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Abstract

What isknown.and objectives

Adverse clinical outcomes have been associated with cumulative anticholinergic burden (to
which lowpotency as well as higbotency anticholinergic medicines contribute). The

clinical indications for which anticholinergic medicinase prescribe@and thus the

‘phenotype’ of patients witanticholinergic burden) has not been established. We sought to
establish theyerallprevalence of anticholinergic medicines prescribing ptlegalencef

low-, medium- and higlpotency anticholinergic medicingsescribing, and the clinical

indicationsfor which the medicines were prescriiadan oldemprimary care population
Methods

A crosssectionalhanalysis @ cohort study ofAustralianearly-career generadractitioners’
(GPs’)clinical consultations the Registrars Clinical Encounters in Training (ReCENT)
study. In"lReCENT, GPs collect detailed data (includneglicines prescribeahdtheir
clinical indication for 60 consecutive patientsn up to three occasions six months apart
Anticholinergic'medicines were categorised as Levels 1-flotency) to 3 (high-potency)
usingthe Anticholinergic Drug Scale (ADS).

Results

During 2010-14, 87@arly-careerGPs(across five of Australia’s six states)nducted 20,555
consultations with patients aged 65 years or olgg@resenting5,506 problems/diagnoses.
Anticholinergic medicines were prescribed in 10.4% [95% Cls 9.5-10.5] of consult&dions.
the total antichelinergic load of prescribed medicines (‘community anticholinergic load’)
72.7% [95%.Cls 71.0-74.3] was contributed by Level 1 medicines, 0.8% [95% Cls 0.5-1.3]
by Level 2 medicines, and 26.5% [95% Cls 24.8-28.1] by Level 3 medi€iaediac

(40.0%), Musculoskeletal (16.9%) and Respiratory (10.6%) were the most common
indicationsassociated withevel 1 anticholinergic prescriptiofror Levels 2 and 3

medicines (combined data), Psychological (16.1%), Neurological (16.1%), Musculakkele
(15.7%), and Urological (11.1%) indicatiowgre most comman
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What is new and conclusion

Anticholinergic medicines are frequently prescribed in Australiaegpractice and the
majority of the ‘community’ anticholinergic burden is contributed by ‘lowtiémlinergic
potency medicines whose anticholinergic effects may be largely ‘invistbf@eiscribing
GPs Furthermaore, thelinical ‘phenotype’ of the patient with high anticholinergic burden
may be very different to commatereotypegpatients withurological, psychological or
neurologicalspreblems), potentially making recognition of risk of anticholin@adyerse
effectsadditienally problemtc for GPs

What is knewnand objectives

Many older patients use medicines watfiticholinergic propertiesn a recentAustralian

study, 42%.0f people over 75 yearsretakingat least one anticholinergic medicihéhat

is, they wererusing medicine withacetylcholine recept@ntagonist activity:* The degree

of anticholinergic effect varies greatly between medicine classegaiegbetween
individual'medieineswithin those classesClasses of medicines traditionatiycognised as
beingassociated with anticholinergic effect include gastrointestinal antispasmodics,
medicines“used farrinary urge incontinence, antyzhotics, tricyclic antidepressants (which
are often used in older patients for non-psychiatric indications, including pain maalylat
anti-Parkinsonian medicinesd antihistamine$® These medicines are oftgroupedas

potentially inappropriate for use in the elderly due to their strong anticholinéfegtsa

The anticholinergic effect of a medicine may be intrinsic to the intended effect (such as the
effect on cholinergic receptors in bladder overactivity) or may be an unintendetf effe
Anticholinergic effects of medicines in a patient’'s medicines regimen may be additive,
constituting anticholinergitburden” or “load".” Anticholinergic burdemas been associated

t:22 confusion'® falls,”**** fractures:® hospit4 admissiod™® and

with cognitive impairmen
duration of admissiof}’ impairment in activities of daily living poorer quality of life,

depressiort? incident cardiovascular diseaeand mortality***2
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We havepreviously conductetivo studies of anticholinergic medicines use by older
Australians: a retrospective analysis of prescribeaprds linked to survey data fnoa
community baseéemalecohort?® and an analysis of the medicirregimens of patients at
baseline in a trial of peer education of general practitiq@®s)" The first of these studies
linked participants in the cohort study to natiomascribing dataThe second involved
direct observation and recordingezch participant’snedicines by nurses visiting
participants”homesdn both studies, individual patieanticholinergidourdenwasdriven
more by multiple low-potency anticholinergic medicines than by medicines of high
anticholinergigpotencythat clinicians would traditionallipe aware of akeing
‘anticholinergic’¥*® Anticholinergic burdemay thus be at least partially ‘invisible’ to
clinicians treating older patienthe characteristics of these ‘invisible’ mediciesl the
context of theirprescriptioare thus otlinical importanceln neither of these studies (as in
most research in this area) was linkage of anticholinergic medicines to indication for their
prescription possible.

