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ABSTRACT

This study investigates the 10-year trend in the sedative and anticho-
linergic burden among older adults in Slovenia, with the aim of iden-
tifying opportunities to optimize pharmacotherapy in this popula-
tion. A retrospective drug utilization analysis was conducted based
on a national anonymized database of dispensed prescriptions from
2009 to 2019. The study employed the sedative load model and the
anticholinergic cognitive burden scale to assess the sedative and
anticholinergic burden, respectively. The findings indicate that in
2019, 45.6 % and 40.8 % of older adults (> 65 years) used sedative and
anticholinergic medications, respectively. A high sedative load and a
clinically significant anticholinergic burden were observed in a con-
siderable proportion of older adults (13.2 % and 11.2 %, respectively,
in 2019). The age-standardized prevalence of sedative load and anti-
cholinergic burden significantly decreased over the 10-year study
period by 5.6 % and 1.7 %, respectively (absolute difference), while
the prevalence of clinically significant anticholinergic burden
remained stable. Notably, the age groups 85-89 years and above 90
years had an increase in the proportion of individuals with a clini-
cally significant anticholinergic burden over the years. These results
emphasize the need for targeted interventions, particularly in the
oldest age groups, to promote safe and effective medication use
among older adults.

Keywords: sedative load, anticholinergic burden, older adults, pharmaco-
therapy optimization, drug utilization study, pharmacoepidemiology
study

INTRODUCTION

With advances in healthcare and improvements in living conditions worldwide, life
expectancy has increased remarkably, leading to many societies having a greater propor-
tion of older adults (1). In Slovenia, for example, life expectancy rose from 72.1 to 77.6 years
for men and from 79.6 to 83.7 years for women between 2001 and 2021 (2). However, as
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individuals age, they become more likely to develop chronic conditions and experience
age-related physiological changes that may necessitate pharmacotherapy interventions (3).
Consequently, older adults often face a higher medication burden than younger individu-
als (4). Ensuring the appropriateness of medications and optimizing pharmacotherapy for
older adults are paramount in maintaining their health and quality of life (3-5).

Sedative medications and medications with anticholinergic properties are commonly
prescribed to older adults for various conditions, such as insomnia, anxiety, depression,
urgent incontinence, and chronic pain (6). However, the use of these medications in older
adults has been associated with increased risks of adverse events, including falls and frac-
tures, cognitive impairment, delirium, dementia, and other geriatric syndromes (7, 8).
These risks are further increased by the concomitant use of multiple medications with
sedative or anticholinergic properties (9). In addition, older adults are more susceptible to
drug-drug interactions and age-related pharmacokinetic changes that can complicate their
medication regimens (3). Given the potential risks associated with sedative and anticho-
linergic medications, monitoring their utilization patterns among older adults over time is
essential (10).

Several measurement tools are available to evaluate sedative load and anticholinergic
burden, and they can offer valuable insights into the cumulative effects of these medica-
tions (11). Such tools include the Drug Burden Index (6), which quantifies the overall bur-
den of sedative and anticholinergic medications, and criteria-based approaches such as the
sedative load (SL) model (7, 8, 12) and the anticholinergic cognitive burden (ACB) scale (13,
14) that identify specific medications with these properties.

The SL model (8, 12) provides a comprehensive measure of sedative medication expo-
sure among older adults. It assigns an SL score to each medication based on its sedative
potential, enabling the calculation of an overall SL score for an individual (8). Higher
scores have been shown to be associated with an increased risk of adverse outcomes, such
as falls and fractures, cognitive impairment, and mortality in older adults (7, 15-17).

The ACB scale (13, 14) offers a standardized approach for quantifying the anticholin-
ergic burden of medications. The ACB scale was initially published in 2008 and then
updated in 2012. The cumulative score reflects the overall anticholinergic burden for an
individual, and higher scores have been linked to cognitive impairment and functional
decline in older adults (14, 18-20).

These tools assist healthcare professionals in quantifying medication exposure, guid-
ing optimization strategies, and mitigating the risk of adverse health outcomes associated
with sedative and anticholinergic medications in older adults (21-23). Additionally, they
enable the evaluation of medication use patterns in database research, facilitating popula-
tion-level assessments of prescribing practices and their impact on older adults” health (24).

