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Abstract

Objectives

To describe and compare temporal changes in prevalence and incidence of psychotropic
use (antipsychotics, antidepressants and benzodiazepines and related drugs; BZDRs) in
persons with newly diagnosed Alzheimer’s disease (AD) between university hospital dis-
tricts of Finland during 2005-2011.

Methods

The MEDALZ study includes all community-dwellers of Finland who received a clinically ver-
ified AD diagnosis in 2005—-2011 (N = 70,718). Prevalent and incident use of psychotropics
among those who had received AD diagnosis less than one year ago were compared in
2005—-2011.

Results

Regional differences in psychotropic use between university hospital districts were more
evident in 2005 than 2011 for prevalent use of any psychotropic, antipsychotic and BZDRs
and incident use of any psychotropic and antipsychotics. Regional differences in prevalent
antidepressant use and incident BZDR use remained similar during the follow-up, while dif-
ferences in incident antidepressant use increased during the follow-up. The prevalence of
any psychotropic use in 2005 varied between 44.7-50.7% and between 45.0—47.9% in

2011. Incidence of any psychotropic use in 2005 was between 8.6—-12.1% and 6.2—-8.2% in
2011. In 2005, the distribution of incident psychotropic use followed a large scale spatial var-
iation that, however, did not correspond to university hospital districts. During the study
period from 2005 to 2011 the cyclic spatial variation disappeared. No sign of adjacent
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hospital districts being more or less closely related to each other compared to hospital dis-
tricts in general was detected.

Conclusions

Except for antidepressants, regional differences in psychotropic use have mainly diminished
between 2005 and 2011. Our findings highlight the importance of acknowledging regional
differences in a country with relatively homogeneous healthcare system and conducting
future studies assessing the reasons behind these differences.

Introduction

Although antidementia medications (acetylcholinesterase inhibitors and memantine) are rec-
ommended as the first-line treatments for behavioural and psychological symptoms of demen-
tia, [1] psychotropic drugs (antidepressants, antipsychotics and benzodiazepines and related
drugs; BZDRs) are frequently used among persons with dementia or Alzheimer’s disease (AD;
the most common form of dementia). Studies on psychotropic use among persons with inci-
dent dementia/AD have reported an annual prevalence of 13-31% for antipsychotic use, 22—
54% for antidepressants and 5-29% for BZDRs (depending on the definition of BZDRs).[2-7]
These numbers are considerably higher than in age- and sex-matched population without AD/
dementia [3,4,6,7] and have remained high despite the safety warnings.[2-5,7]

Results of longitudinal studies assessing the temporal change have been different depending
on the study period, setting and participants. A German study did not detect any change in
overall prevalence of antipsychotic use among persons with dementia during 2004-2009, (5]
while in Italy a decline in overall antipsychotic use among acetylcholinesterase inhibitor users
was reported during 2002-2008, despite concomitant rise in atypical antipsychotic use.[2] In
an UK study a decrease in antipsychotic and hypnotics use during 1995-2005 occurred among
dementia patients, but this was offset by an increase in antidepressant and anxiolytic use.[3] In
Denmark antidepressant use increased while the use of antipsychotics, anxiolytics and hypnot-
ics decreased in 2000-2012 among persons with dementia.[7] In our previous study including
all community-dwellers who received a clinically verified AD diagnosis in Finland during
2005-2011, we detected an increasing trend of antipsychotic use, no changes in antidepressant
use and decline in BZDR use.[4] Our study on the regional differences of the same cohort
showed regional variation in antidementia medication use across university hospital districts,
[8] but it is not known if similar regional variation exists in psychotropic use.

Aims of the study

Aims of the study were to describe and compare regional differences in the temporal changes
of incidence and prevalence of psychotropic use in persons with newly diagnosed AD in Fin-
land during the years 2005-2011.

Material and methods
Study cohort

The Medication and Alzheimer’s disease (MEDALZ) cohort includes all community-dwelling
persons who received a clinically verified diagnosis of AD in 2005-2011 (N = 70,718). The age
range of the cohort was 34-105 years (mean 80.1 (SD 7.1) years) and 65.2% of the study
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population were women. The cohort has been described previously in more detail.[9] Persons
with AD were identified from the Finnish Special Reimbursement Register maintained by the
Social Insurance Institution of Finland (SII). The Special Reimbursement Register contains
records of all persons who are eligible for higher reimbursement due to certain chronic dis-
eases, including AD. To be eligible for reimbursement, the disease must be diagnosed accord-
ing to specific criterion and diagnosis statement must be submitted to the SII by a physician.
The AD diagnosis was mainly based on the NINCDS-ADRDA and DSM-1V criteria for Alz-
heimer’s disease.[10,11] Briefly, the criterion for AD includes 1) symptoms consistent with
mild or moderate AD, 2) decrease in social capacity over a period of at least 3 months, 3) com-
puted tomography/magnetic resonance imaging scan, 4) exclusion of possible alternative diag-
noses, and 5) confirmation of the diagnosis by a registered geriatrician or neurologist. The main
difference to the 1984 version of NINCDS-ADRDA is that the special reimbursement criterion
requires nontransient decline in social capacity and does not set a specific age limit for diagno-
sis. In addition, confirmation of diagnosis by a geriatrician/ neurologist and a CT scan or MRI
were not required in either NINCDS-ADRDA or DSM-IV criteria. A summary of anamnestic
information from the patients and family, as well as findings e.g. MRI/CT, laboratory tests,
CERAD, are submitted to the SII, where a geriatrician/neurologist systematically evaluates the
diagnostic evidence for each AD case and confirms whether the pre-specified criteria are met.

