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Highlights: Comprehensive geriatric assessment did not decrease anticholinergic exposure.
However, improvements towards more appropriate use of anticholinergics were observed especially
in the intervention group.
Selection of anticholinergic list may affect the results.
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ABSTRACT
Background: Older people often use multiple drugs, and some of them have anticholinergic
activity. Anticholinergic drugs may cause adverse reactions, and therefore their use should be
limited. To identify anticholinergic load, several ranked lists with different drugs and scoring
systems have been developed and used widely in research. We investigated, if a comprehensive
geriatric assessment (CGA) decreased the anticholinergic drug score in a 4-year period. We used
four different anticholinergic ranked lists to determine the anticholinergic score and to describe how
the results differ depending on the list used.
Methods: We analyzed data from population-based intervention study, in which a random sample
of 1000 persons aged > 75 years were randomized to either an intervention group or a control
group. Those in the intervention group underwent CGA including medication assessment annually
between 2004-2007. Current medication use was assessed annually. The anticholinergic load was
calculated by using four ranked lists of anticholinergic drugs (Boustani’s, Carnahan's, Chew's and
Rudolph's) for each person and for each year.
Results: CGA had no statistically significant effect on anticholinergic exposure during the 4-year
follow-up, but improvements towards more appropriate medication use were observed especially in
the intervention group. However, age, gender and functional comorbidity index were associated to
higher anticholinergic exposure, depending on the list used.
Conclusions: Repeated CGAs may result as more appropriate anticholinergic medication use. The
selection of the list may affect the results and therefore the selection of the list is important.

Keywords: Anticholinergic drugs, Comprehensive geriatric assessment, Older people
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1. INTRODUCTION
Older people use multiple drugs, and the proportion of those without any medication is only 2-3 %
(Barat et al. 2000, Jyrkkä et al. 2006). In addition, older people also are vulnerable to adverse drug
reactions (Stegemann et al. 2010). Therefore, several criteria have been generated in an attempt to
decrease the use of inappropriate drugs, such as explicit (criterion-based) Beers' criteria (American
Geriatrics Society 2012 Beers Criteria Update Expert Panel 2012), and implicit (judgement-based)
Medication Appropriateness Index (Hamilton et al. 2009).

Anticholinergic drugs are commonly used among older people as reported in previous studies, and
the prevalence ranges from 27 % in community-dwelling to up to 80 % in nursing-home residents
with dementia (Ness et al. 2006, Kolanowski et al. 2009). Anticholinergic adverse effects include
constipation, urinary retention, dry mouth, confusion and attention deficit (Lieberman 2004), and
anticholinergic drug use has been associated with e.g. falls (Rudolph et al. 2008) and cognitive
impairment (Fox et al. 2011). Therefore, unnecessary use of anticholinergics should be avoided.
However, defining an anticholinergic drug has been challenging, and therefore several different
ranked lists have been compiled (e.g. Boustani et al 2008, Rudolph et al. 2008, Carnahan et al.
2006, Chew et al. 2008). Generally, these lists score different drugs based on their anticholinergic
activity, and they are based on in vitro results, published literature, and/ or expert opinion. The
anticholinergic lists have been found to associate with anticholinergic adverse effects (Rudolph et
al. 2008) or serum anticholinergic activity (Carnahan et al. 2006). Previously published studies
generally utilized only one anticholinergic list, and the selection of the list used varied depending on
the author and study setting. However, as the lists differ from each other in terms of the drugs
included, if the dose is taken into account and the scoring of anticholinergic potential, the results
may also change depending on the list used (Lampela et al. 2013a, Mangoni et al. 2013). Therefore,
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the selection of the anticholinergic list may affect the results on the reported prevalence of use as
well as the associated outcomes.

Comprehensive geriatric assessment (CGA) is one of the cornerstones of modern geriatric care
(Ellis et al. 2011). In this process, a multidisciplinary team aims to improve the health and quality of
life of an older person focusing on physical health, functional status, psychological health and
socioenvironmental parameters (Rubenstein 2004). It has been shown to be effective in helping
older people to live safely and independently (Beswick et al. 2008).

