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Abstract
Background Knowledge of the adverse effects of drugs with anticholinergic properties (DAPs) has increased in recent dec-
ades. However, research on the temporal trends of the clinical use of DAPs is still sparse.
Objectives The aim of this study was to investigate the temporal trends of DAP use over two decades in the older community-
dwelling population and to explore the medication classes contributing to the use of DAPs.
Methods The study involved random samples of ≥ 75-year-old community-dwelling Helsinki citizens in 1999, 2009, and 
2019 from the Helsinki Ageing Study. A postal questionnaire inquired about their health, functioning, and medications. The 
medications were categorized as DAPs according to Duran’s list. In addition, we grouped DAPs into various medication 
groups.
Results The prevalence and burden of DAPs on Duran's list showed a decreasing trend over the years. In 1999 the preva-
lence was 20% and the burden 0.35, in 2009 they were 22% and 0.35, respectively, and in 2019 they were 16% and 0.23, 
respectively. There were no differences in how the 75- and 80-year-olds used DAPs compared with those aged 85 years and 
older. The proportion of typical antipsychotics, benzodiazepines, hypnotics, urinary antispasmodics, and asthma/chronic 
obstructive pulmonary disease medications decreased, whereas the proportion of atypical antipsychotics, antidepressants, 
strong opioids, and antihistamines increased. In particular the use of mirtazapine increased—to 3.9% in 2019. In 2019 the 
three most prevalent groups of DAPs were antidepressants (7.4%), opioids (2.7%), and antihistamines (2.4%).
Conclusions The decrease in the use of DAPs on Duran's list is a welcome change. Although the use of old, strong DAPs 
has decreased, new DAPs have simultaneously emerged. Physicians need continuous education in prescribing DAPs and 
more recent information on the use and effects of DAPs is needed in order to decrease their exposure among the rapidly 
growing older population.
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Key Points 

The prevalence and burden of drugs with anticholinergic 
properties (DAPs) according to Duran's list decreased 
among community-dwelling older people from 1999 to 
2019.

The typical antipsychotics seem to be replaced by atypi-
cal antipsychotics.

Benzodiazepines and hypnotics seem to be replaced by 
mirtazapine.

1 Introduction

International criteria have warned about the use of drugs 
with anticholinergic properties (DAPs) especially among 
older people [1]. Adverse effects of these drugs include 
dry mouth, dry eyes, constipation, urinary retention, poor 
physical function, cognitive decline, dizziness and falls 
[2–5]. Older people in particular are vulnerable to these 
side effects. Despite these well-known adverse effects and 
the availability of newer and safer alternative drugs, DAPs 
are still commonly used. In studies, their prevalence has 
varied greatly depending on the study population, criteria 
used, and context [6–9].

Evidence of the adverse effects of DAPs has increased 
over the decades along with expanding research into 
potentially inappropriate medications (PIMs) [1]. There-
fore, the use of DAPs should have decreased in clinical 
practice over the years among community-dwelling older 
people if the prescribing physicians followed up the lat-
est evidence [1]. In a register-based French study using 
the extended Duran’s list [10] the prevalence of DAPs 
decreased from 45.6% in 2006 to 33.2% in 2015 [11]. A 
similar trend applied for an American study that included 
35 potentially high-risk DAPs and prescription data for 
physician visits [12]. In that study the prevalence rate 
decreased from 6.1% in 2006–2007 to 4.7% in 2014–2015. 
However, the prevalence of DAPs increased from 20.7% 
in 1995 to 23.7% in 2010 in a Scottish study [9] using the 
modified Anticholinergic Risk Scale (ARS) [2]. The study 
data covered all prescriptions dispensed by community 
pharmacists [9]. Furthermore, the use of DAPs accord-
ing to the Anticholinergic Cognitive Burden scale [13] 
similarly increased from 49.6% in 1990–1993 to 64.3% 
in 2008–2011 in an English study [14]. The study data 
were retrieved from prescription data of physician visits 
[14]. All studies involved 65-year-old and older mainly 

community-dwelling people. A recent Finnish study on 
long-term care facilities suggested that according to the 
ARS [2] the users of DAPs increased in assisted living 
facilities over a 10-year period (41% in 2007 and 54% in 
2017), whereas in nursing homes the use remained stable 
(52% in 2003 and 2017) [15]. Thus, the prevalence rates 
vary greatly depending on the study population, the crite-
ria used, and how the medication data are collected.

Thus, there are still relatively few studies exploring 
temporal trends in the use of DAPs among community-
dwelling older people. Furthermore, many of these studies 
examine two time points and do not cover recent years. 
The aim of this study was to investigate the temporal 
trends over two decades in the use of anticholinergic 
medication, the prevalence of their use as well as their 
burden, among older community-dwelling people in Hel-
sinki, Finland, by comparing the cohorts of 1999, 2009, 
and 2019. Another objective was to find out which medi-
cation classes contribute to the use of DAPs and how this 
has developed over the years.