Each resident of Finland is assigned a unique personal identity code which was used to compile
the research database from various national registers as described previously.[12] All data were
de-identified by the register maintainers and ethics committee approval or informed consent were
not required as only de-identified data were used and the study participants were not contacted.

In Finland, primary care is organised by municipalities. Each municipality belongs to one of
the 21 hospital districts that are responsible for organising specialised healthcare and ensuring
that it complements the primary care. (http://stm.fi/en/social-and-health-services/responsible-
agencies) The most advanced specialised medical care is organised by five university hospital
districts (Helsinki, Turku, Tampere, Oulu and Kuopio), that are formed by the hospital districts.
The health care services are implemented with government support according to the legislation
and monitored by the Ministry of Social Affairs and Health.

Medication use

Data on all prescribed medications dispensed between 1995 and 2011 were extracted from the
Finnish National Prescription Register which covers reimbursed prescription purchases, with
the exception of those provided during stays at hospitals and public nursing homes. All medica-
tions in the Prescription Register are categorised according to the World Health Organization
(WHO) Anatomical Therapeutic Chemical (ATC) Classification system and purchased amounts
are recorded in Defined Daily Doses (DDDs); the assumed average maintenance dose per day
for a drug used for its main indication in adults.[13]http://bjp.rcpsych.org/content/207/5/444.
long—ref-26 For each person and ATC code, use periods were modelled with a validated PRE2
DUP method.[14] PRE2DUP is based on sliding averages of DDD and it accounts for hospitali-
sations, stockpiling and dose changes.

Antipsychotics were identified by ATC code NO5A (excluding lithium and prochlorpera-
zine), antidepressants by ATC code NO6A and benzodiazepines and benzodiazepine-related
drugs by ATC codes NO5BA, N05CD and NO5CF. Use of antidementia medication (ATC code
NO06D) was modelled similarly and only prevalent use was considered. None of the cohort
members had antidementia medication purchases before AD diagnosis so the incidence corre-
sponds to prevalence (except for those persons who were diagnosed on the previous calendar
year and had purchased these medications already on the diagnosis year).

PLOS ONE | DOI:10.1371/journal.pone.0173450 March 9, 2017 3/15


http://stm.fi/en/social-and-health-services/responsible-agencies
http://stm.fi/en/social-and-health-services/responsible-agencies
http://bjp.rcpsych.org/content/207/5/444.longref-26
http://bjp.rcpsych.org/content/207/5/444.longref-26

@° PLOS | ONE

Psychotropic use in persons with AD in 2005-2011

Statistical analyses

Statistical analyses were performed with Stata/MP 14.1, R and IBM SPSS Statistics 21. In each
calendar year, we investigated the prevalent and incident use of psychotropics among persons
with newly diagnosed AD, i.e., those who had at maximum one year since their AD diagnosis.
Eligibility for prevalence analyses was defined as 1) AD diagnosis not more than one year ago
2) not hospitalised/institutionalised for the entire assessment period, as medication use during
hospitalisation or institutionalisation cannot be ascertained from the registers. For incidence
analyses, one-year washout period was used, i.e., persons who had used the drug of interest
one year before AD diagnosis were not eligible. The prevalence and incidence data are pre-
sented as percentage of users of eligible population, as well as age- and sex-standardised rates
(per 100 person-years). The follow-up calculation for rates was terminated on the date of death
or admission date of over 90-day hospitalisation or institutionalisation if this occurred earlier
than the end of one-year follow-up period. Differences in changes in proportions were com-
pared with y*-test and differences in age with t-test.

Multilevel mixed effects linear regression models were fit to 1) investigate temporal changes
in the age- and sex adjusted rates 2) assess whether the slope was different between hospital or
university hospital districts 3) quantify whether the variation was larger between university
hospital districts or hospital districts. Time was included as a fixed effect and hospital and uni-
versity hospital districts as nested random effects. Models were fitted with unstructured covari-
ance matrix (i.e., all variances and covariances were estimated separately). In addition, we
investigated whether antidementia medication use was associated with psychotropic use by
including antidementia medication use as a fixed effect in these models.