Previous studies have focused on the effect of the intervention on anticholinergic exposure (i.e.
before and shortly after the intervention) (Tay et al. 2014). In the present study, we studied the
effect of CGA in real-life situation, where other health care professionals also may affect the result.
We investigated if a comprehensive geriatric assessment has an impact on the anticholinergic load
during 4-year follow-up. Instead of just selecting one list to be used, we chose to use four different
lists of anticholinergic drugs to see, how the results may change depending on the list.

2. METHODS
2.1. Population
We investigated data derived from the Geriatric Multidisciplinary Strategy for the Good Care of the
Elderly (GeMS) Study, which took place in Kuopio, Finland, during 2004-2007. This study has
been previously described in detail (Lampela et al. 2010). In short, a random sample of 1000
persons aged > 75 years was drawn from the inhabitants of the city of Kuopio, Finland. They were
randomized using computer-generated numbers in control and intervention groups (each n=500),
and persons in both groups were annually interviewed and examined by trained nurses. They paid
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special attention to current drug use by not only asking the participants directly, but also by using
medical records from the municipal health centre, home nursing service, local hospitals and Kuopio
University Hospital. In addition, those in the intervention group underwent a CGA, which consisted
of annual health status examinations including medication assessment by a physician (a trainee in
geriatrics), as well as examinations by a dentist, physiotherapist and nutritionist, when necessary.
Although the study physicians were trainees in geriatrics, they had been working as a general
practitioner for at least 10 years with a lot of experience of older population. They had received
training in adverse drug reactions, but they did not use any anticholinergic list when assessing
medication. They also had weekly meetings with senior geriatrician (SH). Cognitive status was
measured using the Mini-mental state examination. Those in the control group had access to regular
health services. In this study, we used medication data from all persons that participated each year.
Demographics of the study population is shown in Table 1, and flow chart of persons in the GeMS
study in Figure 1.
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TABLE 1. Demographics of the study population.
Baseline year 2004

Intervention group
all

N

men

Control group
women

All

men

women

p-value†

404

116

288

377

117

260

81.5 (4.9)

80.7 (4.5)

81.8 (5.0)

82.0 (5.0)

81.1 (4.8)

82.4 (5.1)

0.112

5.1 (5.0)

4.7 (2.8)

5.3 (3.4)

5.1 (5.0)

4.3 (2.8)

5.5 (3.4)

0.992

(SD)

1.6 (1.6)

1.1 (1.4)

1.7 (1.6)

1.3 (1.4)

1.0 (1.3)

1.5 (1.5)

0.127

FCI, mean (SD)

2.4 (1.7)

2.5 (1.5)

2.4 (1.7)

2.6 (1.7)

2.4 (1.6)

2.7 (1.7)

0.217

90 (22.2)

24 (20.7)

66 (22.9)

77 (20.4)

19 (16.2)

58 (22.3)

0.528

1.3 (1.8)

1.2 (1.4)

1.4 (1.9)

1.3 (1.7)

1.1 (1.3)

1.4 (1.9)

0.760

0.6 (1.0)

0.4 (0.8)

0.7 (1.1)

0.5 (0.9)

0.4 (0.7)

0.6 (1.0)

0.187

0.3 (0.8)

0.2 (0.7)

0.4 (1.0)

0.4 (0.9)

0.2 (0.6)

0.5 (1.1)

0.495

1.3 (1.6)

1.2 (1.4)

1.4 (1.7)

1.3 (1.5)

1.2 (1.4)

1.4 (1.5)

0.748

Age, mean (SD)
regular medicines,
mean (SD)
As-needed
medicines, mean

Dementia (DSM-IV),
n (%)
ADS score, mean
(SD)
Chew score, mean
(SD)
ARS score, mean
(SD)
ACB score, mean
(SD)
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Year 2007

Intervention group
all

N

men

Control group
women

all

men

women

p-value†

315

88

227

294

91

203

5.8 (3.1)

5.2 (2.9)

6.0 (3.2)

5.8 (3.3)

5.3 (3.1)

6.1 (3.3)

0.966

mean (SD)

