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Abstract

Objective The aim of the present study was to investigate how potentially inappropriate medication usage and anti-dementia
drug use change from 3 years prior to, up until 3 years post-diagnosis of major neurocognitive disorders among older people
living in Sweden.

Methods People registered in the Swedish registry for cognitive/dementia disorders from 1 July, 2008 to 31 December, 2017,
and aged 68 years or older at diagnosis, were included (n = 67,226). Data were combined with the Swedish Prescribed Drug
Registry to obtain information about drugs collected in 6-month periods at Swedish pharmacies from 3 years pre-diagnosis
until 3 years post-diagnosis. Potentially inappropriate medications were identified according to Swedish national guidelines.
A generalised estimating equation regression model and estimated marginal means were used.

Results Of the 67,226 people included in the study population, 59.2% were women and the mean age + standard deviation
was 81.5 + 6.4 years, 47.0% lived together with a spouse or partner, and 88.9% were living at home at the time of diagnosis.
The proportions of people using potentially inappropriate medications continuously decreased pre- and post-diagnosis,
except for antipsychotic drug use, which continuously increased both pre- and post-diagnosis. Moreover, anticholiner-
gic drug use increased pre-diagnosis and declined post-diagnosis. When comparing the periods pre- and post-diagnosis
date, the adjusted proportion of people using potentially inappropriate medications was significantly lower post-diagnosis
compared with pre-diagnosis, except for the adjusted proportion using antipsychotics, which was significantly higher post-
diagnosis, 10.6%, compared with the period before, 3.1% (adjusted odds ratio 3.71; 95% confidence interval 3.59-3.83).
The adjusted proportion of people using anticholinergic drugs was significantly lower post-diagnosis, 7.2%, compared with
the pre-diagnosis period, 8.9% (adjusted odds ratio 0.80; 95% confidence interval 0.78-0.82). Anti-dementia drug use was
significantly higher post-diagnosis, 52.6%, when compared with the pre-diagnosis period, 3.5% (adjusted odds ratio 30.13;
95% confidence interval 29.19-31.10).

Conclusions Overall, the prevalence of people using potentially inappropriate medications decreased and was significantly
lower post-diagnosis of major neurocognitive disorders, except for antipsychotics. This indicates that potentially inappropriate
medication use should be noticed and reviewed among all older people. The small decrease in the prevalence of anticholin-
ergic drug users and the increasing proportions of people using antipsychotic drugs post-diagnosis are of special concern
because of the adverse drug reactions associated with these types of potentially inappropriate medications. Consequently, it
is important to identify and regularly question anticholinergic and antipsychotic drug treatment to prevent unnecessary and
serious adverse drug reactions among a vulnerable group of people.
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The proportion of people using potentially inappropri-
ate medications declined both pre-diagnosis and post-
diagnosis of major neurocognitive disorder and was
significantly lower post-diagnosis compared with the
pre-diagnosis period, except for antipsychotic drug use.

Potentially inappropriate medication use, especially
anticholinergic and antipsychotic drug treatment, should
be regularly evaluated among all older people to mini-
mise the risk of adverse drug reactions associated with
this type of drug treatment.

1 Introduction

It is well known that older people with major neurocognitive
disorders are vulnerable to drug effects [1]. Nevertheless, the
medication burden is often high and potentially inappropri-
ate medications (PIMs) are prescribed to these individuals
even when this type of drug use is associated with adverse
drug reactions (ADRs) [2-7], which are preventable [8].

The increased sensitivity to drugs is partly due to the
ageing process, which affects the pharmacokinetic and phar-
macodynamic profile of drugs [8]. One example is gliben-
clamide, which has active metabolites that are cleared by
the kidneys. If prescribed dosages are not properly adjusted,
use of glibenclamide in an older patient with declining
renal function can lead to hypoglycaemia and consequently
delirium [3-5]. Another example is the prolonged half-life
of long-acting benzodiazepines, which leads to residual
sedation and therefore increases the risk for fall accidents
in older people. The use of long-acting benzodiazepines is
also associated with an increased risk for ADRs such as cog-
nitive decline among the elderly [8, 9]. Moreover, treatment
with non-steroidal anti-inflammatory drugs (NSAIDs) may
cause gastrointestinal bleeding owing to the inhibition of the
prostaglandin synthesis, which leads to impaired protection
of the gastric mucosa and an increased risk for lesions [3,
5, 10].

