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Abstract

Introduction: Anti-cholinergic medications have been associated with increased risks of cognitive impairment,
premature mortality and increased risk of hospitalisation. Anti-cholinergic load associated with medication
increases as death approaches in those with advanced cancer, yet little is known about associated adverse
outcomes in this setting.

Methods: A substudy of 112 participants in a randomised control trial who had cancer and an Australia
modified Karnofsky Performance Scale (AKPS) score (AKPS) of 60 or above, explored survival and health service
utilisation; with anti-cholinergic load calculated using the Clinician Rated Anti-cholinergic Scale (modified
version) longitudinally to death. A standardised starting point for prospectively calculating survival was an
AKPS of 60 or above.

Results: Baseline entry to the sub-study was a mean 62+ 81 days (median 37, range 1-588) days before death
(survival), with mean of 4.8 (median 3, SD 4.18, range 1 — 24) study assessments in this time period. Participants
spent 22% of time as an inpatient. There was no significant association between anti-cholinergic score and time
spent as an inpatient (adjusted for survival time) (p =0.94); or survival time.

Discussion: No association between anti-cholinergic load and survival or time spent as an inpatient was seen.
Future studies need to include cognitively impaired populations where the risks of symptomatic deterioration
may be more substantial.

Introduction tors, cytokines, and other endogenous substances may have
anti-cholinergic activity, and therefore also add to anti-
cholinergic burden.'>' There are similar processes in acute

MEDICATIONS WITH CHOLINERGIC EFFECTS have been as-
illnesses that generate a significant cytokine response.

sociated with significant morbidity including un-

pleasant symptoms, accelerated functional decline, delirium
(and its associated poor outcomes), cognitive impairment and
risk of drug interactions.'™ Little is known about the impact
of prescribing anti-cholinergic medications on outcomes per-
tinent to palliative care for people with advanced cancer.
Anti-cholinergic load associated with medications has been
documented to increase as death approaches, mainly from the
addition of symptom control medications.” This is in the
context of an average of five or more medications per person
in people with advanced disease, both for symptom control
and for comorbid conditions.'”!" In those with advancing
cancer, it is also postulated that specific tumour-derived fac-

The adverse effects of anti-cholinergic medication such as
dry mouth, dizziness, acute cognitive impairment and con-
stipation can iatrogenically increase symptom burden, which
is especially problematic in people with advancing cancer
when symptom burden is already high.®® In a prior study in a
larger palliative care population derived from the same ran-
domised controlled trial (RCT), total anti-cholinergic load was
significantly associated with lower levels of global function,
difficulty concentrating and dry mouth.”

Many symptom-specific medications meet also Beers’
criteria as high risk medications in older adults, and are
associated with additional adverse effects from drug-drug
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interactions (in particular in the elderly, those with multiple
comorbidities, and in particular tumour types e.g., brain tu-
mours).%** Medications that are “high risk” on Beers’ criteria
can lead to increased risks of hospitalization and premature
mortality.'>"”

To date there has been no study of people with advanced
cancer exploring the association between anti-cholinergic
medication burden and health service utilisation or survival
outcomes.'”™” The aim of this sub-study was to explore as-
sociations of anti-cholinergic load in people with advanced
cancer on health service utilisation and survival. The null
hypotheses were that anti-cholinergic load was not associated
with increased health service utilisation nor decreased sur-
vival in people with advanced cancer.

Methods
Setting

Southern Adelaide Palliative Services is a specialist met-
ropolitan palliative care programme, which provides inpa-
tient care, community and outpatient visits, nursing home
and hospital consultations, and also offers volunteer, com-
plementary care and bereavement services. It serves a popu-
lation of 350,000 people over an area of more than 750 km?
providing services in both the public and private sectors.
Palliative Care Unit inpatients receive direct clinical care,
while all other care is in conjunction with the person’s prin-
cipal clinical team or their general practitioner and commu-
nity nursing services. The Australian healthcare system
provides universal insurance that can be supplemented by
private insurance and co-payments for many community
services.

Study design

This sub-study is a secondary analysis of participants in the
Palliative Care Trial (PCT). The PCT was a prospective 2 x2 x2
factorial unblinded cluster RCT of educational outreach vis-
iting and case conferencing in people with advanced disease.
The full clinical trial methodology has been detailed else-
where.’®! The PCT enrolled 461 consenting participants and
their general practitioners between April 2002 and June 2004.
The inclusion criteria were patients with any form of pain in
the three months preceding assessment. Exclusion criteria
included: place of residence outside the geographic area,
death expected within 48 hours of referral, and Folstein Mini-
Mental Status Examination (MMSE)? score < 24 at baseline
assessment, unless there was a suitable proxy who could
provide consent.

Ethics approval

This trial was approved by all twelve relevant independent
HRECs and IRBs including the Australian Department of
Veteran Affairs and Health Insurance Commission, Canberra,
Australia. The trial is registered with the ISRCTN81117481
(http: //www.controlled-trials.com/isrctn/trials /81117481/
0/81117481.html).

