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Abstract

Purpose

The cumulative effect of medication inhibiting acetylcholine activity—also known as anticho-

linergic burden (AB)—can lead to functional and cognitive decline, falls, and death. Given

that studies on the population prevalence of AB are rare, we aimed to describe it in a large

and unselected population sample.

Methods

Using the German Pharmacoepidemiological Research Database (GePaRD) with claims

data from ~20% of the German population we analyzed outpatient drug dispensations in

2016. Based on the Anticholinergic Cognitive Burden (ACB) scale, we classified persons

into four categories and determined the cumulative AB as continuous variable.

Results

Among 16,470,946 persons (54% female), the prevalence of clinically relevant AB (ACB�3)

was 10% (women) and 7% (men). Below age 40 it was highest in persons�18 years (6%

both sexes). At older ages (50–59 vs. 90–99 years), prevalence of ACB�3 increased from

7% to 26% (men) and from 10% to 32% (women). Medication classes contributing to the

cumulative AB differed by age: antihistamines, antibiotics, glucocorticoids (�19 years), anti-

depressants (20–49 years), antidepressants, cardiovascular medication, antidiabetics (50–

64 years), and additionally medication for urinary incontinence/overactive bladder (�65

years). Medication dispensed by general physicians contributed most to the cumulative AB.

Conclusion

Although a clinically relevant AB is particularly common in older persons, prevalence in

younger age groups was up to 7%. Given the risks associated with AB in older persons, tar-

geted interventions at the prescriber level are needed. Furthermore, risks associated with

AB in younger persons should be explored.
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Introduction

Medications with anticholinergic activity (MACs) inhibit the effect of the neurotransmitter

acetylcholine [1]. They are used for the treatment of diseases such as depression, psychosis,

cardiovascular diseases, asthma, overactive bladder, and COPD [1]. The cumulative effect of

MACs, also called anticholinergic burden (AB), has been shown to be associated with adverse

health outcomes such as functional [2, 3] and cognitive decline [2, 4, 5], delirium [6, 7], falls

[3, 8], and death [9, 10].

Although the majority of studies on the adverse effects of AB focused on older adults, there

are studies suggesting that younger populations might also be affected. In some of those stud-

ies, AB was associated with impaired cognitive ability and real-world functioning as well as a

negative impact on the outcomes of psychosocial treatment programs in patients with schizo-

phrenia or schizoaffective disorder [11]. Notably, many of the medications contributing to the

AB had indications other than psychiatric diseases [11]. Some studies showed impairment of

verbal learning and/or verbal memory associated with AB in persons with schizophrenia [12–

14] and major depressive disorder [15]. Furthermore, studies have shown an association

between AB and delirium in pediatric intensive care patients [16] and critically ill middle-aged

adults [17]. These data suggest that already in younger patients, AB might be associated with

adverse effects. So far, only a single study has provided a comprehensive overview of the preva-

lence of AB in all age groups of a population [18]. However, in this study, age categories were

defined broadly and AB prevalences were not stratified by sex within age groups.

In our study, we aimed to characterize the prevalence of AB in a large and unselected sam-

ple of the German general population and to assess the classes of medication contributing to

the total cumulative AB, stratified by age and sex.

Methods

Data source

We used the German Pharmacoepidemiological Research Database (GePaRD), which is based

on claims data from four statutory health insurance providers in Germany and currently

includes information on approximately 25 million persons who have been insured with one of

the participating providers since 2004 or later. Per data year, there is information on approxi-

mately 20% of the general population and all geographical regions of Germany are repre-

sented. In Germany, about 90% of the general population are covered by statutory health

insurance. The health care system is characterized by uniform access to all levels of care and

free choice of providers.

In addition to demographic data, GePaRD contains information on outpatient drug dispen-

sations as well as outpatient (i.e., from general practitioners and specialists) and inpatient ser-

vices and diagnoses. Information on medication includes the anatomical-therapeutic-chemical

(ATC) code, the prescription and dispensation date, the specialty of the prescriber as well as

the number of defined daily doses (DDDs). Diagnoses are coded according to the German

modification of the International Classification of Diseases and Related Health Problems, 10th

Revision (ICD-10-GM).

Study design and study population

We conducted a cross-sectional study using data from the year 2016, the most recent data at

the time of analysis, to assess the prevalence of AB. We included all persons with at least one

day of insurance coverage during the observation period, i.e., between 1 January and 31

December 2016 preceded by at least 365 days of continuous insurance (pre-observation
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period). We excluded persons with a place of residence outside of Germany, without valid

information on age and sex as well as persons with a hospitalization of�90 days, which over-

lapped into this person’s observation period. For all included persons, the available (continu-

ous) observation period in 2016 was used to assess the use of MAC. For persons with a

hospitalization starting in 2016 and with a duration of�90 days, MAC use was only assessed

until the start of this hospitalization (Fig 1).

We identified morbidities and treatment with medication excluding MAC using sensitive

identification algorithms: The coding of morbidities was assessed any time prior to observa-

tion period (starting from 2004) through records of�1 ICD-10-GM inpatient or outpatient

diagnoses or records of�1 codes of relevant operations, procedures or outpatient services as

well as participation in disease management plans. This approach, i.e. taking into account all

information on morbidity available for a person before 2016, aims to compensate for the fact

that with secondary data, a person cannot be asked if he or she ever had a certain disease, as it

would be done in a study based on primary data. Treatment with medication excluding MAC

was assessed within 365 days before start of observation period (excluding start of observation

period) based on records of�1 outpatient dispensations.

Assessment of the anticholinergic burden

Exposure to MAC was assessed based on outpatient prescriptions dispensed during the obser-

vation period, i.e., in 2016. Treatment durations were estimated based on DDDs. In case MAC

were dispensed before 1 January 2016 and the days of supply covered by this dispensation

overlapped with the observation period, the DDDs overlapping with the observation period

were also considered. We assumed lower DDDs for persons aged�18 and�65 years if recom-

mended in the respective Summary of Product Characteristics. Moreover, we identified the

specialty of the prescribing physician for each dispensation of MAC. To quantify the AB in

individuals, we used a list of relevant MAC and a scoring system proposed by Kiesel et al. [19].