Research examining sedative load and anticholinergic burden trends over the past
three decades is limited. Direct prevalence comparisons are challenging because of
methodological variations and demographic differences. In addition, higher prevalence is
noted among institutionalized residents versus community-dwelling older adults (25-27).
Despite such challenges, several studies (24, 25, 28, 29) found increasing trends up until
2005 or 2015, with more recent investigations showing declining patterns of use over the
past decade for benzodiazepines (26, 30-32), psychotropics (27, 33), and atropinic medica-
tions (34).
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Our study aims to investigate trends in the prevalence of sedative load and anticho-
linergic burden from 2009 to 2019 among older adults in Slovenia. Slovenia serves as a
suitable setting for this research because of its aging population and a nationwide health
claims database with accessible information. By analyzing data from national health data-
bases and longitudinal studies, we seek to assess changes in prescribing practices in Slo-
venia and quantify the extent of sedative and anticholinergic use among older adults.

EXPERIMENTAL

Study design

This retrospective drug utilization study encompassed all dispensed outpatient pre-
scriptions in Slovenia. Specifically, the study focused on medications with documented
sedative or anticholinergic activity. The study population included all older adults (aged
65 years and older), for whom at least one prescription medication was dispensed from
2009 to 2019.

Data source

The study utilized national health claims data from the Health Insurance Institute of
Slovenia. The database captures publicly funded outpatient prescriptions, while excluding
over-the-counter medications, hospital prescriptions, and private (out-of-pocket) prescrip-
tions. Private prescriptions constitute less than 5 % of all outpatient prescriptions in Slo-
venia (35). The Slovenian healthcare system, which provides obligatory health insurance
for the entire population, is managed by the Health Insurance Institute of Slovenia.
Detailed descriptions of both the database and the Slovenian healthcare system can be
found in other published sources (36—38). The data used in the study were anonymized but
contained unique patient identifiers, allowing analysis at the individual patient level.
Patient-specific variables included sex and year of birth, while prescription variables
comprised dispensed medications categorized by the Anatomical Therapeutic Chemical
classification and prescription dates.

Sedative load and anticholinergic burden

The SL model was used in this study to evaluate the sedative burden of older adults
(12, 15). The SL model is a method for assessing the sedative effects of medications that has
been previously validated (7, 8, 15). The method is criteria-based and does not require dos-
age information to assess the sedative load for an individual. The SL model was developed
by first identifying potential sedative medications through a comprehensive review of
scientific literature. A panel of expert clinicians specializing in geriatric pharmacotherapy
then categorized these medications based on their sedative properties. Four groups were
defined and scored based on the sedative effects of the medications: (1) primary sedatives,
or substances with a significant sedative effect (2 sedative points); (2) substances for which
sedation is an important adverse effect (1 sedative point); (3) substances for which sedation
is a possible adverse effect (0 sedative points); and (4) substances with no available data on
sedation (0 sedative points). To calculate the sedative load for each patient, the scores of all
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concurrently prescribed medications are summed. A summed score > 3 indicates a high
sedative load (39).

The evaluation of the anticholinergic burden in this study utilized the ACB scale (13,
14), a criteria-based approach that does not require dosage information. During the deve-
lopment of this scale, a systematic review of published literature on the anticholinergic
effects of medications was conducted to compile a list of possible anticholinergic medica-
tions. A panel of expert clinicians from various disciplines then further evaluated and
categorized the medications. The final ACB scale assigns medications a score from 0 to 3.
A score of 1 (possible anticholinergic effect) requires evidence of antagonist activity at
muscarinic receptors from in vitro data. A score of 2 (definite anticholinergic effect)
requires evidence of clinical anticholinergic effect from literature, prescriber’s informa-
tion, or expert opinion. A score of 3 (definite anticholinergic effect) indicates evidence of
the medication causing delirium based on literature, prescriber’s information, or expert
opinion. Medications not meeting these criteria are assigned a score of 0. The ACB scores
of all medications concurrently prescribed to a patient are summed to calculate the total
anticholinergic burden for that patient. A summed ACB score > 3 indicates a clinically
significant anticholinergic burden (9).

Each medication in the health claims database was coded according to the SL model
and the ACB scale, enabling the calculation of the sedative load and anticholinergic bur-
den for each study participant. This information was then used for further analysis.

Statistical analysis

The participants served as the unit of analysis, and total sedative load and anticholin-
ergic burden were calculated for each study participant. The presented results include the
number of participants in the different categories: those with no sedative load (SL score = 0),
those with a sedative load (SL score > 1), and a subgroup of those with a high sedative load
(SL score > 3), as well as those with no anticholinergic burden (ACB score = 0), those with
an anticholinergic burden (ACB score > 1), and a subgroup of those with a clinically sig-
nificant anticholinergic burden (ACB score > 3). These categories were further broken
down and grouped by sex (male and female) and age (65-69 years, 70-74 years, 75-79
years, 80-84 years, 85-89 years, and > 90 years), and group percentages were calculated
relative to the total study population.