Participants for secondary analysis

The inclusion criteria for the secondary analysis were:
1. a diagnosis of cancer;
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2. known date of death;

3. Australia — modified Karnofsky Performance Scale
(AKPS) score at initial assessment of 60 or above; and

4. AKPS score fell to below 60 at some time point during
longitudinal follow-up.

The Australia—-modified Karnofsky Performance Scale
(AKPS) is a functional scale where 100 equates with full
function, a score less than 70 requires increasing support from
other people, less than 30 is totally dependent on others” help,
and 0 is dead.”" In order to standardise a common starting
point for the calculation of survival in this population, only
people whose Karnofsky score was 60 or above at initial as-
sessment were included in the analyses. The baseline time
point was defined as the first visit at which AKPS score was
below 60. This gave a homogenous starting point from pro-
spectively collected data for the subsequent health service
utilisation and survival trajectories to be considered given the
widely varying time-points at which referral to specialist
palliative care services can occur before death.

Assessments

All participants enrolled in the PCT trial underwent
community-based reviews at initial referral, fortnightly for 3
months, and then at least monthly until death. A list of regular
medications was recorded at each visit (generic drug name,
dose, route of administration, indication, frequency and pat-
tern of use). Data excluded medications used on an as-needed
basis, short course medications such as antibiotics, intravenous
chemotherapy, and agents with no Australian Therapeutics
Code (complementary or alternative therapies), given the lat-
ter’s wide variation in labelling and poorly characterised anti-
cholinergic loads.'”

Data collection

Baseline assessments included demographic data (age,
gender, primary diagnosis, co-morbid diseases, and date of
referral to the service). At each visit the presence or absence of
symptoms including dry mouth, constipation, hallucinations
and confusion was recorded using clinical assessment and the
Memorial Symptom Assessment Scale.”? Functional assess-
ment was made at each review using the AKPS. Quality of
life was measured at each visit using the McGill Quality of
Life Scale.?®

Calculation of total anti-cholinergic score,
survival, and health service utilisation

The Clinician Rated Anti-cholinergic Scale (modified ver-
sion) was used.?**®> Each medication is rated from 0 (no
known anti-cholinergic effect) to 3 (marked anti-cholinergic
effects).>**> Total anti-cholinergic score (baseline) was cal-
culated as the sum of anti-cholinergic scores for each medi-
cation being received regularly at the baseline time-point.
For purpose of analysis total anti-cholinergic score at baseline
was divided into three strata from summed scores with ap-
proximately equal numbers of patients: 0-2, 3-5, and 6-9.
The three strata of anti-cholinergic scores were entered
into models as categorical variables. Survival was calculated
as the number of weeks from the baseline time point (crossing
AKPS score of 60 as functional decline occurred) until death.
Health service utilisation was obtained by summing all
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length-of-stay times (in days) that occurred after the base-
line time point. For descriptive purposes, health service
utilisation was divided by time from baseline to death for
each participant to give the proportion of time spent as an
in-patient.

Data analysis

Demographic data of subjects who were included in this
sub-study and those who were not were compared by chi-
square test for categorical data or Mann-Whitney U-test for
continuous and ordinal data.

Analysis of service utilisation was performed using gen-
eralised linear models, with a gamma error distribution and
logarithmic link function. The dependent variable was num-
ber of days spent as an in-patient; in order to remove the
influence of survival time, the logarithm of time from baseline
to death was included as an offset. Kaplan Meier survival
curves were compared using a logrank test. Analyses were
conducted using the software package Stata version 10 (Stata
Corporation, College Station, TX 2007).

Results
Participants

Participants in the RCT did not differ by age, gender,
marital status, or level of education from the whole popula-
tion referred to the palliative care service during the same
period (data not shown), but did more commonly have cancer
(RCT cohort 91% vs. whole service 85%), and lived longer
from the time of referral to palliative care (median 87 days;
range 1-833), compared with the whole service (median 48
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days; range 0-1642). This longer survival is consistent with
the exclusion of patients expected to die within 48 hours of
enrolment, which was used as a means of excluding partici-
pants from the whole cohort study.

For the RCT (from which this sub-study population was
derived), 461 people were enrolled (50% males) with an av-
erage age of 71 years (SD 12). Two hundred and eighty two
participants were married or in a de facto relationship. Ninety
per cent lived in their own home, and 91% had cancer as their
life-limiting illness (Table 1). Baseline entry to the main study
was a mean 107 +£103 days (median 93; range 11-752) days
before death.

For this sub-study of the RCT population (n=112), the
median Australian-modified Karnofsky Performance Status
scale was 60. The sub-study participants were similar to the
whole cohort, apart from all having a diagnosis of cancer
(as a specific inclusion criterion), having a higher AKPS
(value; p < 0.001) at referral and higher percentage of people
in the stable phase (p=0.006) (62) consistent with better
performance status. The 9% with non-cancer life limiting
illness excluded in this substudy had predominately cardio-
respiratory disease.

Participant flow (using CONSORT criteria) of participants
for the larger RCT is in Fig. 1.

