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Abstract 

Background: People with Parkinson’s disease (PD) are more likely to be hospitalized and initiate antidepressant use 
compared to people without PD. It is not known if hospitalization increases the risk of antidepressant initiation. We 
studied whether a recent hospitalization associates with antidepressant initiation in people with PD.

Methods: A nested case‑control study within the nationwide register‑based FINPARK cohort which includes com‑
munity‑dwelling Finnish residents diagnosed with PD between years 1996 and 2015 (N = 22,189) was conducted. 
Initiation of antidepressant use after PD diagnosis was identified from Prescription Register with 1‑year washout 
period (cases). One matched non‑initiator control for each case was identified (N = 5492 age, sex, and time since PD 
diagnosis‑matched case‑control pairs). Hospitalizations within the 14 day‑period preceding the antidepressant initia‑
tion were identified from the Care Register for Health Care.

Results: The mean age at antidepressant initiation was 73.5 years with median time since PD diagnosis 2.9 years. 
Selective serotonin reuptake inhibitors (48.1%) and mirtazapine (35.7%) were the most commonly initiated antide‑
pressants. Recent hospitalization was more common among antidepressant initiators than non‑initiators (48.3 and 
14.3%, respectively) and was associated with antidepressant initiation also after adjusting for comorbidities and use of 
medications during the washout (adjusted OR, 95% CI 5.85, 5.20–6.59). The initiators also had longer hospitalizations 
than non‑initiators. PD was the most common main discharge diagnosis among both initiators (54.6%) and non‑
initiators (28.8%). Discharge diagnoses of mental and behavioral disorders and dementia were more common among 
initiators.

Conclusions: Hospitalisation is an opportunity to identify and assess depressive symptoms, sleep disorders and 
pain, which may partially explain the association. Alternatively, the indication for antidepressant initiation may have 
led to hospitalisation, or hospitalisation to aggravation of, e.g., neuropsychiatric symptoms leading to antidepressant 
initiation.
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Background
Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder whose prevalence increases 
with age [1]. Diagnosis of PD is based on presence of 
motor symptoms but it is estimated that at the time of 
motor symptoms appear, more than half of the dopa-
minergic neurons are lost [2]. The symptoms of PD are 
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heterogeneous involving also clinically important non-
motor symptoms, and the pathology of PD involves 
several regions of the nervous system and various neu-
rotransmitters [2, 3]. The non-motor neuropsychiatric 
symptoms include, for example, depression, anxiety, sleep 
disorders, psychosis and in later stage cognitive deficits.

The prevalence of neuropsychiatric symptoms in per-
sons with PD is higher than in the general older popu-
lation. According to a meta-analysis, prevalence of 
clinically significant depressive symptoms in people with 
PD was 35% [4]. However, that meta-analysis included 
studies conducted in different study populations includ-
ing patients from early to late stage of PD. The study 
settings were also varied, and higher prevalence of 
depressive symptoms was reported in studies from hos-
pital inpatient settings than in population-based, general 
practice, outpatient, or nursing home settings [4]. Never-
theless, nearly all people with PD suffer from neuropsy-
chiatric symptoms during the course of the disease [5].

Neuropsychiatric symptoms occur often concurrently 
and have a significant negative impact on the quality of 
life and daily functioning in people with PD. [6–9] Due 
to these symptoms, the use of psychotropic drugs is 
common in people with PD. [10–12] People with PD are 
more likely to initiate antidepressant use than those with-
out PD, [12, 13] despite limited evidence on efficacy and 
safety of antidepressants in people with PD. [14] How-
ever, the indications for initiation of antidepressants are 
unclear but likely to be multifaceted including mood and 
sleep disorders as well as pain.

People with PD are more likely to be hospitalized, and 
have longer hospital stays than people without PD. [15–
17] According to a recent population-based cohort study 
which investigated rate and reasons for hospitalization 
among people with PD compared to the general popula-
tion, psychotic symptoms or hallucinations and demen-
tia were significantly more common reasons for hospital 
admission among people with PD. [17] Hospitalizations, 
particularly prolonged hospitalizations, increase the risk 
of neuropsychiatric symptoms in older patients [18]. In 
addition, incorrect dopaminergic medication and infec-
tions during hospitalization may decline motor function-
ing in PD. [19, 20]

We investigated whether a recent hospitalization was 
associated with antidepressant initiation among peo-
ple with PD. To examine the possible reasons for anti-
depressant initiation, we also investigated the discharge 
diagnoses.

Methods
Study setting
The study is based on the nationwide register-based 
Finnish study on Parkinson’s disease (FINPARK) which 

includes 22,189 community-dwelling Finnish residents 
who received a clinically confirmed diagnosis of PD 
between years 1996 and 2015.

Study participants were identified from the Special 
Reimbursement Register maintained by the Social Insur-
ance Institution of Finland (SII). The register provides 
the data of special reimbursements for medicines due to 
chronic diseases, such as PD. The diagnosis of PD entitles 
to a special reimbursement of antiparkinson drugs when 
the medical statement is evaluated by the SII. The medi-
cal statement for special reimbursement includes anam-
nesis of the patient and description of the characteristic 
clinical features of PD including, for example, bradyki-
nesia, rigidity, and tremor. The reimbursement of anti-
parkinson drugs is granted to the patient if predefined 
criteria are fulfilled and diagnosis is confirmed by a neu-
rologist. According to the Finnish Current Care Guide-
line the diagnosis of PD is based on the United Kingdom 
Parkinson’s Disease Society Brain Bank criteria which 
have obtained good accuracy of diagnoses [21, 22]. PD is, 
however, challenging to diagnose in the early stage [23]. 
Antiparkinson drugs are also used for other conditions 
than PD which entitle for the same special reimburse-
ment if the efficiency of drugs is demonstrated. Thus, 
those who did not have ICD-10 code for PD (G20), were 
less than 35 years old on the PD diagnosis date, or had 
diagnoses whose symptoms may be confused with PD, 
or which may indicate false diagnosis of PD (−/+ 2 years 
of the PD diagnosis date) were excluded. The exclusion 
diagnoses included e.g. secondary parkinsonism, dys-
tonia, multi-system degeneration, Huntington disease, 
Alzheimer’s disease, and multiple sclerosis. The exclusion 
and inclusion criteria have been described in detail ear-
lier [12].