In addition, principal coordinates of neighbour matrices (PCNM) were created to detect
the spatial scale which had the strongest effect on the incidence of psychotropic use. PCNM is
based on geographical distances between different sites.[15] It produces variables, spatial vec-
tors, which correspond to autocorrelation and model spatial relationships between the sites;
the larger the vector score, the larger the scale of the cyclic variation. In PCNM, cyclic variation
represents regular geographic patterns with various spatial scales. Small-scale variation means
that the study area is composed of numerous similar, regularly repeated, patterns and, corre-
spondingly, large-scale variation means that the study area is composed of only a few patterns.
A pattern corresponds to a wave with one crest (high values) and one trough (low values). The
method and its epidemiological applications have been described in detail by Voutilainen et al.
[16,17] In the present study, latitudes and longitudes of the largest city in each hospital district
were used as initial values for PCNM. Another option would have been to use geographic cen-
tres of hospital districts as initial values but largest cities were though to better represent people
living in the areas. In general, this kind of analysis procedure is typical and suitable for finding
answers for epidemiological research questions.[16,17] Aland (an archipelago) was excluded
from the analyses due to its restricted connections with other 20 hospital districts. Then, the
spatial vectors created by PCNM from these geographical locations were used as independent
variables in a linear regression model with psychotropic incidence rate as a dependent variable.
PCNM vectors were created using functions of the ‘vegan’ package for R.[18]

Results
Participant characteristics in different university hospital districts

Table 1 summarises the demographic characteristics and prevalence of psychotropic use in
different university hospital districts in 2005 and 2011. More detailed description including
data from years 2006-2010 and from different hospital districts is available in S1 Table and
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Table 1. Demographic characteristics and prevalence of psychotropic use in different university hospital districts in 2005 and 2011. Data are given
as n (%) unless otherwise indicated.

2005 2011 P for temporal change
N (n eligible*) N (n eligible*)
Age, mean (SD)
Helsinki 2,126 (2,104) 79.5(6.9) 6,868 (6,614) 80.4 (7.6) <0.001
Kuopio 1,673 (1,654) 79.3 (6.8) 4,790 (4,612) 80.3(6.9) <0.001
Oulu 1,350 (1,342) 78.9 (6.5) 3,117 (3,054) 80.3(7.1) <0.001
Tampere 1,961 (1,942) 79.4 (6.7) 5,013 (4,820) 80.6 (7.1) <0.001
Turku 1,410 (1,397) 79.9 (6.5) 3,249 (3,159) 81.1(7.1) <0.001
P for regional difference 0.002 <0.001
Sex, women
Helsinki 2,126 (2,104) 1,398 (66.4) 6,868 (6,614) 4,314 (65.2) 0.31
Kuopio 1,673 (1,654) 1,055 (63.8) 4,790 (4,612) 2,947 (63.9) 0.93
Oulu 1,350 (1,342) 839 (62.5) 3,117 (3,054) 1,924 (63.0) 0.76
Tampere 1,961 (1,942) 1,269 (65.4) 5,013 (4,820) 3,065 (63.6) 0.17
Turku 1,410 (1,397) 933 (66.8) 3,249 (3,159) 2,066 (65.4) 0.36
P for regional difference 0.07 0.10
Antidementia medication use
Helsinki 2,126 (2,104) 1,205 (57.3) 6,868 (6,614) 4,867 (74.6) <0.001
Kuopio 1,673 (1,654) 1, 055 (63.8) 4,790 (4,612) 3,596 (78.0) <0.001
Oulu 1,350 (1,342) 853 (63.6) 3,117 (3,054) 2,348 (76.9) <0.001
Tampere 1,961 (1,942) 1,260 (64.9) 5,013 (4,820) 3,690 (76.6) <0.001
Turku 1,410 (1,397) 780 (55.8) 3,249 (3,159) 2,317 (73.4) <0.001
P for regional difference <0.001 <0.001
Any psychotropic, prevalent use
Helsinki 2,126 (2,104) 1,067 (50.7) 6,868 (6,614) 3,064 (46.3) <0.001
Kuopio 1,673 (1,654) 767 (46.4) 4,790 (4,612) 2,076 (45.0) 0.34
Oulu 1,350 (1,342) 600 (44.7) 3,117 (3,054) 1,377 (45.1) 0.82
Tampere 1,961 (1,942) 952 (49.0) 5,013 (4,820) 2,292 (47.6) 0.27
Turku 1,410 (1,397) 690 (49.4) 3,249 (3,159) 1,512 (47.9) 0.34
P for regional difference 0.004 0.027
Antipsychotics, prevalent use
Helsinki 2,126 (2,104) 341 (16.2) 6,868 (6,614) 1,043 (15.8) 0.63
Kuopio 1,673 (1,654) 303 (18.3) 4,790 (4,612) 789 (17.1) 0.27
Oulu 1,350 (1,342) 173 (12.9) 3,117 (3,054) 490 (16.0) 0.007
Tampere 1,961 (1,942) 301 (15.5) 5,013 (4,820) 820 (17.0) 0.13
Turku 1,410 (1,397) 224 (16.0) 3,249 (3,159) 554 (17.5) 0.21
P for regional difference 0.002 0.12
Antidepressants, prevalent use
Helsinki 2,126 (2,104) 595 (28.3) 6,868 (6,614) 1,775 (26.8) 0.20
Kuopio 1,673 (1,654) 368 (22.3) 4,790 (4,612) 1,031 (22.4) 0.93
Oulu 1,350 (1,342) 316 (23.6) 3,117 (3,054) 693 (22.7) 0.54
Tampere 1,961 (1,942) 491 (25.3) 5,013 (4,820) 1,192 (24.7) 0.63
Turku 1,410 (1,397) 368 (26.3) 3,249 (3,159) 768 (24.3) 0.14
P for regional difference <0.001 <0.001
BZDR, prevalent use
Helsinki 2,126 (2,104) 596 (28.3) 6,868 (6,614) 1,635 (23.2) <0.001
Kuopio 1,673 (1,654) 433 (26.2) 4,790 (4,612) 1,038 (22.5) 0.003
(Continued)
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Table 1. (Continued)