In this paperwe preseatsecondary analysis of data from a studgasfy-careeiGPs’

clinical practice (including prescribing)Ve sought to document the frequency of individual
anticholinergic medicines’ prescriptighoth high and low potencydr older patientand the
problems/diagnoses for which thaaticholinergic medicinesereprescribed. We did not aim

to calculaté individual patients’ anticholinergic burden.
Methods

This was a.crossectional analysis of data from the Registrar Clinical Encounters in Training
(ReCENT) eohert study. Thaetailedstudy methodology has bedascribed elsewhef®&.

Briefly, ReCENT is an ongoing cohort study of theconsultation clinical practice afoctors

at the beginning’of their careers in primary cageneral practice registraftsainees)

enrolled withfive of Australia’s 17 general practice regional training providers (RTPS)
Geographically, the five RTPs encompass urban, rural, remote and very remategpmct

five of Australia’s six states. All registrars in participating RTPs complete data aoillest

part of their educational program and may choose to consent to their data beingdafeo use

research purposes.

Registrars spend at least threermsianth fulltime-equivalent terms in general practice
settings. This is the compulsory general pcactomponent of their three-year training

program. During this general practice componesgistrars effectively operate as
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independent practitioners, though having recourse taditiee and assistance of experienced
clinical supervisors. This independence includes prescribing authority (andygapacder

pathology and imaging and make specialist referrals) equivalent to other more&esi

In ReCENT, participating registrar characteristics and the characteristics of their training
practice are.dagnented. Registrars then record the defaitduding medicines prescribed,
supplied or.recommended) of sixty consecutive patient consultations, representing
approximately=one week of consultations, eachmsixith training term. Data collection is
conducted-areund the mid-point of the terfach prescribedsupplied or recommended
medicine i linked to the problem/diagnosis for which it wascribed supplied or

recommended

The analyses in this study used data frondiacollection period$rom 2010to 2014. In
each data collection perigurticipatingregistrars eachecorded 60 consultationdndividual
registrars contributkdata irup to three separatellectionperiods.

Outcome factor

The outcome factaof interest was prescribifmrgcommending/supplyingf medigneswith
anticholinergic'effect(hereafter referred to as ‘prescribingrhis included

recommendations of ovéine-counter (OTC) nomprescription medicineand direct supply of
medicineqthough whether it was prescription, recommendation or supply was not recorded).
Medidnes were codedia theAnatomic Therapeutic Chemical (ATC) Classification system
and medicines withanticholinergic effe@wereidentified usinghe AnticholinergicDrug
Scale(ADS)** updatedo reflect current Australian medicines availabilitfggormed by

AMH Australian Medicines HandbodR anda recenteview?). The ADS categorizes
medicinesiin an ordinal fashion from 0 to® ‘ho known anticholinergic propertied.:
‘potentiallyanticholinergic as evidenced by receptor binding studiegsihcholinergic
adverseeventsssometimes texl, usually at excessive doses, and 3: markedly
anticholinergig:?* Scores on the ADS predict clinical outcomes associated with
anticholinergi¢ effects and the ADS performs well in this regard compared to other
anticholinefgic,scaleSWe didn’t adjust our scoring for drug dose. This has not been shown
to provide significantly dierent results to simple scoring when evaluating association of

anticholinergic burden with serum anticholinergic actflignd with clinical parametefs.
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The ADS is usually used to create summary estimates of individual patient anticholinergic
burden. We did not have data on individual patients’ complete medicines regimens, only data
of which medicines were prescribatithatconsultation. The focus of this study, then, was to
examine overall prescribing ahticholinergiomedicines and the conditions for which they

are preseribedFhis couldoe seen to represeéabmmunity’ rather than ‘individual’

anticholinergic burden.

| ndependentvariables

Problems maaged odiagnosesnade during the consultation were coded according to the
International Classification of Primary Care, second editlassification system (ICR2).?
Individual diseases/problems are categorised in lZR&seventeen systerhased chapters

(cardiovasculameurological, psychological, urologiostc.).
Analyses
Analyses wereindertaken only fopatients aged 65 yeassdolder.