1.7 (1.4)

1.2 (1.2)

1.8 (1.5)

1.4 (1.3)

1.0 (1.2)

1.5 (1.4)

0.006

FCI, mean (SD)

3.0 (1.7)

3.1 (1.7)

3.0 (1.6)

2.6 (1.8)

2.4 (1.7)

2.7 (1.8)

0.003

76 (24.1)

18 (20.5)

58 (25.6)

66 (22.4)

18 (19.8)

48 (23.6)

0.625

1.2 (1.3)

1.2 (1.2)

1.2 (1.4)

1.3 (1.5)

1.0 (1.1)

1.4 (1.6)

0.692

0.6 (0.9)

0.5 (0.7)

0.6 (0.9)

0.6 (1.0)

0.5 (0.8)

0.7 (1.1)

0.912

0.3 (0.8)

0.3 (0.7)

0.4 (0.9)

0.4 (0.8)

0.2 (0.5)

0.4 (0.9)

0.692

1.4 (1.6)

1.4 (1.5)

1.5 (1.6)

1.6 (1.7)

1.4 (1.5)

1.7 (1.7)

0.300

regular medicines,
mean (SD)
Asneeded medicines,

Dementia (DSM-IV),
n (%)
ADS score, mean
(SD)
Chew score, mean
(SD)
ARS score, mean
(SD)
ACB score, mean
(SD)

Abbreviations: ACB, Anticholinergic Cognitive Burden Scale; ADS, Anticholinergic Drug Scale;
ARS, Anticholinergic Risk Scale; COPD, Chronic Obstructive Pulmonary Disease; DSM-IV,
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; FCI, Functional
Comorbidity Index; SD, Standard Deviation.
†Between intervention and control groups. p-values were produced using Mann-Whitney U test for
continuous variables, and Pearson Chi-Square test for categorical variables.
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FIGURE 1. Flow chart of persons throughout the GeMS study.
Random sample of 1000 persons aged > 75
years living in Kuopio city

Randomization into groups

Intervention group n= 500
Individually designed intervention
n= 404

Control group n= 500
Those attending n=377

2004

Did not participate n= 96
-Refused n=77
-Died n=17
-Migrated n=2

Lost to follow-up n= 33
-Refused n=6
-Died n=27

Did not attend n= 123
-Refused n=85
-Died n=38

Lost to follow-up n= 31
-Refused n=5
-Died n=25
-Could not be contacted n=1

2005

Participating n=371

Lost to follow-up n= 32
-Refused n=2
-Died n=30

Participating n=346

Lost to follow-up n= 28
-Refused n=2
-Died n=25
-Migrated n=1

2006

Participating n=339

Lost to follow-up n= 24
-Died n=24

Participating n=318

Lost to follow-up n= 24
-Refused n=2
-Died n=22

2007

Participating n=315

Participating n=294
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2.2. Anticholinergic lists
We used four previously published lists about anticholinergic drugs (Boustani et al. 2008, Carnahan
et al. 2006, Chew et al. 2008, Rudolph et al 2008) to determine the anticholinergic load (i.e. the sum
of scores of each anticholinergic drug in use for each person) of regularly used drugs. Rudolph's
Anticholinergic Risk Scale (ARS) includes 49 anticholinergic drugs and it is based on the 500 most
prescribed medications within the veterans (Rudolph et al. 2008). It ranks drugs from 1 to 3 based
on their anticholinergic activity. Chew's list was based on anticholinergic activities (score from 0 to
+++; score of 0/+ was classified as 0.5) of 107 drugs determined in vitro (Chew et al. 2008).
Carnahan's Anticholinergic Drug Scale (ADS) is the broadest (score from 0 to 3), including 536
drugs (117 of them having anticholinergic activity) (Carnahan et al. 2006). Doses of drugs are taken
into account in the ADS, and our results were weighed based on the doses. These lists have some
similarities, but there are also differences. E.g. only 25 drugs are included on all three lists, and 5 of
these drugs have been classified consistently across these lists (Lampela et al. 2013a). In addition,
we used Anticholinergic Cognitive Burden scale (ACB) which includes 88 drugs (score from 1 to
3). Majority of drugs listed in ACB are also included in ADS or ARS, but there are also differences
between the scales (Boustani et al. 2008). We calculated the anticholinergic score for each person
every year of the study based on annual interviews.