Participant characteristics in this sub-study

Baseline entry to the sub-study was a mean 62+ 81 days
(median 37, range 1-588) days before death (survival). The
mean time from last assessment until death was 23 days (SD
23 days; median 16 days; range 1-241 days), and the assess-
ment before this was a mean of 29 days earlier (SD 22; median

TABLE 1. BASELINE DEMOGRAPHIC AND CLINICAL CHARACTERISTICS FOR ALL PARTICIPANTS AND SUB-STUDY
PARTICIPANTS ON REFERRAL TO A RANDOMISED CONTROLLED TRIAL ON PALLIATIVE CARE SERVICE INTERVENTION

n=322 n=112 p value
n=434 (not in (sub-study  (two previous
Characteristic (all participants)  sub-study)  participants) columns)
Age Mean (SD) 71 (12) 71 (12) 72 (12) 0.22
Gender Male 216 (50%) 162 (50%) 54 (48%) 0.70
Marital status Married/De facto 264 (63%) 191 (61%) 73 (66%) 0.36
Widowed 98 (23%) 71 (23%) 27 (25%)
Divorced/Separated 45 (11%) 39 (13%) 6 (5%)
Never Married 15 (4%) 11 (4%) 4 (4%)
Educational level Didn’t complete high school
Completed high school 75 (20%) 58 (21%) 17 (17%) 0.45
Folstein Mini-mental Mean (SD) 28.8 (2.2) 28.7 (2.3) 29.0 (1.9) 0.12
status exam (20)
Caregiver status Has caregiver 350 (93%) 259 (93%) 91 (95%) 0.45
No caregiver
Accommodation Private residence 387 (91%) 285 (90%) 102 (94%) 0.26
Aged care facility 25 (6%) 20 (6%) 5 (5%)
Hospital 13 (3%) 12 (4%) 1 (1%)
Living arrangement Lived alone 88 (23%) 70 (24%) 18 (19%) 0.56
Lived with spouse/Partner only 234 (61%) 173 (60%) 61 (66%)
Other person in household 61 (16%) 47 (16%) 14 (15%)
Performance status Mean (SD) 64.8 (13.9) 634 (14.2) 69.2 (12.2) <0.001
(AKPS) (21) Median (range) 70 (20-90) 60 (20-90) 70 (50-90)
AKPS <70% 215 (50%) 174 (54%) 41 (37%)
Phase of palliative care (62) Stable 217 (58%) 143 (54%) 74 (69%) 0.006
McGill Quality of life (23)  Mean (SD) 6.1 (2.0) 6.0 (2.0) 6.3 (1.9) 0.17
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25). The mean length of follow-up after first assessment was
109 days (SD 124, range 1-159). The mean number of study
assessments between referral and death was 4.8 (median 3, SD
4.18, range 1 — 24) per participant.

Baseline AKPS and total anti-cholinergic score
at first visit AKPS < 60

The distribution of AKPS at the initial assessment (enrol-
ment in study) and anti-cholinergic score at the baseline time
point for this sub-study (defined as the first visit at which
AKPS score was below 60) are shown in Table 2.

Association between health service utilisation
(proportion of time as inpatient) and total
anti-cholinergic scores

Patients spent a mean of 22% (range 0-100%) of their time
as an inpatient. The distribution of total length of stay in Fig. 2.
Analysis using an unadjusted log-gamma model (scaled for
survival time) did not show a significant association between
total anticholinergic score and time spent as an inpatient
(p=0.94) (Fig. 3).

Survival times
The mean survival time for the 112 participants was 8.9
weeks (SD 11.6, median 5.3, range 0.2 — 84.4).
Association of total anti-cholinergic
score with survival

Figure 4 presents a Kaplan-Meier plot showing survival for
the 3 categories of total anti-cholinergic scores. A log-rank test

AGAR ET AL.

TABLE 2. BASELINE ToTAL ANTI-CHOLINERGIC SCORE
AND AUSTRALIAN-MODIFIED KARNOFSKY PERFORMANCE
StaTtus (AKPS) At FirsT Visit WHERE AKPS was
Less THAN 60 IN 112 PARTICIPANTS

Score n Percentage (%)
AKPS 10 5 45
20 8 7.1
30 9 8.0
40 16 14.3
50 74 66.1
Total anti-cholinergic score 0-2 32 28.6
3-5 47 42.0
69 33 29.5

demonstrated there was no evidence that survival differed
between the 3 groups. The median survival times were ap-
proximately 5 weeks in each group.

Discussion

In this study, no association has been demonstrated be-
tween anti-cholinergic load and changes in survival or health
service utilisation in a population referred to a specialist pal-
liative. It has been previously demonstrated in the setting of a
life limiting illness that the total medication load increases as
death approaches, with the addition of symptom-specific
medication.'” The biggest contributor to anti-cholinergic
scores in a population with advanced cancer is from symp-
tom-specific medications.” Prior work has shown that anti-
cholinergic load is associated with impaired function,
impaired concentration and dry mouth in this population.”

Referred to the specialist palliative care service (n=2,261)

\

Excluded (n=1,487):

e Lived outside of regional care area
or death expected within 48 hours of

Assessed for eligibility (n=1,948)

referral (n=403)

e No pain in preceding three months or
unable to provide consent (n=7)

|

(n=461 patient participants with 228 GP
participants in 105 GP practices

\

Known date of death
n =304

\

e Patient declined participation
(n=1,038)

e General Practitioner declined
participation (n=39)

Cancer diagnosis, AKPS score at the initial
assessment of 60 or greater, and a subsequent
AKPS score of less than 60.

n=112

FIG.1. Patient flow for all participants and sub-study participants on referral to a randomised controlled trial on palliative

care service intervention.
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FIG. 2. Distribution of total length of inpatient stays*
(n=112).