We calculated proportions of all prescribed medicines that were rated as 1, 2 or 3 by the
ADS. Estimates included 95% confidence intervals, adjusted for clustering of patients within
registrar. Similarly, we calculated the proportion of all consultatiodstlae proportion oéll
problems/diagnoses within this patient grolgat resulted in prescription of an ARfgfined

anticholinergianedicine.

We then calculated the proportion of the overall cumulative ADS-scored antetyid
burden of the medicinesgscribedoy all registrars during therollectionperiods

(‘community anticholinergic burden’) that was due to Level 1, 2 or 3 medicines.

We alsoridentified the most commonly prescribed medicines in each ADS level, the most
common problems/diagnoses fehich medicines of each ADS level were prescrjlzeui

the proportions of medicines from each ADS level by ICPdisease chaptdfor the
problem/diagnoses for which anticholinergic medicwese prescribedrf eachADS leve),
ICPG-2 codes describingiaically equivalentdiagnoses were collapsed to single descriptive

categories by a cliniciamemberof the research team
Analyses were programmed with STATA 11.2.

Ethics approval
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The ReCENT project has approval from the University of Newcastle Human Research Ethics
Committee, Reference-BI009-0323.

Results
Demographiesofregistrars, patients and practices

A total of 879individual registrars (response r&g.3o) participatedover the 10 rounds of
data collectiopn2010-14. Theyeach participated in one to three rounds of data collection and
collectivelyeentributed data from 1953 registrar-rounds, relating to 20,555 consultations with

patients aged 65 years or older and to 35,506 problems/diagnoses.

Overall, 642%0f the registars were female, with a mean age o63&ars. Registrars who
undertook theirprimary medical degree in Australia comprised4 8fparticipants

Participating registrarpracticeand registratermdemographics are displayed in Table 1.
Prescribing'of medicines with anticholinergic effects

A total of 23,308 medicines were prescrilbegatients aged 65 years or older. Of these
medicinesg,323were ADSdefined anticholinergic medicines (1@00f all medicines [95%
Cls9.5%=10:5%). Level 1, Level 2 and Level 3 anticholinergic medicines comprised 8.8%,

0.05% andL.1%, respectively, of all medicines prescril{iede Table 2).

Anticholinergic medicines were prescribed in 20./85% CIs9.8%-11.0%] of consultations,
for 6.2% [95% CIs5.9%-6.6%]of problems/diagnoses managed (see Table2).

Using ADSscoing of medicines prescribed, of the total prescribaticholinergic burden
(‘community” anticholinergic burden) 724 [95% CIs71.0%-74.3%] was contributed by
Level 1 medicines).8% [95% Cls 0.5%-1.3Pby Level 2 medicines, arb.3% [95% Cls
24.8%-28.1%] by Level 3 medicinésee Table).

The most commenlyprescribed anticholinergic medicines, bip8Level, are presented in
Table 3 and the_most commuomdications (diagnoses problems) for which they are

prescribed are presented in Table 4.

There was marked variabilityy ADS levelin the ICPG2 disease chapters for which the
anticholinergic medicines were prescribed. For Level 1 medicines, C#40i886 [95% CI:
36.9%-43.2%]) Musculoskeletal16.9% [95% CI: 15.0%-18.9%and Respiratory10.6%
[95% CI: 9.2%-12.1% were the most common ICPZchapters associated with
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anticholinergic prescription. For Level 2 and 3 medicines (combined data), Psychblogi
(16.1% [95% Cl: 12.0%-21.2]P% Neurological (16.1% [95% ClI: 9.2%-17.1%
Musculoskeleta(15.7% [95% CI: 11.3%-21.4%]), and Urological (11.1% [95% CI. 7.8%-
15.5%9) were the most common ICPZchapters associated Wwianticholinergic
prescriptionThe‘relative contributions of all ICRZ Chapter groupings of

problems/diagnoses to each ADS-Level prescripgi@presented in Figure 1.
What isnew-and:conclusion
Principal findings and comparison with previous literature

