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Abstract

Aims: We studied the prevalence of psychotropic use and psychotropic polyphar-

macy in persons with Parkinson's disease (PD) during a 10-year follow-up, because

longitudinal studies on this topic are scarce although non-motor symptoms of PD are

often treated with psychotropics.

Methods: The prevalence of any psychotropic, benzodiazepines and related drugs

(BZDRs), antidepressants, antipsychotics in six-month time windows from five years

before to five years after PD diagnosis was studied in a Finnish nationwide register-

based study of 17 379 people with clinically verified PD diagnosis during 2000–2014

and compared to a matched comparison cohort without PD (n = 115 386).

Results: During the follow-up, psychotropic use increased from 18% to 35% in per-

sons with PD and from 14% to 20% in the comparison cohort. Psychotropic poly-

pharmacy and use of all psychotropic subgroups were more frequent in the PD than

in the non-PD cohort throughout the follow-up. In comparison, cohort BZDRs were

the most frequently used psychotropics during the whole follow-up. In the PD

cohort, BZDRs were the most frequently used psychotropic group until three years

after PD diagnosis, with the highest prevalence just before the index date (19.4%).

After that, antidepressants were the most commonly used psychotropics. In the PD

cohort, the psychotropic polypharmacy increased from 5% to 10% during the follow-

up. The differences were not explained by dementia.

Conclusions: The results likely reflect the onset of non-motor symptoms already

before diagnosis and increasing symptomatology with disease progression. Alterna-

tively, they may reflect increased healthcare contact. Still, the findings are concerning

as all psychotropics increase the risk of adverse effects including falls and fall-related

fractures.
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1 | INTRODUCTION

Persons with Parkinson's disease (PD) commonly experience non-

motor manifestations of the disease, such as neuropsychiatric symp-

toms, sleep disturbances and pain, already before the onset of the

motor symptoms, and these symptoms become more prevalent during

the disease progression.1–5 Anxiety and sleep disturbances have been

observed in around one-third of persons diagnosed with PD.6,7 A simi-

lar proportion is estimated to have clinically significant depression.8

Psychotic symptoms are estimated to affect 40% of people with PD,

especially persons living with dementia.9 In addition, pain is common,

with prevalence estimates among persons with PD ranging from 30%

to 85%, depending on type, classification and assessment methods of

pain and duration of PD.

Psychotropic medications are used for various indications, and in

PD, they are also used to treat non-motor symptoms. Antidepressants

are used to treat depression and neuropathic pain10 but also anxiety

disorders,11,12 and insomnia.5 Benzodiazepines and related drugs may

be utilized for short-term treatment of insomnia5 and severe11 and

generalized anxiety.12 Atypical antipsychotics, mainly clozapine

and quetiapine, can be utilized for the treatment of psychotic symp-

toms13 and in the later stage for neuropsychiatric symptoms of

dementia.11 However, the evidence on the efficacy and safety of psy-

chotropics in people with PD is limited.14,15 Psychotropic use is asso-

ciated with increased risk of adverse events in older adults,16 and the

risks may be more pronounced in persons with PD, especially when

psychotropics are used concomitantly. A majority of the people with

PD are older adults17 with multimorbidity18 and multiple medica-

tions.19 In addition, PD increases the fall risk20 as also use of any kind

of psychotropic medications.21

Studies on the prevalence of psychotropic use in people with PD

are sparse. A cross-sectional study among PD medication users

reported a prevalence of antidepressant use 22% among home-

dwelling persons, and 50% in institutional settings.22 The prevalence

of antipsychotic use was approximately 10% in a small population-

based study of persons with PD.23 Further, 4.8% to 12.2% initiated

antipsychotic use within a year of PD medication initiation.24–26 In

our previous studies, we have shown that the rates of antidepressant

and antipsychotic initiation start to increase several years before the

PD diagnosis.27,28 So far, there are no studies assessing whether

the prevalence of any psychotropic medication use, psychotropic

polypharmacy or psychotropic subgroups changes over time.