Kiesel et al. systematically reviewed published lists of MAC and corresponding scores, mainly

developed in the US, UK or Australia, and adapted them to medications relevant for Germany

[19]. Their categorization of AB [19] was based on the Anticholinergic Cognitive Burden

(ACB) scale, which was developed by Boustani et al. to identify persons at risk for cognitive

Fig 1. Graphical depiction of study design.

https://doi.org/10.1371/journal.pone.0253336.g001
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impairment [20]. Based on this scoring system, MACs dispensed during the observation

period were scored according to their anticholinergic effects: ACB score 1 (evidence from in

vitro data that chemical entity has antagonist activity at muscarinic receptor), ACB score 2

(evidence from literature, prescriber’s information, or expert opinion of clinical anticholiner-

gic effect) or ACB score 3 (evidence from literature, expert opinion, or prescriber’s informa-

tion that medication may cause delirium) [20, 21]. Boustani et al. considered dispensation of

MAC with an ACB score 2 or 3 as well as a total ACB score of 3 or higher as clinically relevant

[20]. For the interpretation of this study, we defined ACB�3 as clinically relevant and addi-

tionally considered ACB categories ACB = 0, ACB = 1, ACB = 2, and ACB�3 in order to assess

borderline AB in the study population. For our study population, the AB was calculated for

each person on a daily basis during the observation period by adding up the scores of all dis-

pensed MACs. Prevalence of morbidities, treatment with medication other than MAC, and

health care utilization were stratified by the highest category of AB reached during the observa-

tion period.

We also calculated a measure which we called “cumulative AB”. We calculated this addi-

tional measure because it allowed us to assess the proportion of AB attributable to a certain

class of MAC (e.g., antidepressants) or to a certain physician specialty. This measure was called

“cumulative burden” because it takes into account all dispensations in the observation period

(i.e. in 2016). This cumulative AB was calculated as follows for each person: We first multiplied

the AB score of each MAC dispensed to the person during the observation period or overlap-

ping the observation period with the length of supply (based on DDD) and then summed up

the score points of all dispensations. Subsequently, these AB scores were summed up per per-

son to calculate the cumulative AB. For example, a person receiving 200 DDDs of metformin

(ACB score 1) and 30 DDDs of tramadol (ACB score 2) during the observation period had a

cumulative AB of 260 (i.e., the result of 200 x 1 + 30 x 2). This method was proposed by Camp-

bell et al. [5]. Campbell et al. further divided the cumulative AB by the number of days in the

exposure period to transfer the total AB score into a mean score per person but this additional

transformation was not relevant in the context of our study [5].

Data analysis

We calculated the period prevalence of AB for each of the four AB categories for the observa-

tion period. The prevalence was calculated as the number of persons in the respective AB cate-

gory (numerator) divided by the number of included persons (denominator). Again, persons

were allocated to the highest level of AB reached during the observation period.

In order to describe which proportion of the cumulative AB was attributable to a certain

class of MAC (e.g., antidepressants) or physician specialty (e.g., general practitioners), the

cumulative AB of a MAC class or physician specialty of each respective age and sex group was

divided by the total cumulative AB in that age and sex group.

Data management and analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary,

NC, USA).

Ethics and approvals

In Germany, the utilization of health insurance data for scientific research is regulated by the

Code of Social Law. All involved health insurance providers as well as the German Federal

Office for Social Security and the Senator for Health, Women and Consumer Protection in

Bremen as their responsible authorities approved the use of GePaRD data for this study.

Informed consent for studies based on claims data is required by law unless obtaining consent

appears unacceptable and would bias results, which was the case in this study. According to
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the Ethics Committee of the University of Bremen studies based on GePaRD are exempt from

institutional review board review.

Results

The study population included a total of 16,470,946 persons (53.6% female) with a median age

of 45 years (Q1–Q3: 26–61 years) (Fig 2).

For the majority of the study population, we observed no AB during the observation period,

i.e., ACB = 0 in 68.5% of men and in 61.7% of women (Table 1). Prevalence of ACB = 1 was

17.6% in men and 19.7% in women, for ACB = 2, it was 6.7% in men and 8.2% in women,

while a clinically relevant AB (ACB�3) was observed in 7.2% of men and 10.4% of women

(Fig 3).

Both in men and women, the prevalence of ACB�3 was about 6% in persons aged�18

years and thus higher than in persons aged 19–49 years. At older ages, the prevalence of

ACB�3 steadily increased. In men, it increased from 7.2% (50–59 years) to 11.1% (60–69

years) and 17.2% (70–79 years). The same pattern was seen in women but the prevalences

were about 3–4 percentage points higher (50–59 years: 10.6%, 60–69 years: 14.8%, 70–79 years:

21.9%).

For all morbidities and medications assessed prior to start of observation period, preva-

lences increased with increasing ACB score (S1 Table). For example, compared to persons

with lower or no ACB, persons with ACB�3, had higher prevalences of psychiatric and behav-

ioral, musculoskeletal as well as endocrine and metabolic diseases. They were prescribed medi-

cations from a higher number of different prescribers and had higher prevalences of

cardiovascular therapy, analgesics and psychiatric medication. Moreover, persons with

ACB�3 were, on average, more frequently hospitalized, remained hospitalized for longer peri-

ods and had a higher prevalence of nursing home residency and obesity.

Persons with ACB�3 were more frequently users of antidepressants (45.3% vs. 8.8%), anti-

histamines (17.7% vs. 7.1%), and antipsychotics (13.9% vs. 1.3%) (Table 2). Individuals who

used medications for urinary incontinence/overactive bladder had ACB�3 by default (13.0%),

since all of these medications have an ACB score of 3.