This current analysis has not demonstrated an association
with anti-cholinergic load and survival or time as an inpatient.

What other data do these findings
support or refute?

Anti-cholinergic medications have been associated with
risk of falls, reduced functional status, and impaired motor
performance, however this is the context of ambulatory pa-
tients in the community over the age of 65."° In a study of
moderately to severely disabled women aged 65 or over and
residing in the community (n=932), anti-cholinergic drug
burden was independently associated with greater difficulty
in several measures of physical function, after adjustment for
age, education and co-morbidities.” Another study of well
functioning community-dwelling elderly (n=3075) showed
medications with anti-cholinergic effects were associated with
poorer physical and cognitive performance after adjusting for
socio-demographic factors and co-morbidities.*

There is also a link with poor cognitive outcomes, espe-
cially in the group with existing cognitive impairment.*>2%-2

100+
80

60+

40+

204

,| .
0-2

Percent of Time as Inpatient

|
3-5 6-9
Total Anticholinergic Score

FIG. 3. Association between Health Service Utilisation
(percentage of time as inpatient (hours)) and Total Anti-
cholinergic score in 112 participants.
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FIG. 4. Kaplan-Meier plot showing survival for the 3 ca-
tegories of Total Anti-cholinergic scores.

Anti-cholinergic medications can precipitate delirium and
intensify pre-existing delirium.®>***" An episode of delir-
ium is linked to significant morbidity and mortality, and is
associated with increased length of hospital stay, in-
stitutionalisation, irreversible functional and cognitive de-
cline, and mortality in the elderly.*'~*

The prevalence of potentially high risk medication pre-
scribing (considering medications more broadly than just
those with anti-cholinergic effects) in the infirm (especially
the elderly) is high though some improvements have been
seen more recently.’" Studies looking at high risk medi-
cations in the elderly in acute care, residential aged care or
community settings (most often classified by Beers’ crite-
ria) have shown contradictory outcomes, with some
showing poor outcomes (increased hospitalisation, in-
creased length of stay, adverse drug reactions, risk of in-
stitutionalisation, mortality) where as others have not
demonstrated this.'>"7°%>°

Prescribing patterns and outcomes in palliative care have
been less well described. In the palliative care population in-
creasing total anti-cholinergic load was associated with de-
creased functional status, after adjustment for time from
death; with contribution from symptom-specific medication
to anti-cholinergic load highest in the group with lowest
performance status.” The population of people with advanced
cancer may differ to aged care populations most notably in
age (one third of the this population is under 65), more
marked cachexia (although levels of sarcopaenia may be
similar) and may not be as susceptible to long term treat-
ment related effects. Similiarities include polypharmacy, co-
morbidities and progressive functional impairment.

Strengths

By anchoring the sub-study population using prospectively
collected data for the time at which a predetermined threshold
of functional status was reached in order to define inclusion,
this sub-study allows the analysis of survival in a palliative
population despite widely varying times before death at
which referral to the specialist service occurs. By doing this,
Kaplan Meier curves can be generated in a population with
advanced disease. This is an important evolution in analysis
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moving away from death as the only anchor point to stan-
dardise in palliative care analyses that can be used in pallia-
tive care studies. Such a process can be employed with
different thresholds of functional status on any prospectively
collected data.

Limitations—sample

Not everyone with life-limiting cancer is referred to a spe-
cialist palliative care service and, in general, people with more
complex needs are the people referred.”® Given that people
with prevalent delirium at enrolment to the larger RCT were
excluded from participation and that at least a sub-set of these
people would have developed delirium as a consequence of a
high anti-cholinergic load, it is likely that the current sub-
study will underestimate the consequences of raised anti-
cholinergic load. The requirement for pain to be present in
preceding three months also may alter anti-cholinergic load
due to prevalence of analgesic medication use.

People with cognitive impairment (who are also more at
risk of the consequences of raised anti-cholinergic load) are
not represented in the data. Both exclusions will have po-
tentially increased the survival and decreased the health
service utilisation (number of admissions, length of those
admissions) in this sub-study.

Incident delirium following a previously resolved delirium
occurs in up to 30% of people with advanced cancer. Re-
solution of the second episode of delirium is less likely and
has poorer outcomes; including increased mortality.””®

This pilot sub-study had a relatively small sample size and
hence is exploratory in nature. It is not adequately powered to
detect differences in health service utilisation or survival, but
of note, the trends seen make it unlikely that any difference
found in a much larger study is likely to be clinically signifi-
cant.

The choice of AKPS as the threshold for the entry to the sub-
study was not entirely arbitrary. This choice needed to bal-
ance the number of people who would be eligible across the
disease trajectory (a very low AKPS) with the longest possible
time for follow-up after entry to the study (a high AKPS). As
such, crossing the threshold of 60 was chosen as the com-
promise between these two extremes. The inclusion of only
112 out of 434 participants suggests that almost three out of
four people have significant functional impairment at the time
of referral to specialist palliative care.

Limitations—measures/data

Medications used intermittently were not included. Such
medications may contribute to side-effects experienced from
an acutely increased anti-cholinergic load. Only baseline
medications were used for total anti-cholinergic load and
this will underestimate the documented increase in anti-
cholinergic load as symptom control medications are added in.