The aim of this study was to investigate the prevalence of any

psychotropic medication use, psychotropic polypharmacy and all psy-

chotropic subgroups in a nationwide cohort of persons with PD and a

matched comparison cohort without PD during a ten-year follow-up

beginning five years before the PD diagnosis date.

2 | METHODS

This study is part of the Finnish Parkinson's disease (FINPARK), a

nationwide register linkage study. FINPARK contains 22 189 people

with clinically confirmed PD diagnosis (ICD-10 code G20) between

1996 and 2015 who were community-dwelling at the time of diagno-

sis and their 148 009 matched comparison persons. This study was

restricted to 17 384 persons with PD diagnosed with PD between

2000 and 2014 and their 115 424 comparison persons without PD.

The identification of cohorts with and without PD has been

described in detail previously by Hentilä et al.27 Briefly, people with

PD were identified by eligibility for reimbursement for PD medica-

tions from the Special Reimbursement Register maintained by the

National Social Insurance Institution KELA, with ICD-10 code G20

What is already known about this subject

• Non-motor manifestations of Parkinson's disease (PD),

such as neuropsychiatric symptoms, sleep disturbances

and pain, are common already before the onset of the

motor symptoms and become more prevalent as the dis-

ease progresses

• In previous, mainly cross-sectional studies, the prevalence

of antidepressant use in PD varied between 22–50%, and

4.8%–12.2% initiated antipsychotics within a year of PD

diagnosis. There are no longitudinal studies on psychotro-

pic polypharmacy.

• Psychotropic medication use is associated with increased

risk of adverse events in older adults, and the risks may

be more pronounced in persons with PD, especially when

psychotropics are used concomitantly.

What this study adds

• In this nationwide cohort study following people with PD

diagnosis from 5 years before PD diagnosis until 5 years

after the diagnosis, psychotropic use increased from

18.1% to 34.8% in persons with PD and from 14.2% to

20.3% in a matched comparison cohort without PD.

• Psychotropic polypharmacy and use of all psychotropic

subgroups were more frequent in the PD than in the

non-PD cohort throughout the follow-up. Psychotropic

medication use was most prevalent in the oldest persons,

and the prevalence of psychotropic polypharmacy dou-

bled during the follow-up. The results were not explained

by dementia.

• The observed common use of psychotropics, and espe-

cially psychotropic polypharmacy, is concerning due to

the increased risk of adverse effects, including falls and

fall-related fractures, in an older adult population with

PD, who are at particularly increased risk for these

events.
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recorded as the reason for reimbursement. To receive the reimburse-

ment, patient's physician, who is required to be working in specialized

unit or to be a neurologist, sends an application to KELA, where the

PD diagnosis is verified, and the reimbursement is granted for

the patient if the diagnostic criteria of PD are fulfilled. In this study,

due to convenience, the term ‘PD diagnosis date’ is used instead of

‘PD medication reimbursement grant date’ as the time between these

two dates is expected to be rather short. Over the study period

1996–2015, PD was diagnosed according to the Finnish Current Care

Guideline on PD29 which was in line with the United Kingdom Parkin-

son's Disease Society Brain Bank criteria. We also applied the follow-

ing criteria to exclude persons with an uncertain PD diagnosis: age

<35 years on the date of diagnosis, or a recorded diagnosis of a condi-

tion which may confuse the PD diagnosis +/�2 years of the PD diag-

nosis date (e.g. other neurodegenerative disorders, detailed list given

in reference).27

Up to 7 comparison persons were identified for each person with

PD from the KELA database, including all residents of Finland, and

matched with PD persons with age (± 1 year), sex and place of resi-

dence on the date of PD diagnosis. The comparison persons were not

allowed to have PD reimbursement code, diagnosis of dementia due

to PD (ICD-10 code F02.3) or PD medication (ATC N04B) purchases

ever before the index date to 12 months after. Otherwise, identical

exclusion criteria were applied to the cohorts. In both cohorts, the

persons had to be community-dwelling on the index date (date of PD

diagnosis [grant of PD medication reimbursement]; matching date).