The graphical presentation (figures) depicts the extent and trends of sedative load and
anticholinergic burden from 2009 to 2019. Additionally, age-standardized trends are dis-
played, based on the standard European population of 2013. The presentation also in-
cludes chain and fixed-base indices to illustrate changes over the years. The trend analysis
was conducted using a linear regression model. The yearly burden of sedative load and
anticholinergic burden were also calculated for each person, and average values are pre-
sented.

Furthermore, the most commonly prescribed medications with sedative or anticholin-
ergic activity were identified. The prescription frequency for each medication was deter-
mined by calculating the number of patients prescribed that particular medication relative
to the total number of individuals receiving medications from a specific group. All statisti-
cal analyses were performed using IBM SPSS Statistics 26.0.
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RESULTS AND DISCUSSION

Study population

A total of 6,734,045 prescriptions were prescribed to 321,259 older adult outpatients in
Slovenia in 2009. The patients had an average age of 75.3 years (SD 7.7, median 74 years),
and 57.6 % of them were female. In 2019, the number of prescriptions increased to 8,934,953,
dispensed to 405,595 older adult outpatients. The average age of the patients in 2019 was
749 years (SD 7.0, median 74 years), with 61.4 % of them being female.

The total population of older adults in Slovenia in 2019 was 413,054. Notably, 98.2 % of
the older adult population received at least one prescription (405,595 older adults included
in our study). Our study included a substantial proportion of the older adult population,
providing a comprehensive representation of this demographic.

Trends in sedative load

In 2009, the prevalence of sedative load among older adults was 50.7 % (age-standard-
ized: 50.7 %), which decreased to 45.6 % (age-standardized: 45.1 %) by 2019. Similarly, the
proportion of older adults with a high sedative load declined slightly over the years, with
rates of 14.5 % (age-standardized: 14.5 %) in 2009 and 13.2 % (age-standardized: 13.0 %) in
2019. Fig. 1 illustrates these proportions across different age groups, using both crude and
age-standardized data. Notably, the percentage of individuals receiving sedative medica-
tions increased with age, displaying a consistent trend across all age groups. Additionally,
Fig. 2a,b demonstrates the prescribing trend of sedative medications by sex, with a higher
proportion observed among women, a pattern also supported by age-standardized data.
These findings suggest potential areas for improvement, particularly among the oldest
population and women.

The linear regression analysis conducted on age-standardized data revealed a statisti-
cally significant decline in the proportion of individuals with a sedative load. The slope
coefficient was —0.59 % per year (95 % CI: —0.68 to —0.49; R* = 0.95; p < 0.001), indicating an
average annual reduction of 0.59 % or an absolute decrease of 5.9 % over the 10-year period.
Similarly, the proportion of individuals with a clinically significant sedative load decreased
significantly, with a coefficient of ~0.17 % per year (95 % CI: -0.21 to —0.12; R*=0.87; p < 0.001).
This finding translates to an absolute decrease of 1.7 % or a relative decline of 11.7 % over
10 years. These findings were consistent with the chain and fixed-base indices presented
in Fig. 1. The fixed-base index comparing the sedative load from 2019 to 2009 was 89.0,
indicating a decrease of 89 % relative to the initial year. Similarly, the fixed-base index for
high sedative load >3 in 2019 compared to 2009 was 89.3, demonstrating a similar level of
reduction. Among older adults who were prescribed at least one medication with sedative
activity, the average yearly burden of sedative load per patient remained relatively stable
over the years, with a yearly burden of 8.11 in 2009 and 8.14 in 2019.

Few studies have examined the trends in overall sedative load, but several studies have
focused on specific groups of sedative medications (26-31, 33). These studies generally
reported increasing trends until around 2010, followed by decreasing trends in the subsequent
decade. Our findings align with these results, confirming a decreasing trend in the use of
sedative medications in recent years. A similar decreasing trend in overall sedative load was
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also observed among nursing home residents in Finland (27). In that study, the prevalence
decreased from 84.6 % in 2003 to 69.1 % in 2017. Importantly, the higher absolute numbers in
the Finnish study compared with our study may be attributed to differences in the study
populations, as our study focused on older adult outpatients while the Finnish study was
conducted in nursing homes (27). The decreasing trend in overall sedative load indicates
progress in pharmacotherapy management in recent years. However, there is still room for
improvement, particularly among the oldest adults and older women.