2  Methods

This study is part of the Helsinki Ageing Study, which is a 
longitudinal cohort study investigating the health and well-
being of the community-dwelling older population in Hel-
sinki [16]. Since 1989 the postal questionnaires have been 
repeated every 10 years to different random samples of 
older people aged 75, 80, 85, 90, and 95 years living in Hel-
sinki. The current study examines questionnaire data from 
the 1999, 2009, and 2019 samples, which we call cohorts. 
Random samples were retrieved from the Finnish Popula-
tion Information System and the questionnaire was resent 
to those who did not answer the first time. The approximate 
response rates were based on estimates of how many sur-
vey recipients were living in permanent institutional care, 
were deceased, or had moved away between the retrieval 
of the random sample data and the mailing of the question-
naires. We included only community-living older adults and 
excluded all those living in permanent institutional care.

The Helsinki Ageing Study received ethical permission 
from Helsinki University Hospital. The study was conducted 
according to the guidelines of the Declaration of Helsinki.

The postal questionnaire included the same questions 
at each time point. The items included demographic infor-
mation, health and diseases, medications, and ability to 
function. Demographic variables such as age and sex were 
retrieved from the population register. Respondents were 
asked about their marital status (married or cohabiting/
single/divorced or separated/widowed) and in the statistical 
analysis were categorized as widowed and others. Education 
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was inquired about and was divided into two categories: less 
than 8 years or 8 years or more.

Respondents were also asked about their diseases. They 
were asked about 19 common chronic diseases or conditions 
(e.g., having diabetes, arthrosis, Alzheimer’s disease) and 
in the 20th question they could add all the other diseases 
that were not specifically asked. This was used to construct 
participants’ Charlson comorbidity index, which takes 
into account the number and seriousness of diseases [17]. 
Respondents were also asked about how they felt about their 
health condition, and in the analysis self-reported health 
was categorized as good (response options healthy or quite 
healthy) or poor (quite unhealthy, unhealthy). In addition, 
participants were asked whether they needed daily help from 
another person (yes/no). The responders answered the ques-
tionnaire themselves or with the help of their proxy, which 
was also inquired about in the questionnaire.

The respondents gave a list of their regular prescribed 
drugs. We carried out some random verifications on the 
lists with medical records and found that the lists given 
by the patients matched. We grouped the medications 
as DAPs according to Duran’s list [10]. Duran’s list was 
developed by creating a uniform list of clinically relevant 
anticholinergic drugs according to a systematic review of 
previous anticholinergic risk scales. As a result, it con-
tains 100 DAPs that are ranked by their anticholinergic 
potency as either low (score 1) or high (score 2). The final 
score is the sum of these potencies, which also defines the 
variable anticholinergic burden [10]. The DAP medica-
tions were coded according to the Anatomical Therapeu-
tic Chemical (ATC) classification system [18].

In the analysis, we studied the prevalence of all DAPs 
as well as the mean anticholinergic burden in various 
cohorts. The cohorts were also explored according to age 
groups. The groups were 75- and 80-year-olds and 85 
years and older. The prevalence and the burden were stud-
ied separately in these age groups in various cohorts. The 
proportions of various drug classes of DAPs among all 
participants according to the ATC codes were calculated 
and compared between the cohorts. In addition, we cal-
culated the proportions of various drug classes of DAPs 
among users of DAPs in each year cohort.

2.1  Statistical Methods

The descriptive statistics were presented as means with 
standard deviations or as counts with percentages. The 
linearity across the three cohorts was evaluated using the 
Cochran–Armitage test (chi-square test for trend), logis-
tic models, and analysis of variance with an appropriate 
contrast (orthogonal).

The relationships between age and cohorts with regard 
to users of Duran’s list and burden were evaluated using 

generalized linear models (e.g., analysis of covariance 
and logistic models) with an appropriate distribution and 
link function. In these analyses we have further divided 
the age groups into 75- and 80-year-olds as well as 85 
years and older. Models were adjusted for sex and Charl-
son comorbidity index. In the case of violation of the 
assumptions (e.g., non-normality) for continuous vari-
ables, a bootstrap-type method or Monte Carlo p-values 
(small number of observations) for categorical variables 
were used. Normal distributions were evaluated graphi-
cally and with the Shapiro-Wilk W test. In all analyses 
p values < 0.05 were considered significant. Stata 17.0 
(StataCorp LP, College Station, TX, USA) was used for 
the analysis.