We have demonstrated that the prescription of medicinesamiitholinergic propertielsy
Australian GP registrais common in older patients (10.0% of all medicines and in 10.4% of
consultations)-and that anticholinergic burden is driven mainly by less potent antigioline
medicines:This.iS consistent with previodsustralian researcaxaminingthe issue of
anticholinefgic tise with differing methodological apmiees’® We found that 72.7% of

overall ‘community’ anticholinergic burden was due to ADS Level 1 medicines. In @anothe
Australian'study; the contribution of ADS Level 1 medicines to ‘individual’ anticholinergic

burden was 70.5% in patients without dementia and 64.3ko&e with dementia.

A singular clinical circumstanoghere surveillance for possible anticholinergic medicines
should beespeciallyrigorousis that ofutilisation of anticholinergic drugs patients with
dementia treated wittholinesterase inhibitorén an Australian study of this circumstarfe,
a majority ‘of anticholinergic medications used concurrently ahiblinesterase inhibitors

were Level 1 medicines.

We found @ broad spectrum of indications for the use of mediaitiesnticholinergic
propertiesandthat thisspectrundiffers by the level of anticholinergjmotency of the
individual medicingas presented in Table 3). The pervasiveness of the use of medicines
with low potencyanticholinergic propertiescross a broad range of indicationsans that

cumulative burden may brelatively“invisible” to the treating clinician.

Our findingswregarding the prescription of individual anticholinergic medicimrebea
compared with that of previous studies. While there are lroamnonalities, it is striking
that the most commonly prescribed medicine with anticholinergic propertes study was
warfarin. Warfarin was commonlyprescribedanticholinergianedicine in previous

Australian studie$; but not in international studiésising the ADSThe comparison will
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notreflect differences in use of novel oral anticoagulant medicines as the stueliztere
theirwide-spreaduse. Thdinding may represent relatively aggressive anticoagulant
management in older patients in Australia, especially for atrial fibrillateftecting national
policy.2* This finding is unlikely to affect the gendizability to other countries of our
conclusionsregarding the prominence of cardiovascular medicines amongst arargholi
medicines‘as this would persist even with more modest levels of warfagie. Ats0 of note
wasthe frequency of prescription of oxycodone in our findings. Oxycodone was amongst the
10 most ceammonly used anticholinergic medicines in subjects with high ADS stanes i
Australian study?’ but was not in the most common AD&ed anticholinergic medicines
elsewhere (though codeine wadhis may reflect recerslarminglysteep increases in rates

of oxycodofgiréscribingn Australia especially to patients aged over 70 yéars.
Strengths and-limitations

The studyhas a number of strengths. The response rate is very high for a study Bf GPs,
allowing confidence that we haeecurately captured pregmion patterns. The major

strength is that;unlikenanystudies of anticholinergic medicines, we haleselinkage of
prescribed medicine to its indicatioe also have, unusually in studies of anticholinergic
medicing, ascertainment of recommexdand physician-supplied agll as prescribed
medicines. This'is particularly important as several strongly anticholinergic medicines
(antihistamines) are owtne-counter medicines which don’t require a doctor’s prescription in

Australia

The major imitationis thatour study elicis ‘snapshotdataof consultation contenaind we
don't collect,patiers’ full medicinesregimens. Thus our estimations of individual medicines’
contributions to anticholinergic load are at the population rathernikdandual patient level
and dort'document clustering of anticholinergic medicines within individadigtther
limitation, common to studies in this area, is that in vivo anticholinergic effects of
medicationsare inherently difficult to quantify (as epparent from the many currentiged
measures of anticholinergic medicines effécasid the updates to the validated ADS that we

used inithis analysis have not been validated.

While the generalizability to Australian practice is str@payticipationby five of Australia’s
17 RTPsacross five of Australia’s six states and encompgagban, rural, remote and very
remote practicgsgeneralizability to those countries with differing health and GP training

systemss uncetain.
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Implications for practice and future research

Our study demonstrates the high volume of prescription of medicines with aintcha
effects in general practice10% of all prescriptions to those 65 yeansl over Thus,

adverse effects attributabledaticholinergic burden are potentially a major health issue.