N (n eligible*)

Oulu 1,350 (1,342)
Tampere 1,961 (1,942)
Turku 1,410 (1,397)

P for regional difference

2005 2011 P for temporal change
N (n eligible*)
376 (28.0) 3,117 (3,054) 731 (23.9) 0.004
604 (31.1) 5,013 (4,820) 1,202 (24.9) <0.001
399 (28.6) 3,249 (3,159) 770 (24.4) 0.003
0.027 0.050

*AD diagnosis not more than one year ago and not hospitalised/institutionalised for the entire assessment period

doi:10.1371/journal.pone.0173450.t001

S2 Table. The proportion of women was similar across university hospital districts, varying
between 62.5-66.8% in 2005 and 63.0-65.4 in 2011 and changes in the sex distribution in dif-
ferent districts were not observed during the study period (Table 1). In 2005, the annual cohort
of Oulu was on average one year younger than the Turku cohort, which had the highest aver-
age age, 79.9 years in 2005. The average age increased by approximately one year in all districts
between 2005 and 2011 and the differences between university hospital districts remained.
Regional differences in the use of antidementia medication were evident in both 2005 and
2011. Altogether 63.8-64.9% of persons who were diagnosed with AD in 2005 and resided in
Kuopio, Oulu or Tampere districts purchased antidementia medication in that year, while the
proportions in Turku and Helsinki were somewhat smaller, 55.8% and 57.3, respectively. By
2011, the differences had narrowed as the proportion of those with antidementia medication
purchases was 73.4-78% for all university hospital districts, although the lowest prevalences
were still observed in Helsinki and Turku.

Prevalent psychotropic use

The prevalence of any psychotropic use in 2005 varied from 44.7% (Oulu) to 50.7% (Helsinki;
Table 1, Fig 1). Prevalent use of antipsychotics in 2005 was most common in Kuopio (18.3%)
and least common in Oulu (12.9%), while antidepressant and BZDR use was least prevalent

in Kuopio (22.3% and 26.2%, respectively). Highest prevalence of antidepressant use in 2005
was observed in Helsinki (28.3%) and prevalent BZDR use was most common in Tampere
(31.1%). Thus, the prevalence of any psychotropic use, as well as the use of individual psycho-
tropics varied between university hospital districts in 2005. The differences were less evident
in 2011 for BZDR use, which had declined similarly in all university hospital districts. Regional
differences in antipsychotic use disappeared by 2011, mainly because the prevalence increased
in the Oulu district but remained similar in other regions. The prevalence of antidepressant
use remained similar in all districts and thus, the regional differences observed in 2005 were
evident also in 2011. The changes in individual categories largely complemented each other in
Oulu, Kuopio, Tampere and Turku university hospital districts, where no overall change in the
prevalence of any antipsychotic use was observed between 2005-2011 while in Helsinki the
prevalence decreased by 4.4%. The change in prevalence rates is illustrated in more detail in S1
Movie and S2 Movie which display the annual prevalence of any psychotropic use in different
university hospital districts and hospital districts.

Incident psychotropic use

Regional differences between university hospital districts were observed also for incident psy-
chotropic use in 2005, but these differences were less evident in 2011 for other drug groups
except for antidepressants (Table 2). In 2005, the incidence rates in the hospital districts within

PLOS ONE | DOI:10.1371/journal.pone.0173450 March 9, 2017 6/15



®PLOS | one

Psychotropic use in persons with AD in 2005-2011

a) g, b) £3-
8o 8
g2 1 I I 53
29 [ 5
gl &
ax =1
28 581
©
53 1 so L1 i
88 8
@ » o |
58 =2
SO 8o
= ©
o ————————— 3o |
" 20052011 2005 2011 2005 2011 2005 2011 2005 2011 & 2005 2011 2005 2011 2005 2011 2005 2011 2005 2011
oz d)
Sy
@ &
cC o | el
So I gi% il I
B [ 11 I go |0l
g : 0% I
S o 1
57 581
w10 w
Rt &
o 8% 1
fo E
3% S92
£ 2
OO >
L 27
o
o
& T T \ T T ‘ o A
0 2 4 6 8 10

2005 2011 2005 2011 2005 2011 2005 2011 2005 2011

Helsinki I Kuopio

I Oulu

Tampere

N Turku ——— 95% confidence interval

Fig 1. The prevalence of a) any psychotropic b) antipsychtotic c) antidepressant and d) benzodiazepines and related drug (BZDR) use in different
university hospital regions in 2005 and 2011.