Several methods of calculating anti-cholinergic drug bur-
den have been suggested, including calculating anti-cholinergic
burden score.” The most comprehensive method currently
available is the Clinician Rated Anti-cholinergic Scale — modi-
fied version®** which gives medications one of four ratings:

Level 0 - no known anti-cholinergic properties;

Level 1 - potentially anti-cholinergic as demonstrated by
receptor binding studies;

AGAR ET AL.

Level 2 - clinically significant anti-cholinergic effects are
sometimes seen, usually at excessive doses; and
Level 3 - marked anti-cholinergic effects.

This allows calculation of a total anti-cholinergic score at
each time point for each participant.***> This classification
was developed using reported anti-cholinergic effects in the
literature, available laboratory data, and ratings of 3 inde-
pendent geriatric psychiatrists.”> The benefits of using the
Clinician Rated Anti-cholinergic Scale — modified version***
is that is characterizes medications based on anti-cholinergic
potency, and includes a broader list than just those most fre-
quently recognized as having anti-cholinergic effects, Its
limitations include lack of dose weighting, assumption of
anti-cholinergic effects being additive (not synergistic) and
linear (that is, one medication with score of 3 is equivalent to
three medications each with score of 1).°° A more sophisti-
cated measure which accounts for dose, frequency and du-
ration of use may be needed to understand the totality of
adverse outcomes attributable to anti-cholinergic load from
medications. A gold standard that would be difficult to
achieve would be to measure serum levels of anti-cholinergic
activity longitudinally in this population.

Adjustment for other prognostic factors which indepen-
dently predict survival in advanced cancer was also not per-
formed but will be important in prospective work. These
include presence of dyspnoea, anorexia and delirium, clini-
cians’ predictions of survival, total white cell count and the
proportion of lymphocytes in the total white cell count.®*

Future directions: Practice and policy

Given that it is assumed that the cumulative anti-cholinergic
load could be a predictor of toxicity in people with ad-
vanced cancer, the previously demonstrated associations
between raised anti-cholinergic scores, impaired function
and adverse symptoms warrants every effort to reduce anti-
cholinergic load by medication substitution (for a medica-
tion with no or lesser anti-cholinergic load) or deletion of
medications no longer required for managing co-morbid
conditions that are now inactive. A lack of impact on
survival is in this sub-study and is consistent with some
studies in the aged care populations, despite other studies
showing a relationship between medication burden and
mortality.'>7 227°

Future direction: Research

Future research needs to prospectively follow a population
of people with advanced cancer, including those with prior
cognitive impairment and those with both prevalent and inci-
dent delirium to further delineate effects of anti-cholinergic load.
Models of prognosis anchored at performance status may also
provide more helpful ways of estimating survival prospectively,
with the ability to raise the threshold for entry into a subsequent
study to AKPS 70 or 80 in order to increase the likelihood of
detecting events over a longer period of observation.

Acknowledgments

1. Rural Health and Palliative Care Branch of the Aus-
tralian Department of Health and Ageing (Canberra,
Australia).

2. Tan Potter Foundation (Melbourne, Australia).

Archived at Flinders University: dspace.flinders.edu.au



ANTI-CHOLINERGIC LOAD IN ADVANCED CANCER

3. Cancer Council South Australia (Adelaide, Australia).
4. Doris Duke Charitable Foundation (New York City,
New York USA).

Author Disclosure Statement

No conflict of interest and no competing financial interests
exist.

References

1. Aizenberg D, Sigler M, Weizman A, Barak Y: Antic-
holinergic burden and the risk of falls among elderly
psychiatric inpatients: A 4-year case-control study. Int Psy-

17.

18.

751

. Lau DT, Kasper ]JD, Potter DEB, Lyles A, Bennett RG: Hos-

pitalization and death associated with potentially inappro-
priate medication prescriptions among elderly nursing home
residents. Arch Jotern Med 2005;165:68-74.

Page RL, 2nd, Mark Ruscin J: The risk of adverse drug
events and hospital-related morbidity and mortality among
older adults with potentially inappropriate medication use.
Aibbcsalbhainacather 2006;4:297-305.

Abernethy AP, Currow DC, Hunt R, Williams H, Roder-
Allen G, Rowett D, et al.: A pragmatic 2 x 2 x 2 factorial
cluster randomized controlled trial of educational outreach
visiting and case conferencing in palliative care-methodology
of the palliative care trial [ISRCTN 81117481]. Contemp Clin
Trials 2006;27:83-100.

chogeriatr 2002;14:307-310.

2. Nebes RD, Pollock BG, Halligan EM, Kirshner MA, Houck
PR: Serum anticholinergic activity and motor performance
in elderly persons. infegigiiol=teRiciacmhdaamag. 2007;62:
83-85.

3. Rovner BW, David A, Lucas-Blaustein M]J, Conklin B,
Filipp L, Tune L: Self-care capacity and anticholinergic drug
levels in nursing home patients. Am I Psychiafry 1988;145:
107-109.

4. Hilmer SN, Mager DE, Simonsick EM, Cao Y, Ling SM,
Windham BG, et al.: A drug burden index to define the
functional burden of medications in older people. Arch In-
tern Med 2007;167:781-787.