It has beefor some time accepted the propensity to be prescribed highly anticholinergic
medications for conditions such as urinary incontinence and chronic neuropathicgyai
predispos@lder patients to higantichdinergic burden? Our study suggests that this known
propensity of older patients to anticholinergic adverse effects is furtiygntéeed by
previously invisible’low-level anticholinergic medicirseespecially medicines for
cardiovasalarand musculoskeletal morbiditidsurther, the clinical ‘phenotype’ of the older
patient with*high anticholinergiourden may often not conform to the ‘traditional’ phenotype
of apatient with' urinary incontinence or urgency, neuropathic gapsychiatric illnessThis
traditional phenotype is exemplified by a study of anticholinergic medicinespdepost
hospital admission which ignored Level 1 anticholinergics and considered only Level 2 and 3
anticholinergic.medicinesThe authors concluded that ‘groups of pati¢ras be]
recognised,to.whom special attention should be paid regarding possible antigimliner
effects afprescribed drugsnd that these groups were patients with ‘urinary incontinence
and retention,constipation, gastroduodenal udtsrase as well as neurologic and
psychiatric comorbities. Though we have not measured individual patient anticholinergic
burden, our findings of overd#éivels and patterns of anticholinergic medicines prescription
suggest thatmany older patients with high anticholinergic burdesy have considerable
anticholinergic contributions from medicinfes cardiac disease or musculoskeletal zaid

that special attention on patients with traditional phenotypes may fail to detect much

anticholinergic burden and, potentially, subsequent adverse clinical ogtcome

Most medicines, including anticholinergic medicina® presgbed by GPsWhile the
anticholinergic adverse effects of individual ‘traditionailyh-potencyanticholinergic

medicines seem;to be walppreciated b¥sPs the concept of ‘anticholinerglourden

isn’t.?” @ur findings suggest thatith the added complexity of multiple ‘invisible’
anticholinergic medicines in their patients’ regiméasross many disease chapters / body
systems)GPs’ difficulties in this area may be more acute than previously appreciated. They
will need support tantegrate calculationf anticholinergic burdemto their therapeutic
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decision-making (rather than relying on knowledge of a relatively small number of olgviousl
highly anticholinergic medicines).

Future research could aim to test interventions to alert GPs and other clinicians caring for
olderpatients to individugbatients anticholinergicburden (and to thus prompt review of

medicine regimens in response to those alerts).
Conclusions

Anticholinergiec.medicines are frequently prescribed in Australian general practice and the
majority of'the ‘eommunity’ anticholinergic burden is contributed by ‘low’ anticterljic

potency medicines. GPs will need education and assistance to appreciate the importance of
these invisible’ anticholinergic medicines (and the patient cetgen which they are
prescribedsineluding patient ‘phenotype’) and to incorporate calculations of individual
patient antichelinergic burden intbeir clinical decisiormaking. This has the potential to

limit patients™ anticholinergic burdens and thus reduce the potential for adresg effects.
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Variable

Registrar variables

(n=879)

Class

n (%) [95% ClI]

Registrar Gender

Qualifiedrasardoctor in Australia

Registrar agé (years)

Registrar-term.or practice-

term variables ( n=1953)

Registrar TrainingTerm

Registrar workedat the practice

previously

Registrar works fulltime

Does the practice routinely bulk

bill

Number of GPs working at the

practice

Rurality of practice

SEIFA Index (decile) of practice

Male
Female
No

Yes

Mean (SD)

Term 1
Term 2
Term 3

No

Yes
No
Yes

No

Yes

1-4

5-10+

Major City

Inner Regional

Outer regional or remote

Mean (SD)

297 (33.8) [30.7-37.0]
582 (66.2) [63.0-69.3]
189 (21.8) [19.1-24.6]
680 (78.3) [75.4-80.9]
32.6 (6.3)

780 (39.9) [37.8-42.1]
698 (35.7) [33.6-37.9]
475 (24.3) [22.5-26.3]
1394 (72.3) [70.3-74.3]

533 (27.7) [25.7-29.7]
406 (21.3) [19.5-23.2]
1503 (78.7) [76.8-80.6]
1610 (83.0) [81.2-84.6]

331 (17.1) [15.4-18.8]
650 (34.1) [32.0-36.3]