2.3. Statistics
We used generalized linear mixed models (GLMMs) to estimate the impact of intervention on the
change in anticholinergic sum score over time. Based on graphical exploration of the data and
Kolmogorov-Smirnov tests of normality, we assumed Poisson distribution with log link function
and a model with random intercept for ACB, ADS and ARS. As the sum of Chew's score could be
non-integer, we assumed normal distribution with an identity link and a model with a random
intercept for Chew's list. Thus, the model reduced to a linear mixed model. In addition to the
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intervention status and time of measurement, all models were adjusted for age, gender, and a
modified Functional Comorbidity Index (Tikkanen et al. 2012). For all the outcomes, we explored
the effect of interaction between intervention and measurement time. However, the interaction
effect was non-significant in all models and, thus, we decided to omit the term from the final
models.

During the follow-up, 89 persons (22.0%) of the intervention group and 83 persons (22.0%) of the
control group were lost to follow-up. By using GLMMs, analyzes were conducted using all the
available data and missing at random mechanism was assumed for missing data. Statistical analyses
were performed using SPSS 19.0 (SPSS Inc., USA).

2.4. Ethical approval
Written informed consent was obtained from all the participants or their carers or relatives. The
study protocol was approved by the Research Ethics Committee of the Hospital District of Northern
Savo as required by Finnish legislation (approval number 160/2002).

3. RESULTS
At the baseline, the proportion of persons using at least one anticholinergic drug was 60.1/62.9 %
(for intervention and control groups, respectively) (ACB), 57.4/57.6 % (ADS), 15.8/17.5 % (ARS)
and 44.1/38.5 % (Chew). The mean anticholinergic score of the whole population at baseline was
higher when using ACB or ADS than by using Chew's list or ARS (Table 1).

According to GLMMs, intervention did not affect Chew’s score or log of ACB, ADS or ARS after
adjusting for age, gender, modified FCI and time of measurement (Table 2). However, increasing
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age and modified FCI were associated with higher log ACB and log ADS scores. Mean Chew score
was higher for women than for men and the score increased with increasing age and FCI. Lastly,
gender and FCI were associated with log ARS score (Table 2).

13

14
TABLE 2. Estimated covariate effects on anticholinergic scores from generalized mixed models.
ADS score†

Chew score‡

ARS score†

ACB score†

Coefficient (SE)

p-value

Coefficient (SE)

p-value

Coefficient (SE)

p-value

Coefficient (SE)

p-value

-3.427 (0.606)

<0.001

-0.689 (0.512)

0.173

-2.948 (1.307)

0.024

-2.226 (0.638)

<0.001

2004

-0.050 (0.047)

0.285

-0.118 (0.032)

<0.001

-0.091 (0.099)

0.358

-0.219 (0.047)

<0.001

2005

-0.012 (0.046)

0.800

-0.073 (0.030)

0.015

-0.134 (0.089)

0.133

-0.110 (0.046)

0.017

2006

-0.001 (0.035)

0.970

-0.042 (0.024)

0.080

-0.077 (0.065)

0.236

-0.080 (0.047)

0.085

2007

0

0

0

0

Control

0

0

0

0

Intervention

0.059 (0.078)

0.455

0.043 (0.058)

0.458

-0.080 (0.160)

0.616

-0.029 (0.075)

0.704

Male

-0.103 (0.088)

0.239

-0.200 (0.057)

<0.001

-0.522 (0.186)

0.005

-0.086 (0.084)

0.305

Female

0

Intercept

Time of
measurement

Group

Gender

0

0

14
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Age

0.030 (0.007)

<0.001

0.012 (0.006)

0.045

0.010 (0.016)

0.541

0.021 (0.008)

0.008

FCI score

0.334 (0.023)

<0.001

0.158 (0.020)

<0.001

0.181 (0.047)

<0.001

0.279 (0.022)

<0.001

Abbreviations: ACB, Anticholinergic Cognitive Burden Scale; ADS, Anticholinergic Drug Scale; ARS, Anticholinergic Risk Scale; FCI,
Functional comorbidity index; SE, Standard Error.