Median total cumulative burden increased with higher age, was highest among the age

group 80–94 years, and decreased slightly in age group�95 years (Fig 4).

The contribution of the medication classes of MAC to the total cumulative AB differed

between age groups (Table 3). In persons aged�19 years, antihistamines and antibiotics con-

tributed most—with about 20–24% each—to the cumulative burden, followed by glucocorti-

coids with about 12–13%. In females, the contribution of antidepressants to the cumulative AB

was twice as high as in males (16% vs. 8%). In persons aged 20–64 years, antidepressants

Fig 2. Flow chart illustrating the inclusion and exclusion of persons into the study.

https://doi.org/10.1371/journal.pone.0253336.g002

PLOS ONE Anticholinergic burden in large population-based sample

PLOS ONE | https://doi.org/10.1371/journal.pone.0253336 June 30, 2021 5 / 15

https://doi.org/10.1371/journal.pone.0253336.g002
https://doi.org/10.1371/journal.pone.0253336


contributed most to the cumulative AB, with proportions ranging between 25% in men aged

50–64 years to 48% in women aged 20–34 years. From age group 65–79 onwards, cardiovascu-

lar medication contributed to 24–26% of the AB in men and 21–23% in women. The propor-

tion of diuretics increased particularly from age group 65–79 onwards and contributed to

6–19% of the cumulative AB in men and 6–17% in women. Also, the contribution of medica-

tion for urinary incontinence or overactive bladder increased with higher age to up to 14%

(men aged 80–94 years). The contribution of antidiabetics to the cumulative AB was highest in

men aged 50–79 years (17–19%). The contribution of medication for the treatment of respira-

tory diseases, gastrointestinal medications, and opioids increased slightly in persons aged�65

years, while the contribution of glucocorticoids to the AB decreased.

Prescriptions from general practitioners were the main contributors to the cumulative AB

(Table 4). The proportion ranged between 40 and 41% in persons aged 20–34 years and

increased to over 70% and more in persons aged 65 or older. In the age groups 20–49 years,

prescriptions from physicians specializing in psychology and psychiatry contributed to about

one fourth of the total cumulative AB. The number of different physician specialties that

Table 1. Number and period prevalence of persons with and without anticholinergic burden measured through the Anticholinergic Cognitive Burden (ACB) scale

during the observation period (2016), by sex and age.

ACB score

Total ACB = 0 ACB = 1 ACB = 2 ACB� 3

Sex Na Nb Prevalence (%) Nb Prevalence (%) Nb Prevalence (%) Nb Prevalence (%)

Men 7,635,507 5,232,064 68.5 1,342,836 17.6 507,767 6.7 552,840 7.2

Age

� 18 1,361,884 1,069,419 78.5 185,882 13.6 30,520 2.2 76,063 5.6

19 to 29 1,128,700 956,617 84.8 121,521 10.8 31,648 2.8 18,914 1.7

30 to 39 1,077,901 862,425 80.0 138,917 12.9 44,353 4.1 32,206 3.0

40 to 49 975,152 715,119 73.3 158,347 16.2 55,720 5.7 45,966 4.7

50 to 59 1,210,955 790,562 65.3 240,566 19.9 92,866 7.7 86,961 7.2

60 to 69 853,986 448,660 52.5 214,327 25.1 96,021 11.2 94,978 11.1

70 to 79 697,604 285,943 41.0 191,496 27.5 100,439 14.4 119,726 17.2

80 to 89 293,902 93,090 31.7 82,108 27.9 49,783 16.9 68,921 23.5

90 to 99 35,049 10,119 28.9 9,557 27.3 6,353 18.1 9,020 25.7

� 100 374 110 29.4 115 30.7 64 17.1 85 22.7

Women 8,835,439 5,447,201 61.7 1,741,731 19.7 728,329 8.2 918,178 10.4

Age

� 18 1,286,334 1,017,119 79.1 167,010 13.0 28,592 2.2 73,613 5.7

19 to 29 1,120,182 867,427 77.4 175,136 15.6 47,879 4.3 29,740 2.7

30 to 39 1,154,740 850,292 73.6 194,824 16.9 62,185 5.4 47,439 4.1

40 to 49 1,214,399 804,947 66.3 236,844 19.5 87,472 7.2 85,136 7.0

50 to 59 1,516,942 888,755 58.6 329,169 21.7 138,788 9.1 160,230 10.6

60 to 69 1,086,934 531,914 48.9 264,899 24.4 128,807 11.9 161,314 14.8

70 to 79 923,303 344,264 37.3 238,524 25.8 138,632 15.0 201,883 21.9

80 to 89 429,269 117,652 27.4 109,445 25.5 76,061 17.7 126,111 29.4

90 to 99 100,998 24,229 24.0 25,221 25.0 19,451 19.3 32,097 31.8

� 100 2,338 602 25.7 659 28.2 462 19.8 615 26.3

a Denominator of the prevalence are persons insured for�1 day within the observation period and with�1 year continuous insurance before.
b Numerator of the prevalence, calculated as the number of persons with ACB = 0, ACB = 1, ACB = 2, and ACB� 3, respectively. Persons will be allocated in the highest

level of the ACB score ever reached during the observation period.

https://doi.org/10.1371/journal.pone.0253336.t001
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contributed 5% or more to the cumulative AB was five in persons aged�19 years, 3–4 in per-

sons aged 20–64 years, and 2–3 in persons aged�65 years.

Discussion

In our study, which included an unselected sample of 16 million persons of the German gen-

eral population, about 7% of men and 10% of women had a clinically relevant AB (ACB�3)

based on prescriptions in 2016. The prevalence of ACB�3 was higher in women than in men

across all age groups and—even though increasing with age—already reached levels of 2–7%

(men) and 3–11% (women) in persons younger than 60 years. The classes of medication con-

tributing to the total cumulative AB differed greatly between sex and age groups: While antide-

pressants had a dominant share in age groups<60 years, their relative proportion decreased

Fig 3. Proportion of anticholinergic burden measured through the Anticholinergic Cognitive Burden (ACB) scale

(2016), by sex and age.

https://doi.org/10.1371/journal.pone.0253336.g003
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among persons aged�60 years due to the increased prescribing of cardiovascular medication

and antidiabetics with anticholinergic activity.