Ageing is also associated with a decreased number of
cholinergic neurons in the central nervous system. The
decline in acetylcholine levels is even more pronounced
among older individuals with major neurocognitive dis-
orders compared with older people without this disorder.
Additionally, decreased levels of serotonin, noradrenaline,
and dopamine contribute to the symptoms found among
people with this disorder, which includes the following
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subtypes: Alzheimer’s disease (AD), vascular demen-
tia, Lewy body dementia, Parkinson’s disease dementia,
and frontotemporal dementia. Moreover, the coexistence
of different subtypes is common [11]. Additionally, it is
found that the blood-brain barrier changes among people
with AD, which enhances the entrance of central nervous
system-active drugs. Altogether, these changes may lead
to an even more increased sensitivity for and enhanced
effects from drugs among people with major neurocog-
nitive disorders [12]. For example, anticholinergic drugs
may increase already existing cognitive impairments and
antipsychotic drugs may lead to severe ADRs such as fall
accidents, cerebrovascular events, or even death [13-16].
Even if this is known, antipsychotics are commonly
used among people with major neurocognitive disorders
because of the behavioural and psychological symptoms
with dementia (BPSD) that often arise among these peo-
ple [17]. However, cholinesterase inhibitors, approved for
the treatment of symptoms that arise as a result of major
neurocognitive disorders, may also have positive effects
on BPSD [18]. Moreover, the use of cholinesterase inhibi-
tors and memantine is found to reduce the risk of psycho-
tropic drug use among people with major neurocognitive
disorders when compared with people with this disorder
who do not use anti-dementia drugs [19]. Nevertheless, a
higher prevalence of PIMs has been reported among those
with major neurocognitive disorders compared with those
without this disorder [7]. Different studies have found that
27-64.4% of people with major neurocognitive disorders
have at least one PIM prescribed, depending on the study
settings and type of PIM criteria being used [2, 15, 20-23].

The onset of major neurocognitive disorders may start
decades before symptoms arise [11]. Moreover, the diag-
nosis is made after the onset of neurodegeneration and after
symptoms have arisen [24]. Consequently, an increased
sensitivity for drug effects may start before the major neu-
rocognitive disorders are identified and classified. To opti-
mise drug treatment and diminish risks for ADRs among
this vulnerable group of people, we need more knowledge
about how the prevalence of PIM use changes pre-diagnosis
and post-diagnosis. A previous study, comprising 2448 par-
ticipants, found that the prevalence of people with major
neurocognitive disorders using PIMs had increased at 1-year
and 2-year post-diagnosis of major neurocognitive disorders
when compared with the prevalence of PIM users at diagno-
sis [25]. Another study, comprising 2418 people, found that
the odds for PIM exposure was lower at 1-year pre-diagno-
sis compared with at 1-year diagnosis (adjusted odds ratio
[aOR] 0.83, 95% confidence interval [CI] 0.75-0.91). Addi-
tionally, the odds for PIM exposure continued to increase
1-year post-diagnosis (aOR 1.17, 95% CI 1.05-1.32) [26].
Previous studies have also found an increasing prevalence of
antipsychotic drug use, 10 years pre-diagnosis until 4 years
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post-diagnosis of major neurocognitive disorders [27], and
from the onset of diagnosis and onwards [28].

According to our knowledge, no previous study has
investigated longitudinal patterns of PIM use pre- and
post-diagnosis of major neurocognitive disorders among
older people living in Sweden. The aim of the present
study was therefore to investigate how PIM usage changes
from 3 years prior to, up until 3 years post-diagnosis of
major neurocognitive disorders among older people living
in Sweden. Longitudinal patterns of anti-dementia drug
use were investigated as well.

2 Methods
2.1 Settings and Study Design

This longitudinal study includes people aged 68 years
or older at the diagnosis date of major neurocognitive
disorders, registered in the Swedish registry for cogni-
tive/dementia disorders (SveDem) between 1 July, 2008
and 31 December, 2017 (n = 67,226). All participants
included in SveDem are registered after diagnosis and
the diagnosis date is the date when the participant is
informed about the diagnosis. The data registered in Sve-
Dem are validated through different methods to ensure
good data quality [29]. The study population, collected
from SveDem, was combined with data from the Swedish
Prescribed Drug Register (SPDR), which contains infor-
mation about all the drugs collected at Swedish phar-
macies [30]. Data from the SPDR made it possible to
identify PIM use and anti-dementia drug use among the
study population from 1 July, 2005 until 31 December,
2017. Moreover, data from the Cause of Death Register
[31] were applied to obtain information about people who
died within 3 years post-diagnosis date. All individuals
who are registered in the Swedish Population Register
are given a personal identity number, which makes it pos-
sible to retrieve and link information between different
registries. All data were, however, anonymised before the
researcher gained access to the data file.