3  Results

For the analysis there were 2,598 participants in 1999, 
1,637 in 2009, and 1,810 in 2019, and the approximate 
response rates were 80%, 73%, and 74%, respectively. 
The proportion of the oldest-olds increased over time. 
The proportion of women, those widowed, and those with 
low education decreased over time. The Charlson comor-
bidity index decreased and the proportion of those with 
good self-rated health increased. However, the number of 
regularly used medications increased (mean 3.2 in 1999, 
4.8 in 2009, and 4.9 in 2019) as did the proportion of 
those using five medications or more (29% in 1999, 47% 
in 2009, and 49% in 2019). The mean number of psycho-
tropics increased in the later cohorts over time. The preva-
lence of those using anticholinergic medication according 
to Duran’s list decreased over the years as did the anticho-
linergic burden. In 1999 the prevalence was 20% and the 
burden 0.35, in 2009 they were 22% and 0.35 (respec-
tively), and in 2019 they were 16% and 0.23 (respectively). 
The results of the participants' basic demographics and 
medications are shown in Table 1.

When the cohorts were further divided according 
to their age into 75- and 80-year-olds and 85 years and 
older, there was a significant decrease over the years in 
the prevalence of those using anticholinergic medication 
in the whole cohorts for 1999, 2009, and 2019 (p = 0.005) 
but no difference between the age groups (p = 0.24), and 
there was no interaction (p = 0.66) (adjusted for sex and 
Charlson comorbidity index) (Fig.  1, left-hand side). 
The same applies to anticholinergic burden according to 
Duran’s list. In both age groups, there was a significant 
decrease between the whole cohorts in the burden of DAPs 
(p < 0.001) but no difference between the age groups (p 
= 0.82), and there was no interaction (p = 0.73) (adjusted 
for sex and Charlson comorbidity index) (Fig. 1, right-
hand side).
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There were changes in the use of various anticholinergic 
medication classes between the cohorts. The proportion of 
those prescribed any antipsychotic remained quite stable, 
while the proportion of typical antipsychotics decreased 
significantly (p  <  0.001) and atypical antipsychotics 
increased (p < 0.001). At the same time, the proportion 
of benzodiazepines, hypnotics, antiepileptics, urinary 
antispasmodics, asthma/COPD (chronic obstructive pul-
monary disease) medications, ranitidine, and antiemet-
ics decreased. There was practically no use of lithium, 
antiparkinsonian drugs, hydroxyzine, muscle relaxants, 
belladonna, gastrointestinal antispasmodics, loperamide, 
and disopyramide at any time point. The proportion of 
antidepressants increased, in particular mirtazapine (p < 
0.001). The same applies to the use of antihistamines. The 
overall use of opioids did not change over time but the use 
of strong opioids increased modestly (p = 0.014). In 2019 
the most used DAP classes were antidepressants (7%), opi-
oids (3%), and antihistamines (2%). The results of the use 
of anticholinergic medications on Duran's list among all 
participants are shown in Table 2.

The proportions of various drug classes among the users 
of DAPs on Duran's list were also calculated. The results are 
shown in Table 3.

Table 1  Characteristics of the participants in the cohorts by year

DAP drug with anticholinergic properties, SD standard deviation
a Charlson et al. [17]

1999 2009 2019 p for linearity

Participants 2594 1583 1653
Demographics, n (%)
 Women 1847 (71) 1089 (69) 1065 (64) < 0.001
 Age, years < 0.001
  75 734 (28) 386 (24) 411 (25)
  80 714 (28) 378 (24) 401 (24)
  85 643 (25) 349 (22) 366 (22)
  90 and 95 503 (19) 470 (30) 475 (29)

 Widowed 1175 (47) 658 (42) 580 (35) < 0.001
 Education < 8 years 1335 (54) 578 (37) 394 (24) < 0.001

Health and functioning
 Charlson,a mean (SD) 2.1 (1.9) 2.0 (1.8) 1.7 (1.6) < 0.001
 Self-rated health good, n (%) 1896 (77) 1150 (74) 1329 (82) < 0.001
 Needs daily help, n (%) 434 (17) 340 (22) 285 (17) 0.51

Medications
 Regularly used drugs, mean (SD) 3.2 (2.8) 4.8 (3.6) 4.9 (3.6) < 0.001
 Use of ≥5 medications, n (%) 764 (29) 747 (47) 802 (49) < 0.001
 Psychotropics, mean (SD) 0.3 (0.7) 0.5 (0.8) 0.4 (0.8) < 0.001
 Users of DAPs according to Duran’s list, n (%) 519 (20) 349 (22) 266 (16) < 0.001
 Burden of DAPs according to Duran’s list among the 

cohort, mean (SD)
0.35 (0.82) 0.35 (0.78) 0.23 (0.60) < 0.001

Fig. 1  The left panel of the figure shows the users of anticholinergic 
medications according to Duran's list and divided according to year 
cohorts and age groups. The right panel shows the mean anticholin-
ergic burden of anticholinergic medications according to Duran's list 
divided according to year cohorts and age groups. Whiskers show 
95% confidence intervals. All analyses are adjusted for sex and Charl-
son comorbidity index [17]