As of now, only one other study has assessed the prevalence of AB without limitations on

age or certain patient groups. The study of Cebron Lipovec et al. [18] was based on Slovenian

outpatient prescriptions in 2018 and used the ACB scale for the assessment of AB. Results

were stratified by the age groups children (�18 years), adults (19–64 years), and older adults

(�65 years) but not by sex within these groups. The overall prevalence of ACB�3 in the Slove-

nian population was 7.6%, similar to our results (7.2% in men and 10.4% in women). Preva-

lence of use of at least one MAC in Slovenian children was 20.7% which was similar to our

study (21.5% in boys and 20.9% in girls). However, prevalence of ACB�3 was much lower in

Slovenian children (1.2% vs. 5.6% in boys and 5.7% in girls). The prevalence of use of at least

one MAC among adults in Slovenia was in the lower ranges of the German results (25.8% vs.

15.2%–47.5% in men and 22.6%–62.7% in women). However, the prevalence of ACB�3 for

adults was similar (7.3% vs. 1.7%–11.1% in men and 2.7%–14.8% in women). Interestingly, the

prevalence of use of at least one MAC in Slovenian older adults was much lower than in Ger-

many with 43.1% vs. 59.0%–71.1% in men and 62.7%–76.0% in women as was the prevalence

of ACB�3 with 12.1% vs. 17.2%–22.7% in men and 21.9%–26.3% in women. As the list of

MACs used in our study is more extensive than the one used by Cebron Lipovec et al. it is not

Table 2. Prevalence of use of medications with anticholinergic activity (MACs) in persons with anticholinergic burden measured through the anticholinergic cogni-

tive burden (ACB) scale during the observation period (2016).

ACB scorea

MAC class

ACB = 1 ACB = 2 ACB� 3

N = 3,084,567b N = 1,236,096b N = 1,471,018b

Antidepressants 271,776 (8.8%) 272,488 (22.0%) 665,675 (45.3%)

Antihistamines 218,228 (7.1%) 63,216 (5.1%) 260,137 (17.7%)

Antipsychotics 40,943 (1.3%) 66,412 (5.4%) 204,098 (13.9%)

Benzodiazepines 66,391 (2.2%) 54,438 (4.4%) 143,152 (9.7%)

Cardiovascular medication 487,324 (15.8%) 276,345 (22.4%) 343,257 (23.3%)

Diuretics 58,088 (1.9%) 63,387 (5.1%) 111,202 (7.6%)

Gastrointestinal medication 8,208 (0.3%) 47,898 (3.9%) 90,185 (6.1%)

Opioids 200,374 (6.5%) 170,598 (13.8%) 275,654 (18.7%)

Medication for Parkinson’s disease 32,517 (1.1%) 31,349 (2.5%) 91,838 (6.2%)

Medication for urinary incontinence/overactive bladder 0 (0.0%) 0 (0.0%) 191,768 (13.0%)

Medication for respiratory diseases 125,958 (4.1%) 85,436 (6.9%) 135,733 (9.2%)

Glucocorticoids 697,422 (22.6%) 332,459 (26.9%) 414,559 (28.2%)

Tropane alkaloids 0 (0.0%) 0 (0.0%) 9,131 (0.6%)

Immunosuppressants 10,696 (0.3%) 11,859 (1.0%) 14,953 (1.0%)

Muscle relaxants 123,733 (4.0%) 44,098 (3.6%) 99,581 (6.8%)

Antiemetics 203,433 (6.6%) 72,146 (5.8%) 133,709 (9.1%)

Antibiotics 444,014 (14.4%) 311,271 (25.2%) 215,548 (14.7%)

Antiepileptics 16,259 (0.5%) 29,071 (2.4%) 58,048 (3.9%)

Non-opioid analgesics 126,367 (4.1%) 68,198 (5.5%) 95,586 (6.5%)

Antidiabetics 233,543 (7.6%) 161,959 (13.1%) 179,913 (12.2%)

Other MAC 41,977 (1.4%) 40,833 (3.3%) 48,087 (3.3%)

a Categorization based on the highest level of the ACB score ever reached during the observation period.
b Denominator is the number of included persons who had�1 dispensation of MAC for�1 day during the observation period.

https://doi.org/10.1371/journal.pone.0253336.t002
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clear whether the differences in prevalence of AB are due to the prescription behavior regard-

ing MACs or the definition of MACs. However, the much lower prevalence of ACB�3 in Slo-

venian older adults compared to German older adults is notable.

Among studies conducted in Germany, the comparison to our findings is hampered given

that they were typically restricted to older adults or patients with a certain indication: Pfister-

meister et al. [22] conducted a study in a population of hospitalized geriatric patients (median

age 82 years), Ivchenko et al. [23] in older adults with overactive bladder (median age 75

years), Lippert et al. [24] in patients with dementia (mean age 84.7 years), Mayer et al. [25] in

community-dwelling older German adults (median age 72 years), Phillips et al. [26] in com-

munity-dwelling older adults aged 65 years and older (mean age 73.8), and Mueller et al. [7] in

patients undergoing cancer surgery (mean age 71.8 years). In the studies of Pfistermeister et al.