Study design
A case-control study with antidepressant initiators as 
cases was conducted. Persons with history of schizo-
phrenia, or bipolar disorder at least 5 years before PD 
diagnosis were excluded from the study from both initia-
tors and non-initiators as the study focuses on the use of 
antidepressants for neuropsychiatric symptoms of PD. In 
addition, persons with a newly diagnosed cancer within 
2 years before the index date were excluded. Definitions 
for the exclusion criteria are listed in Supplementary 
Table 1.

Antidepressant drug initiation after PD diagnosis was 
identified with a 1-year washout period (n = 5643, Fig. 1) 
using Prescription Register which includes data of all 
reimbursed drug purchases of community-dwelling peo-
ple outside a hospital or other institutional care facilities 
since 1995. We used the washout period to exclude those 
persons who purchased antidepressants shortly (less than 
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1 year) after PD diagnosis but had in fact already, rela-
tively recently purchased antidepressants before PD diag-
nosis. Antidepressants were defined in accordance with 
the Anatomical Therapeutic Chemical (ATC) classifica-
tion system code N06A [24].

A non-initiator control, matched by age (+/− 3 years), 
sex, and time since PD diagnosis (+/− 365 days), was 
identified for each initiator with antidepressant initia-
tion date as the index date. The number of matched case-
control pairs was 5492. Non-matched initiators were 
excluded from the analyses (n = 151). The same exclusion 
criteria were used for cases and controls.

Information on comorbidities and use of drugs dur-
ing the washout period were collected from national 
registers (Supplementary Table  1). Use of the antipar-
kinson drugs (N04), antipsychotics (N05A, excluding 
lithium N05AN01 and prochlorperazine N05AB04), 

benzodiazepines and related drugs (N05BA, N05CD, 
N05CF), opioids (N02A), acetylcholinesterase inhibi-
tors (N06DA) and memantine (N06DX01) were obtained 
from the Prescription Register. Comorbidities, i.e. 
asthma, chronic obstructive pulmonary disease (COPD), 
diabetes, and cardiovascular diseases until the matching 
date were recognized from the Special Reimbursement 
Register.

Hospitalization data were collected from the Care Reg-
ister for Health Care, including the main discharge diag-
nosis as ICD-10 codes, the length of hospital stay and 
the admission place which was categorized as central/
university or regional/municipal hospital. Recent hospi-
talization was determined as a discharge from hospital a 
maximum of 14 days before the index date.

Permission for the data use was obtained from the 
register maintainers. Data were collected from the 

Fig. 1 Formation of the study sample
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registers by the register maintainers utilizing personal 
identification numbers. According to Finnish legisla-
tion, no Ethics Committee approval was required for 
the study since study participants were not contacted 
and data were de-identified.

Statistical analyses
Statistical analyses were performed using Stata 
(MP14.0). The Chi-squared test was used to compare 
categorical variables between the groups. Normally 
distributed continuous variables were tested with two 
sample t-test and asymmetrically distributed vari-
ables with nonparametric median test (Mann-Whitney 
U-test). The associations of recent hospitalization and 
duration of hospitalization with antidepressant initia-
tion were assessed with conditional logistic regression. 
This method controls for matching and therefore con-
trols for age, sex and time since PD diagnosis. In addi-
tion, the results were adjusted for comorbidities and 
medication use during the washout period.

Results
The mean age of the study population at the time of anti-
depressant initiation was 73.5 years and the median time 
since PD diagnosis was 2.9 years (Table 1). Approximately 
half (52.3%) of the initiators were women while more 
than 60% of the study population were men. Use of ben-
zodiazepines and related drugs, opioids, antipsychotics, 
acetylcholinesterase inhibitors, and antiparkinson drugs 
during washout was more common among antidepres-
sant initiators than non-initiators. Initiators also had 
more cardiovascular diseases, asthma/COPD, and diabe-
tes and were more likely to have been hospitalized within 
14 days before the index date (48.3% of the initiators com-
pared to 14.3% of non-initiators).

Recently hospitalized persons were six times more 
likely to initiate antidepressants (unadjusted OR 5.93, 
95% CI 5.32–6.62) and the association remained after 
adjusting for comorbidities and medication use during 
washout (Table 2). Longer hospital stays were associated 
with increased risk.

Selective serotonin reuptake inhibitors (SSRIs) 
(48.1%) and mirtazapine (35.7%) covered over 80% of 

Table 1 Characteristics of antidepressant initiators and matched non‑initiators with PD

a the date of initiator starting antidepressant use

Characteristic Initiators (n = 5492) Non-initiators (n = 5492) P Value

Age at index  datea, mean (95% CI) 73.5 (73.3–73.8) 73.6 (73.4–73.9) Matched

Time since PD  diagnosisa, median (IQR) 2.9 (1.1–5.5) 2.8 (1.1–5.5) Matched

Sex, n (%) Matched

 Women 2873 (52.3) 2873 (52.3)

 Men 2619 (47.7) 2619 (47.7)

Hospitalization within 14 days before the index  datea, n 
(%)

2653 (48.3) 788 (14.3) <  0.001

Comorbidities, n (%)

 Cardiovascular diseases 2356 (42.9) 1285 (23.4) <  0.001

 Asthma/COPD 442 (8.1) 243 (4.4) <  0.001

 Diabetes 610 (11.1) 309 (5.6) <  0.001

PD medication use, n (%)

 Any medication for PD 5202 (94.7) 4815 (87.7) <  0.001

 Dopaminergic medication for PD 5178 (94.3) 4793 (87.3) <  0.001

 Dopa and dopa derivatives 4536 (82.6) 3882 (70.7) <  0.001

 Dopamine agonists 2304 (42.0) 2246 (40.9) 0.26

 Monoamine oxidase B inhibitors 1961 (35.7) 2003 (36.5) 0.41

 Other dopaminergic agents 290 (5.3) 222 (4.0) 0.002

Other medication use, n (%)

 Opioids 860 (15.7) 504 (9.2) <  0.001

 Antipsychotics 571 (10.4) 355 (6.5) <  0.001

 Benzodiazepines and related drugs 1831 (33.3) 835 (15.2) <  0.001

 Acetylcholinesterase inhibitors (AChEI) 389 (7.1) 289 (5.3) <  0.001

 Memantine 62 (1.1) 52 (1.0) 0.35

 AChEI/memantine 406 (7.4) 307 (5.6) <  0.001
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the initiations (Supplementary Table  2). The initiation 
of serotonin and norepinephrine reuptake inhibitors 
(SNRIs), tricyclic antidepressants (TCAs) and other anti-
depressants was less common. Nearly all initiated with 
monotherapy as only 28 people (0.5%) initiated two anti-
depressants. No clinically meaningful differences in ini-
tiated antidepressants between recently hospitalized and 
non-hospitalized initiators were observed (Table 3).