† Generalized linear mixed model with Poisson distribution, log link function and a random intercept
‡ Generalized linear mixed model with normal distribution, identity link function and a random intercept
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In general, the use of stronger anticholinergics (scored with at least 2 in any of the lists) was not
common among the study persons. The use of amitriptyline decreased between 2004-07 in the
intervention group, but increased in the control group (from 1.5% to 0.3% and from 2.7% to 4.1%,
respectively). Change in the use of oxybutynin was from 2% to 1.6% in the intervention group and
1.9% to 0.3% in the control group, while use of tolterodine decreased in the intervention group but
not in the control group (1.2% to 0.3% and 0.5% to 0.7%, respectively). On the other hand, use of
hydroxyzine increased from 0% to 0.6% in the intervention group while its use decreased in the
control group (1.1% to 0.3%). Use of carbamazepine decreased in the intervention group (0.5% to
0%) but increased from 0.3% to 1.0% in the control group. The use of weaker class 1
anticholinergic, mirtazapine, increased in the intervention group from 5.4% to 10.2%, but only from
4.2% to 6.4% in the control group.

At baseline, the percentage of men using a specific drug classified as stronger anticholinergic was
less than 1 % in both groups. In women, most frequently used drug classified as stronger
anticholinergic in the intervention group was oxybutynin (2.4 %). In addition, thioridazine (1.7 %),
combination of amitriptyline and chlordiazepoxide (1.4 %), tolterodine (1.4 %) and ranitidine (1.7
%) were used by more than 1 % of women in the intervention group. In the control group,
amitriptyline and oxybutynin (both 2.3 %) as well as cetirizine and hydroxyzine (both 1.5 %) had
prevalence higher than 1 %.

The share of stronger anticholinergics in use decreased from 2004 to 2007 when ADS, ARS or
Chew's list was used but remained unchanged or increased when anticholinergic use was measured
using ACB (Table 3). This resulted from quetiapine use, as its prevalence increased in both groups
(from 1.7% to 5.7% and from 0.5% to 6.1% in intervention and control groups, respectively).
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Quetiapine is classified as class 3 anticholinergic in ACB but as class 1 in ARS or Chew’s list. ADS
classified quetiapine as level 0.

TABLE 3. Distribution of anticholinergic drugs in use as measured with different ranked lists.
Intervention group
2004
2007

n

%

n

%

Control group
2004

2007

n

n

%

%

ACB
1
2
3

Total

1556
6
135
1697

91,7
0,4
8,0

359
0
31
390

92,1
0,0
7,9

1489
12
151
1652

90,1
0,7
9,1

341
4
40
385

88,6
1,0
10,4

1517
18
69
1604

94,6
1,1
4,3

342
2
10
354

96,6
0,6
2,8

1388
22
66
1476

94,0
1,5
4,5

323
4
12
339

95,3
1,2
3,5

268
35
45
348

77,0
10,1
12,9

76
4
8
88

86,4
4,5
9,1

205
48
54
307

66,8
15,6
17,6

54
11
9
74

73,0
14,9
12,2

686
303
32
45
1066

64,4
28,4
3,0
4,2

163
77
7
4
251

64,9
30,7
2,8
1,6

569
243
34
61
907

62,7
26,8
3,7
6,7

138
67
6
14
225

61,3
29,8
2,7
6,2

ADS
1
2
>3

Total
ARS
1
2
3

Total
Chew
0,5
1
2
3

Total

ACB, Anticholinergic Cognitive Burden Scale; ADS, Anticholinergic Drug Scale; ARS,
Anticholinergic Risk Scale