[22] and Ivchenko et al. [23], where AB was assessed through ACB scale and categorized in the

same way as in our study, the AB was similar, ACB�3 27% and 25%, respectively, to the results

of our study where the prevalence of an ACB�3 was above 20% from age 70 in women and

from age 80 in men. The studies of Lippert et al. [24] and Mayer et al. [25] also used the ACB

scale but assessed AB as use of�1 MAC. The AB prevalence in their populations, 50% and

46%, respectively, was slightly lower than in our study (59%–71% in men, 63%–76% in women

in the age groups 70 to�100 years). The studies of Phillips et al. [26] and Mueller et al. [7]

reported much lower prevalences of AB, 19% and 16%, respectively, than our study. However,

comparisons with the results of our study are difficult as Phillips et al. [26] used the Drug Bur-

den Index (DBI) [27] and Mueller et al. [7] the Anticholinergic Drug Scale (ADS) [28] for the

assessment of AB, which use different lists of MACs (e.g., unlike the ACB scale, the DBI does

not consider inhaled MAC) and calculate AB differently (the DBI also includes the prescribed

Fig 4. Median (Q1-Q3) cumulative anticholinergic burden, by sex and age.

https://doi.org/10.1371/journal.pone.0253336.g004
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dose). Furthermore, in the study of Phillips et al. [26], there might have been a selection of

healthier patients into the study population as suggested by their non-responder analysis.

Our study provides information on the use of MAC and AB across all age groups. This anal-

ysis showed that use of MAC in Germany can roughly be divided into four phases: (i) persons

aged�19 years with a low cumulative AB mainly due to use of antihistamines, antibiotics, and

glucocorticoids; (ii) persons aged 20–49 years with a low but steadily increasing cumulative

AB with antidepressants as the main contributor to the cumulative AB; (iii) a transitional

phase in persons aged 50–64 where the contribution of cardiovascular medication and antidia-

betics starts to increase, which is higher in men than in women; and (iv) persons aged�65

years where the relative contribution of antidepressants decreases due to the increased contri-

bution of medication for the treatment of cardiovascular disease, diabetes, and urinary inconti-

nence/overactive bladder. The increased burden of chronic diseases is reflected in the high

cumulative AB, which peaks in the age group 80–94 years.

MAC prescribed by general practitioners accounted for 39–86% of the total cumulative AB

and thus had the highest share. In health systems with the general physician in the role of gate-

keeper, this proportion might be even higher. In Germany, persons are free to choose which

physician to see. There is no requirement of a referral from a general practitioner to access spe-

cialist care. In our study, there was an age gradient regarding the diversity of physician special-

ties contributing to the cumulative AB. In the oldest age groups, MACs were almost

exclusively prescribed by general practitioners. In Germany, patients in these age groups are

also treated by specialists but refills of medication are often prescribed by general practitioners.

Therefore, this result is to be expected. These aspects are relevant if interventions to reduce the

AB in specific patient groups or to increase the awareness of AB in general were to be designed.

Our results suggest that general practitioners would be an important target group, particularly

for older age groups but involvement of specialists, who often initiate prescriptions of a certain

medication, may also be required.

Our study showed that there are persons with an AB considered to be clinically relevant in

all age groups. This demonstrates the need to conduct studies on potentially harmful effects

not only in older adults but also in children, adolescents, and the entire adult population.

However, it has to be kept in mind that there are a lot of unanswered questions in regards to

how AB can cause or contribute to clinically relevant adverse effects. For example, the time

period over which the cumulative effects of anticholinergic burden may accrue and possibly

produce harms are unclear. Also the role of type and dosage of single MACs and their overlap

are not well understood. When planning a study on the risk of AB, this means that classifying

persons as exposed or unexposed bears a high level of uncertainty, so robustness of findings

would need to be assessed by comprehensive sensitivity analyses. Also in many other regards,

studies on the risk of outcomes associated with AB are challenging, e.g. regarding issues such

as confounding by indication, unmeasured confounding and time-varying exposure.

To our knowledge this is the first study in Germany providing a detailed description of the

AB in an unselected population sample, i.e., without restrictions to a certain age or patient

group. The large sample size allowed us to precisely estimate the prevalence of the AB stratified

by age and sex. AB was estimated using the ACB scale—a widely used and validated tool—and

a list of MACs created specifically for the German health care system. There are many scales

for the assessment of AB and they have been shown to differ [29, 30]. Thus, direct comparisons

with studies using other AB scales are difficult. Moreover, medications classified with an ACB

score of 1 only have a possible anticholinergic effect based on in vitro affinity to muscarinic

receptors without clinically relevant negative cognitive effects. It is not clear whether the

cumulative use of several medications with a possible anticholinergic effect is equivalent to the

AB induced through the use of medications with established and clinically relevant cognitive
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anticholinergic effects (ACB scores 2 or 3). However, some studies have shown increased risks

of adverse effects already for an ACB score of 1 [22, 31].

Our study was based on German claims data. Due to the nature of the data the study is not

affected by recall or volunteer bias. Moreover, the study population was fairly stable: 91% of

included persons were observable for the whole year of 2016, 98% were observable for 90 days

or more and only 3.3% exited the study before the end of the observation period due to end of

continuous insurance. Limitations of the data source include lack of information regarding the

use of medication during hospitalization as well as lack of information on adherence—no

information is available on whether dispensed medication was actually used by the patient.

Furthermore, over-the-counter medication is not captured, thus dispensations of MACs, par-

ticularly of antihistamines, might have been underestimated. Treatment durations of MACs

were estimated using DDDs as the prescribed dose is not available. However, for each MAC

we reviewed summaries of product characteristics and, if applicable, adapted lower DDDs for

persons aged<18 and�65 years. Nonetheless, this approach is not equivalent to other studies

that had more information on dosage and used more sophisticated methods to take it into

account. Finally, in our study we have not assessed AB in a longitudinal manner, which–in

view of the aforementioned unanswered questions about clinically relevant AB levels–would

be essential in a subsequent risk study to understand the potential link between AB exposure

and negative health outcomes. Such risk studies are particularly needed in the younger popula-

tion where it is even less clear if such a link exists at all.

In conclusion, this comprehensive overview showed that a clinically relevant AB is com-

mon in the German general population. This holds particularly true for older persons but

there are also younger age groups with a prevalence of up to 7%. Among adults, prevalence of

clinically relevant AB was consistently higher in women than in men. Given the known risks

associated with AB in older persons, targeted interventions at the prescriber level are needed.

