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ABSTRACT  

Despite active research, the aetiology of Parkinson’s disease (PD) is not 

fully understood. Increasing age is the most consistently associated risk 

factor, but further understanding of modifiable risk factors, such as drugs, 

is needed. The identification of drugs associated with reduced PD risk 

could aid in the discovery of new treatments for PD, by elucidating 

molecular mechanisms that affect PD development. Risk factor studies are 

challenged by the long prodromal period before symptoms meet PD 

diagnostic criteria. 

This thesis examined whether disease-modifying antirheumatic drugs 

(DMARDs) used in rheumatoid arthritis (RA) (Study II) and inhaled β2-

adrenoceptor (β2AR) agonists used in asthma and chronic obstructive 

pulmonary disease (COPD) (Study III), are associated with PD risk. RA has 

been associated with reduced PD risk, which could be related to 

immunomodulatory effects of DMARDs. This topic is, however, largely 

unexplored. According to experimental studies, β2AR agonists can reduce 

the expression of α-synuclein, a key protein in PD pathology, but the 

epidemiological evidence of the relationship between β2AR agonists and 

PD remains inconsistent. 

Reverse causality refers to a situation wherein drug exposure is 

influenced by prodromal symptoms of PD. To limit reverse causality, an 
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appropriate drug exposure assessment period was evaluated by studying 

the incidence of muscle relaxant use as proxy for the onset of prodromal 

muscle symptoms (Study I). To limit potential confounding by indication, 

Studies II and III had an indication-restricted design. Study II was restricted 

to RA and Study III to asthma/COPD. 

This thesis was based on the register-based Finnish Parkinson’s disease 

study (FINPARK) that includes community-dwelling Finnish residents who 

received a clinically verified PD diagnosis during 1996-2015 and their 

comparison persons matched for age, sex, and hospital district. Initially, all 

persons with a special reimbursement for PD drugs were identified from 

the Special Reimbursement Register, after which those with potential PD 

misdiagnosis were excluded. The proportion of excluded persons (25.9%) is 

in line with that in previous studies of incorrect diagnoses. Data on drug 

use was derived from the Prescription Register since 1995. The incidence 

of muscle relaxant use was investigated from four years before to four 

years after PD diagnosis and compared to those without PD. Studies II and 

III were nested case-control studies wherein a three-year lag period was 

applied in exposure assessment, and the associations were investigated 

with conditional logistic regression adjusted for potential confounders. In 

Study III, the dose-response relationship was investigated by calculating 

cumulative and average annual exposure to inhaled β2AR agonists with 

quartiles of defined daily doses (DDDs) among users, and the lowest 

quartile was used as reference. 

In Study I, the incidence of muscle relaxant use was higher among 

persons with PD from three years before PD diagnosis until six months 

after diagnosis. In Study II, DMARDs displayed no association with PD risk 

except for chloroquine/hydroxychloroquine, which was associated with 

reduced PD risk when compared to nonuse (odds ratio 0.74; 95% 

confidence interval 0.56-0.97). In Study III, compared to nonuse, inhaled 

β2AR agonists lacked any association with PD risk. In dose-response 

analyses, only the highest quartile of annual exposure to long-acting β2AR 

agonists was associated with reduced PD risk. This association was 

modified by pulmonary diagnosis type, and the lowest risk estimates were 

observed among those with both asthma and COPD diagnoses.  
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The higher incidence of muscle relaxant use before PD diagnosis 

probably reflects the progression of prodromal motor symptoms and 

underlines the importance of choosing appropriate exposure assessment 

period for risk factor studies. Overall, DMARDs did not modify PD risk in 

persons with RA; however, further studies are needed to confirm findings 

for chloroquine/hydroxychloroquine. As for inhaled β2AR agonists, the 

findings in this thesis do not support their risk-reducing potential in PD. 

Reduced PD risk, which emerged in dose-response analyses, could be due 

to pulmonary disease severity and residual confounding by smoking. 

 

Keywords: Parkinson’s disease, risk factors, pharmacoepidemiology, 

prodromal symptoms, drugs, registers, case-control studies 
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TIIVISTELMÄ 

Parkinsonin taudin syntyperä on edelleen epäselvä aktiivisesta 

tutkimuksesta huolimatta. Ikä on Parkinsonin taudin tärkein riskitekijä, 

mutta muokattavissa olevista riskitekijöistä tarvitaan lisätietoa. Lääkkeet 

Parkinsonin taudin riskitekijöinä on kiinnostava tutkimuskohde, sillä 

tunnistamalla pienempään sairastumisriskiin liittyviä lääkkeitä voidaan 

edistää uusien hoitojen kehitystä. Tieto näiden lääkkeiden 

vaikutusmekanismeista voi paljastaa Parkinsonin taudin kehittymiseen 

liittyviä molekulaarisia mekanismeja. Riskitekijätutkimusten haasteena on 

kuitenkin pitkä diagnoosia edeltävä prodromaalivaihe, jolloin taudin 

kehittyminen on jo alkanut, mutta esiintyvät oireet eivät vielä täytä 

Parkinsonin taudin diagnostisia kriteereitä. 

Tämän väitöskirjatutkimuksen tavoitteena oli selvittää, ovatko 

reumalääkkeet ja astman ja keuhkoahtaumataudin hoidossa käytettävät 

inhaloitavat beeta-2 agonistit yhteydessä Parkinsonin taudin riskiin. 

Nivelreuma on yhdistetty alhaisempaan Parkinsonin taudin riskiin, mikä 

voisi selittyä reumalääkkeiden käytöllä, koska ne muuntavat 

immuunivastetta. Reumalääkkeitä on kuitenkin tutkittu Parkinsonin taudin 

yhteydessä hyvin vähän. Kokeellisten tutkimusten mukaan beeta-2 

agonistit voivat vähentää Parkinsonin taudin kannalta oleellisen alfa-
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synukleiini proteiinin ilmentymistä. Lääke-epidemiologiset 

tutkimustulokset ovat olleet kuitenkin ristiriitaisia. 

Osatyössä I selvitettiin mielekästä lääkealtisteen arviointijaksoa 

tutkimalla lihasrelaksanttien käytön ilmaantuvuutta merkkinä lihasoireiden 

puhkeamisesta ennen diagnoosia. Näin pystyttiin vähentämään käänteisen 

syy-seuraussuhteen riskiä osatöissä II ja III. Mahdollista 

hoitoaihesekoittuneisuutta vähennettiin tutkimalla lääkealtisteen ja 

Parkinsonin taudin riskin välistä yhteyttä käyttöaiheeseen rajatussa 

tutkimusasetelmassa. Osatyö II rajattiin nivelreumaa sairastaviin ja osatyö 

III henkilöihin, joilla oli joko astman tai keuhkoahtaumataudin diagnoosi.  

Väitöskirjatutkimus perustui rekisteripohjaiseen FINPARK (Finnish 

Parkinson’s disease study) -kohorttiin, joka kattaa kotona asuvat vuosina 

1996–2015 Parkinsonin taudin diagnoosin saaneet henkilöt ja heille iän, 

sukupuolen ja sairaanhoitopiirin mukaan kaltaistetut verrokkihenkilöt. 