SSRIs were the most frequently initiated antidepres-
sant class in both groups (47.7% of recently hospitalized 
and 48.4% of non-hospitalized initiators), followed by 
mirtazapine (37.5% of hospitalized and 34.0% of non-
hospitalized initiators). Initiated SSRIs were mainly cit-
alopram and escitalopram which equally covered 44% 
of initiations among recently hospitalized and 41.9% of 
initiations among non-hospitalized initiators. Use of 
dopamine agonists and opioids were more common in 
hospitalized initiators, whereas use of benzodiazepines 
and related drugs, and acetylcholinesterase inhibitors 
was more common among other initiators.

Compared to non-initiators with recent hospitaliza-
tion, the initiators with recent hospitalization had longer 
length of hospital stays, and were more often discharged 
from municipal or regional hospital (Table 4). The most 
common discharge diagnosis of the recent hospitaliza-
tion was PD (ICD-10 code G20) among both initiators 
(54.6%) and non-initiators (28.8%). Among initiators, 
PD diagnosis was followed by the diseases of circula-
tory (6.3%), and musculoskeletal system and connective 
tissues (4.4%). Mental or behavioral disorders (F04-F99) 
were recorded as a main discharge diagnosis for 4.0% of 
hospitalized antidepressant initiators and 0.5% of hos-
pitalized non-initiators. Dementia (F00-F03, G30) was 
also slightly more common discharge diagnosis among 
initiators (3.6%) than non-initiators (1.3%). In addition, 

hospitalized initiators used more likely antiparkinson 
drugs, opioids, and benzodiazepines and related drugs 
during washout period (Table 5). Cardiovascular diseases 
and diabetes were more common in hospitalized initia-
tors (42.1 and 11.7%, respectively) in comparison to hos-
pitalized non-initiators (23.5 and 4.8%, respectively).

Discussion
Our findings demonstrate that a  recent hospitalization 
was associated with an  increased risk of antidepressant 
initiation in community-dwelling people with PD since 
nearly half of the initiators were hospitalized within 
14 days before the index date compared to 14% of the 
non-initiators. Overall, comorbid diseases, use of anti-
parkinson and other observed medications, longer hos-
pital stay and regional/municipal hospital as admission 
place were associated with increased risk of antidepres-
sant initiation. SSRIs were the most frequently initiated 
antidepressant class.

PD was the most frequently recorded main discharge 
diagnosis in both groups which could imply aggravation 
of PD symptoms. Our finding is in accordance to a pre-
vious study that found exacerbation of motor and non-
motor symptoms of PD are the main underlying reason 
for hospital admissions in people with PD. [17] Although 
a considerable proportion of discharge diagnoses in our 
study were other than PD, these admissions may still be 
related to PD. For example, mental and behavioral dis-
order and dementia diagnoses that were more common 
among initiators than non-initiators may also reflect 
symptoms of PD.

According to previous studies, other common rea-
sons for hospital admissions in people with PD are 
cardiovascular events, infections, such as urinary and 
respiratory tract infections, falls and fractures which 

Table 2 Odds ratios and 95%CI for the association between recent hospitalization, duration of hospitalization and antidepressant 
initiation

a conditional logistic regression, accounts for age, sex, time since PD
b conditional logistic regression, adjusted for cardiovascular disease, diabetes, stroke, asthma or chronic obstructive pulmonary disease
c conditional logistic regression, adjusted for comorbidities and use of antiparkinson medication, antipsychotics, benzodiazepines and related drugs, opioids and 
antidementia medications

Recent hospitalisation Unadjusted OR, 95%CIa Comorbidity-adjusted OR%, 
 95CIb

Comorbidity- and 
medication-adjusted 
OR%,  95CIc

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

Yes 5.93 (5.32–6.62) 5.85 (5.23–6.55) 5.85 (5.20–6.59)

The length of hospital stay

 1–7 days 1.00 (reference) 1.00 (reference) 1.00 (reference)

 8–14 days 1.76 (1.14–2.74) 1.71 (1.08–2.69) 1.82 (1.12–2.98)

 15–60 days 2.82 (1.81–4.38) 2.95 (1.87–4.66) 3.74 (2.28–6.15)

 61 days or longer 6.40 (2.55–16.07) 5.34 (2.07–13.79) 7.41 (2.64–20.83)
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are fairly consistent with our results considering that 
our study population consisted of antidepressant initia-
tors and matched non-initiators [17, 25]. These diagno-
sis categories were among the most common ones in 
both initiators and non-initiators, with being slightly 
more common in non-initiators.

The median time since PD diagnosis between ini-
tiators and non-initiators was similar (2.9 years) as this 
was a matching criterion. However, the use of dopa and 
dopa derivatives during washout was more common 
among antidepressant initiators which could indicate 
more advanced disease among them compared to non-
initiators. On the other hand, the prevalence of dopa-
minergic PD medication was quite high in both groups 

(94.3% in initiators and 87.3%) in noninitiators, and the 
difference was relatively small (7%).