There was no difference between groups in MMSE score at baseline (mean 24.5 (standard deviation
(SD) 7.1) and 24.8 (SD 6.4) for intervention and control groups, respectively) or at 2007 (mean 23.7
(SD 7.9), and 23.7 (SD 7.9) for intervention and control groups, respectively).
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4. DISCUSSION
The main finding of this study was that CGA does not decrease the anticholinergic exposure. On the
other hand, improvements towards more appropriate medication use were observed especially in the
intervention group, as the use of some stronger anticholinergics, e.g. amitriptyline, decreased.
However, these results were not statistically significant as use of stronger anticholinergics was
infrequent at the baseline. As anticholinergic drug use is known to be associated with various
adverse drug effects, unnecessary use of anticholinergics should be avoided. According to previous
studies, anticholinergic drugs may increase the risk of delirium and mortality (Han et al., 2001,
Panula et al. 2009, Fox et al. 2011), although there are also studies which found no effect (Kumpula
et al. 2011).

Compared to previous studies, the proportion of persons using at least one drug with anticholinergic
properties (using ADS) was similar in our study than previously reported (Narayan et al. 2013). In
addition, ADS and ARS scores reported by Mangoni et al. (2013) were at the same scale than ours.

CGA has previously been shown to improve drug therapy, mainly due to new diagnoses and
reduction of under-treatment (Tulner et al. 2010). In addition, a consultant-led medication review
has shown to reduce anticholinergic drug exposure as measured with ARS in acute geriatric
assessment ward (Tay et al. 2014). In our study, the CGA did not lead to decrease in anticholinergic
burden although there was a trend of decreased use of stronger anticholinergics, with an increase of
milder anticholinergics such as mirtazapine. This difference is likely to be caused by the difference
of the settings of these two studies; Tay et al. (2014) analysed the change in anticholinergic score
before and shortly after the intervention, while we focused on the long-term changes in communitydwelling population. In the GeMS Study, the study physician had had training in adverse drug
reactions, but anticholinergic drugs were only one of the drug groups to focus on. No ranked
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anticholinergic lists were used during the CGA. The aim of the present study was to analyse, if the
anticholinergic burden would be decreased during the CGA that is more comprehensive than just a
drug assessment. However, the use of strong anticholinergics was rather low in our study
population, and this may be one explanation for the result. We have previously reported, that the
CGA has improved drug therapy and health experience in a one-year follow-up (Lampela et al.
2010), mobility (Lihavainen et al. 2012) and it has decreased the prevalence of orthostatic
hypotension (Lampela et al. 2013b). Despite the fact that the CGA did not decrease anticholinergic
burden in our population, the CGA still resulted in an improvement in the well-being of the patients
(Lampela et al. 2010, Lampela et al. 2012, Lampela et al. 2013b). This is most likely due to the
multi-disciplinary nature of the CGA that focuses on several aspects on the patients' condition.
MMSE results did not differ between intervention and control groups either at baseline or at the end
of the study. On the other hand, MMSE is a crude screening tool to measure global cognitive
function, and thus its usefulness to detect mild impairment (such as potential anticholinergic effect)
is limited (Lampela et al. 2015).

Among all of the drugs that are in clinical use, several drugs possess pronounced anticholinergic
effects (e.g. oxybutynin, benztropine, tiotropium). However, apart from these "strong"
anticholinergics, anticholinergic properties of many other drugs are not known. Therefore, several
different lists exist, which rank drugs based on their anticholinergic properties. There is
heterogeneity in the methods by which the lists have been built. They may be based on in vitro
results (Chew et al. 2008), expert opinion (Carnahan et al. 2006), literature review (Han et al. 2008)
or their combinations (Ancelin et al. 2006, Boustani et al. 2008, Minzenberg et al. 2004, Rudolph et
al. 2008). In addition, the lists have been developed in different countries and populations with
different prescribing practices and different drugs on the market. Therefore, it is no surprise that
some drugs are listed in some lists but not in others. However, the fact that the same drug may be
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classified differently by its level of anticholinergicity (e.g. perphenazine; class 0 by in vitro analyses
(Chew et al. 2008), class 3 by combination of literature review and expert opinion (Rudolph et al.
2008) or quetiapine; class 0 by ADS, class 1 by ARS and Chew and class 3 by ACB), is more
confusing. Obviously, this is a result from different methods when building the lists, but it limits the
usefulness of the lists when calculating the anticholinergic load. In addition, similar effects can arise
also via non-cholinergic routes (e.g. benzodiazepines may cause confusion and attention deficits). It
raises the question if the adverse effects considered as anticholinergic actually are the result of
antimuscarinic effect.