Kaikki Parkinsonin taudin lääkkeille erityiskorvausoikeuden saaneet 

henkilöt tunnistettiin Kelan erityiskorvausoikeusrekisteristä, jonka jälkeen 

poissuljettiin ne, joilla oli mahdollinen virhediagnoosi (25,9 %). 

Poissuljettujen henkilöiden osuus on samankaltainen kuin mahdollisten 

virhediagnoosien määrä aiemmissa tutkimuksissa. Tieto lääkeostoista 

kerättiin Kelan reseptitiedostosta vuodesta 1995 alkaen. Lihasrelaksanttien 

käytön ilmaantuvuutta tutkittiin neljä vuotta ennen ja jälkeen Parkinsonin 

taudin diagnoosin ja verrattiin vertailuhenkilöihin, joilla ei ollut Parkinsonin 

tautia. Osatyöt II ja III olivat upotettuja tapaus-verrokkitutkimuksia, joissa 

huomioitiin ainoastaan ainakin kolme vuotta ennen indeksipäivää 

tapahtunut lääkealtistus. Suhteellinen riski arvioitiin ehdollisella logistisella 

regressiolla ja malli vakioitiin mahdollisilla sekoittavilla tekijöillä. Osatyössä 

III arvioitiin annos-vastesuhde määrittämällä kumulatiivisen ja 

keskimääräisen vuosittaisen altistuksen kvartiilit määriteltyjen 

vuorokausiannosten avulla inhaloitavien beeta-2 agonistien käyttäjille. 

Osatyössä I lihasrelaksanttien käytön ilmaantuvuus oli suurempaa 

Parkinsonin tautia sairastavilla kolme vuotta ennen diagnoosihetkeä 

jatkuen puoli vuotta sen jälkeen. Osatyössä II reumalääkkeet eivät olleet 

yhteydessä Parkinsonin taudin riskiin verrattuna henkilöihin, jotka eivät 

olleet käyttäneet kyseisiä lääkkeitä lukuun ottamatta 
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klorokiinia/hydroksiklorokiinia (vetosuhde 0,74; 95 % luottamusväli 0,56–

0,97). Osatyössä III inhaloitavat beeta-2 agonistit eivät olleet yhteydessä 

Parkinsonin taudin riskiin verrattuna henkilöihin, jotka eivät käyttäneet 

näitä lääkkeitä. Annos-vasteanalyyseissa ainoastaan pitkävaikutteisten 

beeta-2 agonistien keskimääräisen vuosittaisen altistuksen korkein kvartiili 

oli yhteydessä pienempään Parkinsonin taudin riskiin. Keuhkosairauden 

tyyppi muokkasi yhteyttä, ja alin suhteellinen riski havaittiin henkilöillä, 

joilla oli sekä astman ja keuhkoahtaumataudin diagnoosit. 

Lihasrelaksanttien käytön suurempi ilmaantuvuus todennäköisesti 

heijastaa motoristen oireiden kehittymistä ennen diagnoosia, ja korostaa 

asianmukaisen arviointijakson valinnan tärkeyttä riskitekijätutkimuksissa. 

Reumalääkkeet eivät yleisesti ottaen vaikuttaneet Parkinsonin taudin riskiin 

nivelreumaa sairastavilla, mutta lisätutkimuksia kuitenkin tarvitaan 

varmistamaan löydös klorokiinin/hydroksiklorokiinin osalta. Tämän 

väitöskirjan tulosten perusteella beeta-2 agonistit eivät vaikuta suojaavan 

Parkinsonin taudilta. Annos-vasteanalyyseissä näkynyt alhaisempi 

Parkinsonin taudin riski voi selittyä keuhkosairauden vakavuusasteella ja 

tupakoinnin aiheuttamalla jäännössekoittuneisuudella. 

 

Avainsanat: Parkinsonin tauti, riskitekijät, lääke-epidemiologia, 

prodromaalioireet, lääkkeet, rekisterit, tapaus-verrokkitutkimukset 
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1 INTRODUCTION 

Parkinson’s disease (PD) is a progressive neurodegenerative disorder 

characterized by loss of dopaminergic neurons (Poewe et al., 2017). The 

prodromal stage can last for years, during which the neuropathology 

progresses, and different non-motor and motor symptoms start to occur 

before clinical motor symptoms meet diagnostic criteria. Despite active 

research, the understanding of PD aetiology is incomplete; the primary risk 

factor is age (Pang et al., 2019). Several other risk factors have been 

investigated, but the literature is inconsistent (Belvisi et al., 2020). Although 

symptomatic treatments exist, recent therapeutic advances have been 

modest; better understanding of risk factors could help identify preventive 

actions (Bloem et al., 2021; Chen, 2018). In addition, 

pharmacoepidemiological studies on drugs associated with lower PD risk 

could be one approach to identify candidates for drug repurposing, 

identifying new purposes for already existing drugs (Cepeda et al., 2019; 

Courtois et al., 2022; Koponen et al., 2022). 

This thesis focused on drugs that could reduce PD risk. Disease-

modifying antirheumatic drugs (DMARDs) may contribute to lower PD risk 

in persons with rheumatoid arthritis (RA), due to their immunomodulatory 

effects (Gonzalez-Latapi and Marras, 2022). However, previous studies 

have left unexplored how specific DMARDs in persons with RA are 

associated with PD risk. β2-adrenoceptor (β2AR) agonists have drawn 

attention due to their neuroprotective effects in experimental PD models 

(Mittal et al., 2017; Peterson et al., 2014). Recent register-based studies 

have suggested β2AR agonists have potential in drug repurposing for PD 

(Cepeda et al., 2019; Courtois et al., 2022). Despite the increasing number 

of epidemiological studies, findings for β2AR agonists have been 

inconsistent (Singh et al., 2022). 

Pharmacoepidemiological studies on PD risk factors are challenged by 

confounding by indication, meaning that the underlying indication for drug 

use is also related to PD risk. An additional challenge is posed by PD 

prodromal symptoms, which can lead to reverse causality. Reverse 
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causality refers to a situation wherein a drug seems to be associated with 

PD risk, but drug use is affected by PD prodromal symptoms. As PD 

develops gradually, capturing exposure several years before diagnosis is 

important. The use of register-based data avoids recall bias, a problem in 

self-reported exposure. Finnish prescription and health care registers 

provide a comprehensive data source for pharmacoepidemiological 

studies. The long history of these registers and data linkage enabled us to 

examine multiple exposures and gather information on several potential 

confounders. 

This thesis assessed whether DMARDs and inhaled β2AR agonists were 

associated with lower PD risk in indication-restricted study designs. These 

studies were conducted within the nationwide register-based Finnish 

Parkinson’s disease study (FINPARK) of 22,189 community-dwelling 

residents of Finland who received a clinically verified PD diagnosis during 

1996-2015. To identify the relevant exposure assessment period for these 

risk factor studies, the incidence of muscle relaxant use as proxy for 

prodromal muscle symptoms was investigated. 
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2 REVIEW OF THE LITERATURE 

2.1 PARKINSON’S DISEASE 

PD is a fast-growing neurological condition, and it is the most common 

movement disorder (Bloem et al., 2021; Pang et al., 2019). Cardinal motor 

features comprise bradykinesia, rest tremor, rigidity, and postural 

instability (Jankovic and Tan, 2020). Disease aetiology is largely unknown, 

but interaction between ageing, genetics, and environmental factors is 

probably involved (Pang et al., 2019). 