709Temporal Trends in Anticholinergic Drug Use

4  Discussion

Comparing the community-dwelling cohorts of older people 
aged 75+ years from 1999, 2009, and 2019, the proportion 
of people using DAPs according to Duran’s list decreased 
significantly. The same applies to the mean burden of DAPs. 
There was a similar decline in both the 75- and 80-year-olds 
as well as in those aged 85 years and older, and there was 
no difference in the prevalence or burden of DAPs between 
the age groups. The profile of various drug classes of DAPs 
changed remarkably. The typical antipsychotics were sub-
stituted by the atypical antipsychotics. The proportion of 
antidepressants increased, which was explained by the 

increased use of mirtazapine. Benzodiazepines and hypnot-
ics became less frequently used. In most drug classes of 
DAPs on Duran's list, the use was very low or nonexistent 
throughout the time period.

Comparing the use and burden of DAPs between various 
studies is challenging. This is due to differing criteria for 
defining DAPs, the study population (community-dwelling 
vs. institutionalized), and the method used for collecting the 
medication data. In an Australian study comparing four dif-
ferent criteria, the prevalence of DAPs varied from 13 to 
39% in 2015 in community-dwelling older men [8]. There 
are a few studies using Duran’s list that investigated com-
munity-dwelling older people in 2010–2017 [11, 19, 20]. 

Table 2  Use of drugs with anticholinergic properties on Duran's list by medication class in each cohort year among all study participants each 
year

n = number of users of the medication or medication class each year, % = percentage of users of the medication or medication class of all par-
ticipants each year
ATC  Anatomical Therapeutic Chemical, COPD chronic obstructive pulmonary disease, SSRI selective serotonin reuptake inhibitors
a World Health Organization ATC code (https:// www. whocc. no/ atc_ ddd_ index/) [18]

1999 2009 2019 p for linearity

Participants 2594 1,583 1,653
Medication class (ATC code),a n (%)
 Antipsychotics 40 (1.5) 34 (2.1) 30 (1.8) 0.42
  Typical antipsychotics (N05AA01, N05AA02, N05AC02, N05AD01, N05AF04) 37 (1.4) 5 (0.3) 1 (0.1)
  Atypical antipsychotics (N05AH02, N05AH03, N05AH04, N05AX08) 3 (0.1) 30 (1.9) 29 (1.8)

 Antidepressants 158 (6.1) 153 (9.7) 123 (7.4) 0.037
  Tricyclics (N06AA04, N06AA06, N06AA09, N06AA10, N06AA12) 60 (2.3) 37 (2.3) 30 (1.8)
  SSRIs (N06AB03, N06AB04, N06AB05) 88 (3.4) 86 (5.4) 39 (2.4)

Mirtazapine (N06AX11) 17 (0.7) 42 (2.7) 65 (3.9)
 Benzodiazepines (N05BA01, N05BA02) 68 (2.6) 33 (2.1) 12 (0.7) < 0.001
 Hypnotics (N05CD05, N05CD07) 126 (4.9) 63 (4.0) 30 (1.8) < 0.001
 Lithium (N05AN01) 2 (0.1) 2 (0.1) 0 (0.0) 0.42
 Antiepileptics (N03AE01, N03AF01, N03AF02) 27 (1.0) 9 (0.6) 8 (0.5) 0.032
 Opioids 66 (2.5) 64 (4.0) 45 (2.7) 0.51
  Weak opioids (N02AC04, N02AX02, R05DA04) 62 (2.4) 55 (3.5) 33 (2.0)
  Strong opioids (N02AA01, N02AA05, N02AB03, N07BC02) 5 (0.2) 9 (0.6) 12 (0.7)

 Antiparkinsonian drugs (N04BX02, N04BA03) 0 (0.0) 3 (0.2) 0 (0.0) 0.74
 Urinary antispasmodics (G04BD04, G04BD07) 38 (1.5) 27 (1.7) 6 (0.4) 0.003
 Muscle relaxants (M03BC01, M03BX01, M03BX02) 13 (0.5) 5 (0.3) 5 (0.3) 0.29
 Antihistamines (R06AE05, R06AE07, R06AX13, R06AX26) 24 (0.9) 19 (1.2) 40 (2.4) < 0.001
 Hydroxyzine (N05BB01) 6 (0.2) 2 (0.1) 1 (0.1) 0.16
 Belladonna (A03B) 1 (0.0) 0 (0.0) 0 (0.0) 0.32
 Asthma/COPDb medications (R01BA02, R03BB01, R03DA04) 95 (3.7) 24 (1.5) 10 (0.6) < 0.001
 Gastrointestinal drugs
  Gastrointestinal antispasmodics (A03BA03) 1 (0.0) 0 (0.0) 0 (0.0) 0.32
  Ranitidine (A02BA02) 23 (0.9) 5 (0.3) 2 (0.1) < 0.001
  Antiemetics (N05AB04) 16 (0.6) 3 (0.2) 1 (0.1) 0.002
  Loperamide (A07DA03) 0 (0.0) 5 (0.3) 4 (0.2) 0.030