Trends in anticholinergic burden

The age-standardized proportion of older adults receiving at least one medication
with anticholinergic activity decreased from 2009 to 2019 (50.4 % to 40.2 %, respectively),
whereas the proportion of individuals with a clinically significant anticholinergic burden
(ACB 2 3) remained relatively stable (10.9 % in 2009 and 10.9 % in 2019). Fig. 3 illustrates the
trends by age groups and age-standardized data. The percentage of individuals prescribed

a) Share of older adults with sedative load (SL> 1)
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Fig. 1. Ten-year trend in sedative load (SL) among older adults in Slovenia: a) the share of older adults
with at least one medication with sedative activity (SL > 1); b) the share of older adults with a high
sedative load (SL > 3).
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anticholinergic medications increased with age, with varying trends observed across dif-
ferent age groups. Notably, in the age groups 85-89 years and > 90 years, the proportion of
individuals with clinically significant anticholinergic burden increased, unlike the other
age groups. Fig. 2¢,d presents the trend of prescribing medications with anticholinergic
activity by sex, highlighting a higher proportion among women, as supported by the age-
standardized data. Similar to the analysis of sedative load, the data on anticholinergic
burden revealed areas for improvement, particularly in women and among the oldest
individuals. The opportunity for optimizing pharmacotherapy is particularly evident in
individuals aged over 85 years, among whom the proportion of individuals with clinically
significant anticholinergic burden continues to rise.

The linear regression model demonstrated a statistically significant decrease in the
overall proportion of individuals with an anticholinergic burden, with a coefficient of -1.0 %
per year (95 % CI: -1.03 to —0.98; R? = 0.99; p < 0.001). This finding indicates an average annual
decrease of 1.0 % in the proportion of individuals with an anticholinergic burden in absolute
terms. However, the proportion of individuals with a clinically significant anticholinergic
burden remained unchanged over the years (coefficient 0.003; 95 % CI: —0.022 to 0.029;
R?=0.009; p = 0.785). The chain and fixed-base indices corroborated these findings (Fig. 3).
The fixed-base index for anticholinergic burden in 2019, relative to 2009, was 79.8, indicating

a) Share of older adults with SL>1 C) Share of older adults with ACB > 1
according to sex according to sex

70 60
50
40
30
20

Share (%)
Share (%)

Share of older adults with ACB > 3

b) Share of older adults with SL>3
according to sex

according to sex

&

Share (%)
Share (%)

Male

Female

= = = Male - age standardized
= = = Female - age standardized

Fig. 2. Ten-year trend in: a) and b) sedative and c) and d) anticholinergic burden among older men and
women in Slovenia. The upper charts present the share of older adults with at least one medication
with sedative or anticholinergic activity (SL > 1; ACB > 1); the lower charts present the share of older
adults with a high sedative load (SL 2 3) or a clinically significant anticholinergic burden (ACB = 3).
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a) Share of older adults with anticholinergic burden (ACB > 1)
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b) Share of older adults with clinically significant anticholinergic burden (ACB > 3)
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Fig. 3. Ten-year trend in anticholinergic burden (ACB) among older adults in Slovenia: a) the share of
older adults with at least one medication with anticholinergic activity (ACB > 1); b) the share of older
adults with a clinically significant anticholinergic burden (ACB > 3).

a relative decrease to approximately 80 % from the initial year. Conversely, the fixed-base
index for a clinically significant anticholinergic burden in 2019 was 100.3. Among older
adults who received prescriptions for at least one medication with anticholinergic activity,
the average annual anticholinergic burden per person displayed a consistent upward trend,
increasing from 5.39 in 2009 to 6.01 in 2019.

Our findings align with other European studies (25, 32, 34), which have also observed
a favorable decreasing trend in the proportion of older adults with an anticholinergic bur-
den over the past decade. However, it is important to note the observed trend of an increas-
ing average yearly anticholinergic burden among individuals who are prescribed at least
one medication with anticholinergic activity. This increasing trend was also confirmed in
a study conducted in the UK (24). Consistent with our study, the pooled average yearly
anticholinergic burden reported in that study ranged between 5 and 6 from 2012 to 2015
and showed an increasing trend from 1991 to 2015. These findings emphasize the need to
optimize pharmacotherapy by focusing on reducing the anticholinergic burden in indi-
viduals who are receiving multiple medications with anticholinergic properties.
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Most commonly prescribed medications

Table I presents the top five most commonly prescribed medications with sedative
and anticholinergic activity. Among medications with stronger sedative effects, benzodi-

Table I. Top five most commonly prescribed medications with sedative or anticholinergic activity