PD is an age-related disease, and its prevalence and incidence increase 

with age (Hirsch et al., 2016; Pringsheim et al., 2014). Mean onset age is 

about 70 according to a meta-analysis of population-based incidence 

studies (Macleod et al., 2018). Globally, in 2016, 6.1 million had PD (GBD 

2016 Parkinson’s Disease Collaborators, 2018). PD incidence and 

prevalence have increased globally, and the number of people with PD has 

more than doubled in two decades (Dorsey et al., 2018). This rise might be 

partly explained by population ageing and increased longevity (Bloem et 

al., 2021). 

The exact number of persons with PD in Finland is unknown, but over 

18,000 were eligible for special reimbursement for PD drugs at the end of 

2021 (Sipilä and Kaasinen, 2022). In Finland, the proportion of those who 

received a special reimbursement for PD drugs among all persons aged 35 

and over increased from 0.044% to 0.056% during 1996-2016 (Anttila et al., 

2020). This increase probably reflects the ageing population in Finland. 
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2.1.1 Pathophysiology 

PD has a complex and widespread pathology, making it a heterogeneous 

disease (Bloem et al., 2021). Traditionally, pathological hallmarks are the 

accumulation of aggregated α-synuclein in Lewy bodies and Lewy neurites 

as well as gradual loss of dopamine cells in the substantia nigra pars 

compacta (Jankovic and Tan, 2020). These processes lead to basal ganglia 

dysfunction and appearance of typical motor symptoms. Some other 

regions of the nervous system and other neurotransmitter systems 

implicated in various non-motor symptoms of PD, are also affected 

(Schapira et al., 2017). In addition to α-synuclein, other molecular and 

cellular processes, such as mitochondrial dysfunction, neuroinflammation, 

and oxidative stress, are also involved (Jankovic and Tan, 2020). The 

interplay of these processes can be complex, and various mechanisms can 

contribute to neuronal death. 

α-synuclein is a small neuronal protein predominantly expressed in the 

brain (Burré, 2015). The understanding of the normal function of this 

protein is incomplete, but it can have a role in vesicular transport and 

neurotransmitter release (Angot et al., 2010). α-synuclein is natively 

unfolded; in its misfolded form, it becomes insoluble and starts to 

aggregate with other pathologically misfolded α-synuclein proteins, 

becoming toxic (Braak et al., 2004; Poewe et al., 2017). The initial trigger of 

aggregation is unknown; reasons include overproduction of the protein, 

mutations in PD-related genes, and disrupted protein degradation (Poewe 

et al., 2017). Misfolded α-synuclein is the primary component of Lewy 

bodies and Lewy neurites (Goedert et al., 2013). Dopaminergic neurons in 

the substantia nigra pars compacta are especially vulnerable to α-synuclein 

pathology in PD (Minakaki et al., 2020). 

Although the essential brain region in PD is the substantia nigra pars 

compacta, the pathology probably begins elsewhere. The site of origin for 

α-synuclein pathology is debated. Gradual propagation of pathology and 

progression of symptoms could be explained by the Braak hypothesis, 

according to which progression can be divided into six stages (Braak et al., 

2004). In stages I and II, α-synuclein pathology is present in the lower brain 
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stem and olfactory regions. The first sites of α-synuclein aggregation could 

also be in the gut enteric nerves, from where it could move via the vagal 

nerve towards the brain (Goedert et al., 2013). In stages III and IV, the 

pathology ascends to the midbrain, especially causing the death of 

dopaminergic neurons in the substantia nigra pars compacta when typical 

motor symptoms also appear (Braak et al., 2004). Then, in stages V and VI, 

the process finally enters the neocortex. The Braak hypothesis has been 

debated since PD clinical severity might not always relate to these Braak 

stages (Burke et al., 2008). 

Recently, the body-first versus brain-first model was proposed 

(Horsager et al., 2020). In the body-first subtype, pathology originates in 

the enteric or peripheral autonomic nervous system, after which it ascends 

to the central nervous system via the vagus nerve and sympathetic 

connectome. However, in the brain-first subtype, α-synuclein pathology 

primarily originates in the brain itself, probably in the amygdala, or 

sometimes secondarily via the olfactory bulb, later descending to the 

peripheral autonomic nervous system. This body-first versus brain-first 

hypothesis could explain why persons with PD can have different clinical 

phenotypes—for example, variation in non-motor symptoms 

(Borghammer, 2021). Regardless of where the pathology originates, α-

synuclein could propagate in a prion-like manner (Angot et al., 2010). 

Misfolded α-synuclein can spread between cells and trigger aggregation in 

a new cell and cause cell death while it spreads. Thus, initial misfolding in 

only a small number of cells can lead to progressive spreading and explain 

why α-synuclein pathology includes multiple regions (Poewe et al., 2017). 

The main pathophysiological processes involve functional changes in 

basal ganglia circuitry due to dopamine depletion (Magrinelli et al., 2016). 

The function of the basal ganglia is imbalanced due to decreased 

dopamine transmission in the striatum because of the loss of 

dopaminergic neurons in the substantia nigra pars compacta. These 

changes produce imbalance between direct and indirect pathways through 

the basal ganglia, by increasing the activity of the indirect pathway over the 

direct one, which leads to over-inhibition of thalamocortical and brainstem 

motor systems. According to the literature, by the time clinical motor 
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symptoms are evident, approximately 50% of dopaminergic neurons have 

died in the substantia nigra pars compacta, which implies that 

neurodegeneration begins long before diagnosis (Cheng et al., 2010). 

Inflammation and immune system dysfunction have been connected to 

PD pathophysiology (Tan et al., 2020). Some examples of linking 

mechanisms are activated microglia (the primary immune cells in the 

central nervous system), increased levels of pro-inflammatory cytokines, as 

well as changes in the function of innate and adaptive immune cells. The 

exact mechanisms between neuroinflammation and PD are unknown.  

 

2.1.2 Clinical symptoms 

PD is characterized as a movement disorder (Berg et al., 2021). Still, 

persons with PD also experience a wide range of non-motor symptoms, 

which can be the first ones to emerge and may precede diagnosis by 10-20 

years. Persons with PD exhibit variation in symptoms and in their sequence 

of appearance and progression (Jankovic, 2008; Poewe et al., 2017); for a 

schematic view of symptom onset, see Figure 1. 

PD progression is divided into three stages (Berg et al., 2015). In 

preclinical PD, neurodegeneration has begun but with no symptoms or 

signs present. In prodromal PD, different kinds of symptoms and signs 

start to appear, but they are not distinguishable as PD. In clinical PD, 

diagnosis is possible due to the presence of typical motor symptoms. 