Depression has been associated with severity of PD 
and dementia, but not with age at PD onset or duration 
of PD. [26] Another study investigated neuropsychiatric 
symptoms and use of psychotropic medication during 
the first 5 years since PD diagnosis [27]. In that study, 
neuropsychiatric symptoms, and use of antiparkinson 
medication, but also the use of antidepressants and 
benzodiazepines and related drugs became more com-
mon during the study period. Use of antidepressants 
and benzodiazepines and related drugs was also com-
mon at baseline, while use of antipsychotics and acetyl-
choline inhibitors and memantine (0.0–5.1%), was rare 

Table 3 Characteristics of hospitalized and non‑hospitalized antidepressant initiators with PD

a the date of initiator starting antidepressant use
b Mianserin, moclobemide, bupropion, trazodone, reboxetine, vortioxetine, agomelatine

Characteristic Hospitalized (n = 2653) Non-hospitalized (n = 2839) P value

Age at index date a, mean (95% CI) 73.2 (72.8–73.5) 73.9 (73.5–74.2) 0.007

Time since PD diagnosis, median (IQR) 3.0 (1.2–5.6) 2.7 (1.1–5.4) 0.006

Sex, n (%) 0.18

 Women 1363 (51.4) 1510 (53.2)

 Men 1290 (48.6) 1329 (46.8)

Comorbidities, n (%)

 Cardiovascular diseases 1118 (42.1) 1238 (43.6) 0.27

 Asthma/COPD 234 (8.8) 208 (7.3) 0.04

 Diabetes 309 (11.7) 301 (10.6) 0.22

PD medication use, n (%)

 Any medication for PD 2511 (94.7) 2691 (94.8) 0.82

 Dopaminergic medication for PD 2502 (94.3) 2676 (94.3) 0.94

 Dopa and dopa derivatives 2191 (82.6) 2345 (82.6) 0.99

 Dopamine agonists 1205 (45.4) 1,09 (38.7) <  0.001

 Monoamine oxidase B inhibitors 930 (35.1) 1031 (36.3) 0.33

 Other dopaminergic agents 142 (5.4) 148 (5.2) 0.82

Other medication use, n (%)

 Opioids 486 (18.3) 374 (13.2) <  0.001

 Antipsychotics 286 (10.8) 285 (10.0) 0.37

 Benzodiazepines and related drugs 839 (31.6) 992 (34.9) 0.009

 Acetylcholinesterase inhibitors (AChEI) 151 (5.7) 238 (8.4) <  0.001

 Memantine 23 (0.9) 39 (1.4) 0.08

 AChEI/memantine 158 (6.0) 248 (8.7) <  0.001

Antidepressant initiation, n (%)

 Selective serotonin reuptake inhibitor 1266 (47.7) 1374 (48.4) 0.62

 Mirtazapine 996 (37.5) 964 (34.0) 0.006

 Serotonin and norepinephrine reuptake inhibitor (SNRI) 157 (5.9) 130 (4.6) 0.026

 Tricyclic antidepressant (TCA) 155 (5.8) 233 (8.2) 0.001

 Other b 98 (3.7) 147 (5.2) 0.008

 Initiated 2 antidepressants 19 (0.7) 9 (0.3)
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at baseline and remained low throughout the 5-year 
period [27].

In our study about 25% (5643/22,189) initiated anti-
depressant use after PD diagnosis and nearly half 
of them were recently hospitalized. It could be that 
depression or depressive symptoms were identified dur-
ing the hospitalization, leading to initiation of pharma-
cotherapy. This is supported by a previous study where 
clinically significant depressive symptoms were present 
in 35% of people with PD. [4] According to the same 
meta-analysis, prevalence of major depressive disor-
der was 17%. Minor depression was present in 22% and 
dysthymia in 13%. Prevalence varied in included studies 
from 2.7 to 90% likely due to differences between study 
population, study methods, diagnosis and definition of 
depression, and statistical methods. Moreover, onset or 
aggravation of depressive and other neuropsychiatric 

symptoms could lead to hospitalization, or hospitaliza-
tion could trigger those symptoms.

Antidepressant  treatment is considered in moderate to 
severe depression or in milder cases if non-pharmacolog-
ical methods have not been successful [28]. Non-motor 
fluctuations related to wearing off of dopaminergic medi-
cation could manifest as low mood, apathy, or fatigue 
which could be confused to symptoms of depression. In 
these cases, optimization of dopaminergic medication 
can be beneficial. While management of depressive and 
other neuropsychiatric symptoms is important, evidence 
on efficacy of antidepressants is limited in people with 
PD due to lack of controlled trials. In the context of neu-
rodegeneration, depression may not respond similarly to 
medication developed for endogenous depression since 
underlying mechanism for PD depression is complex [13, 
14, 29]. However, multiple antidepressant classes, such 
as SSRIs, SNRIs and TCAs are potentially efficacious in 

Table 4 Hospitalization‑related characteristic of recently hospitalized initiators and non‑initiators with PD

Characteristic Hospitalized 
Initiators 
(n = 2653)

Hospitalized 
non-initiators 
(n = 788)

P value

The length of hospital stay, n (%) <  0.001

 1–7 days 1637 (61.7) 626 (79.4)

 8–14 days 371 (14.0) 89 (11.3)

 15–60 days 460 (17.3) 61 (7.7)

 61 or more 185 (7.0) 12 (1.5)

Admission place, n (%) <  0.001

 Central/university hospital 1529 (57.6) 589 (74.8)

 Regional/municipal hospital 1124 (42.4) 199 (25.3)

Main discharge diagnosis group by ICD‑10 codes, n (%) <  0.001

 Parkinson’s disease (G20) 1449 (54.6) 227 (28.8)

 Diseases of the circulatory system (I) 166 (6.3) 70 (8.9)

 Diseases of the musculoskeletal system and connective tissue (M) 116 (4.4) 40 (5.1)

 Mental and behavioral disorders (F04‑F99) 107 (4.0) 4 (0.5)

 Symptoms, signs and abnormal findings, not elsewhere classified (R) 102 (3.8) 36 (4.6)

 Dementia (F00‑F03, G30) 95 (3.6) 10 (1.3)

 Injury, poisoning and certain other consequences of external causes (S + T) 83 (3.1) 24 (3.0)

 Diseases of the nervous system, excluding G20, G30 (G) 62 (2.3) 15 (1.9)

 Congenital malformations/ factors influencing health status and contacts with health services 
(Q + Z)

60 (2.3) 35 (4.4)

 Diseases of the genitourinary system (N) 57 (2.1) 39 (4.9)

 Diseases of the respiratory system (J) 43 (1.6) 24 (3.0)

 Diseases of the eye and adnexa, ear and mastoid process (H) 42 (1.6) 60 (7.6)

 Diseases of the digestive system (K) 35 (1.3) 25 (3.2)

 Malignant neoplasms (C) 32 (1.2) 26 (3.3)

 Certain infectious and parasitic diseases (AB) 24 (0.9) 13 (1.6)

 Endocrine, nutritional and metabolic diseases (E) 22 (0.8) 12 (1.5)

 Other neoplasms/ diseases of blood and blood‑forming organs and certain disorders involving 
the immune mechanism (D)

16 (0.6) 21 (2.7)

 Diseases of the skin and subcutaneous tissue (L) 14 (0.5) 7 (0.9)
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management of depression in PD, but trial results are 
inconsistent, and superiority of antidepressants over pla-
cebo is not always demonstrated [13, 14, 30].