doi:10.1371/journal.pone.0173450.9001

each university hospital district differed more from each other than in 2011 (Figs 2 and 3). In
2005 the lowest incidence was observed in Oulu for any psychotropic, antipsychotic and anti-
depressant use (8.6%, 5.3% and 4.9%, respectively) and the highest in Helsinki for any psy-
chotropic (12.1%) and antidepressants (7.5%) and in Turku for antipsychotics (8.0%).
However, the differences between districts were smaller than for prevalence. In 2011, there
was less variation between university hospital districts: the incidence of any psychotropic
use was 6.2-8.2%, and the incidence of antipsychotics, antidepressants and BZDRs were
5.5-6.2%, 3.2-5.2% and 3.1-4.3%, respectively. As with prevalence, the largest decrease in
overall psychotropic use occurred in Helsinki where the incidence in 2005 was the highest.
Similar results were observed with age and sex-adjusted incidence rates which account for
demographic differences between AD cases in different districts. The annual changes in
incidence rates in different university hospital districts are displayed in supplementary
material for any psychotropics (S3 Movie), antipsychotics (S4 Movie), antidepressants (S5
Movie) and BZDRs (S6 Movie).

In 2005, the incidence of any psychotropic use followed a large scale spatial distribution
(Fig 4). A single spatial vector distributing Finland into approximately five areas explained
33.5% of the observed variation in psychotropic use. The spatial vector, however, did not cor-
respond to five university hospital districts. During the study period, from 2005 to 2011, the
cyclic spatial distribution of psychotropic use disappeared so that, in 2011, spatial vectors were
unable to explain any of the variation in psychotropic use. According to PCNM, there was no
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Table 2. Incidence of psychotropic use in different university hospital districts in 2005 and 2011.

Any psychotropic, incident use
Helsinki
Kuopio
Oulu
Tampere
Turku
P for regional difference
Antipsychotics, incident use
Helsinki
Kuopio
Oulu
Tampere
Turku
P for regional difference
Antidepressants, incident use
Helsinki
Kuopio
Oulu
Tampere
Turku
P for regional difference
BZDR, incident use
Helsinki
Kuopio
Oulu
Tampere
Turku
P for regional difference

doi:10.1371/journal.pone.0173450.t002

2005 n (%)

223 (12.1)
151 (10.2)
104 (8.6)
177 (10.4)
119 (9.6)
0.029

164 (7.9)
115 (7.1)
70 (5.3)
139 (7.3)
110 (8.0)
0.040

153 (7.5)
91 (5.7)
64 (4.9)
121 (6.4)
72(5.3)
0.013

142 (7.1)
80 (5.0)
78 (6.0)
122 (6.5)
74 (5.5)
0.08

2011 n (%) | P for temporal change
463 (7.9) <0.001
314 (7.5) 0.001
171 (6.2) 0.006
324 (7.5) <0.001
236 (8.2) 0.15

0.045
384 (5.9) 0.001
282 (6.2) 0.21
168 (5.6) 0.69
281 (5.9) 0.038
169 (5.5) 0.001

0.69
331 (5.2) <0.001
194 (4.3) 0.028
84 (3.2) 0.005
209 (4.5) 0.001
149 (4.8) 0.49

<0.001
252 (4.0) <0.001
161 (3.6) 0.014
92 (3.1) <0.001
196 (4.2) <0.001
132 (4.3) 0.08

0.08

2005 incidence rate/100PY

23.5
20.1
16.5
19.5
18.1

14.7
13.2
10.0
15.0
15.1

14.0
10.9
8.7
11.7
9.5

13.7
9.4
11.0
13.8
10.1

2011 incidence rate/100PY

15.9
15.1
12.7
15.1
16.8

11.7
12.2
11.2
11.7
10.9

10.2
8.5
6.4
9.0
9.7

7.8
7.2
6.3
8.4
8.7

evidence for adjacent hospital districts being more or less related to each other compared to

hospital districts in general.

Multilevel mixed effects linear regression models provided similar results (Table 3). Varia-

tion in the temporal change in prevalence or incidence of psychotropic use was explained

more by hospital districts than university hospital districts. However, it should be noted that in
most cases the residual variance was larger than explained variance. There was no evidence for
different slopes for university hospital or hospital districts, i.e., similar changes occurred in all

districts.

Use of antidementia medication was negatively associated with antidepressant use, as con-
sequently with any psychotropic use (Table 3). No associations with antipsychotic or BZDR

use were observed.

Discussion

Our nationwide study among recently diagnosed AD cases showed that the differences in inci-
dent psychotropic use between university hospital districts mainly disappeared or diminished

between 2005 and 2011, except for antidepressants. However, also for antidepressants the

absolute difference between the highest and the lowest incidence was only 3.8 initiations/100

PLOS ONE | DOI:10.1371/journal.pone.0173450 March 9, 2017
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0
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Fig 2. Incidence of any psychotropic use in different university hospital districts (a-b) and hospital districts (c-
d; numbers correspond to those in S2 Table) in 2005 and 2011.

doi:10.1371/journal.pone.0173450.g002
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Fig 3. The incidence of a) any psychotropic b) antipsychtotic c)antidepressant and d) benzodiazepines and related drug (BZDR) use in different
university hospital regions in 2005 and 2011.

doi:10.1371/journal.pone.0173450.g003

person-years. These incidence changes were also reflected in regional prevalence differences,
which disappeared altogether for antipsychotics and were decreased for BZDRs and any psy-
chotropic drug but remained on the same level for antidepressants.