Most prodromal symptoms are non-motor ones, including constipation, 

rapid eye movement sleep behaviour disorder, depression, and olfactory 

deficits such as hyposmia (Schapira et al., 2017). Non-motor problems 

continue to appear throughout disease progression and are not limited to 

the prodromal stage. While PD progresses, the burden of non-motor 

symptoms increases. Some non-motor symptoms, for example anxiety and 

depression, can occur from the prodromal stage to the late stages of the 

disease and fluctuate according to motor state. Various other potential 

non-motor features exist. Pain is common in PD and can appear anytime 

during the disease, often preceding diagnosis (Antonini et al., 2018). Apathy 

and fatigue are distinct clinical symptoms; both can emerge in early stages 
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of the disease (Schapira et al., 2017). On the contrary, cognitive decline and 

dementia; psychotic symptoms, mainly visual hallucinations; as well as 

some autonomic problems such as orthostatic hypotension and urinary 

dysfunction are more prevalent at later disease stages. No non-motor 

symptom is specific to PD. 

Subtle motor signs that do not meet diagnostic criteria may precede 

clinical PD; examples are stiffness, tremor, and feeling of imbalance (de 

Lau et al., 2006; Maetzler and Hausdorff, 2012). The onset of classic motor 

features such as bradykinesia, rigidity, and rest tremor enables clinical 

diagnosis (Jankovic, 2008; Tolosa et al., 2021). Bradykinesia is the most 

characteristic clinical feature of PD and refers to general slowness of 

movements. Rigidity means increased resistance to the passive movement 

of the joint. Rest tremor in PD is unilateral and has a 4-6 Hz amplitude, 

usually involving the so-called pill-rolling tremor of the hands. Postural 

instability refers to impaired adjustments in a person’s ability to change or 

maintain postures. Freezing, along with postural instability, typically occurs 

at later stages. Freezing causes sudden inability to move feet forward when 

initiating gait, during gait, or when turning or going through narrow spaces. 

Both postural instability and freezing are common causes of falls. Fall risk 

is increased even before diagnosis and not merely in the advanced stage 

(Nyström et al., 2016). Axial posture deformities may occur due to rigidity 

and can result, for example, in flexed neck and trunk posture later in the 

disease (Jankovic, 2008). 

Motor symptoms can initially be managed with dopaminergic therapy; 

however, as PD advances, motor fluctuations are more apparent due to 

complications of long-term levodopa therapy and drug-induced 

dyskinesias, i.e., involuntary movements can occur (Magrinelli et al., 2016). 

Advancing non-motor symptoms together with worsening motor symptom 

control contribute to progressive disability. 
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2.1.3 Pharmacotherapy for motor symptoms 

PD treatment is only symptomatic, with no disease-modifying treatments 

available currently (Armstrong and Okun, 2020). The treatment of motor 

symptoms is based on dopamine replacement therapy (Table 1). 

Pharmacotherapy is initiated if, due to motor symptoms, persons with PD 

experience disability or worsened quality of life (Parkinson’s disease: 

Current Care Guidelines, 2022). The choice of initial treatment and therapy 

throughout the course of the disease must be individualized to the patient 

(Armstrong and Okun, 2020). 

 

Table 1. Drugs commonly used in the treatment of motor symptoms in 

Parkinson’s disease. (Connolly and Lang, 2014; Jankovic and Tan, 2020; 

Parkinson’s disease: Current Care Guidelines, 2022). 

 

Drug category Drugs or drug 

combinations 

Potential adverse effects 

Levodopa and 

aromatic acid 

decarboxylase 

inhibitor 

Levodopa-

benserazide, 

levodopa-carbidopa 

Nausea, orthostatic 

hypotension, hallucinations, 

dyskinesia 

Dopamine agonists 

(non-ergot) 

Pramipexole, 

ropinirole, rotigotine, 

apomorphine 

Nausea, orthostatic 

hypotension, hallucinations, 

excessive sleepiness, impulse 

control disorder, dyskinesia 

Monoamine 

oxidase-B (MAO-B) 

inhibitors 

Rasagiline, selegiline Nausea, dizziness, headache, 

exacerbation of levodopa 

adverse effects 

Catechol-O-

methyltransferase 

(COMT) inhibitors 

Entacapone, 

opicapone 

Nausea, diarrhoea, urine 

discoloration, exacerbation 

of levodopa adverse effects 

Amantadine Amantadine Hallucinations, confusion, 

nausea, ankle oedema 

Anticholinergics Trihexyphenidyl, 

biperiden 

Hallucinations, cognitive 

impairment, nausea, dry 

mouth, blurred vision, 

constipation, urinary 

retention 
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Since the 1960s, the most efficient treatment for motor symptoms has 

been levodopa, a precursor to dopamine (Table 1) (Fahn, 2008). Levodopa 

is decarboxylated to dopamine already in the peripheral tissues; however, 

unlike levodopa, peripherally administered dopamine cannot cross the 

blood-brain barrier. To increase bioavailability in the brain, levodopa is 

used in combination with aromatic acid decarboxylase inhibitors that 

prevent its peripheral metabolism into dopamine. Another catabolic route 

for levodopa and dopamine is 3-O-methylation. Combination with 

catechol-O-methyltransferase (COMT) inhibitors further prevents levodopa 

metabolism into 3-O-methyldopa, increases plasma levels, and prolongs 

dopaminergic stimulation (Schapira et al., 2009). Tolcapone differs from 

the two other available COMT inhibitors in that it can cross the blood-brain 

barrier and block levodopa degradation also in the brain (Artusi et al., 

2021). However, hepatotoxicity concerns have limited its use (Artusi et al., 

2021); currently, tolcapone preparations are not marketed in Finland 

(FimeaWeb, 2023). 

Other dopaminergic drugs include monoamine oxidase-B (MAO-B) 

inhibitors that prolong the synaptic availability of dopamine in the striatum 

by inhibiting its metabolism as well as dopamine agonists that stimulate 

dopamine receptors (Table 1) (Poewe et al., 2017). Dopamine agonists were 

initially ergot-derived ones, such as cabergoline and bromocriptine but, 

due to adverse events such as heart valve abnormalities (Simonis et al., 

2007; Tolosa et al., 1998), they were replaced by non-ergot preparations 

(Parkinson’s disease: Current Care Guidelines, 2022). Both MAO-B 

inhibitors and dopamine agonists can also be used as adjunct therapy with 

levodopa (Fahn, 2008; Poewe, 1998). 

Other antiparkinsonian drugs exist (Table 1). Anticholinergics were the 

first drugs to alleviate motor symptoms before dopaminergic drugs 

became available; their effect is presumed to be based on counteracting 

the imbalance between striatal dopamine and acetylcholine levels 

(Katzenschlager et al., 2003). Studies on anticholinergic use in PD were 

conducted years ago and fail to meet current requirements. These drugs 

may modestly alleviate motor symptoms, but their use is limited by 

adverse events such as risk of confusion. An anti-influenza drug, 
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amantadine, can be used to alleviate levodopa-induced dyskinesias (Rascol 

et al., 2021); however, a 2003 Cochrane review stated that evidence of its 

efficacy is insufficient (Crosby et al., 2003). 

