript; available in PMC 2012 January 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Error bars show 95% confidence intervals. * indicates that the difference between bars
linked by brackets is statistically significant, p<0.05. Number of subjects at each level of
exposure at each time point is shown in table below each figure.
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Table 2

Characteristics of subjects who had Short Physical Performance Battery (SPPB) scores recorded at year 6 and
were included in longitudinal analysis of association between drug burden and SPPB scores, compared to
subjects who did not and were excluded.
FCI; functional co-morbidity index.

Included in longitudinal analysis Excluded from longitudinal analysis

N 2172 903 (501 dead at 72 months)

Age at baseline 73 ± 2.8 74 ± 2.9

Sex (% female) 53 48

Race (% black) 37 53

Site (% from Memphis) 51 49

Education (% completed secondary education) 78 68

% with Drug Burden Index above zero

 At baseline 34 27

 At year 3 26

 At year 5 29

Mean (±SD) Comorbidities

 At baseline (FCI) 2.7 ± 1.6 2.5 ± 1.7

 Additional by year 6 0.8 ± 0.7

% with significant depression, anxiety or cognitive impairment

 At baseline 25 29

 By year 6 49

% with significant sleep problems

 At baseline 24 25

 By year 6 32

% hospitalized throughout study period 48.3

Mean (±SD) short physical performance battery

score

 At baseline 10.2 ± 1.5 9.7 ± 1.9

 At year 6 9.2 ± 2.3

Mean (±SD) grip strength (kg)

 At baseline 32.9 ± 10.8 32.3 ± 11.1

 At year 6 30.4 ± 10.1

Mean (±SD) usual gait speed (m/s)

 At baseline (over 6 m) 1.2 ± 0.2 1.1 ± 0.2

 At year 6 (over 4 or 6 m) 1.1 ± 0.3
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