 Cardiovascular medicines
  Disopyramide (C01BA03) 9 (0.3) 2 (0.1) 0 (0.0) 0.009

https://www.whocc.no/atc_ddd_index/)
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The studies showing higher prevalence rates (from 32.1 to 
33.2%) than ours include patients discharged from hospi-
tal [20] or a combined sample of community-dwelling and 
institutionalized older people with the extended Duran’s list 
[11]. Our 2019 prevalence (16%) is more in line with a Slo-
venian study finding (12.5%) that included 65+ primary-care 
visitors who were receiving at least one regularly prescribed 
medication [19].

In our study, the prevalence of DAP users seemed to 
slightly increase from 20% in 1999 to 22% in 2009 and then 

decrease to 16% in 2019. However, the statistically signifi-
cant decrease is calculated over the whole time period. Our 
finding is in line with the French study, which suggested a 
decreasing trend from 2006 to 2015 in both the prevalence 
and the burden of mainly Duran’s DAPs [11]. Our study is 
also in line with the three other studies exploring temporal 
trends of DAPs from 1990 to 2015 [9, 12, 14]. According to 
our study and these few studies exploring temporal trends 
among community-dwelling older people, it seems that the 
peak use of DAPs may have been in about 2010, albeit the 

Table 3  Proportions of used anticholinergic medications on Duran’s drugs with anticholinergic properties (DAPs) list among the users of DAPs 
on Duran's list according to each year

The medications are divided according to their medication class and year cohort
N = number of users of Duran’s DAPs in each year; n = number of users of the medication or medication class each year; % = percentage of 
users of the medication or medication class of the users of DAPs on Duran's list in the respective year
ATC  Anatomical Therapeutic Chemical, COPD chronic obstructive pulmonary disease, SSRI selective serotonin reuptake inhibitors
a World Health Organization ATC code (https:// www. whocc. no/ atc_ ddd_ index/) [18]

1999 2009 2019 p for linearity

Users of anticholinergic medications on Duran's list 519 349 266
Medication class (ATC code),a n (%) 1999

N = 519
2009
N = 349

2019
N = 266

 Antipsychotics, n (%) 40 (8) 34 (10) 30 (11) 0.090
  Old neuroleptics, typical antipsychotics (N05AA01, N05AA02, N05AC02, 

N05AD01, N05AF04), n (%)
37 (7) 5 (1) 1 (0)

  Atypical antipsychotics (N05AH02, N05AH03, N05AH04, N05AX08), n (%) 3 (1) 30 (9) 29 (11)
 Antidepressants, n (%) 158 (30) 153 (44) 123 (46) < 0.001
  Tricyclics (N06AA04, N06AA06, N06AA09, N06AA10, N06AA12), n (%) 60 (12) 37 (11) 30 (11)
  SSRIs (N06AB03, N06AB04, N06AB05), n (%) 88 (17) 86 (25) 39 (15)

Mirtazapine (N06AX11), n (%) 17 (3) 42 (12) 65 (24)
 Benzodiazepines (N05BA01, N05BA02), n (%) 66 (13) 33 (9) 12 (5) < 0.001
 Hypnotics (N05CD05, N05CD07), n (%) 125 (24) 63 (18) 30 (11) < 0.001
 Lithium (N05AN01), n (%) 2 (0) 2 (1) 0 (0) 0.49

Antiepileptics (N03AE01, N03AF01, N03AF02), n (%) 27 (5) 9 (3) 8 (3) 0.078
 Opioids, n (%) 66 (13) 64 (18) 45 (17) 0.064
  Weak opioids (N02AC04, N02AX02, R05DA04), n (%) 62 (12) 55 (16) 33 (12)
  Strong opioids (N02AA01, N02AA05, N02AB03, N07BC02), n (%) 5 (1) 9 (3) 12 (5)