Medication Percentage of patients with prescription®

Most commonly prescribed medications with sedative activity

Primary sedatives (sedative score 2)
N of patients: 125,383

Zolpidem 27.5
Alprazolam 23.5
Bromazepam 21.0
Quetiapine 15.7
Pregabalin 10.4

Medications with sedative properties (sedative score 1)
N of patients: 121,277

Tramadol and paracetamol 53.0
Sertraline 13.4
Tizanidine 8.3
Duloksetin 6.8
Tramadol 6.3

Most commonly prescribed medications with anticholinergic activity

Medications with an ACB score 3
N of patients: 43,901

Quetiapine 41.2
Trospium 21.2
Paroxetine 10.2
Solifenacin 9.3
Solifenacin and tamsulosin 74

Medications with ACB score 2
N of patients: 3,095

Carbamazepine 749
Oxcarbazepine 11.0
Levomepromazine 7.5
Amantadine 7.5

Medications with an ACB score 1
N of patients: 148,706

Furosemide 32.0
Alprazolam 19.7
Warfarin 16.2
Loratadine 11.8
Diazepam 72

Percentage calculated relative to all persons with medications from that specific group.
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azepines, specifically zolpidem (27.5 %), alprazolam (23.5 %), and bromazepam (21.0 %),
dominated the top three positions. Regarding medications with an ACB score of 3, the two
most frequently prescribed medication groups were antipsychotics and medications for
urinary diseases. The three most commonly prescribed medications in this category were
quetiapine (antipsychotic, 41.2 %), trospium (for urinary problems, 21.2 %), and paroxetine
(antidepressant, 10.2 %).

Other European studies have also identified antipsychotics and antidepressants as the
most common medication classes with sedative or anticholinergic burden (25, 32). While
some other countries report the widespread use of opioids (26, 27), opioids are not espe-
cially prevalent among the outpatient population of older adults in Slovenia.

Finally, although we observed decreasing trends in the prescription of sedative and
anticholinergic medications that are currently included on most validated scales, it is
essential to be aware of the potential introduction of new medications with anticholinergic
or sedative effects in the future. Emerging medications need to be closely monitored in the
future to ensure that their impact on the sedative and anticholinergic burden is properly
assessed.

Strengths and limitations

When interpreting the findings of this study, it is important to consider both its
strengths and limitations. One of its key strengths is the inclusion of a large study popula-
tion consisting of all older adults from Slovenia, making it one of the largest studies exam-
ining trends in sedative and anticholinergic exposure. Additionally, this study focuses on
community-dwelling older adults, which distinguishes it from similar studies that have
been conducted in nursing homes or similar settings. To mitigate the risk of overestima-
tion, we further computed the prevalence of high sedative load (SL score > 3) and clini-
cally significant anticholinergic burden (ACB score > 3). However, one of the major chal-
lenges in this study pertains to the definitions of anticholinergic and sedative medications
themselves. There is currently no consensus on which scales best capture the characteris-
tics of anticholinergic or sedative medications. In this study, we utilized the ACB scale,
which is widely recognized and validated and has also been confirmed in a systematic
review (40). For measuring sedative burden, we employed the SL model, which has also
been validated, with higher scores being associated with adverse outcomes. Given that
alternative tools exist for measuring sedative or anticholinergic burden, direct comparison
of absolute numbers with other studies is limited. Nevertheless, the comparison of trends
remains valuable in understanding changes over time. To ensure the reliability and com-
parability of information on this topic, periodic updates and consensus among researchers
and experts are necessary. Meeting this need will aid in the development of more reliable
and standardized measures for assessing anticholinergic and sedative burden, benefiting
both pharmacoepidemiological studies and clinical practice.

CONCLUSIONS

The declining trend in the use of sedative and anticholinergic medications among
older adults is encouraging and potentially reflects heightened awareness of adverse
events linked to the sedative and anticholinergic effects of medications. The increasing
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trend of a clinically significant anticholinergic burden observed in the population above
85 years should be addressed in future interventions. This research has the potential to
inform healthcare professionals, policymakers, and other stakeholders in implementing
strategies to promote the safe and effective use of medications, reduce unnecessary medi-
cation exposure, and minimize the risk of adverse health outcomes among older adults.

Funding. — This work was financially supported by the Slovenian Research and Innovation Agency,
Grant No. P1-0189.

Conflicts of interest. — The authors have no conflicts of interest.