2.2 Data Extraction and Definitions

Information about sex was collected from the SPDR and
the information about diagnosis date, age at diagnosis date,
Mini-Mental State Examination (MMSE) score, type of
major neurocognitive disorder, type of residence, and liv-
ing status at the baseline registration was collected from
SveDem. Moreover, the diagnosis year was extracted from
the diagnosis date and the degree of cognitive impairment,
according to the MMSE, was categorised into the following
four categories: no impairment (24-30), mild impairment
(16-23), moderate impairment (8—15), or severe impairment
(0-7).

2.2.1 Time Periods Pre- and Post-Diagnosis Date of Major
Neurocognitive Disorders

To investigate how PIM use was associated with the period
pre- and post-diagnosis of major neurocognitive disor-
ders, the diagnosis date was identified for each individual.
Based on this date, 12 6-month periods were identified and
coded for each participant. Six periods were identified pre-
diagnosis and six periods post-diagnosis. The first 6-month
period post-diagnosis included the diagnosis date. The six
periods pre-diagnosis were further categorised into one pre-
diagnosis period and the six periods post-diagnosis were
categorised into one post-diagnosis period. The procedure
is shown in Fig. 1.

2.2.2 PIMs

Potentially inappropriate medications were defined accord-
ing to the explicit and drug-specific part of quality indi-
cators published by the Swedish National Board of Health
and Welfare. This is a Swedish national guideline devel-
oped by Swedish experts. The drug-specific part consists of
nine parts; drugs inappropriate for older people regardless
of indication, drugs for which correct and current indica-
tion are important, inappropriate dose regimes, inappropri-
ate doses, polypharmacy, potentially inappropriate drug
combinations, drugs that should be adjusted based on renal
function, PIMs based on specific conditions and symptoms,
respectively, and psychotropic drugs [3]. Compared to the

Time periods

Diagnosis date, t = 0

t (months)

-36 -30 -24 -18 -12 -6

0
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6 12 18 24 30 36

Pre-diagnosis period

Post-diagnosis period |

Fig.1 Twelve time periods identified pre- and post-diagnosis date
(t = 0) of major neurocognitive disorders for each individual in the
study population. Six 6-month periods were identified pre-diagnosis

and formed the pre-diagnosis period. Six 6-month periods were iden-
tified post-diagnosis and formed the post-diagnosis period. The diag-
nosis date was included in the first 6-month period post-diagnosis
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explicit STOPP criteria, the STOPP criteria is an interna-
tional PIM list, which includes 65 criteria listing drugs that
should be withdrawn among certain groups of patients or
certain diseases developed by 19 experts from 13 European
countries [32, 33]. The Beers criteria, in contrast, are an
American explicit PIM list developed to detect PIMs that
should be avoided by people aged 65 years or older, in most
circumstances or in certain conditions or diseases [4]. The
Anatomic Therapeutic Chemical classification code speci-
fied in the indicators was used to identify PIMs. The PIMs
were categorised according to the classification in the qual-
ity indicators, i.e. as drugs inappropriate for older people
regardless of indication: long-acting benzodiazepines,
anticholinergic drugs, tramadol, propiomazine, codeine,
and glibenclamide. Antipsychotic drugs and NSAIDs were
also included in accordance with previous studies, although
information about indications was not available [34, 35].
Correct and current indications are important according
to the indicators [3], nevertheless, these PIM classes were
included because of the many side effects associated with
this type of drug treatment [10, 13]. Table 1 specifies the
Anatomic Therapeutic Chemical classification codes for the
different PIMs and PIM classes, respectively. M.S. and E.S.
extracted the data about PIMs from the datafile 4 April, 2020
using SAS Enterprise Guide 7.1.

2.2.3 PIM Use

To be classified as a tramadol, propiomazine, codeine or
glibenclamide user, a person had to collect at least one of the
PIMs, respectively, at least once during a 6-month period. If
a person collected at least one of the specified PIMs included
in a PIM class, i.e. at least one long-acting benzodiazepine,
anticholinergic drug, NSAID or antipsychotic drug, at least
once, the person was classified as a user of that specified
PIM class, during a 6-month period. Moreover, the PIM
total was classified as having collected at least one of the
PIMs specified in Table 1, regardless of PIM or PIM class,
at least once during a 6-month period. People without any
identified PIM were defined as non-users for that specific
6-month period. However, to be dichotomised as a PIM user
or non-user within a 6-month period, one prerequisite was
that full collection data from SPDR should be available for
that 6-month period. Consequently, people with a diagno-
sis date between 1 January, 2015 and 31 December, 2017
received missing PIM use data within each of the 6-month
periods with incomplete collection data from 1 January,
2018 and onwards. In addition, people who died within 3
years post-diagnosis received missing PIM use data for the
6-month period in which the death occurred and onwards.
However, all people alive at the diagnosis date were included
in the study. The number of people who were alive and had
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complete collection data during the 3-year period post-diag-
nosis is specified for each 6-month period in Fig. 2.