 Antiparkinsonian drugs (N04BX02, N04BA03), n (%) 0 (0) 3 (1) 0 (0)
 Urinary antispasmodics (G04BD04, G04BD07), n (%) 38 (7) 27 (8) 6 (2) 0.014
 Muscle relaxants (M03BC01, M03BX01, M03BX02), n (%) 13 (3) 5 (1) 5 (2) 0.45
 Antihistamines (R06AE05, R06AE07, R06AX13, R06AX26), n (%) 24 (5) 19 (5) 40 (15) < 0.001
 Hydroxyzine (N05BB01), n (%) 6 (1) 2 (1) 1 (0) 0.21
 Belladonna (A03B), n (%) 1 (0) 0 (0) 0 (0)
 Asthma/COPD medications (R01BA02, R03BB01, R03DA04), n (%) 95 (18) 24 (7) 10 (4) < 0.001
 Gastrointestinal drugs
  Gastrointestinal antispasmodics (A03BA03), n (%) 1 (0) 0 (0) 0 (0)
  Ranitidine (A02BA02), n (%) 23 (4) 5 (1) 2 (1) < 0.001
  Antiemetics (N05AB04), n (%) 16 (3) 3 (1) 1 (0) 0.003
  Loperamide (A07DA03), n (%) 0 (0) 5 (1) 4 (2) 0.012

 Cardiovascular medicines
  Disopyramide (C01BA03), n (%) 9 (2) 2 (1) 0 (0) 0.022

https://www.whocc.no/atc_ddd_index/)
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French study shows a slight continuous decrease over the 
years [9, 11, 12, 14]. This finding is also in line with the 
recent study exploring temporal trends in the use of DAPs 
in US nursing homes [21], whereas there are also contra-
dictory findings [15]. However, with the exception of the 
French study [11], all of these other studies exploring tem-
poral trends used different criteria for DAPs than our study 
[9, 11, 12, 14, 15, 21].

The burden of DAPs also decreased over time. This 
may be due to the changes in the proportion of DAP use in 
specific drug classes. The high-potency DAPs were either 
replaced by lower potency options (typical antipsychotics vs. 
atypical antipsychotics) or decreased significantly (urinary 
antispasmodics). In 2019 the most commonly used DAP 
classes were antidepressants (7.4% of all participants), opi-
oids (2.7%), and antihistamines (2.4%). Comparing this with 
other studies is challenging due to the various criteria used 
and due to different groupings of DAPs. Many studies also 
lack information on the specific drug classes of DAPs.

The proportion of users of typical antipsychotic DAPs 
decreased, whereas the proportion of atypical antipsychot-
ics increased. This is comforting since the atypical antip-
sychotics have fewer side effects than the typical antipsy-
chotics, although they still include cardiovascular risks 
[22]. Compared with other studies using Duran’s list, our 
finding of prevalence of antipsychotics in 2019 (1.8% of 
all participants) seems to be at about the same level [19] or 
lower [20] than in previous studies. Among antidepressant 
DAPs, the number of participants using selective serotonin 
reuptake inhibitors and tricyclics remained stable, while the 
proportion using mirtazapine increased significantly. The 
overall prevalence of the antidepressant mirtazapine in 2019 
(3.9%) was higher than the prevalence of any other medica-
tion class. In line with Aalto et al.’s study, the increased use 
of mirtazapine is most likely due to its off-label low-dose 
use as a hypnotic [15]. The proportions of anticholinergic 
benzodiazepines and hypnotics were more than halved over 
two decades. Mirtazapine may have replaced other hypnotics 
in the last cohort.

The proportion of anticholinergic opioids remained sta-
ble, even though the use of strong opioids slightly increased. 
As we examined the use of regularly used medications, the 
use of opioids (in 2019 overall use 2.7%) seem to be still 
quite modest compared with other countries like France [11] 
and the USA [23], and we cannot talk about an opioid crisis 
in Finland [24]. However, our study may underestimate the 
use of opioids since the fairly widely used buprenorphine 
plaster is not included in Duran’s list [10].

In line with previous studies, the proportion of anticho-
linergic urinary antispasmodics (oxybutynin and toltero-
dine) decreased [12, 15, 21], which is a welcome and 
expected finding, as newer and safer drugs have emerged 
[25]. Interestingly, a major increase was seen in the use of 

antihistamines on Duran's list in ≥ 75-year-old community-
dwelling people. The same temporal trend is suggested in the 
French study in which the fourth most used anticholinergic 
drug in 2015 was desloratadine [11]. Fortunately, the use of 
the old, sedating antihistamine hydroxyzine remained low. 
In other drug classes of DAPs, the use was very low or non-
existent throughout the time period.

Overall, the changing prescription patterns on Duran's 
list suggest that physicians’ prescriptions have moved 
towards more evidence-based medicine in prescribing 
anticholinergic medications. In Finland, there has been 
wide discussion about harm caused by DAPs or sedatives 
to older people. However, there are also some new harm-
ful vogue trends such as using mirtazapine as a sleeping 
pill. The therapeutic arsenal has also changed and certain 
old and obsolete medications have been replaced with 
newer and less harmful medications. These include typi-
cal antipsychotics, urinary antispasmodics, old asthma and 
COPD medications, and ranitidine. When interpreting the 
results, we must remember that this study examined only 
the use of DAPs according to Duran's list, and some of 
the decreases we identified may have been replaced with 
DAPs that are not yet identified or with medications that 
have other side effects. However, Duran's list is quite com-
prehensive, including many medications commonly used 
among the older population in Finland (such as antide-
pressants, antihistamines, antipsychotics, benzodiazepines, 
hypnotics, and opioids), so some careful conclusions must 
be made.