Data on comorbidities were collected from the Care Register for

Health Care, Special reimbursement register, Cancer register and Pre-

scription register (Table S1).

Prevalence of psychotropic medication use was assessed in six-

month time windows from five years before until five years after the

index date. Psychotropic medication purchases were identified by

Anatomical Therapeutic Chemical (ATC) classification codes from the

Prescription Register, which includes all medications dispensed to

community-dwelling persons in Finland with a reimbursement since

1995. The Prescription Register data does not contain the indication

or the dose. Psychotropic medication groups were based on the ATC

classification as follows: antidepressants (N06A), antipsychotics

(N05A, excluding N05AB04 and N05AN01) and benzodiazepines and

related drugs (N05BA, N05CD, N05CF). Psychotropic polypharmacy

was defined as purchases from at least two different psychotropic

medication groups in the same six-month time window.

Follow-up began five years before the index date and ended on

five years after the index date, death or diagnosis of PD (comparison

persons only), whichever occurred first. Persons who were hospital-

ized for >120 days in all time windows were excluded from the study

population (n = 5 in the cohort with PD and n = 38 in the cohort

without PD), and persons who were hospitalized >120 days in a spe-

cific time window were excluded from that time window. The final

study population included 17 379 persons with PD and 115 386 com-

parison persons without PD. The prevalence of psychotropic medica-

tion use was calculated using the number of persons alive in that time

window as the denominator. Information on comorbidities,

psychotropic medications and analgesics before the follow-up, and

information on dementia during the follow-up were extracted from

national registers Table S1).

Characteristics of cohorts were compared using standardized

mean differences (SMD). Prevalence of psychotropic use between the

PD and comparison cohort during the study period was compared

using a population-averaged panel data model with generalized esti-

mating equations logistic regression model. The models were adjusted

for age, sex, time window and calendar year. To evaluate whether the

higher risk of dementia in PD explains the difference in psychotropic

use rates, dementia was included as a time-varying covariate in these

models. In addition, PD*dementia interaction term was included to

assess the impact of dementia in the PD and comparison cohort. The

analyses were conducted by using Stata MP14.2.

Register maintainers have approved the FINPARK study plan, and

this permit has been updated with the National Health and Social Data

Permit Authority Findata (permit decision number THL/6660/14.02.00/

2020). Data were pseudonymized before submission to the research

team, and study participants were not contacted. Therefore, according to

Finnish legislation (Act on the Secondary Use of Health and Social Data

552/2019), the study has been granted an exemption from requiring

ethics approval or informed consent.

3 | RESULTS

The final cohorts included 17 379 people with PD and 115 386 peo-

ple without PD (Table 1). The mean age in the cohort with PD at the

index date was 70.9 and 70.5 in the cohort without PD. In both

cohorts, over half were men. The prevalence of comorbidities was

similar between the cohorts, with alljSMDjbelow 0.1. Antidepressant

and antipsychotic use was more common in the PR cohort before the

follow-up (jSMDj0.11 for both).

The prevalence of any psychotropic medication use was higher in

the cohort with than without PD during the whole study period

(Figure 1 A, Table 2). Five years before PD diagnosis, 18.1% of per-

sons with and 14.2% without PD used psychotropic medications. The

difference between the cohorts started to increase two years before

the index date. On the index date, 30.3% of the cohort with PD and

18.8% of the cohort without PD used at least one psychotropic medi-

cation, and after that, the difference slightly increased, being 34.8% in

the PD and 20.3% in the non-PD cohort at the end of follow-up. Alto-

gether 35.3% of the PD cohort and 11.1% of the comparison cohort

developed dementia during the follow-up (Table 1).

Persons with PD than without PD used more frequently all psy-

chotropic subgroups during the whole follow-up time (Figure 1B-D).