2.2.4 Anti-Dementia Drug Use

Anti-dementia drug use was defined and identified in the
same way as PIM use, i.e. having collected at least one anti-
dementia drug within Anatomic Therapeutic Chemical code
NO6D, i.e. cholinesterase inhibitors and memantine, at least
once during a 6-month period.

2.3 Statistical Analyses

Descriptive statistics were used to describe the study popula-
tion. Continuous variables are presented as the mean with
standard deviation and categorical variables as frequencies.
A generalised estimating equation (GEE) regression model
with an exchangeable within-person correlation and a logit
link function was used to estimate the aOR, and the esti-
mated marginal means (EMM) was used to estimate adjusted
proportions for using a PIM, PIM class, PIM total, or anti-
dementia drug pre- and post-diagnosis of major neurocog-
nitive disorders. Potentially inappropriate medication and
anti-dementia drug use were set as the dependent variable
in each analysis, respectively. Time, dichotomised as pre- or
post-diagnosis of major neurocognitive disorders, was used
as the independent variable. The model was adjusted for sex,
age (categorised into 68—77, 78—87, or 88—105 years, respec-
tively), and year of diagnosis (categorised into 2008-9,
2010-11, 2012-13, 2014-15, or 201617, respectively).
Moreover, EMM was used to estimate unadjusted propor-
tions for using a PIM, PIM class, PIM total, or anti-dementia
drug within each of the 12 time periods. The proportions
were plotted against the time periods. The prevalence of PIM
users, excluding those who died post-diagnosis and those
without complete data from the SPDR, was calculated for
comparison purposes.

Additionally, simple and multiple logistic regression anal-
yses were conducted to investigate the association between
using at least one PIM regardless of the classification at
diagnosis and the following 6 months and age, sex, MMSE
score, use of anti-dementia drugs, and type of residence. All
statistical analyses were made using IBM SPSS Statistics
(Armonk, NY, USA) version 26.

3 Results

The mean age (+ standard deviation) in the study population
was 81.5 (6.4) years, with a range between 68 and 105 years
at the diagnosis date of major neurocognitive disorders and
the majority, 59.2% (n = 39,803), were female. Almost half
of those with a reported MMSE score at registration in the
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Table 1 List of drugs, identified according to the ATC code specified below, and included in each of the PIM classes according to the Swedish

quality indicators for good drug therapy among the elderly [3]

PIM/PIM class ATC code
Long-acting benzodiazepines
Diazepam NO5BAO1
Nitrazepam NO5CDO02
Flunitrazepam NO5CDO03
Anticholinergic drugs
Gastrointestinal agents, anticholinergic
Glycopyrronium AO3AB
Atropine, hyoscyamine AO03BA
Butylscopolamine, methylscopolamine AO03BB
Anticholinergic antiemetics
Scopolamine A04AD
Antiarrhythmics class 1A
Disopyramide CO01BA

Urinary antispasmodics (excluding G0O4BD12)
Oxybutynin, tolterodine, solifenacin, darifenacin, fesoterodine
Muscle-relaxing agents, other centrally acting
Orphenadrine
Orphenadrine, combinations
Opiates and opioids in combination with antispasmodics
Morphine, ketobemidone and hydromorphone combined with antispasmodics
Anticholinergic anti-Parkinsonian drugs
Trihexyphenidyl, biperiden
Antipsychotic drugs
Levomepromazine
Prochlorperazine
Chlorprothixene
Clozapine
Anxiolytics
Hydroxyzine
Antidepressants, non-selective monoamine reuptake inhibitors
Clomipramine, amitriptyline, nortriptyline, maprotiline
Antihistamines
Dimenhydrinate
Clemastine
Dexchlorpheniramine, chlorphenamine
Alimemazine, promethazine, tiethylperazine
Meklozine
Cyproheptadine
Tramadol
Propiomazine
Codeine