5. Cao Y], Mager DE, Simonsick EM, Hilmer SN, Ling SM,
Windham BG, et al.: Physical and cognitive performance
and burden of anticholinergics, sedatives, and ACE inhibi-
tors in older women. Clin Dharmacgl Ther 2008;83:422-429.

6. Rudolph JL, Salow M]J, Angelini MC, McGlinchey RE: The
anticholinergic risk scale and anticholinergic adverse effects
in older persons. Arch Intern Med 2008;168:508-513.

7. Agar M, Currow DC, Plummer ], Seidel R, Carnahan RM,
Abernethy AP: Changes in anti-cholinergic load from regu-
lar prescribed medications in palliative care as death ap-
proaches. Palliat Med 2009;23:257-237.

8. Ness J, Hoth A, Barnett MJ, Shorr RI, Kaboli PJ: Antic-
holinergic medications in community-dwelling older veter-
ans: Prevalence of anticholinergic symptoms, symptom
burden, and adverse drug events. A lGoriate Pharnacs
other 2006;4:42-51.

9. Tune LE: Anticholinergic effects of medication in elderly
patients. LClin Psychiatry 2001;62 Suppl 21:11-14.

10. Currow DC, Stevenson JP, Abernethy AP, Plummer ],
Shelby-James T: Prescribing in palliative care as death ap-

proaches. LAm Geriatrics Sac 2007;55:590-595.
11. Koh NY, Koo WH: Polypharmacy in palliative care: Can it

be reduced. Qingapore Med 1 2002;43:279-283.

12. Flacker JM, Lipsitz LA: Serum anticholinergic activity
changes with acute illness in elderly medical patients.
lasianialednRiolSciadeSa) 1999;54:M12-MI16.

13. Marcantonio ER, Rudolph JL, Culley D, Crosby G, Alsop D,
Inouye SK: Serum biomarkers for delirium. LGerontol A Bigl
Sci Med Sci 2006;61:1281-1286.

14. Riechelmann RP, Zimmermann C, Chin SN, Wang L,
O’Carooll A, Zarinehbaf S, et al.: Potential drug interactions
in cancer patients receiving supportive care exclusively.
Lhaincxmatam.Manags 2008;35:535-543.

15. Klarin I, Wimo A, Fastbom J: The association of inap-
propriate drug use with hospitalisation and mortality: A
population-based study of the very old. Drugs Aging 2005;
22:69-82.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Archived at Flinders University:

Currow DC, Abernethy AP, Shelby-James TM, Phillips PA:
The impact of conducting a regional palliative care clinical
study. Palliat Med 2006,20:735-743.
Folstein M, Folstein S, McHugh P: Mini-mental state.
J psychiatr Res 1975;12:189-198.
Abernethy AP, Shelby-James T, Fazekas BS, Woods D,
Currow DC: The Australia-modified Karnofsky Performance
Status (AKPS) scale: A revised scale for contemporary pal-
liative care clinical practice [[SRCTN81117481]. BMC Palliat
Care 2005;4:7. Available at http://www.biomedcentral.com/
1472-684X/4/7
Portenoy RK, Thaler HT, Kornblith AB, Lepore JM,
Friedlander-Klar H, Kiyasu E, et al.: The memorial symptom
assessment scale: An instrument for the evaluation of
symptom prevalence, characteristics and distress. Eur ]
Cancer 1994;30A:1326-1336.
Cohen S, Mount B, Strobel M, Bui F: The McGill quality of
life questionnaire: A measure of quality of life appropriate
for people with advanced disease. A preliminary study of
validity and acceptability. Palliat Med 1995;22:43-50.
Carnahan RM, Lund BC, Perry PJ], Chrischilles EA: The
concurrent use of anticholinergics and cholinesterase inhib-
itors: Rare event or common practice? [_Am _Geriatr_Soc
2004;52:2082-2087.
Han L, McCusker J, Cole M, Abrahamowicz M, Primeau F,
Elie M: Use of medications with anticholinergic effect pre-
dicts clinical severity of delirium symptoms in older medical
inpatients. Arch Intern Med 2001;161:1099-1105.
Lechevallier-Michel N, Molimard M, Dartigues JF, Fabri-
goule C, Fourrier-Reglat A: Drugs with anticholinergic
properties and cognitive performance in the elderly: Results
from the PAQUID Study. Brl.Clin Phammacgl 2005;59:
143-151.
Moore AR, O’Keeffe ST: Drug-induced cognitive impair-
ment in the elderly. Drugs Aging 1999;15:15-28.
Oxman TE: Antidepressants and cognitive impairment in
the elderly. LClin Psychiatry 1996;57 Suppl 5:38-44.
Strauss ME, Reynolds KS, Jayaram G, Tune LE: Effects of
anticholinergic medication on memory in schizophrenia.
Schizophr Res 1990;3:127-129.
Thienhaus O], Allen A, Bennett JA, Chopra YM, Zemlan FP:
Antlcholmerglc serum levels and cognitive performance. Eur
i i 1990;240:28-33.
Lu CJ, Tune LE: Chronic exposure to anticholinergic medi-
cations adversely affects the course of Alzheimer disease.
Al Geriate Poyehigtoy 2003;11:458-461.
Mulsant BH, Pollock BG, Kirshner M, Shen C, Dodge H,
Ganguli M: Serum anticholinergic activity in a community-
based sample of older adults: Relationship with cognitive

performance. Axgh.Gen Psychiagty 2003;60:198-203.

dspace.flinders.edu.au



752

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Caeiro L, Ferro JM, Claro MI, Coelho J, Albuquerque R,
Figueira ML: Delirium in acute stroke: A preliminary study
of the role of anticholinergic medications. Eur rol
2004;11:699-704.