1254 (65.9) [63.7-68.0]
1117 (57.2) [55.0-59.4]
543 (27.8) [25.9-29.8]
293 (15.0) [13.5-16.7]
5.4 (2.9)

Cl=Confidence Interval; SD=Standard Deviation

This article is protected by copyright. All rights reserved



Author Manuscript

This article is protected by copyright. All rights reserved



Table 2: Anticholinergic medicines by Anticholinergic Drug Scale level - number prescribed; number of problems prescribed for; number of

and

Anticholinergics

Medications
(n=23308)
n (%) [95%Cls]

Problems*
(n=35506)
n (%) [95%Cls]

Consultations*
(n=20555)
n (%) [95%Cls]

“Anticholinergic burden”
contribution

(%) [95%Cls]

All

2323 (10.0) [9.5-10.5]

2208 (6.2) [5.9-6.6]

2136 (10.4) [9.8-11.0]

2835 (100)

Level 1

2061 (8.8) [8.4-9.3]

1968 (5.5) [5.2-5.9]

1904 (9.3) [8.7-9.8]

2061 (72.7) [71.0-74.3]

Level 2

12 (0.05) [0.03-0.09]

12 (0.03) [0.02-0.06]

12 (0.06) [0.03-0.1]

24 (0.8)[0.5-1.3]

Level 3

250(1.1) [0.9-1.2]

249 (0.7) [0.6-0.8]

247  (1.2)[1.1-1.4]

750 (26.5)[24.8-28.1]

* an individual,problem or consultation could be associated with prescription of more than one anticholinergic medicine

Cl=Confidence Interval
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Table 3: Most common individual medicines prescribed from each Anticholinergic Drug Scale

level
Level 1 drugs n (%) Level 2 Drugs n (%) Level 3 n (%)
(n=2061) (n=12) Drugs
(n=250)
warfarin 539 (26.15) | carbamazepine | 8 (66.67) | amitriptyline 136 (54.40)
oxycodone 332 (16.11) | cyproheptadine | 2 (16.67) | oxybutynin 32 (12.80)
furosemide 288 (13.97) | pethidine 2 (16.67) | promethazine | 23 (9.20)
prednisolone 288 (13.97) dosulepin 11 (4.40)
prochlorperazine | 128 (6.21) solifenacin 10 (4.00)
digoxin 77 (3.74) doxepin 7 (2.8)
codeine 69 (3.35) atropine 6 (2.40)
oxycodone, 67 (3.25) scopolamine | 6 (2.40)
combinations
fentanyl 58 (2.81) imipramine 5(2.00)
morphine 56 (2.72) benzatropine | 2 (0.80)
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Table 4: Individual indications (problems or diagnoses*) for which each level of anticholinergic medicines was prescribed: most common indications

Level.l.Medicines n (%) Level 2 Medicines n (%) Level 3 Medicines n (%)

Atriakfibrillation 219 (11.1) Epilepsy 2 (16.7) Bladder instability / 29 (11.7)

incontinence / nocturia

Anticoagulation 219 (11.1) Allergic reaction 1 (8.3) Neuropathic pain 25 (10.1)

Cardiac failure 140 (7.1) Migraine 1 (8.3) Pain (other than back or | 20 (8.1)

neuropathic pain)

Pain (other than back pain) 140 (7.1) Peripheral neuropathy | 1 (8.3) Depression 19 (7.7)
Back pain/sciatica 111 (5.6) Chronic pancreatitis 1 (8.3) Back pain/sciatica 17 (6.9)
Vertigo/dizziness 87 (4.4) Lumbar spinal stenosis | 1 (8.3) Dermatitis / eczema 9 (3.6)
Chrenie@bstructive 86 (4.4) Trigeminal neuralgia 1 (8.3) Headache/migraine 5 (2.0)

Pulmonary Disease

Arthritis (including gout) 69 (3.5) Pruritus 4 (1.6)

other than osteoarthritis

Osteoarthritis 63 (3.2) Anxiety 4 (1.6)
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Hypertension

57 (2.9)

Osteoarthritis

4 (1.6)
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* ‘prescriptions’/ ‘renewal of medication’ not presented
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Figure 1: Level 1, Level 2&3 combined, and total anticholinergic medicines, by ICPC-2 Chapter
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Figure 1: Level 1, Level 2&3 combined, and total anticholinergic medicines, by ICPC-2 Chapter
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