Glibenclamide
NSAIDs (COX inhibitors)
Antipsychotic drugs

GO04BD excluding G0O4BD12

MO3BCO01
MO3BC51

NO2AG

NO4A

NO5AA02
NO5AB04
NO5AF03
NO5AHO02

NO5BBO01

NO6AA

RO6AA02

RO6AA04

RO6AB

RO6AD

RO6AEO5

RO6AX02

NO02AX02

NO5CMO06

NO02AJ06

NO2AJ09

RO5DA04

A10BBO1

MOIA excluding MO1AX05
NOSA excluding NOSAN

ATC Anatomical Therapeutic Chemical, COX cyclooxygenase, NSAIDs non-steroidal anti-inflammatory drugs, PIM potentially inappropriate

medication
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Time periods
Diagnosis date, t = 0 t (months)
T T T T T T T T T T T T T ;
-36 -30 -24 -18 -12 -6 0 6 12 18 24 30 36
People alive (n): 67,226 | 64,834 61,932 59,073 56,051 52,998 50,085
People alive and with complete data collection (n): 67,226 61,877 55,216 49,107 42,519 36,576 30,497

Fig.2 Number of people alive and with complete data collection at the diagnosis date and within each 6-month interval post-diagnosis of major

neurocognitive disorders

SveDem, 49.1% (n = 33,029), had mild cognitive impair-
ment at diagnosis and the mean MMSE score (+ standard
deviation) was 20.7 (5.0). The most common major neu-
rocognitive disorder was late-onset AD, which was regis-
tered for 28.7% (n = 19,303) of individuals. Moreover, the
majority of the study population lived at home, 88.9% (n =
59,790), and lived together with a spouse or a partner, 47.0%
(n = 31,625). Basic characteristics for the study population
are presented in Table 2. Table 3 presents the results from
the simple and multiple regression analyses investigating
factors associated with PIM use at the time of diagnosis and
the following 6 months. In the multiple regression analysis,
it was found that PIM use was significantly higher among
women (aOR 1.14; 95% CI 1.09-1.18) and among those liv-
ing in nursing homes (aOR 1.77; 95% CI 1.66-1.90). Moreo-
ver, PIM use decreased with increasing age (aOR 0.98; 95%
CI 0.97-0.98) and was significantly lower among people
using anti-dementia drugs (aOR 0.84; 95% CI 0.80-0.87).

Figure 3a—i show the unadjusted proportions of peo-
ple using PIMs within each 6-month period, 3 years pre-
diagnosis until 3 years post-diagnosis. The proportions of
PIM users decreased for the PIMs, PIM classes, and PIM
total shown in Figs. 3a, c—g, and 3i, respectively. However,
based on the unadjusted proportions shown in Fig. 3b, the
proportion of people using anticholinergic drugs increased
slightly, from 9.2% to 9.4%, within the year prior to diagno-
sis. Moreover, antipsychotic drugs increased both pre- and
post-diagnosis, Fig. 3h. This also applies for the propor-
tion of people using anti-dementia drugs, which is shown
in Fig. 3j. When excluding those who died post-diagnosis
and those without complete data from the SPDR, it was
found that the unadjusted proportions of PIM users (data
not shown) only differed to a small extent when compared
with the proportions presented in Fig. 3.

The results from the GEE and EMM analyses are pre-
sented in Table 4. The adjusted proportions of people
using antipsychotic drugs were significantly higher post-
diagnosis, 10.6%, compared with the period before, 3.1%
(aOR 3.71; 95% CI 3.59-3.83). For all other PIMs, PIM
classes, and PIM total, the adjusted proportion of PIM users
was significantly lower post-diagnosis compared with the
period pre-diagnosis of major neurocognitive disorders
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(long-acting benzodiazepines: 1.6% vs 2.5%; aOR 0.64; 95%
CI 0.62-0.67, anticholinergics: 7.2% vs 8.9%; aOR 0.80;
95% CI 0.78-0.82, tramadol: 1.1% vs 3.0%; aOR 0.37; 95%
CI 0.35-0.38, propiomazine: 1.9% vs 3.0%; aOR 0.64; 95%
CI 0.62-0.67, codeine: 1.9% vs 3.0%; aOR 0.63; 95% CI
0.61-0.66, glibenclamide: 0.7% vs 1.4%; aOR 0.51; 95%
CI 0.48-0.54, NSAIDs: 3.6% vs 7.0%; aOR 0.50; 95% CI
0.48-0.51 and PIM total: 23.9% vs 25.8%; aOR 0.90; 95%
CI 0.89-0.92). The adjusted proportion of people using
anti-dementia drugs was significantly higher post-diagnosis,
52.6%, when compared with the time period pre-diagnosis,
3.5% (aOR 30.13; 95% CI 29.19-31.10).