Flacker JM, Cummings V, Mach JR, Jr., Bettin K, Kiely DK,
Wei J: The association of serum anticholinergic activity with
delirium in elderly medical patients. Al Gatiatebaychiatoy
1998;6:31-41.

Mach JR, Jr., Dysken MW, Kuskowski M, Richelson E,
Holden L, Jilk KM: Serum anticholinergic activity in hospi-
talized older persons with delirium: A preliminary study.
LAm Geriatr So¢ 1995;43:491-495.

Tune L, Carr S, Cooper T, Klug B, Golinger RC: Association
of anticholinergic activity of prescribed medications with
postoperative delirium. fubioiikiohtickisdetek i oG
1993;5:208-210.

Tune LE: Serum anticholinergic activity levels and delirium
in the elderly. SomainatelinehikaRkaiiatay 2000;5:149-153.
Tune LE, Bylsma FW: Benzodiazepine-induced and anti-
cholinergic-induced delirium in the elderly. [nt Psychoger-
iatr 1991;3:397-408.

Tune LE, Damlouji NF, Holland A, Gardner TJ, Folstein MF,
Coyle JT: Association of postoperative delirium with raised
serum levels of anticholinergic drugs. Lancet 1981;2:651-653.
Tune LE, Egeli S: Acetylcholine and delirium. Dement Ger-
latr Coen Disord 1999;10:342-344.

Pitkala KH, Laurila JV, Strandberg TE, Tilvis RS: Prognostic
significance of delirium in frail older people. Dement Geriatr

Cogn Disord 2005;19:158-163.
McCusker J, Cole M, Abrahamowicz M, Primeau F, Belzile

E: Delirium predicts 12-month mortality. Arch Intern Med
2002;162:457-463.

Thomas RI, Cameron DJ, Fahs MC: A prospective study of
delirium and prolonged hospital stay. Exploratory study.
Arch Gen Psychigtiy 1988;45:937-940.

Pompei P, Foreman M, Rudberg MA, Inouye S, Braund V,
Cassel CK: Delirium in hospitalised older persons: Outcome
and predicotrs. LAm Geriatr Soc 1994;42:809-815.

Kakuma R, Du fort GG, Arsenault L, Perrault A, Platt RW,
Monette J: Delirium in older emergency department patients
discharged home: Effects on survival. LAm Geriatr So¢ 2003;
51:443-450.

Ely EW, Gautam S, Margolin R, Francis J, May L, Speroff T,
et al.: The impact of delirium in the intensive care unit on
hospital length of stay. [ntensive Care Med 2001;27:1892-1900.
Marcantonio ER, Flacker JM, Michaels M, Resnick NM:
Delirium is independently associated with poor functional
recovery after hip fracture. LAm Geriatr Soc¢ 2000;48:618-624.
Murray AM, Levkoff SE, Wetle T, Beckett L, Cleary PD,
Schor J: Acute delirium and functional decline in the hos-
pitalised elderly. | Gerontol 1993;48:M181-M186.
Gustafson Y, Berggren D, Brannstrom B, Bucht G, Norberg
A, Hansson L: Acute confusional states in elderly patients
treated for femoral neck fracture. [ Am _Geriatr Soc 1988;
36:525-530.

Stuart B, Kamal-Bahl S, Briesacher B, Lee E, Doshi ], Zuck-
erman IH, et al.: Trends in the prescription of inappropriate
drugs for the elderly between 1995 and 1999. Am ] Geriatr
Pharmacother 2003;1:61-74.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

AGAR ET AL.

van der Hooft CS, Jong GWt, Dieleman JP, Verhamme KMC,
van der Cammen TJM, Stricker BHC, et al.: Inappropriate
drug prescribing in older adults: The updated 2002 Beers
criteria—a population-based cohort study. Br I Clin Phar:
macol 2005;60:137-144.

Aparasu RR, Mort JR: Prevalence, correlates, and associated
outcomes of potentially inappropriate psychotropic use in
the community-dwelling elderly. A laGeriaie Dharmacs
other 2004;2:102-111.

Chang C-M, Liu P-YY, Yang Y-HK, Yang Y-C, Wu C-F, Lu
F-H. Use of the Beers criteria to predict adverse drug reac-
tions among first-visit elderly outpatients. Pharmacotherapy
2005;25:831-838.

Fillenbaum GG, Hanlon JT, Landerman LR, Artz MB,
O’Connor H, Dowd B, et al.: Impact of inappropriate drug
use on health services utilization among representative older
community-dwelling residents. Apulneatiatebharmacathor
2004;2:92-101.

Onder G, Landi F, Liperoti R, Fialova D, Gambassi G, Ber-
nabei R: Impact of inappropriate drug use among hospital-
ized older adults. Eur L Clin Pharmacal 2005;61:453-459.
Currow D, Agar M, Sanderson C, Abernethy A: Populations
who die without specialist palliative care: Does lower up-
take equate with unmet need? Palliat Med 2008;22:43-50.
Kiely DK, Marcantonio ER, Inouye SK, Shaffer ML, Berg-
mann MA, Yang FM, et al.: Persistent delirium predicts
greater mortality. LAm Geriatr Soc 2009;57:55-61.