In the PD cohort, benzodiazepines and related drugs (BZDR) were the

most commonly used psychotropic medication group before the index

date, highest just before the index date (19.4%), and after that, slightly

decreased to the end of follow-up (17.0%) (Figure 1D). In comparison,

cohort BZDRs were the most frequently used psychotropic group dur-

ing the whole follow-up (10.7% in the beginning and 13.8% at the end

of follow-up). Antidepressant use increased during the whole follow-

NIEMINEN ET AL. 3
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up in both cohorts (7.6% at the beginning and 19.2% at the end of

follow-up in PD, and in comparison, cohort 5.0% and 8.4%, respec-

tively) (Figure 1B). In the PD cohort, the prevalence of antipsychotic

use increased during the whole follow-up from 3.9% to 10.7%

(Figure 1 C). In the comparison cohort, the prevalence was quite sta-

ble but slightly increased to the end of follow-up (from 2.0% to 3.3%).

PD was consistently associated with a higher prevalence of any

psychotropic use, as well as use of different psychotropic groups

(Table 2), with the strongest associations observed for antipsychotics

and antidepressants. All associations remained after adjusting for

dementia as a time-varying covariate, although this adjustment had the

strongest effect on antipsychotic use. Association of dementia with psy-

chotropic use was similar in people with and without PD (Figure S1).

The use of any psychotropic, especially antidepressant and BZDR use,

was more common in women than in men in both cohorts, and the

shape of prevalence curves was similar between sexes (Figure 2). There

was no difference in antipsychotic use between women and men in the

PD cohort after the index date (Figure 2C).

Use of any psychotropic medication was most common in the

oldest age group (age ≥80 years at the index date) in both cohorts

(Figure 3). In the PD cohort, the prevalence of any psychotropic medi-

cation use at the oldest age group increased from 24.8% to 40.1%

during the study period, but remained nearly constant after the diag-

nosis (Figure 3 A). During the same time, the prevalence of any psy-

chotropic medication use in 60–79-year-old persons with PD

increased from 17.4% to 36.2% and in the youngest age group

(<60 years) from 12.7% to 25.6%. Prevalence of use increased more

steadily and moderately in the cohort without PD (Figure 3 B).

The proportion of persons who had purchased at least two differ-

ent groups of psychotropics increased from 5.2% to 10.4% in the cohort

TABLE 1 The characteristics of cohorts with and without Parkinson's disease (PD) before the follow-up and mortality and incidence of
dementia during the follow-up. Data are given as N (%) unless otherwise indicated and differences are calculated as standardized mean difference
(SMD).

Cohort with PD Cohort without PD SMD

N = 17 379 N = 115 386

Age at index date, years (mean, 95%CI) 70.9 (70.8–71.1) 70.5 (70.4–70.6) �0.05

Sex 0.01

Women 7752 (44.6%) 51 033 (44.2%)

Men 9627 (55.4%) 64 353 (55.8%)

Comorbidities

Schizophrenia 221 (1.3%) 1080 (0.9%) �0.03

Other mood disorders 590 (3.4%) 2666 (2.3%) �0.07

Bipolar disorder 130 (0.8%) 450 (0.4%) �0.05

Epilepsy 226 (1.3%) 1156 (1.0%) �0.03

Asthma/chronic obstructive pulmonary disease 1052 (6.1%) 7006 (6.1%) <0.01

Cardiovascular disease 6030 (34.7%) 38 529 (33.4%) �0.03

Stroke 516 (3.0%) 3737 (3.2%) 0.02

Diabetes 1411 (8.1%) 8724 (7.6%) �0.02

Cancer 266 (1.5%) 1629 (1.4%) �0.01

Head injury 483 (2.8%) 3557 (3.1%) 0.02

Substance abuse 287 (1.7%) 2560 (2.2%) 0.04

Medication use

Antiepileptics 487 (2.8%) 2127 (1.8%) �0.06

Antidepressants 1489 (8.6%) 6737 (5.8%) �0.11

Antipsychotics 653 (3.8%) 2304 (2.0%) �0.11

Benzodiazepines/related drugs 2591 (14.9%) 14 529 (12.6%) �0.07

Opioids 498 (2.9%) 2821 (2.4%) �0.03

Paracetamol 357 (2.1%) 2203 (1.9%) �0.01

Non-steroid anti-inflammatory drugs 4525 (26.0%) 28 318 (24.5%) �0.03

Deaths during the follow-up 3897 (22.4%) 16 605 (14.4%) �0.20

Median survival since PD diagnosis (interquartile range), years 3.0 (1.7–4.0) 2.7 (1.4–3.9) �0.16