SSRIs were the most frequently initiated antidepres-
sants in our study and they are commonly the first line 
treatment due to their safety profile [28]. TCAs are con-
sidered as potentially inappropriate medications in older 
adults due to anticholinergic (including e.g. cognitive 
decline, constipation, dizziness) and sedative proper-
ties as well as orthostatic hypotension [31]. Out of the 
different antidepressants, SSRIs are most strongly asso-
ciated with hyponatremia and gastrointestinal bleed-
ings [32–37]. Additionally, SSRIs have been related with 
extrapyramidal symptoms and worsening of tremor in 
people with PD. [30] Antidepressants are also associated 
with cardiac effects; SSRIs and TCAs can cause QT pro-
longation, with greater effect on TCAs [38]. Antidepres-
sants increase the risk of falls which is already increased 
in people with PD due to antiparkinson medication and 
primary symptoms of PD. [39, 40]

In addition to depression, antidepressants are pre-
scribed for other indications, such as anxiety, sleep 
disorders and pain which all are common symptoms 

among people with PD. [7, 41–43] Pain in PD is com-
monly nociceptive but could be also attributed to 
neuropathic or diverse sources [43]. In our study popu-
lation, opioids were used by every sixth initiator during 
washout which might indicate moderate or severe pain. 
TCAs and SNRIs are considered a first line pharmaco-
therapy for neuropathic pain, [44] which could partly 
explain antidepressant initiation. However, initiations 
of TCAs and SNRIs were not common in our study.

Benzodiazepines and related drugs were used by 
every third antidepressant initiator, which may indi-
cate sleep and anxiety disorders. Insomnia is one of 
the most common non-motor symptoms together with 
depression, and longer disease duration as well as dopa-
minergic medication increase the risk [7, 45]. Thus, the 
high prevalence of mirtazapine in our study could be 
partly explained by the use of low-dose mirtazapine 
for the treatment of insomnia [41, 42]. Mirtazapine has 
sedative properties mainly through histamine receptor 
blocking [46]. Furthermore, previous study showed that 
about one-third of people with PD is suffering from 
anxiety, most commonly generalized anxiety disorder, 
and phobias [47]. In addition, depressive symptoms and 

Table 5 Characteristic of recently hospitalized initiators and non‑initiators with PD

a the date of initiator starting antidepressant use

Characteristic Hospitalized Initiators (n = 2653) Hospitalized non-initiators (n = 788) P value

Age at index  datea, mean (95% CI) 73.2 (72.8–73.5) 73.5 (72.8–74.1) 0.48

Time since PD diagnosis, median (IQR) 3.0 (1.2–5.6) 2.8 (1.2–5.6) 0.11

Sex, n (%) 0.04

 Women 1363 (51.4) 438 (55.6)

 Men 1290 (48.6) 350 (44.4)

Comorbidities, n (%)

 Cardiovascular diseases 1118 (42.1) 185 (23.5) <  0.001

 Asthma/COPD 234 (8.8) 50 (6.4) 0.03

 Diabetes 309 (11.7) 38 (4.8) <  0.001

PD medication use, n (%)

 Any medication for PD 2511 (94.7) 718 (91.1) <  0.001

 Dopaminergic medication for PD 2502 (94.3) 717 (91.0) 0.001

 Dopa and dopa derivatives 2191 (82.6) 595 (75.5) <  0.001

 Dopamine agonists 1205 (45.4) 353 (44.8) 0.76

 Monoamine oxidase B inhibitors 930 (35.1) 301 (38.2) 0.11

 Other dopaminergic agents 142 (5.4) 45 (5.7) 0.70

Other medication use, n (%)

 Opioids 486 (18.3) 116 (14.7) 0.020

 Antipsychotics 286 (10.8) 77 (9.8) 0.42

 Benzodiazepines and related drugs 839 (31.6) 132 (16.8) <  0.001

 Acetylcholinesterase inhibitors (AChEI) 151 (5.7) 45 (5.7) 0.98

 Memantine 23 (0.9) 11 (1.4) 0.19

 AChEI/memantine 158 (6.0) 48 (6.1) 0.89
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anxiety disorders often occur concomitantly and anxi-
ety disorders are an important indication of SSRIs.

Depression and other neuropsychiatric symptoms 
seem to be poorly recognized in persons with PD 
since depressive symptoms could overlap with primary 
symptoms of PD. [48] Better awareness and assessment 
of neuropsychiatric symptoms would promote more 
effective care [48, 49]. Management of these symp-
toms is important since they decrease quality of life 
and functioning in people with PD. [6–9] As depression 
seems to be underrecognized, hospitalization might be 
opportunity to recognize depressive symptoms, and 
thus contribute to increased likelihood of antidepres-
sant initiations after admission. Diagnoses of depres-
sive symptoms might not occur as discharge diagnosis 
in this study since only main discharge diagnoses were 
observed. Neuropsychiatric symptoms can lead to hos-
pitalization, thus would be important to prevent hos-
pital admissions by managing those symptoms [50]. 
However, initiation of antidepressant should be consid-
ered carefully, and hospitalization should not increase 
inappropriate drug use. Cognitive-behavioral therapy is 
effective management of depression and anxiety in PD 
and recommended to consider as a treatment option 
[51].