Furthermore, studies exploring possible risks associated with AB in children, adolescents and

the entire adult population are warranted.
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(DOCX)

Author Contributions

Conceptualization: Jonas Reinold, Oliver Riedel, Ulrike Haug.

Data curation: Malte Braitmaier.

Formal analysis: Malte Braitmaier.

Methodology: Jonas Reinold, Oliver Riedel, Ulrike Haug.

Project administration: Jonas Reinold, Malte Braitmaier, Oliver Riedel, Ulrike Haug.

Resources: Ulrike Haug.

Software: Jonas Reinold, Malte Braitmaier.

Supervision: Oliver Riedel, Ulrike Haug.

Validation: Jonas Reinold, Malte Braitmaier.

Visualization: Jonas Reinold.

PLOS ONE Anticholinergic burden in large population-based sample

PLOS ONE | https://doi.org/10.1371/journal.pone.0253336 June 30, 2021 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0253336.s001
https://doi.org/10.1371/journal.pone.0253336


Writing – original draft: Jonas Reinold.

Writing – review & editing: Jonas Reinold, Malte Braitmaier, Oliver Riedel, Ulrike Haug.

References
1. Nishtala PS, Salahudeen MS, Hilmer SN. Anticholinergics: theoretical and clinical overview. Expert

opinion on drug safety. 2016; 15(6):753–68. Epub 2016/03/12. https://doi.org/10.1517/14740338.2016.

1165664 PMID: 26966981.

2. Wouters H, Hilmer SN, Gnjidic D, Van Campen JP, Teichert M, Van Der Meer HG, et al. Long-term

exposure to anticholinergic and sedative medications and cognitive and physical function in later life.

The journals of gerontology Series A, Biological sciences and medical sciences. 2019. Epub 2019/01/

23. https://doi.org/10.1093/gerona/glz019 PMID: 30668633.

3. Byrne CJ, Walsh C, Cahir C, Bennett K. Impact of drug burden index on adverse health outcomes in

Irish community-dwelling older people: a cohort study. BMC geriatrics. 2019; 19(1):121. Epub 2019/05/

01. https://doi.org/10.1186/s12877-019-1138-7 PMID: 31035946; PubMed Central PMCID:

PMC6489229.

4. Chatterjee S, Bali V, Carnahan RM, Chen H, Johnson ML, Aparasu RR. Anticholinergic burden and risk

of cognitive impairment in elderly nursing home residents with depression. Res Social Adm Pharm.

2019. Epub 2019/06/12. https://doi.org/10.1016/j.sapharm.2019.05.020 PMID: 31182419.

5. Campbell NL, Perkins AJ, Bradt P, Perk S, Wielage RC, Boustani MA, et al. Association of Anticholiner-

gic Burden with Cognitive Impairment and Health Care Utilization Among a Diverse Ambulatory Older

Adult Population. Pharmacotherapy. 2016; 36(11):1123–31. Epub 2016/10/07. https://doi.org/10.1002/

phar.1843 PMID: 27711982; PubMed Central PMCID: PMC5362375.

6. Rigor J, Rueff Rato I, Ferreira PM, Pereira R, Ribeiro C, Teixeira D, et al. Prehospital Anticholinergic

Burden Is Associated With Delirium but Not With Mortality in a Population of Acutely Ill Medical Patients.

Journal of the American Medical Directors Association. 2020. Epub 2020/01/28. https://doi.org/10.

1016/j.jamda.2019.12.018 PMID: 31983551.

7. Mueller A, Spies CD, Eckardt R, Weiss B, Pohrt A, Wernecke KD, et al. Anticholinergic burden of long-

term medication is an independent risk factor for the development of postoperative delirium: A clinical

trial. Journal of clinical anesthesia. 2020; 61:109632. Epub 2019/11/02. https://doi.org/10.1016/j.

jclinane.2019.109632 PMID: 31668693.

8. Jamieson HA, Nishtala PS, Scrase R, Deely JM, Abey-Nesbit R, Connolly MJ, et al. Drug Burden and

its Association with Falls Among Older Adults in New Zealand: A National Population Cross-Sectional

Study. Drugs & aging. 2018; 35(1):73–81. Epub 2017/12/10. https://doi.org/10.1007/s40266-017-0511-

5 PMID: 29222667.

9. Cardwell K, Kerse N, Ryan C, Teh R, Moyes SA, Menzies O, et al. The Association Between Drug Bur-

den Index (DBI) and Health-Related Outcomes: A Longitudinal Study of the ’Oldest Old’ (LiLACS NZ).

Drugs & aging. 2020; 37(3):205–13. Epub 2020/01/11. https://doi.org/10.1007/s40266-019-00735-z

PMID: 31919805.

10. Corsonello A, Cozza A, D’Alia S, Onder G, Volpato S, Ruggiero C, et al. The excess mortality risk asso-

ciated with anticholinergic burden among older patients discharged from acute care hospital with

depressive symptoms. European journal of internal medicine. 2019; 61:69–74. Epub 2018/11/20.

https://doi.org/10.1016/j.ejim.2018.11.004 PMID: 30449478.

11. O’Reilly K, O’Connell P, Donohoe G, Coyle C, O’Sullivan D, Azvee Z, et al. Anticholinergic burden in

schizophrenia and ability to benefit from psychosocial treatment programmes: a 3-year prospective

cohort study. Psychological medicine. 2016; 46(15):3199–211. Epub 2016/11/03. https://doi.org/10.

1017/S0033291716002154 PMID: 27576609.

12. Eum S, Hill SK, Rubin LH, Carnahan RM, Reilly JL, Ivleva EI, et al. Cognitive burden of anticholinergic

medications in psychotic disorders. Schizophrenia research. 2017; 190:129–35. Epub 2017/04/10.

https://doi.org/10.1016/j.schres.2017.03.034 PMID: 28390849; PubMed Central PMCID:

PMC5628100.