Initial PD therapy depends on symptom severity and age. According to 

Finnish Current Care Guidelines for Parkinson’s disease, for persons below 

60-65, initiation with a MAO-B inhibitor or dopamine agonist is 

recommended, unless the patient is multimorbid and has cognitive 

symptoms or severe motor symptoms (Parkinson’s disease: Current Care 

Guidelines, 2022). In these cases, levodopa could be considered. For 

persons above 60-65, treatment can be initiated with levodopa. Previously 

in Finland, compared to that in current guidelines, the age 

recommendation for levodopa initiation was higher (>70) (Keränen and 

Marttila, 2002). 

Advancing disease and long-term levodopa use eventually induce 

adverse effects including motor fluctuations and dyskinesias, i.e., 

involuntary movements (Armstrong and Okun, 2020; Jankovic, 2005). After 

4-6 years of levodopa therapy, motor fluctuations and dyskinesias are 

present approximately in 40% of persons with PD (Ahlskog and Muenter, 

2001). Motor fluctuations are related to response level to levodopa and 

refer to alterations between “on” periods with a good response and “off” 

periods, when drug effects have worn off and motor symptoms re-emerge 

(Espay et al., 2018; Fox and Lang, 2008; Jankovic, 2005). Dyskinesias are 

related to dopamine receptor stimulation. Peak-dose dyskinesia is the 

most common form, involving stereotypic, choreic, or ballistic movements 

of the head, trunk, and limbs; it appears during the highest drug 

concentrations. Dyskinesia can also occur during off-periods wherein 

symptoms are mainly dystonic, causing muscle contractions particularly in 

the legs and feet. Diphasic dyskinesia is less common and related to the 

beginning or end of levodopa dose. Higher doses, long disease duration, 

and young age of disease onset increase the risk of levodopa-related 

adverse effects (Schrag and Quinn, 2000; Wickremaratchi et al., 2009). 

Thus, when to initiate levodopa treatment has been a matter of debate, 

and delaying its use may avoid motor fluctuations and dyskinesias (de Bie 

et al., 2020; Kieburtz, 2008). However, recently a levodopa-sparing strategy 
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has appeared less necessary since it seems that motor fluctuations and 

dyskinesias emerge regardless of levodopa initiation timing (de Bie et al., 

2020). In a randomized trial, compared to initiation with a dopamine 

agonist or MAO-B inhibitor, early levodopa initiation, despite dyskinesia 

appearance, led to a better health-related quality of life (PD MED 

Collaborative Group et al., 2014). 

Noteworthily, unless symptoms are linked to motor fluctuations, non-

motor symptoms unrelated to dopamine deficiency are unaffected by 

dopamine replacement therapy (Chaudhuri and Schapira, 2009; Schapira 

et al., 2017). By contrast, dopaminergic treatment can also induce non-

motor symptoms such as visual hallucinations. The use of antiparkinsonian 

drugs is then reduced or discontinued (Connolly and Lang, 2014). 
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2.1.4 The diagnosis of Parkinson’s disease 

PD diagnosis is based on clinical evaluation and identification of classical 

symptoms (Parkinson’s disease: Current Care Guidelines, 2022). United 

Kingdom Parkinson’s Disease Society Brain Bank (UKPDSBB) criteria are 

used in Finland, and diagnosis is performed by a neurologist (Table 2) (Gibb 

and Lees, 1988; Parkinson’s disease: Current Care Guidelines, 2022). 

Person diagnosed as having PD must have bradykinesia and at least one of 

the following symptoms: rigidity, rest tremor, or postural instability. 

Additionally, UKPDSBB criteria include exclusion and supportive positive 

criteria for PD diagnostics. For UKPDSBB criteria, a meta-analysis reported 

a pooled diagnostic accuracy of 82.7% (Rizzo et al., 2016). 

 

Table 2. United Kingdom Parkinson’s Disease Society Brain Bank clinical 

diagnostic criteria for idiopathic Parkinson’s disease (Gibb and Lees, 1988; 

Parkinson’s disease: Current Care Guidelines, 2022). 

 

 Criteria 

Step 1 Diagnosis of Parkinsonian syndrome 

  Bradykinesia 

       and 

  At least one of the following: 

  a) Muscular rigidity 

  b) 4–6 Hz rest tremor 

  
c) Postural instability that is not caused by primary visual, vestibular, 

cerebellar, or proprioceptive dysfunction 

Step 2 Exclusion criteria for Parkinson’s disease 

  
1. History of repeated strokes with stepwise progression of 

Parkinsonian features  

  2. History of repeated head injury 

  3. History of definite encephalitis 

  4. Oculogyric crises 

  5. Neuroleptic treatment at symptom onset  

  6. More than one affected relative1 

  7. Sustained remission 

  8. Strictly unilateral features after 3 years 

  9. Supranuclear gaze palsy 

  10. Cerebellar signs 
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Table 2 (continued) 

 

Step 2 Exclusion criteria for Parkinson’s disease 

  11. Early severe autonomic involvement 

  
12. Early severe dementia with disturbances of memory, language, 

and praxis 

  13. Babinski sign 

  
14. Presence of cerebral tumour or communicating hydrocephalus on 

brain imaging 

  15. Negative response to large levodopa doses 

Step 3 Supportive prospective positive criteria for Parkinson’s disease 

  1. Unilateral onset 

  2. Rest tremor present 

  3. Progressive disorder 

  4. Persistent asymmetry affecting side of onset most 

  5. Excellent response (70-100%) to levodopa 

  6. Severe levodopa-induced chorea 

  7. Levodopa response for 5 years or more 

  8. Clinical course of 10 years or more 
1Criteria are for identifying idiopathic Parkinson’s disease and not the familial 

form of Parkinson’s disease (Kaasinen, 2017). 

Exclusion of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) from 

exclusion criteria is according to Finnish Current Care Guidelines for 

Parkinson’s disease. 

 

Differential diagnosis may be challenging in the early stages of disease 

due to other conditions that mimic the clinical presentation of PD (Adler et 

al., 2021; Tolosa et al., 2006). Initial diagnosis may be later revised, and the 

direction of diagnostic switches can be either to or from PD (Caslake et al., 

2008; Keshtkarjahromi et al., 2022). A study assessed changes in clinical 

diagnosis over time in a cohort of persons with incident parkinsonism, 

reporting that, in 22 persons (33%), initial diagnosis was changed after a 

median follow-up of 29 months, with most changes occurring during the 

first year (Caslake et al., 2008). The most common misdiagnoses for PD at 

early stage are essential tremor and different types of secondary 

parkinsonism including drug-induced parkinsonism and vascular 

parkinsonism as well as Alzheimer’s disease (AD) and dementia with Lewy 

bodies (Caslake et al., 2008; Meara et al., 1999; Schrag et al., 2002). At early 
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stages, differentiating PD from atypical parkinsonian disorders, including 

multiple system atrophy, progressive supranuclear palsy, and corticobasal 

degeneration, is also challenging (Tolosa et al., 2021). 