The main strength of this study was the use of the 
large nationwide registers with systemically collected 
data, enabling the identification of community-dwellers 
with clinically confirmed diagnosis of PD in Finland, and 
assessment of antidepressants dispensed in community-
dwelling settings purchases. We had also comprehensive 
information on main discharge diagnoses of hospital-
ized patients. On the other hand, we lacked information 
whether purchased antidepressants were used, although 
purchased drugs represent drug exposure better than 
prescribed drugs [52]. Since drug use during hospital 
care was not recorded in the Prescription Register, we 
lacked information whether antidepressants were initi-
ated during hospitalization. Consequently, we did not 
know if antidepressant was prescribed during hospital 
stay or after hospitalization. Indications for the antide-
pressant drug prescriptions, information whether non-
pharmacological treatment was attempted, and initiation 
of antidepressant was carefully assessed were lacking, 
thus we could not evaluate the appropriateness of treat-
ment. Other limitation of this study was lack of infor-
mation on the severity of PD and presence or severity of 
neuropsychiatric symptoms.

In conclusion, a recent hospitalization and longer 
hospital stay were associated with antidepressant ini-
tiation in community-dwelling people with PD. Further 
investigation is needed to clarify accurate indications 

for initiations of antidepressants. Our findings sug-
gest that motor and non-motor symptoms of PD are 
the leading cause for hospitalization in this population. 
Hospitalization could be also an opportunity to identify 
and assess depressive symptoms, sleep disorders and 
pain.

Abbreviations
ATC : Anatomical therapeutic chemical classification; COPD: Chronic obstruc‑
tive pulmonary disease; FINPARK: Finnish Study on Parkinson’s disease; PD: 
Parkinson’s disease; SII: Social Insurance Institution of Finland; SNRI: Serotonin–
norepinephrine reuptake inhibitor; SSRI: Serotonin reuptake inhibitor; TCA : 
Tricyclic antidepressant.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877‑ 022‑ 03698‑w.

Additional file 1: Supplementary Table 1. Description of antidepressant 
use, exclusion criteria and covariates. Supplementary Table 2. Initiated 
antidepressants on drug and group level.

Acknowledgements
Not applicable.

Authors’ contributions
All authors contributed to the study conception and design. Material 
preparation and analysis were performed by AMT and IH. The first draft of the 
manuscript was written by IH all authors commented on previous versions of 
the manuscript. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The data that support the findings of this study are available from the cor‑
responding author but restrictions apply to the availability of these data, and 
so they are not publicly available. Data are however available from the authors 
upon reasonable request and with permission of the register maintainers.

Declarations

Ethics approval and consent to participate
All methods were carried out in accordance with relevant guidelines and 
regulations including Declaration of Helsinki, the European General Data 
Protection Regulation and national legislation. Register maintainers have 
approved the FINPARK study plan. Data were pseudonymized before 
submission to the research team and study participants were not contacted. 
Therefore, according to Finnish legislation (including Personal Data Act 
23/1999, Act on the Openness of Government Activities 621/1999 and Act on 
the Secondary Use of Health and Social Data 552/2019 (and previous Act on 
the National Healthcare registers, not official English translation as this is not 
available 556/1989) the study has been granted an exemption from requiring 
ethics approval or informed consent.

Consent for publication
not applicable.

Competing interests
AMT declares a research grant from Amgen, paid through the institution she 
is employed. IH, MT, SH have no relevant financial or non‑financial interests to 
disclose.

https://doi.org/10.1186/s12877-022-03698-w
https://doi.org/10.1186/s12877-022-03698-w


Page 10 of 11Hämäläinen et al. BMC Geriatrics          (2022) 22:974 

Author details
1 Kuopio Research Centre of Geriatric Care, University of Eastern Finland, Kuo‑
pio, Finland. 2 School of Pharmacy, University of Eastern Finland, P.O. Box 1627, 
70211 Kuopio, Finland. 

Received: 7 October 2022   Accepted: 13 December 2022

References
 1. Ascherio A, Schwarzschild M. The epidemiology of Parkinson’s disease: 

risk factors and prevention. Lancet Neurol. 2016;15(12):1257–72.
 2. Schapira A, Chaudhuri K, Jenner P. Non‑motor features of Parkinson 

disease. Nat Rev Neurosci. 2017;18(7):435–50.
 3. Kalia L, Lang A. Parkinson’s disease. Lancet. 2015;386(9996):896–912.
 4. Reijnders J, Ehrt U, Weber W, Aarsland D, Leentjens A. A systematic review 

of prevalence studies of depression in Parkinson’s disease. Mov Disord. 
2008;23(2):183–9.

 5. Hommel A, Meinders MJ, Lorenzl S, et al. The prevalence and determi‑
nants of neuropsychiatric symptoms in late‑stage parkinsonism. Mov 
Disord Clin Pract. 2020;7(5):531–42.

 6. Global Parkinson’s disease survey (GPDS) steering committee. Factors 
impacting on quality of life in Parkinson’s disease: results from an interna‑
tional survey. Mov Disord. 2002;17(1):60–7.

 7. Barone P, Antonini A, Colosimo C. The PRIAMO study: a multicenter 
assessment of nonmotor symptoms and their impact on quality of life in 
Parkinson’s disease. Mov Disord. 2009;24(11):1641–9.

 8. Menza M, DeFronzo DR, Marin H, et al. The impact of treatment of depres‑
sion on quality of life, disability and relapse in patients with Parkinson’s 
disease. Mov Disord. 2009;24(9):1325–32.

 9. Pontone GM, Bakker CC, Chen S, et al. The longitudinal impact of 
depression on disability in Parkinson disease. Int J Geriatr Psychiatry. 
2016;31(5):458–65.

 10. Weintraub D, Chen P, Ignacio RV, Mamikonyan E, Kales HC. Patterns and 
trends in antipsychotic prescribing for Parkinson disease psychosis. Arch 
Neurol. 2011;68(7):899–904. https:// doi. org/ 10. 1001/ archn eurol. 2011. 13.

 11. Frandsen R, Baandrup L, Kjellberg J, Ibsen R, Jennum P. Increased all‑
cause mortality with psychotropic medication in Parkinson’s disease 
and controls: a national register‑based study. Parkinsonism Relat Disord. 
2014;20(11):1124–8.