Dementia during the follow-up 3861 (22.2%) 7072 (6.1%) �0.47

Median time since PD diagnosis (interquartile range), years 2.6 (1.0–3.7) 3.0 (1.7–4.0) �0.12

4 NIEMINEN ET AL.
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with PD, with a sharp increase around the diagnosis date (Figure 4 A)

and from 3.0% to 4.6% in the cohort without PD (Figure 4 B). The pro-

portion of those with purchases from all three psychotropic categories

in the same time window was below 1.8% during the study period in

the cohort with PD, and below 0.7% in the cohort without PD.

4 | DISCUSSION

To our knowledge, this is the first nationwide longitudinal study on

the prevalence of psychotropic medication use and psychotropic

polypharmacy in people with PD. Psychotropic medication use

increased during the follow-up in both cohorts, and it was higher in

the PD than in the comparison cohort, already five years before the

PD diagnosis, until the end of follow-up.

The use of psychotropics before PD diagnosis might

reflect non-motor depressive and anxiety symptoms, sleep

disturbances and pain, occurring already years before the PD diag-

nosis.1,2,30–32 A steep increase within one year before the PD diag-

nosis might be explained by more frequent health care contacts

due to the non-motor symptoms, including symptoms prompting

the psychotropic prescribing, and thus emphasise the difference

F IGURE 1 Prevalence of a: psychotropic drug use, B: antidepressant drug use, C: antipsychotic drugs use and D: benzodiazepine and related
drugs (BZDR) use in cohort with Parkinson's disease (PD) and in cohort without PD from five years before to five years after index date. Index
date is 0 in the x-axis.

TABLE 2 The association between Parkinson's disease (PD) and psychotropic use during the follow-up, adjusted for age, sex, calendar year of
index date and time), with additional adjustment for dementia.

Odds ratio (95% confidence interval)

Any psychotropic drug Antipsychotics Antidepressants Benzodiazepines and related drugs

No adjustment for dementia

No PD 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

PD 2.06 (2.00–2.13) 3.76 (3.50–4.03) 2.94 (2.82–3.07) 1.35 (1.30–1.40)

Additional adjustment for dementia as a time-dependent covariate

No PD 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

PD 1.98 (1.92–2.04) 2.12 (1.92–2.33) 2.61 (2.50–2.73) 1.37 (1.32–1.41)

NIEMINEN ET AL. 5
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between PD and the comparison cohort immediately before the

index date.

In both cohorts, the highest prevalence of psychotropics was due

to BZDRs before the PD diagnosis. Although BZDR use remained high

in the PD cohort, it began to decline slightly after the index date. This

might be due to their several adverse effects and events, like negative

effects on cognition,33,34 and increased risk of falls and related frac-

tures in older adults with PD, with a high risk of falling21,35 as the risks

can often be greater than the expected benefits.34 BZDRs can be used

for short-term insomnia maximum of two weeks according to Finnish

F IGURE 2 Prevalence of a: psychotropic drug use, B: antidepressant drug use, C: antipsychotic drugs use and D: benzodiazepine and related
drugs (BZDR) use by men and women in cohort with Parkinson's disease (PD) and in cohort without PD five years before and five years after
index date. Index date is 0 in the x-axis.

F IGURE 3 Prevalence of psychotropic drug use by age groups a: cohort with Parkinson's disease (PD) and B: cohort without PD five years
before and five years after index date. Index date is 0 in the x-axis.