Moreover, it was found that the use of at least one PIM
regardless of classification, and the majority of PIMs and
PIM classes were significantly more common among women
than among men (long-acting benzodiazepines: 2.4% vs
1.6%; aOR 1.54; 95% CI 1.41-1.68, anticholinergics: 8.8%
vs 7.2%; aOR 1.24; 95% CI 1.19-1.29, tramadol: 2.2% vs
1.5%; aOR 1.44; 95% CI 1.34—1.54, propiomazine: 2.7% Vs
2.2%; aOR 1.26;95% CI 1.16—1.36, codeine: 2.8% vs 2.1%;
aOR 1.29;95% CI 1.22—-1.37, NSAIDs: 5.7% vs 4.5%; aOR
1.27; 95% CI 1.22—-1.31, PIM total: 26.7% vs 23.0%; aOR
1.22;95% CI 1.19-1.25). The use of anti-dementia drugs
was also significantly more common among women than
among men (17.6% vs 16.0%; aOR 1.12; 95% CI 1.08-1.17).

Table 4 shows that the adjusted proportions of peo-
ple using anticholinergic drugs, tramadol, propiomazine,
NSAIDs, PIM total, and anti-dementia drugs decreased con-
tinuously at higher ages and were significantly lower among
those aged 78—87 years and 88 years or older, compared with
those aged 68—77 years at the time of diagnosis. It was also
found that the use of codeine was significantly lower among
people aged 88 years or older compared with those aged
68-77 years. However, long-acting benzodiazepines and
antipsychotic drug use were significantly higher among the
oldest age group compared with the youngest group (2.4%
vs 1.8%; aOR 1.35; 95% CI 1.19-1.52 and 6.3% vs 5.7%;
aOR 1.11; 95% CI 1.03-1.20, respectively).

Finally, the GEE and EMM analyses found that the
adjusted proportions of people using long-acting benzodi-
azepines and at least one PIM regardless of classification
continuously decreased and were significantly lower for
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Table 2 Basic characteristics of the study sample (n = 67,226) at
baseline registration

Characteristics n (%)
Sex
Female 39,803 (59.2)
Male 27,423 (40.8)
Age at diagnosis date (years), mean + SD, range 81.5 + 6.4, 68-105
MMSE?, mean + SD 20.7+5.0

Degree of cognitive impairment at registration®
20,265 (30.1)
33,029 (49.1)

No impairment®

Mild impairment®

Moderate impairment? 8484 (12.6)
Severe impairment® 860 (1.3)
Type of major neurocognitive disorder
AD, early onset 672 (1.0)
AD, late onset 19,303 (28.7)
AD and VD 13,117 (19.5)
VD 13,183 (19.6)
LBD 1383 (2.1)
FTD 726 (1.1)
PDD 968 (1.4)
Dementia UNS 16,345 (24.3)
Other 1529 (2.3)
Diagnosis year
2008 1431 (2.1)
2009 4462 (6.6)
2010 5689 (8.5)
2011 7006 (10.4)
2012 8209 (12.2)
2013 8357 (12.4)
2014 8847 (13.2)
2015 8296 (12.3)
2016 7928 (11.8)
2017 7001 (10.4)
Type of residence’
Living at home 59,790 (88.9)
Nursing home 7216 (10.7)
Unknown 219 (0.3)

Living status®
Lives alone 30,146 (44.,8)
31,625 (47.0)

707 (1.1)

Lives with spouse or partner

Unknown

AD Alzheimer’s disease, FTD frontotemporal dementia, LBD Lewy
body dementia, MMSE Mini-Mental State Examination, PDD Parkin-
son disease dementia, SD standard deviation, UNS unspecified, VD
vascular dementia

n = 62,638 because 2762 not tested and 1826 not available for test-
ing

"MMSE score 24-30

‘MMSE score 16-23

YMMSE score 8-15

*MMSE score 0-7

fn = 67,225 because 1 missing

£n = 62,478 because 4748 missing

those with diagnosis years 2010-11, 2012—13, 2014-15,
and 2017-18, respectively, compared with those with diag-
nosis years 2008-9 (data shown in Table 4). Moreover, the
adjusted proportions of people using propiomazine and
NSAIDs were significantly lower and decreased continu-
ously for those with diagnosis years 2012-13, 2014-15, and
2016-17 compared with those diagnosed in 2008-9. Trama-
dol, glibenclamide, anticholinergic, and antipsychotic drug
use were also significantly lower among people diagnosed
in years 2014-15 and 2016-17 compared with those diag-
nosed 2008-9.