 12. Hentilä E, Tiihonen M, Taipale H, Hartikainen S, Tolppanen AM. Incidence 
of antidepressant use among community dwellers with and without Par‑
kinson’s disease ‑ a nationwide cohort study. BMC Geriatr. 2021;21(1):202. 
https:// doi. org/ 10. 1186/ s12877‑ 021‑ 02145‑6.

 13. Rocha FL, Murad MGR, Stumpf BP, Hara C, Fuzikawa C. Antidepressants for 
depression in Parkinson’s disease: systematic review and meta‑analysis. J 
Psychopharmacol. 2013;27(5):417–23.

 14. Mills K, Greene M, Dezube R, Goodson C, Karmarkar T, Pontone G. 
Efficacy and tolerability of antidepressants in Parkinson’s disease: a 
systematic review and network meta‑analysis. Int J Geriatr Psychiatry. 
2018;33(4):642–51.

 15. Gerlach OHH, Winogrodzka A, Weber WEJ. Clinical problems in the 
hospitalized Parkinson’s disease patient: systematic review. Mov Disord. 
2011;26(2):197–208.

 16. Lubomski M, Rushworth RL, Tisch S. Hospitalisation and comorbidities 
in Parkinson’s disease: a large Australian retrospective study. J Neurol 
Neurosurg Psychiatry. 2015;86(3):324–30.

 17. Okunoye O, Horsfall L, Marston L, Walters K, Schrag A. Rate of hospitaliza‑
tions and underlying reasons among people with Parkinson’s disease– 
population‑based cohort study in UK primary care. J Parkinsons Dis. 
2022;12(1):411–20.

 18. Chen C‑M, Huang G‑H, Chen C. Older patients’ depressive symptoms 6 
months after prolonged hospitalization: course and interrelationships 
with major associated factors. Arch Gerontol Geriatr. 2014;58(3):339–43.

 19. Gerlach OHH, Broen MPG, van Domburg PHMF, Vermeij AJ, Weber 
WEJ. Deterioration of Parkinson’s disease during hospitalization: survey 
of 684 patients. BMC Neurol. 2012;12:13. https:// doi. org/ 10. 1186/ 
1471‑ 2377‑ 12‑ 13.

 20. Gerlach OHH, Broen MPG, Weber WEJ. Motor outcomes during hospitali‑
zation in Parkinson’s disease patients: a prospective study. Parkinsonism 

Relat Disord. 2013;19(8):737–41. https:// doi. org/ 10. 1016/j. parkr eldis. 2013. 
04. 017.

 21. Parkinson’s disease. Current care guidelines. Working group set up by the 
Finnish medical society Duodecim and the Finnish neurological society. 
Helsinki: The Finnish Medical Society Duodecim; 2022. Available online at: 
www. kaypa hoito. fi. Referred 21 Apr 2022

 22. Hughes A, Daniel S, Kilford L, Lees A. Accuracy of clinical diagnosis of 
idiopathic Parkinson’s disease: a clinico‑pathological study of 100 cases. J 
Neurol Neurosurg Psychiatry. 1992;55(3):181–4.

 23. Rizzo G, Massimiliano C, Arcuti S, Martino D, Fontana A, Logroscino G. 
Accuracy of clinical diagnosis of Parkinson disease: a systematic review 
and meta‑analysis. Neurology. 2016;86(6):566–76.

 24. WHO Collaborating Centre for Drug Statistics Methodology. ATC/DDD 
Index 2022. https:// www. whocc. no/ atc_ ddd_ index/. Accessed 21 Mar 
2022.

 25. Koay L, Rose J, Abdelhafiz AH. Factors that lead to hospitalisation in 
patients with Parkinson disease—a systematic review. Int J Clin Pract. 
2018;72(1):e13039. https:// doi. org/ 10. 1111/ ijcp. 13039.

 26. Riedel O, Heuser I, Klotsche J, Dodel R, Wittchen H‑U. Occurrence risk and 
structure of depression in Parkinson disease with and without dementia: 
results from the GEPAD study. J Geriatr Psychiatry. 2010;23(1):27–34.

 27. Weintraub D, Caspell‑Garcia C, Simuni T, et al. Neuropsychiatric symptoms 
and cognitive abilities over the initial quinquennium of Parkinson disease. 
Ann Clin Transl Neurol. 2020;7(4):449–61.

 28. Mueller C, Rajkumar AP, Wan YM, et al. Assessment and Management 
of Neuropsychiatric Symptoms in Parkinson’s disease. CNS Drugs. 
2018;32(7):621–35.

 29. Aarsland D, Påhlhagen S, Ballard C, Ehrt U, Svenningsson P. Depression in 
Parkinson disease – epidemiology, mechanism and management. Nat 
Rev Neurol. 2011;8(1):35–47.

 30. Seppi K, Chaudhuri K, Coelho M, et al. Update on treatments for nonmo‑
tor symptoms of Parkinson’s disease—an evidence‑based medicine 
review. Mov Disord. 2019;34(2):180–98.

 31. American Geriatrics Society Beers Criteria update expert panel. Ameri‑
can Geriatrics Society 2019 updated AGS beers criteria® for poten‑
tially inappropriate medication use in older adults. J Am Geriatr Soc. 
2019;67(4):674–94.

 32. van Walraven C, Mamdani MM, Wells PS, Williams JI. Inhibition of seroto‑
nin reuptake by antidepressants and upper gastrointestinal bleeding in 
elderly patients: retrospective cohort study. BMJ. 2001;323(7314):655–8.

 33. Movig KLL, Leufkens HGM, Lenderink AW, et al. Association between 
antidepressant drug use and hyponatraemia: a case‑control study. Br J 
Clin Pharmacol. 2002;53(4):363–9.

 34. Dalton SO, Johansen C, Mellemkjaer L, Nørgård B, Sørensen HT, Olsen JH. 
Use of selective serotonin reuptake inhibitors and risk of upper gastro‑
intestinal tract bleeding: a population‑based cohort study. Arch Intern 
Med. 2003;163(1):59–64.