PD diagnosis is impossible based on neuroimaging which, however, can 

assist in differential diagnosis of PD (Politis, 2014). Magnetic resonance 

imaging (MRI) can be used to examine structural basal ganglia pathology 

and observe, for example, infarcts, haematomas, and iron deposition 

(Tolosa et al., 2021). Therefore, MRI can help identify secondary 

parkinsonism caused by structural lesions—for example, vascular 

parkinsonism and neoplasms (Politis, 2014). MRI can be helpful in 

measuring the degree and distribution of brain atrophy in persons with 

symptoms of atypical parkinsonian disorders. Dopamine transporter 

single-photon emission computed tomography scanning may aid in 

differentiating between nondegenerative parkinsonism and tremor 

disorders (for example, essential tremor) and degenerative parkinsonism 

(for example, PD and multiple system atrophy). However, it is unsuitable 

for differentiating further between degenerative causes of parkinsonism. 

Genetic testing may serve to identify common known gene mutations 

but is not in routine use in Finland, and the decision to test is made 

individually (Parkinson’s disease: Current Care Guidelines, 2022). Especially 

if a person under 40 experiences symptoms, mutations in recessively 

inherited genes (for example, PRKN) could be examined. Confirmation of 

genetic background can be valuable for the individual and help identify 

family members at risk (Cook et al., 2021). 

A definitive diagnosis of PD can only be acquired in pathological 

examination post-mortem (Gelb et al., 1999). A Finnish study examined the 

diagnostic accuracy of different parkinsonism syndromes with pathological 

confirmation (Joutsa et al., 2014). An accuracy of 75.3% was reported for 

PD; 58 persons out of 77 that had received clinically verified PD diagnosis 

by neurologists were confirmed after neuropathological examination. 

Sensitivity for clinical diagnosis, i.e., correctly identifying all those with PD, 

was 89.2%. However, specificity, i.e., correctly identifying those who have 

no PD, was lower: 57.8%. Among those initially diagnosed with PD (n=77), 

the most common pathologically revised diagnoses were AD (n=5), 
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progressive supranuclear palsy (n=5), multiple system atrophy (n=4), and 

vascular parkinsonism (n=3). In another clinicopathological study, PD was 

erroneously diagnosed in 10 persons out of 100 (10%), and the most 

common neuropathological diagnoses were multiple system atrophy (n=6) 

and progressive supranuclear palsy (n=2) (Hughes et al., 2001). Diagnostic 

accuracy seems to be better after disease duration ≥5 years (89%) 

compared to less than 5 years (71%), with PD diagnosis verified by 

neuropathological examination (Adler et al., 2021). 

 

2.2 MUSCLE RELAXANT USE RELATED TO PARKINSON’S DISEASE  

Muscle symptoms 

 

Persons with PD can experience different types of muscle symptoms. 

Musculoskeletal pain can originate from rigidity, stiffness, and reduced 

mobility (Ford, 2010) and is the most common type of pain in persons with 

PD, with a reported frequency of 40-75% (Tai and Lin, 2020). 

Musculoskeletal pain, especially shoulder pain, may precede PD but appear 

anytime during the disease (Ha and Jankovic, 2012; Stamey et al., 2008). In 

PD, some typical locations for muscle spasms are in the neck, arms, and 

paraspinal muscles and for joint pain in the shoulders, hips, and knees 

(Ford, 2010). Dystonia-related muscle spasms and pain occur later in the 

disease and are related to response to dopaminergic therapy (Ford, 2010). 

In addition to typical motor symptoms of PD, nonspecific muscle 

symptoms seem to precede PD. Motor symptoms, especially tremor and 

balance impairment, may occur even 10 years before PD diagnosis 

(Bohlken et al., 2022; Schrag et al., 2022, 2015; Simonet et al., 2022). 

Stiffness or shoulder/neck pain, which can be indirect symptoms of rigidity, 

are more common in persons with PD 2-10 years before PD diagnosis. As 

motor symptoms develop gradually, years may pass before symptoms 

meet diagnostic criteria (Maetzler and Hausdorff, 2012). 
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Muscle relaxants 

 

Centrally acting muscle relaxants are used in the treatment of spasticity 

commonly associated with upper motor neuron diseases such as multiple 

sclerosis, spinal cord injury, and stroke, or musculoskeletal conditions such 

as back or neck pain and muscle spasms (Chou et al., 2004; Witenko et al., 

2014). They have variable mechanisms of action not exactly known. 

Antispasticity agents include baclofen, and antispasmodic agents include 

orphenadrine, chlorzoxazone, carisoprodol, methocarbamol, and 

tizanidine. The peripherally acting muscle relaxant, botulinum toxin, can be 

used to treat spasticity and dystonia (Jankovic, 2013; Picelli et al., 2019). 

Orphenadrine is an analogue of the antihistamine diphenhydramine 

and has anticholinergic properties (Witenko et al., 2014). Despite analgesic 

effects on its own, it may be used in combination with paracetamol to 

relieve painful musculoskeletal conditions (McGuinness, 1983; Waldman, 

1994). Before levodopa was introduced, anticholinergic drugs, including 

orphenadrine, were the first medications available for PD, and they 

alleviated mainly rigidity and resting tremor (Brocks, 1999; Hughes et al., 

1971). Anticholinergics may correct the imbalance between dopaminergic 

and cholinergic neurotransmitter pathways that arises due to dopamine 

depletion in the striatum, which could explain motor symptom 

improvement (Brocks, 1999). According to a register-based study from New 

Zealand, orphenadrine use in PD gradually declined during 1995-2011 

(Pitcher et al., 2014). Anticholinergic adverse effects such as urinary 

retention, constipation, confusion, as well as falls and related injuries, limit 

orphenadrine use in older adults, and American Geriatrics Society Beers 

Criteria® recommend avoiding its use in persons ≥65 (Brocks, 1999; By the 

2023 American Geriatrics Society Beers Criteria® Update Expert Panel, 

2023). 

Tizanidine is an imidazoline derivative and centrally acting α2-adrenergic 

agonist (Wagstaff and Bryson, 1997). It causes presynaptic inhibition of 

motor neurons by inhibiting the release of excitatory amino acids from 

spinal interneurons (Ghanavatian and Derian 2023). Tizanidine is approved 

for treating muscle spasms and spasticity. Potential adverse effects include 



40 

dry mouth, drowsiness, dizziness, a prolonged QT interval, and 

hypotension. 

Baclofen is a γ-aminobutyric acid B agonist that decreases synaptic 

spinal cord transmission (Ghanavatian and Derian, 2023b). Baclofen is 

used to manage spasticity and muscle spasms. Potential adverse effects 

include drowsiness, muscle weakness, nausea, and confusion. A 1970s 

study reported that baclofen treatment worsened functional capacity in 

levodopa-treated persons with PD (Lees et al., 1978). Baclofen is not 

recommended for persons with PD as we lack knowledge on its effects in 

PD (Ghanavatian and Derian, 2023b). 