13. Ang MS, Abdul Rashid NA, Lam M, Rapisarda A, Kraus M, Keefe RSE, et al. The Impact of Medication

Anticholinergic Burden on Cognitive Performance in People With Schizophrenia. Journal of clinical

psychopharmacology. 2017; 37(6):651–6. Epub 2017/10/11. https://doi.org/10.1097/JCP.

0000000000000790 PMID: 29016375; PubMed Central PMCID: PMC5680994.

14. Kake TR, Garrett N, Te Aonui M. Cognitive neuropsychological functioning in New Zealand Maori diag-

nosed with schizophrenia. The Australian and New Zealand journal of psychiatry. 2016; 50(6):566–76.

Epub 2015/10/24. https://doi.org/10.1177/0004867415607986 PMID: 26494850.

PLOS ONE Anticholinergic burden in large population-based sample

PLOS ONE | https://doi.org/10.1371/journal.pone.0253336 June 30, 2021 14 / 15

https://doi.org/10.1517/14740338.2016.1165664
https://doi.org/10.1517/14740338.2016.1165664
http://www.ncbi.nlm.nih.gov/pubmed/26966981
https://doi.org/10.1093/gerona/glz019
http://www.ncbi.nlm.nih.gov/pubmed/30668633
https://doi.org/10.1186/s12877-019-1138-7
http://www.ncbi.nlm.nih.gov/pubmed/31035946
https://doi.org/10.1016/j.sapharm.2019.05.020
http://www.ncbi.nlm.nih.gov/pubmed/31182419
https://doi.org/10.1002/phar.1843
https://doi.org/10.1002/phar.1843
http://www.ncbi.nlm.nih.gov/pubmed/27711982
https://doi.org/10.1016/j.jamda.2019.12.018
https://doi.org/10.1016/j.jamda.2019.12.018
http://www.ncbi.nlm.nih.gov/pubmed/31983551
https://doi.org/10.1016/j.jclinane.2019.109632
https://doi.org/10.1016/j.jclinane.2019.109632
http://www.ncbi.nlm.nih.gov/pubmed/31668693
https://doi.org/10.1007/s40266-017-0511-5
https://doi.org/10.1007/s40266-017-0511-5
http://www.ncbi.nlm.nih.gov/pubmed/29222667
https://doi.org/10.1007/s40266-019-00735-z
http://www.ncbi.nlm.nih.gov/pubmed/31919805
https://doi.org/10.1016/j.ejim.2018.11.004
http://www.ncbi.nlm.nih.gov/pubmed/30449478
https://doi.org/10.1017/S0033291716002154
https://doi.org/10.1017/S0033291716002154
http://www.ncbi.nlm.nih.gov/pubmed/27576609
https://doi.org/10.1016/j.schres.2017.03.034
http://www.ncbi.nlm.nih.gov/pubmed/28390849
https://doi.org/10.1097/JCP.0000000000000790
https://doi.org/10.1097/JCP.0000000000000790
http://www.ncbi.nlm.nih.gov/pubmed/29016375
https://doi.org/10.1177/0004867415607986
http://www.ncbi.nlm.nih.gov/pubmed/26494850
https://doi.org/10.1371/journal.pone.0253336


15. Richardson JS, Keegan DL, Bowen RC, Blackshaw SL, Cebrian-Perez S, Dayal N, et al. Verbal learning

by major depressive disorder patients during treatment with fluoxetine or amitriptyline. International clin-

ical psychopharmacology. 1994; 9(1):35–40. Epub 1994/01/01. https://doi.org/10.1097/00004850-

199400910-00006 PMID: 8195581.

16. Traube C, Silver G, Gerber LM, Kaur S, Mauer EA, Kerson A, et al. Delirium and Mortality in Critically Ill

Children: Epidemiology and Outcomes of Pediatric Delirium. Critical care medicine. 2017; 45(5):891–8.

Epub 2017/03/14. https://doi.org/10.1097/CCM.0000000000002324 PMID: 28288026; PubMed Central

PMCID: PMC5392157.

17. Burry LD, Williamson DR, Mehta S, Perreault MM, Mantas I, Mallick R, et al. Delirium and exposure to

psychoactive medications in critically ill adults: A multi-centre observational study. Journal of critical

care. 2017; 42:268–74. Epub 2017/08/15. https://doi.org/10.1016/j.jcrc.2017.08.003 PMID: 28806561.

18. Cebron Lipovec N, Jazbar J, Kos M. Anticholinergic Burden in Children, Adults and Older Adults in Slo-

venia: A Nationwide Database Study. Sci Rep. 2020; 10(1):9337. Epub 2020/06/11. https://doi.org/10.

1038/s41598-020-65989-9 PMID: 32518392; PubMed Central PMCID: PMC7283335.

19. Kiesel EK, Hopf YM, Drey M. An anticholinergic burden score for German prescribers: score develop-

ment. BMC geriatrics. 2018; 18(1):239. Epub 2018/10/12. https://doi.org/10.1186/s12877-018-0929-6

PMID: 30305048; PubMed Central PMCID: PMC6180424.

20. 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. https://doi.org/10.2217/1745509x.4.

3.311 PubMed Central PMCID: PMC3674201.

21. Campbell NL, Maidment I, Fox C, Khan B, Boustani M. The 2012 Update to the Anticholinergic Cogni-

tive Burden Scale. Journal of the American Geriatrics Society. 2013; 61(S1):S142–S3. https://doi.org/

10.1111/jgs.2013.61.issue-s1 WOS:000317187600409.

22. Pfistermeister B, Tümena T, Gaßmann K-G, Maas R, Fromm MF. Anticholinergic burden and cognitive

function in a large German cohort of hospitalized geriatric patients. PloS one. 2017; 12( 2):e0171353-e.

https://doi.org/10.1371/journal.pone.0171353 PMID: 28187171.