Lawlor PG, Gagnon B, Mancini IL, Pereira JL, Hanson ],
Suarez-Almazor ME, et al.: Occurrence, causes, and outcome
of delirium in patients with advanced cancer: A prospective
study. Arch Intern Med 2000;160:786-794.

Shiloh R, Nutt D, Weizman A: Drugs/substances with an-
itcholinergic activity, chapter 11.8. In: Dunitz M (ed): Es-
sentials in Psychiatric Pharmacotherapy. London: Taylor and
Francis group, 2001, p. 161.

Carnahan RM, Lund BC, Perry PJ, Pollock BG, Culp KR: The
Anticholinergic Drug Scale as a measure of drug-related
anticholinergic burden: Associations with serum anticho-
linergic activity. LClin Pharmacol 2006;46:1481-1486.
Maltoni M, Caraceni A, Brunelli C, Broeckaert B, Christakis
N, Eychmueller S, et al.: Prognostic factors in advanced
cancer patients: Evidence-based clinical recommendations—
a study by the Steering Committee of the European Asso-
ciation for Palliative Care. [ Clin Oncol 2005;23:6240-6248.
Eagar K, Gordon R, Green J: Australian casemix classifica-
tion for palliative care: Lessons and policy implications of a
national study. Palliat Med 2004;18:227-233.

Address correspondence to:

Meera Agar, M.P.C., FRACP

Department of Palliative and Supportive Services
Flinders University

700 Goodwood Road

Daw Park

Adelaide 5041

Australia

E-mail: meera.agar@sswahs.nsw.gov.au

Archived at Flinders University: dspace.flinders.edu.au



This article has been cited by:

1. Arduino A. Mangoni, Barbara C. van Munster, Richard J. Woodman, Sophia E. de Rooij. 2013. Measures of Anticholinergic
Drug Exposure, Serum Anticholinergic Activity, and All-cause Postdischarge Mortality in Older Hospitalized Patients with
Hip Fractures. The American Journal of Geriatric Psychiatry 21:8, 785-793. [CrossRef]

2. Katherine Clark, Joanna M. Smith, David C. Currow. 2012. The Prevalence of Bowel Problems Reported in a Palliative Care
Population. Journal of Pain and Symptom Management 43:6, 993-1000. [CrossRef]

3. Arduino A Mangoni. 2011. Assessing the adverse effects of antimuscarinic drugs in older patients: which way forward?. Expert
Review of Clinical Pharmacology 4:5, 531-533. [CrossRef]

Archived at Flinders University: dspace.flinders.edu.au


http://dx.doi.org/10.1016/j.jagp.2013.01.012
http://dx.doi.org/10.1016/j.jpainsymman.2011.07.015
http://dx.doi.org/10.1586/ecp.11.44

	Published version coversheet (Mary Ann Liebert).pdf
	Agar Anti-cholinergic

	Cit p_67:2: 
	Cit p_71:1: 
	Cit p_56:1: 
	Cit p_60:1: 
	Cit p_75:1: 
	Cit p_75:2: 
	Cit p_64:1: 
	Cit p_49:1: 
	Cit p_49:2: 
	Cit p_53:1: 
	Cit p_53:2: 
	Cit p_72:1: 
	Cit p_57:1: 
	Cit p_61:1: 
	Cit p_46:1: 
	Cit p_46:2: 
	Cit p_50:1: 
	Cit p_76:1: 
	Cit p_54:1: 
	Cit p_69:1: 
	Cit p_73:1: 
	Cit p_58:1: 
	Cit p_58:2: 
	Cit p_62:1: 
	Cit p_47:1: 
	Cit p_51:1: 
	Cit p_77:1: 
	Cit p_66:1: 
	Cit p_66:2: 
	Cit p_70:1: 
	Cit p_55:1: 
	Cit p_74:1: 
	Cit p_59:1: 
	Cit p_63:1: 
	Cit p_63:2: 
	Cit p_48:1: 
	Cit p_52:1: 
	Cit p_67:1: 
	Cit p_97:1: 
	Cit p_105:1: 
	Cit p_97:2: 
	Cit p_86:1: 
	Cit p_86:2: 
	Cit p_90:1: 
	Cit p_94:1: 
	Cit p_102:1: 
	Cit p_79:1: 
	Cit p_83:1: 
	Cit p_83:2: 
	Cit p_98:1: 
	Cit p_106:1: 
	Cit p_87:1: 
	Cit p_91:1: 
	Cit p_80:1: 
	Cit p_95:1: 
	Cit p_103:1: 
	Cit p_95:2: 
	Cit p_84:1: 
	Cit p_99:1: 
	Cit p_107:1: 
	Cit p_88:1: 
	Cit p_92:1: 
	Cit p_100:1: 
	Cit p_81:1: 
	Cit p_96:1: 
	Cit p_96:2: 
	Cit p_85:1: 
	Cit p_85:2: 
	Cit p_89:1: 
	Cit p_93:1: 
	Cit p_101:1: 
	Cit p_78:1: 
	Cit p_82:1: 