The lowest prevalence and incidence rates for almost all psychotropic groups in all study
years were observed in the Oulu district, which together with the Kuopio district had the high-
est rate of antidementia medication purchases within one year of AD diagnosis.[8] The preva-
lence rates of any psychotropic and antidepressants, and prevalence and incidence of BZDR
use were also lower in Kuopio in comparison to Turku, Tampere and Helsinki districts. The
largest decreases were often observed in those university hospital districts with the highest
incidence or prevalence in 2005.

Interestingly, the Helsinki district where the incidence and prevalence rates of many psy-
chotropic classes were the highest or among the highest, had the lowest incidence of antide-
mentia medication purchases in our previous study.[8] Similarly, we observed a negative
association between antidementia medication and psychotropic use in the present study, i.e.
the use of psychotropics, especially antidepressants was less frequent in those districts where
the use of antidementia medications was most common. These findings may reflect differences
in how the healthcare systems of different districts handle persons with AD. However, it
should be acknowledged that our data cannot be used for assessing the reasons behind these
differences, but we hope to see future studies in this topic. Differences in the used antidemen-
tia medications (acetylcholinesterase inhibitors vs memantine) were not reflected in our study,
as the district with highest proportion of memantine users (Tampere) [8] did not display large
differences in psychotropic use in comparison to other university hospital districts.

PLOS ONE | DOI:10.1371/journal.pone.0173450 March 9, 2017 10/15
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Fig 4. Modelled spatial distribution of incident psychotropic use in 2005. The model explained circa
30% of the actual distribution (see Fig 2). Red lines indicate borders of university hospital districts and
numbering of hospital districts corresponds to S2 Table.

doi:10.1371/journal.pone.0173450.g004
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Table 3. Coefficients and 95% confidence intervals for random effect parameters university hospital and hospital district and antidementia medi-

cation use (fixed effect).

University hospital district

Hospital district

Residual variance

Antidementia medication

Prevalence
Any psychotropic 0 30.26 (14.75-62.09) 33.45 (25.98-43.09) -0.83 (-1.42,-0.24)
Antipsychotics 1.42 (0.07-29.51) 6.44 (2.4-16.85) 16.82 (13.06—21.66) 0.17 (-0.40,0.74)
Antidepressants 0 45.67 (23.63-88.26) 20.08 (15.60-25.87) -0.58 (-1.11, -0.06)
BZDRs 0 28.71 (14.58-56.51) 18.52 (14.38-23.85) 0.25 (-0.40, 0.90)
Incidence
Any psychotropic 0.62 (0.07-5.55) 1.13(0.30-4.26) 6.89 (5.34-8.87) -0.36 (-0.70, -0.02)
Antipsychotics 0.22 (0.01-7.85) 1.09 (0.34-4.53) 5.18 (4.01-6.66) 0.13(-0.17, 0.44)
Antidepressants 0.39 (0.02-6.31) 1.46 (0.55-3.90) 4.02 (3.12-5.18) -0.33 (-0.58, -0.08)
BZDRs 0 0.48 (0.10-2.32) 4.95 (3.84-6.37) -0.04 (-0.28, 0.20)

doi:10.1371/journal.pone.0173450.t003

The disappearance of incidence differences during 2005-2011 may reflect changes in treat-
ment practices. It is possible that some university hospital districts had lower threshold for
prescribing psychotropics for behavioural and psychological symptoms of dementia, or that
persons received the AD diagnosis at later stage of disease in those university hospital districts
with the highest prevalence/incidence of psychotropic use. It is difficult to assess the threshold
for prescribing psychotropics, but the number of persons who are eligible for special reim-
bursement to AD has increased by 43% between 2005-2011,[9] and the numbers from 2011
are relatively close to the estimated number of incident AD cases in Finland (13,000).[19]

The overall incidence of psychotropic use decreased during the follow-up in all university
hospital districts. This may be perceived as a positive sign from the safety perspective. How-
ever, our previous studies indicate that psychotropics are frequently initiated already before
the AD diagnosis.[20-22] According to our incidence definition, person who had been using
psychotropics one year before AD diagnosis were excluded as the focus is on new initiators.
Thus, another possible explanation for the observed decreasing incidence in this study is that
psychotropic medications are initiated for prodromal neuropsychiatric symptoms already
before the AD diagnosis. This explanation is partly supported by our finding that decreases in
prevalence of psychotropic use occurred in a smaller scale.

Strengths of our study include the nationwide cohort of persons with clinically verified AD
diagnosis. However, as the sample was restricted to those who were community-dwelling at
the beginning of follow-up, the results are not generalisable to institutionalised persons. This
restriction was applied because medications provided at certain institutions and in all hospitals
are not recorded in the prescription register and thus inclusion of institutionalised persons
would have increased the possibility of misclassification bias. For the same reason, the follow-
up was discontinued at long-term hospitalisation or institutionalisation. The psychotropic
purchase data were obtained from national registers, which include all purchased reimbursable
medications. As small packages of BZDRs are not reimbursed we cannot exclude the possibil-
ity that decreasing trend in BZDR use may reflect a shift towards smaller packages instead of
actual decrease in use. Although purchased medications may not always reflect consumed
medications, our results are not prone to recall bias, and the dispensing data approximates the
medication use better than prescription data.[23]

In summary, a similar decrease occurred in the incidence and prevalence of psychotropic
use in all university hospital and hospital districts of Finland in 2005-2011, but regional differ-
ence in antidepressant incidence and prevalence was still evident in 2011. In addition, the
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overall proportion of prevalent users was still high in 2011. It would be important to assess the
reasons behind regional differences.