23. Ivchenko A, Bodeker RH, Neumeister C, Wiedemann A. Anticholinergic burden and comorbidities in

patients attending treatment with trospium chloride for overactive bladder in a real-life setting: results of

a prospective non-interventional study. BMC urology. 2018; 18(1):80. Epub 2018/09/16. https://doi.org/

10.1186/s12894-018-0394-8 PMID: 30217174; PubMed Central PMCID: PMC6137886.

24. Lippert T, Maas R, Fromm MF, Luttenberger K, Kolominsky-Rabas P, Pendergrass A, et al. [Impact of

Sedating Drugs on Falls Resulting Injuries Among People with Dementia in a Nursing Home Setting].

Gesundheitswesen. 2020; 82(1):14–22. Epub 2020/01/22. https://doi.org/10.1055/a-1071-7911 PMID:

31962367.

25. Mayer T, Meid AD, Saum KU, Brenner H, Schottker B, Seidling HM, et al. Comparison of Nine Instru-

ments to Calculate Anticholinergic Load in a Large Cohort of Older Outpatients: Association with Cogni-

tive and Functional Decline, Falls, and Use of Laxatives. The American journal of geriatric psychiatry:

official journal of the American Association for Geriatric Psychiatry. 2017; 25(5):531–40. Epub 2017/02/

25. https://doi.org/10.1016/j.jagp.2017.01.009 PMID: 28233606.

26. Phillips A, Heier M, Strobl R, Linkohr B, Holle R, Peters A, et al. Exposure to anticholinergic and seda-

tive medications using the Drug Burden Index and its association with vertigo, dizziness and balance

problems in older people—Results from the KORA-FF4 Study. Experimental gerontology. 2019;

124:110644. Epub 2019/07/02. https://doi.org/10.1016/j.exger.2019.110644 PMID: 31260723.

27. Hilmer SN, Mager DE, Simonsick EM, Cao Y, Ling SM, Windham BG, et al. A drug burden index to

define the functional burden of medications in older people. Archives of internal medicine. 2007; 167

(8):781–7. Epub 2007/04/25. https://doi.org/10.1001/archinte.167.8.781 PMID: 17452540.

28. Carnahan RM, Lund BC, Perry PJ, Pollock BG, Culp KR. The Anticholinergic Drug Scale as a measure

of drug-related anticholinergic burden: associations with serum anticholinergic activity. Journal of clini-

cal pharmacology. 2006; 46(12):1481–6. Epub 2006/11/15. https://doi.org/10.1177/

0091270006292126 PMID: 17101747.

29. Salahudeen MS, Hilmer SN, Nishtala PS. Comparison of anticholinergic risk scales and associations

with adverse health outcomes in older people. Journal of the American Geriatrics Society. 2015; 63

(1):85–90. Epub 2015/01/20. https://doi.org/10.1111/jgs.13206 PMID: 25597560.

30. Hanlon P, Quinn TJ, Gallacher KI, Myint PK, Jani BD, Nicholl BI, et al. Assessing Risks of Polyphar-

macy Involving Medications With Anticholinergic Properties. Annals of family medicine. 2020; 18

(2):148–55. Epub 2020/03/11. https://doi.org/10.1370/afm.2501 PMID: 32152019.

31. Hsu WH, Wen YW, Chen LK, Hsiao FY. Comparative Associations Between Measures of Anti-choliner-

gic Burden and Adverse Clinical Outcomes. Annals of family medicine. 2017; 15(6):561–9. Epub 2017/

11/15. https://doi.org/10.1370/afm.2131 PMID: 29133497; PubMed Central PMCID: PMC5683870.

PLOS ONE Anticholinergic burden in large population-based sample

PLOS ONE | https://doi.org/10.1371/journal.pone.0253336 June 30, 2021 15 / 15

https://doi.org/10.1097/00004850-199400910-00006
https://doi.org/10.1097/00004850-199400910-00006
http://www.ncbi.nlm.nih.gov/pubmed/8195581
https://doi.org/10.1097/CCM.0000000000002324
http://www.ncbi.nlm.nih.gov/pubmed/28288026
https://doi.org/10.1016/j.jcrc.2017.08.003
http://www.ncbi.nlm.nih.gov/pubmed/28806561
https://doi.org/10.1038/s41598-020-65989-9
https://doi.org/10.1038/s41598-020-65989-9
http://www.ncbi.nlm.nih.gov/pubmed/32518392
https://doi.org/10.1186/s12877-018-0929-6
http://www.ncbi.nlm.nih.gov/pubmed/30305048
https://doi.org/10.2217/1745509x.4.3.311
https://doi.org/10.2217/1745509x.4.3.311
https://doi.org/10.1111/jgs.2013.61.issue-s1
https://doi.org/10.1111/jgs.2013.61.issue-s1
https://doi.org/10.1371/journal.pone.0171353
http://www.ncbi.nlm.nih.gov/pubmed/28187171
https://doi.org/10.1186/s12894-018-0394-8
https://doi.org/10.1186/s12894-018-0394-8
http://www.ncbi.nlm.nih.gov/pubmed/30217174
https://doi.org/10.1055/a-1071-7911
http://www.ncbi.nlm.nih.gov/pubmed/31962367
https://doi.org/10.1016/j.jagp.2017.01.009
http://www.ncbi.nlm.nih.gov/pubmed/28233606
https://doi.org/10.1016/j.exger.2019.110644
http://www.ncbi.nlm.nih.gov/pubmed/31260723
https://doi.org/10.1001/archinte.167.8.781
http://www.ncbi.nlm.nih.gov/pubmed/17452540
https://doi.org/10.1177/0091270006292126
https://doi.org/10.1177/0091270006292126
http://www.ncbi.nlm.nih.gov/pubmed/17101747
https://doi.org/10.1111/jgs.13206
http://www.ncbi.nlm.nih.gov/pubmed/25597560
https://doi.org/10.1370/afm.2501
http://www.ncbi.nlm.nih.gov/pubmed/32152019
https://doi.org/10.1370/afm.2131
http://www.ncbi.nlm.nih.gov/pubmed/29133497
https://doi.org/10.1371/journal.pone.0253336