6 NIEMINEN ET AL.
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current care guidelines,36 but benzodiazepines should not be used to

treat anxiety in older adults37 which may partially explain a decline in

long-term use of these medications in Finland.38

An increasing prevalence of antidepressants until index date is in

line with our previous finding of increased antidepressant initiation

rates in the FINPARK cohort years before the PD diagnosis, with a

peak incidence in the last time window prior to the PD diagnosis.27

The increase in prevalence of antidepressant use after the PD diagno-

sis was rather similar in both cohorts, and prevalence close to that

reported in a Swedish cross-sectional register-based study (22% in

community-dwelling users of PD medications and 10% in comparison

persons).22 However, the results are not directly comparable, as the

Swedish study included all users of PD medications aged 65 or older,

regardless of duration or indication of PD medications.

In the PD cohort, antidepressants became the most common psy-

chotropic medication group three years after PD diagnosis. This might

reflect the several indications and increased prevalence of symptoms

being treated. Based on a meta-analysis, in the PD population, the

prevalence of depression varied from 2.7% to 90%, depending on

the study population, methods and assessment of depression.8 In the

same meta-analysis, the prevalence of clinically significant depression

was 35%, which is considerably higher than antidepressant use in our

study at any time point after PD diagnosis. Comparable prevalence of

anxiety disorder (34%) was found in a multicentre study with 342 per-

sons with idiopathic PD in movement disorder clinics in the

United States, Europe and Australia.6 In that study anxiety was

defined according DSM IV criteria and among participants with anxi-

ety disorder 12% met criteria for multiple anxiety disorders. Lower

prevalences of antidepressant use in our study are expected, as phar-

macotherapy is just one treatment option and other treatment options

exist, including non-pharmacological interventions and the adjustment

of dopaminergic medication treatment of PD.11 However, antidepres-

sants are used to treat other non-motor symptoms of PD, like neuro-

pathic pain and insomnia.5,10 Neuropathic pain in PD can be classified

to a radicular pain (prevalence between 14% and 35%) and to a

central PD related pain (prevalence between 4% and 10%)39

and these can be treated by serotonin-norepinephrine reuptake inhib-

itors and tricyclic antidepressants.10 In addition, antidepressants with

histamine effects in low doses, such as mirtazapine, can be used for

the treatment of insomnia.40

Before the PD diagnosis, the prevalence of antipsychotic use was

also higher in the cohort with PD than without PD from the first-time

window and increased slightly until the diagnosis date. This is in line

with findings of our recent incidence study in this same population,

which showed an increase in the initiation of antipsychotics approxi-

mately four years prior to PD diagnosis.28 The use stabilized around

PD diagnosis. That might be explained by deprescribing antipsychotic

medication during the diagnostic process of PD to exclude possible

drug-induced Parkinsonism and consequent worsening of the motor

symptoms of PD.13 Previous studies have reported that the incidence

of antipsychotic initiation ranged between 4.8% and 12.2% within a

year of starting PD medication in cohorts of newly diagnosed PD per-

sons in Wales, Canada and Taiwan.24–26 Similarly, in our study, the

prevalence of antipsychotic use was 5.8% year after PD diagnosis and

increased to 10.7% five years after.

In our study, antipsychotic use doubled in the PD cohort during

the study period, and the difference between cohorts increased after

the PD diagnosis and was highest at the end of follow-up. It might be

due to older age and longer duration of disease, which are risk factors

for PD psychosis.41,42 In addition, dopaminergic medication can pro-

voke psychotic symptoms43,44 and the risk for hallucinations can be

five-fold (odds ratio compared to placebo 5.28 95% Cl 2.4–11.4).45 In

a small population-based study on persons with PD, the prevalence of

antipsychotic use was close to 10%23 which is comparable to our

observations in the last time windows. However, in that study, more

than 96% of antipsychotic users had dementia, while the incidence of

dementia in our study with a 5-year follow-up after PD diagnosis was

22.2%. According to a systematic review, the prevalence of dementia

varies between 24% and 31% in the PD population46 and neuropsy-

chiatric symptoms of dementia might partly explain the higher

F IGURE 4 Prevalence of psychotropic monotherapy, concomitant use of psychotropics from two and three different psychotropic groups in
cohort with Parkinson's disease (PD) (A) and in cohort without PD (B) five years before and five years after index date. Index date is 0 in the
x-axis.
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prevalence of antipsychotic use. In our study, the association between

PD and antipsychotic use weakened after adjusting for dementia, but

the prevalence during the study period was still over two times higher

than in the comparison cohort.