Supporting information

S$1 Table. Incidence and prevalence of psychotropic use in university hospital districts in
2005-2011. Rates are given as users/100 person-years. BZDRs Benzodiazepines and related
drugs.

(DOCX)

$2 Table. Incidence and prevalence of psychotropic use in hospital districts in 2005-2011.
Rates are given as users/100 person-years. BZDRs Benzodiazepines and related drugs. Num-
bers in the hospital district correspond to those in Fig 2

(DOCX)

S1 Movie. The annual prevalence of any psychotropic use in different university hospital
districts.
(MP4)

$2 Movie. The annual prevalence of any psychotropic use in different hospital districts.
(MP4)

$3 Movie. The annual changes in incidence of any psychotropic use in different university
hospital districts.
(MP4)

S$4 Movie. The annual changes in incidence of antipsychotic use in different university hos-
pital districts.
(MP4)

S5 Movie. The annual changes in incidence of any antidepressant use in different univer-
sity hospital districts.
(MP4)

S$6 Movie. The annual changes in incidence of benzodiazepine and related drug (BZDR)
use in different university hospital districts.
(MP4)

Author Contributions
Conceptualization: AMT AV HT SH.
Data curation: AMT AV HT AT MK.
Formal analysis: AMT AV.

Funding acquisition: AMT.
Methodology: AMT AV HT AT MK PL.
Project administration: AMT.
Supervision: AMT.

Visualization: AV.

Writing - original draft: AMT HT SH.

PLOS ONE | DOI:10.1371/journal.pone.0173450 March 9, 2017 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173450.s008

@° PLOS | ONE

Psychotropic use in persons with AD in 2005-2011

Writing - review & editing: AMT AV HT AT PL MK JT SH.

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Suhonen J, Pirttila T, Erkinjuntti T, Koponen H, Makkonen M, Puurunen M, et al. Update on current care
guidelines. The diagnosis and medical treatment of memory disorders. Duodecim 2010; 126(18):2167—
2168. PMID: 21072963

Franchi C, Tettamanti M, Marengoni A, Bonometti F, Pasina L, Cortesi L, et al. Changes in trend of anti-
psychotics prescription in patients treated with cholinesterase inhibitors after warnings from ltalian Med-
icines Agency. Results from the EPIFARM-Elderly Project. Eur Neuropsychopharmacol 2012 Aug; 22
(8):569-577. doi: 10.1016/j.euroneuro.2011.12.009 PMID: 22297160

Martinez C, Jones RW, Rietbrock S. Trends in the prevalence of antipsychotic drug use among patients
with Alzheimer’s disease and other dementias including those treated with antidementia drugs in the
community in the UK: a cohort study. BMJ Open 2013 Jan 7; 3(1):10.1136/bmjopen-2012-002080.

Taipale H, Koponen M, Tanskanen A, Tolppanen AM, Tiihonen J, Hartikainen S. High prevalence of
psychotropic drug use among persons with and without Alzheimer’s disease in Finnish nationwide
cohort. Eur Neuropsychopharmacol 2014 Nov; 24(11):1729-1737. doi: 10.1016/j.euroneuro.2014.10.
004 PMID: 25453487

Schulze J, van den Bussche H, Glaeske G, Kaduszkiewicz H, Wiese B, Hoffmann F. Impact of safety
warnings on antipsychotic prescriptions in dementia: nothing has changed but the years and the sub-
stances. Eur Neuropsychopharmacol 2013 Sep; 23(9):1034—1042. doi: 10.1016/j.euroneuro.2013.02.
001 PMID: 23498307

Schulze J, Glaeske G, van den Bussche H, Kaduszkiewicz H, Koller D, Wiese B, et al. Prescribing of
antipsychotic drugs in patients with dementia: a comparison with age-matched and sex-matched non-
demented controls. Pharmacoepidemiol Drug Saf 2013 Dec; 22(12):1308-1316. doi: 10.1002/pds.3527
PMID: 24123506

Norgaard A, Jensen-Dahm C, Gasse C, Hansen HV, Waldemar G. Time trends in antipsychotic drug
use in patients with dementia: a nationwide study. J Alzheimers Dis 2015; 49(1):211-220.

Taipale H, Tolppanen AM, Purhonen M, Tanskanen A, Ahonen R, Tiihonen J, et al. Regional differ-
ences in number of hospital days and drug costs in people with and without Alzheimer’s disease. Laa-
kérilehti 2016 Jun 3; 71(22):1613-1414-1616.

Tolppanen AM, Taipale H, Koponen M, Lavikainen P, Tanskanen A, Tiihonen J, et al. Cohort profile: the
Finnish Medication and Alzheimer’s disease (MEDALZ) study. BMJ Open 2016 Jul 13; 6(7):e012100-
2016-012100.

McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzhei-
mer’s disease: report of the NINCDS-ADRDA Work Group under the auspices of Department of Health
and Human Services Task Force on Alzheimer’s Disease. Neurology 1984 Jul; 34(7):939-944. PMID:
6610841

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4th ed. Wash-
ington DC: American Psychiatric Association; 1994.

Tolppanen AM, Taipale H, Koponen M, Lavikainen P, Tanskanen A, Tiihonen J, et al. Use of existing
data sources in clinical epidemiology: Finnish health care registers in Alzheimer’s disease research—
the Medication use among persons with Alzheimer’s disease (MEDALZ-2005) study. Clin Epidemiol
2013; 5:277-285. doi: 10.2147/CLEP.S46622 PMID: 23950660

WHO Collaborating Centre for Drug Statistics Methodology. Guidelines for ATC classification and DDD
assignment 2012. Oslo, 2011;. Accessed 03/15, 2012.

Tanskanen A, Taipale H, Koponen M, Tolppanen AM, Hartikainen S, Ahonen R, et al. From prescription
drug purchases to drug use periods—a second generation method (PRE2DUP). BMC Med Inform
Decis Mak 2015 Mar 25; 15(1):21-015-0140-z.

Borcard D, Legendre P. All-scale spatial analysis of ecological data by means of principal coordinates
of neighbour matrices. Ecol Model 2002; 153:51-52-68.

Voutilainen A, Tolppanen AM, Vehvilainen-Julkunen K, Sherwood PR. From spatial ecology to spatial
epidemiology: modeling spatial distributions of different cancer types with principal coordinates of neigh-
bor matrices. Emerg Themes Epidemiol 2014 Aug 8; 11:11-7622-11-11. eCollection 2014.

Voutilainen A, Hartikainen S, Sherwood PR, Taipale H, Tolppanen AM, Vehvilainen-Julkunen K. Asso-
ciations across spatial patterns of disease incidences, socio-demographics, and land use in Finland
1991-2010. Scand J Public Health 2015 Mar 5.

Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D, et al. vegan: Community Ecol-
ogy Package 2.4-0 2016. Available at: https://cran.r-project.org/web/packages/vegan/.

PLOS ONE | DOI:10.1371/journal.pone.0173450 March 9, 2017 14/15


http://www.ncbi.nlm.nih.gov/pubmed/21072963
http://dx.doi.org/10.1016/j.euroneuro.2011.12.009
http://www.ncbi.nlm.nih.gov/pubmed/22297160
http://dx.doi.org/10.1016/j.euroneuro.2014.10.004
http://dx.doi.org/10.1016/j.euroneuro.2014.10.004
http://www.ncbi.nlm.nih.gov/pubmed/25453487
http://dx.doi.org/10.1016/j.euroneuro.2013.02.001
http://dx.doi.org/10.1016/j.euroneuro.2013.02.001
http://www.ncbi.nlm.nih.gov/pubmed/23498307
http://dx.doi.org/10.1002/pds.3527
http://www.ncbi.nlm.nih.gov/pubmed/24123506
http://www.ncbi.nlm.nih.gov/pubmed/6610841
http://dx.doi.org/10.2147/CLEP.S46622
http://www.ncbi.nlm.nih.gov/pubmed/23950660
https://cran.r-project.org/web/packages/vegan/

@° PLOS | ONE

Psychotropic use in persons with AD in 2005-2011

19.

20.

21.

22,

23.

Working group appointed by the Finnish Medical Society Duodecim, Societas Gerontologica Fennica,
the Finnish Neurological Society, Finnish Psychogeriatric Association and the Finnish Association for
General Practice. Finnish current care recommendation: Memory disorders. 2010 13.08.2010.

Puranen A, Taipale H, Koponen M, Tanskanen A, Tolppanen AM, Tiihonen J, et al. Incidence of antide-
pressant use in community-dwelling persons with and without Alzheimer’s disease— 13-year follow-up.
International journal of geriatric psychiatry in press.

Saarelainen L, Taipale H, Koponen M, Tanskanen A, Tolppanen AM, Tiihonen J, et al. The Incidence of
Benzodiazepine and Related Drug Use in Persons with and without Alzheimer’s Disease. J Alzheimers
Dis 2015 Oct 17; 49(3):809-818.

Koponen M, Tolppanen AM, Taipale H, Tanskanen A, Tiihonen J, Johnell K, et al. Incidence of antipsy-
chotic use in relation to diagnosis of Alzheimer’s disease among community-dwelling persons. Br J Psy-
chiatry 2015; 207(5):444-445-449.

Rikala M, Hartikainen S, Sulkava R, Korhonen MJ. Validity of the Finnish Prescription Register for mea-
suring psychotropic drug exposures among elderly finns: a population-based intervention study. Drugs
Aging 2010 Apr 1; 27(4):337-349. doi: 10.2165/11315960-000000000-00000 PMID: 20359263

PLOS ONE | DOI:10.1371/journal.pone.0173450 March 9, 2017 15/15


http://dx.doi.org/10.2165/11315960-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20359263