Authors contributions. — Conceptualization, J.J., LL. and M.K,; analysis J.J., LL., M.K,; writing,
original draft preparation, ].J.; writing, review and editing, I.L., M.K. All authors have read and agreed
to the published version of the manuscript.

REFERENCES

1. World Health Organization. World report on ageing and health. 2015; https:/apps.who.int/iris/bit-
stream/handle/10665/186463/9789240694811_eng.pdf;jsessionid=7A8E7FB612B2F4EF59F-
7663CE04E54CE?sequence=1; last access date June 26, 2023.

2. Republic of Slovenia Statistical Office. SiStat. 2024; https://pxweb.stat.si/SiStat/en; last access date
January 25, 2024.

3. A. Mangoni, P. Jansen and S. Jackson, Chapter 1 — Clinical Pharmacology of Aging, in Prescribing for
Elderly Patients (Ed. S. Jackson, P. Jansen, A. Mangoni), John Wiley & Sons, New York 2009, pp. 1-12.

4. A. Al Hamid, M. Ghaleb, H. Aljadhey and Z. Aslanpour, A systematic review of hospitalization
resulting from medicine-related problems in adult patients, Br. ]. Clin. Pharmacol. 78(2) (2014) 202-217;
https://doi.org/10.1111/bcp.12293

5. L. E. Davies, G. Spiers, A. Kingston, A. Todd, ]. Adamson and B. Hanratty, Adverse outcomes of
polypharmacy in older people: Systematic review of reviews, |. Am. Med. Dir. Assoc. 21(2) (2020)
181-187; https://doi.org/10.1016/j.jamda.2019.10.022

6. L. Kouladjian, D. Gnjidic, T. F. Chen, A. A. Mangoni and S. N. Hilmer, Drug Burden Index in older
adults: Theoretical and practical issues, Clin. Interv. Aging 9 (2014) 1503-1515; https://doi.org/10.2147/
CIA.S66660

7. ]. Peklar, A. M. O’Halloran, I. D. Maidment, M. C. Henman, R. A. Kenny and M. Kos, Sedative load
and frailty among community-dwelling population aged >= 65 years, . Am. Med. Dir. Assoc. 16(4)
(2015) 282-289; https://doi.org/10.1016/jjamda.2014.10.010

8. H. T. Taipale, J. S. Bell, M. Uusi-Kokko, E. Lonnroos, R. Sulkava and S. Hartikainen, Sedative load
among community-dwelling people aged 75 years and older: A population-based study, Drugs Aging
28(11) (2011) 913-925; https://doi.org/10.2165/11597800-000000000-00000

9. T. West, M. C. Pruchnicki, K. Porter and R. Emptage, Evaluation of anticholinergic burden of medi-
cationsin older adults, |. Am. Pharm. Assoc. 53 (2003) 496-504; https://doi.org/10.1331/JAPh A.2013.12138

10. D. Gnjidic, D. G. Le Couteur, S. A. Pearson, A. J. McLachlan, R. Viney, S. N. Hilmer, F. M. Blyth, G.
Joshy and E. Banks, High risk prescribing in older adults: prevalence, clinical and economic impli-
cations and potential for intervention at the population level, BMC Public Health. 13 (2013) Article ID
115 (9 pages); https://doi.org/10.1186/1471-2458-13-115

11. C. E. Duran, M. Azermai and R. H. V. Stichele, Systematic review of anticholinergic risk scales in
older adults, Eur. |. Clin Pharmacol. 69(7) (2013) 1485-1496; https://doi.org/10.1007/s00228-013-1499-3

12. T. Linjakumpu, S. Hartikainen, T. Klaukka, H. Koponen, S. L. Kiveld, R. Isoaho, A model to classify
the sedative load of drugs, Int. J. Geriatr. Psychiatry 18(6) (2003) 542-544; https://doi.org/10.1002/gps.846

339



J. Jazbar et al.: Sedative load and anticholinergic burden among older adults in Slovenia over a decade: Potential for optimization
of pharmacotherapy, Acta Pharm. 74 (2024) 329-341.