There are several strengths to this study. The cohorts were 
large and the response rates were high. The samples also 
included very old people (90 and 95 years old). Therefore, 
the samples represent fairly well the Finnish urban commu-
nity-dwelling population. The questionnaires included the 
same items covering two decades, allowing comparisons of 
medication use over two decades, which is a long period of 
time. The study is one of the few to explore temporal trends 
in the use of DAPs in community-dwelling older people. 
Furthermore, this is one of very few studies presenting and 
comparing various anticholinergic drug classes over time.

One of the major challenges lies in defining the anticho-
linergic medications itself. Choosing any of the anticholin-
ergic criteria is always a trade-off, and there is no common 
agreement on which of the scales best describes the anticho-
linergic medications and should be used. In the analysis we 
did preliminary research on several criteria and we chose 
Duran's list, which is created by a systematic review of pre-
vious anticholinergic scales, and the scales included in it 
are based on expert opinion, measuring medications' serum 
anticholinergic activity, and a literature review. In our Finn-
ish and community-dwelling older people context, Duran’s 
list offered a meaningful list of DAPs that is not too wide 
nor too narrow. In addition, being 8 years old, it includes 
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some newer drugs than some earlier criteria, which are also 
commonly used. It also allowed a wider comparison of the 
medications used by older adults. Nevertheless, we do not 
know whether it is the best criteria to define DAPs, and the 
use and trends may differ according to different criteria. A 
consensus on the topic is needed in order to get the most 
reliable and comparable information on the topic.

Furthermore, the study population is restricted to Hel-
sinki, Finland, and the medication prescribing reflects Finn-
ish trends. Although the response rates were high enough, 
the non-responders might be those with a high number of 
comorbidities and, thus, also a high number of medications. 
Indeed, those over 90+ years were more often helped by 
their proxies when completing the questionnaire.

One limitation is that the medications were self-reported. 
However, at two time points (1999 and 2019) we made thor-
ough assessments of participants and the medication lists 
could be verified by face-to-face assessments. Unfortunately, 
we do not have information on the actual doses of the medi-
cations that the older people were using. Finally, the study is 
cross-sectional so causalities cannot be identified.

5  Conclusion

The decrease in the prevalence and burden of DAPs on 
Duran's list is evident in the community-dwelling older peo-
ple in Finland. The use of old, strong DAPs has decreased 
but new contributors to the use of DAPs have emerged. More 
studies are needed to explore the adverse effects of the newer 
DAPs as well as the changes in the prescription culture. Phy-
sicians need continuous education in prescribing DAPs.

Declarations 

Funding This study was supported by the Päivikki and Sakari Sohlberg 
Foundation and Helsinki University Hospital VTR (Valtion tutkimus-
rahoitus) funding.

Conflict of interest The authors have no conflicts of interest to declare.

Ethics approval The Helsinki Ageing Study received ethical permis-
sion from Helsinki University Hospital. The study was conducted 
according to guidelines of the Declaration of Helsinki.

Consent to participate The participants provided written consent in 
the questionnaire.

Consent for publication Not applicable.

Availability of data and material The data are available on request from 
the corresponding author.

Code availability Not available.

Authors' contributions Design/conduct of the study (M-OR, HR, HRÖ, 
RST, TES, KHP, ULA); acquisition of subjects and/or data (M-OR, 

HJK, RST, TES, KHP, ULA); analysis and interpretation of data 
(M-OR, HJK, KHP, ULA); preparation of manuscript (M-OR, HR, 
HRÖ, HJK, RST, TES, KHP, ULA). All authors read and approved the 
final submitted manuscript, and agree to be accountable for the work.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by- nc/4. 0/.

References

 1. American Geriatrics Society. updated AGS Beers criteria® for 
potentially inappropriate medication use in older adults. J Am 
Geriatr Soc. 2019;2019(67):674–94.

 2. Rudolph JL, Salow MJ, Angelini MC, McGlinchey RE. The 
anticholinergic risk scale and anticholinergic adverse effects in 
older persons. Arch Intern Med. 2008;168:508–13.

 3. Fox C, Richardson K, Maidment ID, et al. Anticholinergic medi-
cation use and cognitive impairment in the older population: the 
medical research council cognitive function and ageing study. J 
Am Geriatr Soc. 2011;59:1477–83.

 4. Cardwell K, Hughes CM, Ryan C. The association between 
anticholinergic medication burden and health related outcomes 
in the “oldest old”: a systematic review of the literature. Drugs 
Aging. 2015;32:835–48.