This implies that the higher incidence of dementia does not

explain the results, and they likely arise from the higher prevalence of

psychotic symptoms in PD. After excluding other possible reasons for

psychotic symptoms, such as delirium, infection, anticholinergic or

other central nervous system-acting medication, the first-line treat-

ment option is a reduction or change of dopaminergic PD medica-

tions.12 If adequate symptom alleviation is not achieved,

antipsychotics, preferably quetiapine and clozapine, could be consid-

ered.29,47 Our previous study in the same population found that que-

tiapine was the most frequently initiated antipsychotic, accounting for

64% of all initiations.28 Our data may include individuals using anti-

psychotic quetiapine off-label for insomnia, a practice observed in

Finland and other Western countries, as well as in studies conducted

in the Netherlands40 and Denmark.48

Antipsychotics were the only psychotropic medication group in

which a difference in use prevalence between sexes was not seen

in the cohort with PD. This is in line with previous findings that the

use of antipsychotics does not differ between the sexes among per-

sons with newly diagnosed PD.26 In a recent review, female sex has

been concluded as a risk factor for neuropsychiatric symptoms in

PD,49 and in line with this, in our study antidepressants and BZDRs

were more commonly used by women in the cohort with PD.

We found that psychotropic polypharmacy doubled in the PD

cohort during the study period. There are only a few previous studies

which are not directly comparable with our study due to major differ-

ences in study design. A cross-sectional study in a long-term care set-

ting observed 21–26% prevalence of use for two or more

psychotropics in PD persons aged 65 years or older.50 Psychotropic

medication use is presumably higher in institutionalized care, while

our study population consisted of community-dwelling persons. Fur-

ther, the definition of psychotropic polypharmacy is different, as we

defined psychotropic polypharmacy based on the number of psycho-

tropic drug groups. This would result in a lower prevalence than

counting individual drugs.

4.1 | Strengths and limitations

Our study has several strengths. This was a nationwide, large-scale

study with detailed information about changes in the prevalence of

psychotropics in relation to the PD diagnosis. The PD diagnosis was

clinically verified, and the studied antipsychotics and antidepressants

are commonly reimbursed in Finland.51 In addition, we used drug dis-

pensing data, which better represents medication use than prescrip-

tion data.52

Due to the exclusion of persons with other neurodegenerative

disorders, persons with a diagnosis of Lewy body dementia were

excluded. It is still under scientific debate whether PD and Lewy body

dementia are expressions of the same underlying disease.53 However,

even with this exclusion, the difference between the cohorts was sig-

nificant and may have been even greater if persons with Lewy body

dementia had been included.

Our data might have a minor underestimation of benzodiazepines

and benzodiazepine related drugs use, as some medications and some

small packages are not reimbursed and thus not included in the Pre-

scription Register data.38 We defined polypharmacy as the purchase

of two or more psychotropic groups within a 6-month time window,

but it is possible that the psychotropics were not used concomitantly.

Therefore, the definition may overestimate the prevalence of poly-

pharmacy. Our study was conducted on community-dwelling persons

at the time of diagnosis and contains no information about nursing

home residents or hospitalized persons, as the Prescription Register

does not contain information about medications used in those

settings.

In conclusion, persons with PD use all psychotropic medications

more frequently than the comparison population, starting as early as

five years before their PD diagnosis. The prevalence of use increases

further after diagnosis and continues to rise with disease duration.

Psychotropic use is most prevalent in the oldest persons, and the

prevalence of psychotropic polypharmacy doubled during the follow-

up. The observed common use of psychotropics, and especially psy-

chotropic polypharmacy, is concerning due to the increased risk of

adverse effects, including falls and fall-related fractures, in an older

adult population at high risk for these events.
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