13. M. Boustani, N. Campbell, S. Munger, I. Maidment and C. Fox, Impact of anticholinergics on the
aging brain: A review and practical application, Aging Health 4(3) (2008) 311-320; https://doi.
org/10.2217/1745509X 4.3.311

14. N. Campbell, I. Maidment, C. Fox, B. Khan and M. Boustani, The 2012 update to the anticholinergic
cognitive burden scale, ]. Am. Geriatr. Soc. 61(S1) (2013) S1:5142-S143; https://doi.org/10.1111/jgs.2013.61.
issue-sl

15. H. T. Taipale, J. S. Bell, D. Gnjidic, R. Sulkava and S. Hartikainen, Sedative load among community-
-dwelling people aged 75 years or older: Association with balance and mobility, . Clin. Psycho-
pharmacol. 32(2) (2012) 218-224; https://doi.org/10.1097/JCP.0b013e3182485802

16. L. Kouladjian, D. Gnjidic, E. Reeve, T. F. Chen and S. N. Hilmer, Health care practitioners’ perspec-
tives on deprescribing anticholinergic and sedative medications in older adults, annals of pharma-
cotherapy, 50(8) (2016) 625-636; https://doi.org/10.1177/1060028016652997

17. S. B. Al Rihani, M. Deodhar, L. I. Darakjian, P. Dow, M. K. Smith, R. Bikmetov, J. Turgeon and V.
Michaud, Quantifying anticholinergic burden and sedative load in older adults with polypharmacy:
A systematic review of risk scales and models, Drugs Aging 38(11) (2021) 977-994; https://doi.
org/10.1007/s40266-021-00895-x

18. C. Fox, K. Richardson, I. D. Maidment, G. M. Savva, F. E. Matthews, D. Smithard, S. Coulton, C.
Katona, M. A. Boustani and C. Brayne, Anticholinergic medication use and cognitive impairment in
the older population: The medical research council cognitive function and ageing study, J. Am.
Geriatr. Soc. 59(8) (2011) 1477-1483; https://doi.org/10.1111/j.1532-5415.2011.03491.x

19. N.L.Campbell, A.]. Perkins, P. Bradt, S. Perk, R. C. Wielage, M. A. Boustani and D. B. Ng, Association
of anticholinergic burden with cognitive impairment and health care utilization among a diverse
ambulatory older adult population, Pharmacotherapy 36(11) (2016) 1123-1131; https://doi.org/10.1002/
phar.1843

20. Y. B. Zheng, L. Shi, X. M. Zhu, Y. P. Bao, L. J. Bai, J. Q. Li, J. J. Liu, Y. Han, J. Shi and L. Lu, Anticholin-
ergic drugs and the risk of dementia: A systematic review and meta-analysis, Neurosci. Biobehavioral
Reviews 127 (2021) 296-306; https://doi.org/10.1016/j.neubiorev.2021.04.031

21. A.Nakham, P. K. Myint, C. M. Bond, R. Newlands, Y. K. Loke and M. Cruickshank, Interventions to
reduce anticholinergic burden in adults aged 65 and older: A systematic review, J. Am. Med. Dir.
Assoc. 21(2) (2020) 172-180; https://doi.org/10.1016/j.jamda.2019.06.001

22. S. N. Hilmer and D. Gnjidic, The anticholinergic burden: from research to practice, Australi Prescr.
45(4) (2022) 118-120; https://doi.org/10.18773/austprescr.2022.031

23.]. S. Bell, C. Mezrani, N. Blacker, T. LeBlanc, O. Frank, C. P. Alderman, S. Rossi, D. Rowett and R.
Shute, Anticholinergic and sedative medicines: Prescribing considerations for people with dementia,
Aust. Fam. Physician. 41(1-2) (2012) 45-49.

24. J. Mur, S. R. Cox, R. E. Marioni, G. Muniz-Terrera and T. C. Russ, Increase in anticholinergic burden
from 1990 to 2015: Age-period-cohort analysis in UK biobank, Br. J. Clin. Pharmacol. 88(3) (2022) 983—
993; https://doi.org/10.1111/bcp.15045

25. U. L. Aalto, H. M. Roitto, H. Finne-Soveri, H. Kautiainen and K. H. Pitkald, Temporal trends in the
use of anticholinergic drugs among older people living in long-term care facilities in Helsinki, Drugs
Aging 37(1) (2020) 27-34; https://doi.org/10.1007/s40266-019-00720-6

26. A.laboni, S. E. Bronskill, K. B. Reynolds, X. Wang, P. A. Rochon, N. Herrmann and A. J. Flint, Chang-
ing pattern of sedative use in older adults: A population-based cohort study, Drugs Aging 33(7) (2016)
523-533; https://doi.org/10.1007/s40266-016-0380-3

27. H. M. Roitto, H. Kautiainen, U. L. Aalto, H. Ohman, J. Laurila and K. H. Pitkila, Fourteen-year trends
in the use of psychotropic medications, opioids and other sedatives among institutionalized older
people in Helsinki, Finland, J. Am. Med. Dir. Assoc. 20(3) (2019) 305-311; https://doi.org/10.1016/j.jam-
da.2018.12.022