Currently, methocarbamol or chlorzoxazone are not marketed in 

Finland as their marketing authorisations were cancelled around the early 

2000s (in 2001 for methocarbamol, 1999 for its combination preparation, 

and 2003 for chlorzoxazone) (FimeaWeb, 2023). Carisoprodol was 

withdrawn in 2007 according to the European Medicines Agency 

recommendation (EMA Press release, 2007). Its risks outweigh its benefits, 

and abuse and addiction, intoxication, and psychomotor impairment are 

potential risks. 

To the best of our knowledge, no previous studies have systematically 

explored initiations of muscle relaxant use in relation to PD diagnosis. The 

use of muscle relaxants may be an indicator of various muscle symptoms 

that may occur in the prodromal stage. Dopaminergic therapy can alleviate 

PD-related musculoskeletal pain (Ha and Jankovic, 2012). However, 

particularly before PD is diagnosed, other treatment options may be more 

probably used to relieve nonspecific muscle symptoms. 
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2.3 RISK FACTORS OF PARKINSON’S DISEASE 

2.3.1 Non-modifiable risk factors 

Age 

 

Non-modifiable risk factors for PD include age, sex, and genetics (Cerri et 

al., 2019; Pang et al., 2019). Age is the risk factor with the most robust 

association with PD although PD is not due to ageing (Pang et al., 2019). PD 

incidence increases with age in both men and women (Figure 2). In a meta-

analysis including epidemiologic studies from 2001 to 2014, peak incidence 

for women was between 70-79; among men, the incidence rose even after 

80 (Hirsch et al., 2016). In addition to age-related changes, the involvement 

of genetic and environmental factors is likely (Pang et al., 2019).  

 

 

 

Figure 2. Incidence of Parkinson’s disease in different age groups by sex. 

Data is derived from a meta-analysis by Hirsch et al, 2016. 
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Sex 

 

Sex differences exist: PD is about twice as common in men compared to 

women (Cerri et al., 2019; Van Den Eeden et al., 2003). According to a meta-

analysis, overall PD incidence rate in those 40 and older was 37.55 per 

100,000 person-years in women and 61.21 in men (Hirsch et al., 2016). 

Clinical presentation and disease course can differ between sexes (Cerri et 

al., 2019). Motor symptoms can emerge later in women, but many non-

motor symptoms can be more severe and more common among women. 

In addition, in men and women, the pathogenic mechanisms involved 

might be different. Hormonal differences, especially due to oestrogen, as 

well as genetic and molecular factors, contribute to sex differences (Vaidya 

et al., 2021). 

 

Genetics 

 

Genetic factors contribute to PD risk, and their prevalence can vary 

between different ethnic groups (Hernandez et al., 2016; Shu et al., 2019). 

Approximately 5-10% of PD may be monogenic, caused by mutations in a 

single gene (Jia et al., 2022). More than 20 genes causing monogenic forms 

of PD exist, and well-established genes have autosomal dominant forms of 

inheritance (such as SNCA and LRRK2) and recessive ones (such as PRKN, 

PINK1 and DJ-1) (Blauwendraat et al., 2020; Klein and Westenberger, 2012). 

The first PD-related gene, synuclein alpha (SNCA), was identified in 1997 

(Billingsley et al., 2018). Despite the importance of α-synuclein in PD 

pathogenesis, SNCA mutations causing monogenic PD are somewhat rare. 

Mutations in leucine-rich repeat kinase 2 (LRRK2) are the most common 

cause of familial PD (Hernandez et al., 2016). Worldwide, the common 

mutation Gly2019Ser in LRRK2 was identified in 4% of persons with 

hereditary PD and 1% of persons with sporadic PD (Healy et al., 2008). 

Genetic risk factors are also associated with increased susceptibility to 

developing PD (Hernandez et al., 2016). Mutations in the gene that encodes 

glucocerebrosidase are the most common genetic risk factor known, and 

carriers can have about 5-fold increased PD risk (Sidransky et al., 2009). 
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Those with genetic causes tend to have earlier disease onset, especially for 

recessively inherited genes such as PRKN (<40 years) and, compared to 

idiopathic PD, progression rate might be faster or slower (Kasten et al., 

2018; Wirdefeldt et al., 2011). 

 

2.3.2 Modifiable risk factors 

Environmental toxins 

 

Several environmental, lifestyle, and dietary factors, as well as comorbid 

conditions and drugs, have been investigated as potential modifiable risk 

factors (Belvisi et al., 2020). Awareness that environmental toxins increase 

PD risk comes from the 1980s discovery that a metabolite of 1-methyl-4-

phenyl-1,2,3,6-tetrahydropyridine (MPTP), a contaminant in synthetic 

heroin, causes parkinsonism symptoms indistinguishable from PD 

(Ascherio and Schwarzschild, 2016; Pang et al., 2019). The herbicide, 

paraquat, which has a structure similar to that of MPTP and causes 

oxidative stress, was also associated with increased PD risk (Tanner et al., 

2011). A pesticide, rotenone, was linked to increased PD risk, probably via 

disrupting mitochondrial function. However, for these compounds, most 

PD cases lack exposure history; thus, other factors must also play a role 

(Pang et al., 2019).  

 

Smoking 

 

Smoking has been consistently associated with decreased PD risk in 

observational studies, but the reason cigarette smoking is a protective 

factor is debated (X. Li et al., 2015). Nicotine may influence dopaminergic 

activity by acting on nicotinic acetylcholine receptors although which 

cigarette-derived chemical explains the inverse association is unknown 

(Quik et al., 2012). On the other hand, the inverse association could be 

biased (Gallo et al., 2019). Reverse causality could be one explanation since 

responsiveness to nicotine during the prodromal stage may be reduced; 

thus, quitting smoking can be easier (Ritz et al., 2014). Another suggestion 
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is that persons with PD could be less likely to start smoking due to a low-

risk-taking personality trait (Gallo et al., 2019; Kaasinen et al., 2001). 

However, when compared to never smokers, reduced PD risk has 

appeared in not only current smokers but those who had quit smoking up 

to 30 years before PD onset (Gallo et al., 2019). Passive smoking has also 

been associated with reduced PD risk (Searles Nielsen et al., 2012). A dose-

response relationship has emerged and, for risk reduction, long-term 

smoking might be more important than smoking intensity (Chen et al., 

2010). Another possibility is that smoking could merely delay PD onset. 

Heavy smokers may develop PD at older age (Kandinov et al., 2009), but 

contradictory findings exist (Gallo et al., 2019). Moreover, the association 

might be due selection bias if smokers die younger from non-PD causes 

(Hernán et al., 2002). 

The global age-standardised prevalence of smoking has reduced in both 

men (27.5%) and women (37.7%) during 1990-2019 (GBD 2019 Tobacco 

Collaborators, 2021). Over the past few decades, smoking rates have 

declined also in Finland (Ruokolainen et al., 2019). If the inverse association 

between smoking and PD is truly causal, the declining trend of smoking 

could partly explain why PD incidence has been rising (Dorsey et al., 2018). 