 5. Fox C, Smith T, Maidment I, et al. Effect of medications with 
anti-cholinergic properties on cognitive function, delirium, physi-
cal function and mortality: a systematic review. Age Ageing. 
2014;43:604–15.

 6. Salahudeen MS, Hilmer SN, Nishtala PS. Comparison of anticho-
linergic risk scales and associations with adverse health outcomes 
in older people. J Am Geriatr Soc. 2015;63(1):85–90.

 7. Haasum Y, Fastbom J, Johnell K. Institutionalization as a risk fac-
tor for inappropriate drug use in the elderly: a Swedish nationwide 
register-based study. Ann Pharmacother. 2012;46(3):339–46.

 8. Pont LG, Nielen JTH, McLachlan AJ, et al. Measuring anticholin-
ergic drug exposure in older community-dwelling Australian men: 
a comparison of four different measures. Br J Clin Pharmacol. 
2015;80(5):1169–75.

 9. Sumukadas D, McMurdo MET, Mangoni AA, Guthrie B. Tem-
poral trends in anticholinergic medication prescription in older 
people: repeated cross-sectional analysis of population prescribing 
data. Age Ageing. 2014;43(4):515–21.

 10. Durán CE, Azermai M, Vander Stichele RH. Systematic review of 
anticholinergic risk scales in older adults. Eur J Clin Pharmacol. 
2013;69(7):1485–96.

 11. Germay SD, Rueter M, Montastruc F, Rousseau V, Lapeyre-Mes-
tre M, Montastruc J. Trends of atropinic (anticholinergic) expo-
sure in the elderly: a 10-year analysis in the french EGB database. 
Fundam Clin Pharmacol. 2019;33(4):471–8.

 12. Rhee TG, Choi YC, Ouellet GM, Ross JS. National prescribing 
trends for high-risk anticholinergic medications in older adults. J 
Am Geriatr Soc. 2018;66(7):1382–7.

http://creativecommons.org/licenses/by-nc/4.0/


713Temporal Trends in Anticholinergic Drug Use

 13. Boustani M, Campbell N, Munger S, Maidment I, Fox C. Impact 
of anticholinergics on the aging brain: a review and practical 
application. Aging health. 2008;4(3):311–20.

 14. Grossi CM, Richardson K, Savva GM, et al. Increasing prevalence 
of anticholinergic medication use in older people in England over 
20 years: cognitive function and ageing study I and II. BMC Geri-
atr. 2020;20(1):267.

 15. Aalto UL, Roitto H, Finne-Soveri H, Kautiainen H, Pitkälä KH. 
Temporal trends in the use of anticholinergic drugs among older 
people living in long-term care facilities in helsinki. Drugs Aging. 
2020;37(1):27–34.

 16. Karppinen H, Pitkälä KH, Kautiainen H, et al. Changes in disabil-
ity, self-rated health, comorbidities and psychological wellbeing 
in community-dwelling 75–95-year-old cohorts over two decades 
in Helsinki. Scand J Prim Health Care. 2017;35(3):279–85.

 17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 
of classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis. 1987;40(5):373–83.

 18. WHOCC—ATC/DDD index (online). 2021. https:// www. whocc. 
no/ atc_ ddd_ index/. Accessed 22 Sep 2021.

 19. Gorup E, Rifel J, Petekšter M. Anticholinergic burden and most 
common anticholinergic-acting medicines in older general prac-
tice patients. Zdr Varst. 2018;57(3):140–7.

 20. Gutiérrez-Valencia M, Martínez-Velilla N, Vetrano D, et  al. 
Anticholinergic burden and health outcomes among older adults 
discharged from hospital: results from the CRIME study. Eur J 
Clin Pharmacol. 2017;73(11):1467–74.

 21. Malagaris I, Mehta HB, Li S, Goodwin JS. Decrease of anticho-
linergic drug use in nursing home residents in the United States, 
2009 to 2017. J Am Geriatr Soc. 2020;68(12):2797–804.

 22. Schneider LS, Dagerman KS, Insel P. Risk of death with atypical 
antipsychotic drug treatment for dementia: meta-analysis of rand-
omized placebo-controlled trials. JAMA. 2005;294(15):1934–43.

 23. Steinman MA, Komaiko KDR, Fung KZ, Ritchie CS. Use of opi-
oids and other analgesics by older adults in the United States, 
1999–2010. Pain Med. 2015;16(2):319–27.

 24. Vadivelu N, Kai AM, Kodumudi V, Sramcik J, Kaye AD. The opi-
oid crisis: a comprehensive overview. Curr Pain Headache Rep. 
2018;22(3):16.

 25. Sripad A, Raker C, Shireman T, Sung V. Overactive bladder medi-
cation prescription trends from 2014 to 2018. Neurourol Urodyn. 
2022;41(3):806–12.

https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/