We performed the analyses using four lists to see, how the selection of the list affects the results.
Three (ADS, ARS, Chew’s) of the lists in use were based on our previous study (Lampela et al.
2013a), in which we found an association between the ranked lists and clinically significant
anticholinergic adverse effects. In that study we found some differences in the results based on
these lists and reported, that ADS and Chew’s list were better associated with anticholinergic
adverse effects than ARS. Lately, many studies have compared different anticholinergic lists to
each other (e.g.Mangoni et al. 2013, Narayan et al. 2013, Pont et al. 2015). In general, the
agreement between the lists is poor. In our study, anticholinergic exposure was highest when using
ACB and ADS, which is in agreement with previous results (Pont et al 2015). In contrast to other
lists, the share of class 3 anticholinergics remained the same or increased when ACB was used. This
was mainly due to different classification of quetiapine between the lists. Use of quetiapine
increased in both intervention and control groups. However, whether quetiapine is anticholinergic
or not does not remove the fact that severe adverse events are associated with antipsychotic use
(including quetiapine) and its use should be limited to patients with psychosis or behavioural
symptoms in patients with dementia. All of the four lists gave similar results in statistical analysis,
although there were some differences between the lists when anticholinergic burden was measured
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against age, gender or FCI. However, these changes did not affect the overall result. It is difficult to
definitely rank any list as superior to others, as different lists may result in statistically significant
results depending on the study design. This should be considered when designing a study about
anticholinergic load.

Is it necessary to have several different lists about anticholinergics globally? Instead of several lists
in use and various results published based on those, would it be possible to create one list, that
would be universally standardized? As aging is a heterogenous and individual process (Cho et al.
2011), there is plenty of variation between older individuals. It is likely, that inter-individual
heterogeneity overpowers the possible effect of nationality in older persons' responses to
anticholinergic drugs. Therefore, it is unlikely that a national anticholinergic list would be a more
valid tool, than a comprehensive and internationally representative scoring system for
anticholinergic drugs. In principle, the list should be based on basic pharmacology (ie. the drug
should antagonize the action of a muscarinic receptor in order to be classified as anticholinergic
drug). However, there are several challenges. Characteristics of a drug (e.g. lipid solubility, possible
effects to other receptors than muscarinic as well), dose and administration route of a drug should
be taken into account, as well as clinical conditions and other medications in use. E.g. penetration
through blood-brain-barrier is required for central adverse effects to occur, and the permeability of
blood-brain-barrier is affected by several medical conditions and aging. In addition, the use of
several anticholinergic drugs may have synergistic impact on an individual's risk of anticholinergic
adverse effects. These matters should be taken into account when considering validation of the list.
Validation of the universal list should be conducted in representative and large sample of older
persons and with valid measures of physical and cognitive functioning. In clinical practice, the
scoring system for anticholinergic effects, describing the anticholinergic load of a patient may be
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useful, although the scores should always be adapted according to the clinical condition of the
patient.

The strength of our study is a relatively large number of randomly selected community-dwelling
participants, as well as detailed data of clinical parameters and medication use with annual followups. Medication use was thoroughly examined in the interviews and verified from the medical
records and prescriptions. Our study has also limitations. Participants were residents of only one
Finnish municipality but it is likely that they represent well older persons aged 75 years and older in
Finland. Although medication use was assessed annually there may have been changes in drugs
used or their doses between these interviews. In addition, although special attention was paid to
determine actual drug use it is possible, that study participants may have under- or over-reported
their medication use.

In conclusion, CGA did not affect the anticholinergic burden. The result was similar with four
different anticholinergic lists. However, as several lists have been created, the selection of the list to
use may affect the results. Therefore, one definitive and valid ranked list of anticholinergic drugs
that could be generally used in all populations, would be useful.
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