340



J. Jazbar et al.: Sedative load and anticholinergic burden among older adults in Slovenia over a decade: Potential for optimization
of pharmacotherapy, Acta Pharm. 74 (2024) 329-341.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

C.L.Kuo, I. C. Chien and C. H. Lin, Trends, correlates and disease patterns of sedative-hypnotic use
among elderly persons in Taiwan, BMC Psychiatry 22(1) (2022) Article ID 316 (8 pages); https://doi.
org/10.1186/s12888-022-03964-6

D. T. Maust, E. C. Blow, . R. Wiechers, H. C. Kales and S. C. Marcus, National trends in antidepres-
sant, benzodiazepine, and other sedative-hypnotic treatment of older adults in psychiatric and pri-
mary care, ]. Clin. Psychiatry 78(4) (2017) e363-e371; https://doi.org/10.4088/JCP.16m10713

C. N. Kaufmann, A. P. Spira, G. C. Alexander, L. Rutkow and R. Mojtabai, Trends in prescribing of
sedative-hypnotic medications in the USA: 1993-2010, Pharmacoepidemiol. Drug Saf. 25(6) (2016) 637—
645; https://doi.org/10.1002/pds.3951

E. Gosselin, M. Simard, C. Lunghi and C. Sirois, Trends in benzodiazepine and alternative hypnotic
use in relation with multimorbidity among older adults in Quebec, Canada, Pharmacoepidemiol. Drug
Saf. 31(3) (2022) 322-333; https://doi.org/10.1002/pds.5383

M. O. Rinkinen, H. M. Roitto, H. R. Ohman, H. J. Kautiainen, R. S. Tilvis, T. E. Strandberg, K. H. Pit-
kala and U. L. Aalto, Temporal trends over two decades in the use of anticholinergic drugs among
older community-dwelling people in Helsinki, Finland, Drugs Aging 39(9) (2022) 705-713; https://doi.
org/10.1007/s40266-022-00968-5

K. H. Pitkala, A. L. Juola, H. Hosia, M. Teramura-Gronblad, H. Soini, N. Savikko and J. S. Bell, Eight-
-year trends in the use of opioids, other analgesics and psychotropic medications among institution-
alized older people in Finland, ]. Am. Med. Dir. Assoc. 16(11) (2015) 973-978; https://doi.org/10.1016/;.
jamda.2015.06.009

S.de Germay, M. Rueter, F. Montastruc, V. Rousseau, M. Lapeyre-Mestre and J. L. Montastruc, Trends
of atropinic (anticholinergic) exposure in the elderly: A 10-year analysis in the French EGB database,
Fundam. Clin. Pharmacol. 33(4) (2019) 471-478; https://doi.org/10.1111/fcp.12450

Health Insurance Institute of Slovenia, Poslovno porocilo za leto 2015. Ljubljana. 2016; http:/www.
222s.51/ZZZS[info/egradiva.nsf/0/7868d258ee297a14c12580d5003e95b3/$FILE/Poslovno  %20poro
%C4 %8Dilo %20ZZZS %20za %20leto %202016_24.3.2017.pdf; last access date January 25, 2024.

J. Jazbar, 1. Locatelli, N. Horvat and M. Kos, Clinically relevant potential drug-drug interactions
among outpatients: A nationwide database study, Res. Soc. Admin. Pharmacy 14(6) (2018) 572-580;
https://doi.org/10.1016/j.sapharm.2017.07.004

N. Mardetko and M. Kos, Introduction of therapeutic reference pricing in Slovenia and its economic
consequences, Eur. |. Health Econom. 19(4) (2018) 571-584; https://doi.org/10.1007/s10198-017-0903-9
PCNE Newsletter, 2017; http:/www.pcne.org/upload/files/174_PCNE_news_2016-4.pdf; last access
date June 26, 2023.

C. Parsons, J. Haydock, E. Mathie, N. Baron, I. Machen, E. Stevenson, S. Amador and C. Goodman,
Sedative load of medications prescribed for older people with dementia in care homes, BMC Geriatr.
11 (2011) Article ID 56 (12 pages); https://doi.org/10.1186/1471-2318-11-56

M. S. Salahudeen, S. B. Duffull and P. S. Nishtala, Anticholinergic burden quantified by anticholinergic
risk scales and adverse outcomes in older people: A systematic review, BMC Geriatr. 15(1) (2015)
Article ID 31 (14 pages); https://doi.org/10.1186/s12877-015-0029-9

341


https://doi.org/10.1186/s12877-015-0029-9