4 Discussion

Overall, we found that the use of the majority of PIMs and
PIM classes in the present study declined among the study
population, and the proportion of users was significantly
lower post-diagnosis compared with the period before. The
decreasing proportions might indicate an awareness of the
ADRs associated with PIMs and consequently a cautious
approach when prescribing these types of drugs among older
people. Increasing contact with prescribers at the time of,
and subsequent to, diagnosis of major neurocognitive dis-
orders, may result in more regular medication reviews. This
may, however, also lead to the capture of more symptoms,
which accordingly could lead to increased drug use. The
decreasing proportions of PIM users among the present
study population is opposite to a previous study where the
proportions of PIM users increased from nearly two-thirds
at diagnosis, to 75.2% 2 years post-diagnosis of major neu-
rocognitive disorders [25]. The result in the present study
is also in contrast to an American study where a continu-
ous increase of PIM use was found 1-year pre-diagnosis
until 1-year post-diagnosis [26]. The study populations in
these studies were, however, smaller and Beers criteria were
used to identify PIMs, which could explain the conflicting
results. Moreover, the proportion of people using at least
one PIM regardless of classification was lower post-diag-
nosis in the present study compared with the proportion
reported in earlier studies, with a range between 27.0 and
64.4% among people with major neurocognitive disorders
[2, 15, 20-23]. The difference found between the result in
the present study and the other studies may be due to the
use of other guidelines, e.g. the EU(7)-PIM list and STOPP
indicators, which include a higher number of medications
compared with the Swedish guidelines, or because different
parts from the Swedish guidelines were utilised. Moreover,
different drug markets in varying countries or other inclu-
sion criteria may have contributed to the lower prevalence
found in the present study. However, the decrease was small
when comparing the proportion of PIM users post-diagnosis
with the proportion pre-diagnosis. This is partly explained
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Table 3 Simple and multiple logistic regression analyses investigating the association between different factors at baseline registration and the
usage of at least one PIM 6 months following diagnosis of major neurocognitive disorders

PIM use (n = 15,225) No PIM use (n = 46,652) Simple OR (95% CI) Multiple OR (95% CI)

Sex?, n (%)

Male 5906 (38.8) 19,096 (40.9) Ref Ref

Female 9319 (61.2) 27,556 (59.1) 1.09 (1.05-1.14) 1.14 (1.09-1.18)
Age?, years, mean + SD 80.9 + 6.4 81.5+64 0.99 (0.98-0.99) 0.98 (0.97-0.98)
MMSE®*®, mean + SD 20.7+£5.1 209 +49 0.99 (0.99-1.00) 1.00 (0.99-1.00)
Anti-dementia drug

Without, n (%) 6673 (43.8) 18,194 (39.0) Ref Ref

With, n (%) 8552 (56.2) 28,458 (61.0) 0.82 (0.79-0.85) 0.84 (0.80-0.87)
Type of residence™, n (%)

Living at home 12,863 (84.8) 42,434 (91.3) Ref Ref

Nursing home 2311 (15.2) 4064 (8.7) 1.88 (1.78-1.98) 1.77 (1.66-1.90)

CI confidence interval, MMSE Mini-Mental State Examination, OR odds ratio, PIM potentially inappropriate medication, Ref reference, SD

standard deviation, SPDR Swedish Prescribed Drug Register

%n = 2392 who died during the 6-month period following diagnosis of major neurocognitive disorders, n = 2957 with diagnosis date between
1 July, 2017 and 31 December, 2017 and a lack of data from the SPDR during the 6-month period following diagnosis. Total study sample in

analysis, n = 61,877
1 = 4131 with missing MMSE

°n = 204 with unknown residency and n = 1 with missing values

by the increasing proportion of people using antipsychotic
drugs post-diagnosis.

The proportions of people using antipsychotic drugs,
which almost doubled within the year preceding diagnosis,
is an alarming result in the present study. The proportion
then continued to increase, which is worrying because of
the serious side effects associated with this type of drug
treatment [13, 14]. Moreover, the longitudinal analysis found
that antipsychotic drug use was significantly more common
among people aged 88 years or older. These results might
reflect the occurrence of BPSD that is associated with the
progression of major neurocognitive disorders [36], and it
has been found that BPSD, e.g. hallucinations and aggres-
sion, may arise pre-diagnosis [37—40], which might explain
the increase in antipsychotic drug use prior to diagnosis
found in the present study. The increasing trend of antip-
sychotic drug use pre- and post-diagnosis is found in other
studies as well [27, 28]. The proportion of antipsychotic
drug users 1-year post-diagnosis is also in line with a study
conducted in Norway [37], but lower compared with other
studies, which found proportions between 12.5 and 27%,
depending on the study setting [14, 27, 41]. Nonetheless,
the proportion of people using antipsychotic drugs was sig-
nificantly higher post-diagnosis compared with the pre-diag-
nosis period. This is concerning and should be highlighted
given the severe ADRs such as fall accidents, cerebrovascu-
lar adverse events such as stroke, and the increased mortality
rate that antipsychotic drug use may lead to among older
people with major neurocognitive disorders [13—-16].
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The proportions of people using anticholinergic drugs
post-diagnosis also contributed to the high proportion of
people using at least one PIM regardless of the classification
post-diagnosis found among the study population. Even if
the proportions continuously decreased post-diagnosis, the
decrease was small and the proportions were higher com-
pared with other PIMs or PIM classes identified in the pre-
sent study. Additionally, the proportion of anticholinergic
drug users increased pre-diagnosis, which could be linked
with increased contact with healthcare because of experi-
enced symptoms. Consequently, clinicians are able to note
a constellation of symptoms, which may be followed by an
increase in PIM use. These trends warrant concern because
of the anticholinergic side effects that are particularly harm-
ful among people with major neurocognitive disorders.