 35. De Abajo FJ, Garcia‑Rodriguez LA. Risk of upper gastrointestinal tract 
bleeding associated with selective serotonin reuptake inhibitors and 
venlafaxine therapy: interaction with nonsteroidal anti‑inflammatory 
drugs and effect of acid‑suppressing agents. Arch Gen Psychiatry. 
2008;65(7):795–803.

 36. Couplant C, Dhiman P, Morris R, Arthur A, Barton G, Hippisley‑Cox J. Anti‑
depressant use and risk of adverse outcomes in older people: population 
based cohort study. BMJ. 2011;343:d4551. https:// doi. org/ 10. 1136/ bmj. 
d4551.

 37. Leth‑Møller KB, Hansen AH, Torstensson M, et al. Antidepressants and 
the risk of hyponatremia: a Danish register‑based population study. BMJ 
Open. 2016;6(5):e011200. https:// doi. org/ 10. 1136/ bmjop en‑ 2016‑ 011200.

 38. Beach S, Kostis W, Celano C, et al. Meta‑analysis of selective seroto‑
nin reuptake inhibitor‑associated QTc prolongation. J Clin Psychiatry. 
2014;75(5):e441–9.

 39. Schrag A, Choudhury M, Kaski D, Gallagher DA. Why do patients with 
Parkinson’s disease fall? A cross‑sectional analysis of possible causes of 
falls. NPJ Parkinsons Dis. 2015;1:15011. https:// doi. org/ 10. 1038/ npjpa rkd. 
2015. 11.

 40. Seppala LJ, Wermelink A, de Vries M, et al. Fall‑risk‑increasing drugs: a sys‑
tematic review and Meta‑analysis: II. Psychotropics. J Am Med Dir Assoc. 
2018;19(4):371.e11–7. https:// doi. org/ 10. 1016/j. jamda. 2017. 12. 098.

https://doi.org/10.1001/archneurol.2011.13
https://doi.org/10.1186/s12877-021-02145-6
https://doi.org/10.1186/1471-2377-12-13
https://doi.org/10.1186/1471-2377-12-13
https://doi.org/10.1016/j.parkreldis.2013.04.017
https://doi.org/10.1016/j.parkreldis.2013.04.017
http://www.kaypahoito.fi
https://www.whocc.no/atc_ddd_index/
https://doi.org/10.1111/ijcp.13039
https://doi.org/10.1136/bmj.d4551
https://doi.org/10.1136/bmj.d4551
https://doi.org/10.1136/bmjopen-2016-011200
https://doi.org/10.1038/npjparkd.2015.11
https://doi.org/10.1038/npjparkd.2015.11
https://doi.org/10.1016/j.jamda.2017.12.098


Page 11 of 11Hämäläinen et al. BMC Geriatrics          (2022) 22:974  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 41. Bourgeois J, Elseviers MM, Van Bortel L, Petrovic M, Vander SR. The use of 
antidepressants in Belgian nursing homes: focus on indications and dos‑
ages in the PHEBE study. Drugs Aging. 2012;29(9):759–69.

 42. Wong J, Motulsky A, Abrahamowicz M, et al. Off‑label indications for 
antidepressants in primary care: descriptive study of prescriptions from 
an indication based electronic prescribing system. BMJ. 2017;356:j603. 
https:// doi. org/ 10. 1136/ bmj. j603.

 43. Blanchet PJ, Brefel‑Courbon C. Chronic pain and pain processing in Par‑
kinson’s disease. Prog Neuro‑Psychopharmacol Biol Psychiatry. 2018;87(Pt 
B):200–6.

 44. Finnerup NB, Attal N, Haroutounian S, et al. Pharmacotherapy for neu‑
ropathic pain in adults: systematic review, meta‑analysis and updated 
NeuPSIG recommendations. Lancet Neurol. 2015;14(2):162–73.

 45. Marinus J, Zhu K, Marras C, Aarsland D, van Hilten JJ. Risk factors 
for non‑motor symptoms in Parkinson’s disease. Lancet Neurol. 
2018;17(6):559–68.

 46. Krystal A, Richelson E, Roth T. Review of the histamine system and 
the clinical effects of H1 antagonists: basis for a new model for 
understanding the effects of insomnia medications. Sleep Med Rev. 
2013;17(4):263–72.

 47. Leetjens AFG, Dujardin K, Marsh L, et al. Symptomalogy and markers 
of anxiety disorders in Parkinson’s disease: a cross‑sectional study. Mov 
Disord. 2011;26(3):484–92.

 48. Weintraub D, Aarsland D, Chaudhuru KR, et al. The neuropsychia‑
try of Parkinson’s disease: advances and challenges. Lancet Neurol. 
2022;21(1):89–102.

 49. Orayj K, Almeleebia T, Vigneshwaran E, Alshahrani S, Alavudeen SS, 
Alghamadi W. Trend of recognizing depression symptoms and antide‑
pressants use in newly diagnosed Parkinson’s disease: population‑based 
study. Brain Behav. 2021;11(8):e2228. https:// doi. org/ 10. 1002/ brb3. 2228.

 50. Okunoye O, Kojima G, Marston L, Walters K, Schrag A. Factors associated 
with hospitalization among people with Parkinson’s disease ‑ a system‑
atic review and meta‑analysis. Parkinsonism Relat Disord. 2020;71:6–72. 
https:// doi. org/ 10. 1016/j. parkr eldis. 2020. 02. 018.

 51. Hong C‑T, Tan S, Huang T‑W. Psychotherapy for the treatment of anxiety 
and depression in patients with Parkinson disease: a Meta‑analysis of 
randomized controlled trials. J Am Med Dir Assoc. 2021;22(11):2289–95. 
https:// doi. org/ 10. 1016/j. jamda. 2021. 03. 031.

 52. Rikala M, Hartikainen S, Sulkava R, Korhonen MJ. Validity of the Finnish 
prescription register for measuring psychotropic drug exposures among 
elderly finns: a population‑based intervention study. Drugs Aging. 
2010;27:337–49.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1136/bmj.j603
https://doi.org/10.1002/brb3.2228
https://doi.org/10.1016/j.parkreldis.2020.02.018
https://doi.org/10.1016/j.jamda.2021.03.031

	Recent hospitalization and risk of antidepressant initiation in people with Parkinson’s disease
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study setting
	Study design
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References