The statistical analysis found that the use of anti-dementia
drugs was significantly higher post-diagnosis compared with
the period before, which is in accordance with our expecta-
tions. The proportion of people using anti-dementia drugs
1-year post-diagnosis is in line with, but somewhat lower
than another study [37]. The increase in anti-dementia drug
use during the 6-month periods pre- and post-diagnosis
of major neurocognitive disorders is, however, more than
double compared with a German study [42]. The declining
proportion of people using anti-dementia drugs 12 months
post-diagnosis might reflect de-prescribing because of side
effects and/or no initial effect. The multiple logistic regres-
sion analyses found that people using anti-dementia drugs
had a lower odds of using PIMs at the time of diagnosis.
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This result is supported by a previously mentioned study,
which found an association between a lower odds of psycho-
tropic drug use when anti-dementia drugs were used [19].
The declining trend in anti-dementia drug use post-diagnosis
is therefore worth highlighting.

An association was found between living in nursing
homes and using PIMs in the multiple logistic regression
analysis. Multi-morbidity and high numbers of medications
are common in nursing homes [43] and it has been found
that PIM use is associated with a higher number of medica-
tions [44]. This might explain the findings in the present
study. Moreover, PIM use was more common among women
at the time of diagnosis and the following 6 months. This
trend was found in the longitudinal model as well, except for
glibenclamide and antipsychotic drug use.

Finally, higher age was significantly associated with
lower PIM use according to the multiple logistic regression
and longitudinal analyses. This trend was found for all PIMs
and PIM classes except for long-acting benzodiazepines and
antipsychotic drug use. The association between lower PIM
usage and a higher age was opposite to the results in a pre-
viously mentioned study [45]. Overall, PIM use decreased
over the years and PIM use was less common among people
with a diagnosis date between 2014 and 2017 compared with
those with a diagnosis in 2008 or 2009. A previous study
found that PIM use had decreased in 2013 compared with
2007 [34]. The trend of decreasing PIM use over the years
and declining PIM use at higher ages is positive and might
imply an increasing awareness of the inappropriateness of
PIMs among older people.

The following limitations should be considered when
interpreting these results. Because of the large study sample,
there is a possibility that small differences become signifi-
cant [46]. We do not know if the medicines were actually
used, neither did we have information about the indication
for which the PIMs were prescribed, nor the length of treat-
ment or the prescribed doses. Some medicines may there-
fore be appropriate to use according to the patient’s clini-
cal condition. Moreover, Swedish guidelines were used to
identify PIMs which, compared to international criteria,
include a smaller number of PIMs. Additionally, some of
the substances included in the Swedish quality indicators are
deregistered from the Swedish drug market, e.g. prochlorp-
erazine, which is currently utilised against nausea in special
cases. Moreover, not all people with major neurocognitive
disorders seek medical advice. Consequently, the approxi-
mated completeness rate for SveDem ranged between 15 and
41% in 2008-17 [29]. Finally, the use of SveDem was more
common among specialised memory clinics compared with
community healthcare when the registry was set up in 2007.
Selection might therefore have influenced the result.

The strengths of the present study that should be high-
lighted include the large study population, as data are

nationally representative, including all Swedish counties,
and comprise information about people registered in Sve-
Dem over 9.5 years. Additionally, those who died or had
missing data from the SPDR within 3 years post-diagnosis
were included. Moreover, SveDem is validated through dif-
ferent methods to ensure good data quality [29].

5 Conclusions

Overall, the proportions of people using PIMs were sig-
nificantly lower post-diagnosis of major neurocognitive
disorders. This indicates that PIM use should be noticed
and reviewed among all older people. The small decrease in
proportions of anticholinergic drug users and the increasing
proportions of people using antipsychotic drugs post-diag-
nosis are of special concern because of the ADRs associated
with these types of PIMs. Consequently, anticholinergic and
antipsychotic drug treatment needs to be identified and regu-
larly questioned to prevent unnecessary and serious ADRs
among a vulnerable group of people.
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