 

Comorbid conditions 

 

Numerous comorbid conditions are associated with PD risk (Ascherio 

and Schwarzschild, 2016; Schrag et al., 2022). Different head injuries and 

traumatic brain injuries have been associated with higher risk of 

developing PD (Camacho-Soto et al., 2017; Gardner et al., 2015; Jafari et al., 

2013). Traumatic brain injuries can cause deformation of brain tissue and 

disrupt normal function in the brain (Mckee and Daneshvar, 2015). One 

explanation for the increased PD risk is that brain injury can lead to 

dysfunction of the blood-brain barrier and induce neuroinflammation 

along with mitochondrial dysfunction (Jafari et al., 2013). Reverse causality 

might explain the results if a brain injury has occurred very close to PD 

diagnosis since, closer to motor symptom onset, persons might experience 

a fall-related brain injury (Camacho-Soto et al., 2017; Rugbjerg et al., 2008). 



45 

Several cardiovascular risk factors are connected to PD, but associations 

for many, such as type 2 diabetes, are controversial (Cheong et al., 2020; 

Potashkin et al., 2020). In a meta-analysis, cohort studies on diabetes and 

subsequent PD risk showed increased risk whereas case-control studies 

showed decreased PD risk (Noyce et al., 2012). Heterogeneity of methods 

and definitions of diabetes and PD might explain these conflicting findings. 

Many pathophysiological mechanisms in type 2 diabetes might contribute 

to PD development, but insulin resistance can play a key role (Fiory et al., 

2019). Insulin acts on the dopaminergic system—for example, by 

modulating dopamine synthesis. Experimental evidence demonstrates that 

hyperglycaemia can induce nigrostriatal degeneration and 

neuroinflammation (Lv et al., 2022). 

Other cardiovascular risk factors including hypertension and 

hypercholesterolemia have had divergent associations; increased risk 

(Schrag et al., 2022), decreased risk (Miyake et al., 2010), and no association 

have been reported (Savica et al., 2012). Although changes in glucose and 

lipid metabolism and inflammation connect cardiovascular risk factors and 

PD, evidence for these risk factors is not robust (Potashkin et al., 2020). 

Another controversial topic is the association of statins. In a meta-analysis 

including both case-control and cohort studies, compared to nonusers, 

statin users had 30% lower PD risk (Poly et al., 2017). Another meta-

analysis examined the association between statin use and PD risk 

separately based on adjustment with either cholesterol or hyperlipidaemia 

or without adjustment (Bykov et al., 2017). Studies that did not adjust for 

cholesterol or hyperlipidaemia showed 25% risk reduction for PD; however, 

those studies that adjusted highlighted no significant association. Thus, the 

implied neuroprotective association between statins and PD risk could be 

confounded by indication. 
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2.3.3 Methodological challenges 

The literature on risk factors is difficult to interpret since studies have 

heterogeneous findings and methodological differences. Observational 

studies are prone to different kinds of bias and confounding, which can 

result in over- or underestimation of risk. Measuring risk factors for a 

disease with a long latency period poses particular challenges (Bjornevik et 

al., 2020). 

In PD risk factor studies, the exposure to a factor of interest should be 

evaluated during a period while it could influence PD pathogenesis. If the 

exposure is measured close to PD diagnosis, it might be irrelevant in terms 

of PD development. The association observed between a risk factor and PD 

may stem from functional, behavioural, and lifestyle changes resulting 

from early PD symptoms. For example, reduced physical activity closer to 

PD onset might seem to be a PD risk factor, but it could be a result of PD 

prodromal symptoms such as fatigue and pain (Chen, 2018; Sääksjärvi et 

al., 2014). Additionally, prodromal symptoms may reduce or increase drug 

prescription due to increased health care visits. This phenomenon, reverse 

causality or protopathic bias, may be minimized by applying a lag period 

between exposure and incident PD, i.e., excluding exposure within a 

certain period preceding the outcome in case-control studies (Tamim et al., 

2007). Exposure may also delay or shorten the time to diagnose PD by 

causing symptoms that might imitate PD ones. Thus, exposure may 

spuriously seem like a risk factor. In cohort studies, if the outcome is 

measured soon after exposure, the association may be due to detection 

bias (Arfè and Corrao, 2015). In such cases, the initiation of a new drug may 

increase the probability of identifying PD due to persons’ more regular use 

of health services. 

Available data sources may place some limitations. Self-reported data 

on exposure, for example by way of questionnaires or interviews, can be 

prone to recall bias (Nielsen et al., 2008). As for PD, knowing exposure 

history 10-20 years before PD diagnosis would be preferable, and acquiring 

this knowledge via interviews may be unreliable. Using routinely collected 

health care data with long availability avoids this unreliability, but data 
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might still be missing, for example due to over-the-counter drugs, the use 

of which is often unrecorded in registers (Furu et al., 2010). Acknowledging 

all possible confounding factors might be impossible due to data 

limitations, measurement errors, or unknown factors, leading to residual 

confounding (Psaty et al., 1999; Schneeweiss, 2006). For example, 

information on smoking might be unrecorded in the register data, but it 

would be important to account for when studying PD risk factors. 

A distinctive feature when drugs are studied as risk factors is the 

possibility of confounding by indication, which occurs when the underlying 

indication for drug use is also related to PD risk (Psaty et al., 1999). One 

option to account for confounding by indication is to restrict the study 

population with this disease. However, confounding may still exist if 

disease severity differs between groups being compared. Another possible 

means of reducing confounding by indication is to use an active 

comparator: the drug of interest is compared to a treatment with the same 

indication (Lund et al., 2015). This approach can be limited by two 

challenges: finding an appropriate active comparator and interpreting 

findings if the risk of an active comparator for PD is unknown (Yoshida et 

al., 2015).  
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2.4 DISEASE-MODIFYING ANTIRHEUMATIC DRUGS AND RISK OF 

PARKINSON’S DISEASE 

2.4.1 Rheumatoid arthritis 

 

RA is a chronic systemic autoimmune disease characterized by synovitis 

and formation of invasive synovial tissue (Smolen et al., 2018). These 

changes lead to joint damage by destructing cartilage and bone. Typically, 

small peripheral joints are initially affected symmetrically (Aletaha and 

Smolen, 2018). In addition to joints, RA may also manifest in other 

tissues—for example, in the lungs and heart (Smolen et al., 2018). A 

specific cause is unknown, but genetic risk factors play a role, and certain 

class II human leukocyte antigen regions are especially associated with RA 

risk. Risk is generally higher among women and smokers. RA has been 

divided into seropositive and seronegative, and autoantibodies may be 

present years before RA onset (Aletaha et al., 2010). Incidence and 

prevalence differ between countries and ethnicities, but they also depend 

on RA definition (Alamanos et al., 2006). In the Northern Savo population in 

Finland, the crude incidence of seropositive RA was 22.3/100,000 person-

years in 2020 (Elfving et al., 2023). 

RA classification criteria have changed in the most recent American 

College of Rheumatology/European League Against Rheumatism 

classification criteria released in 2010 (Aletaha et al., 2010). For example, 

the distinction between seropositive and seronegative RA is based on the 

presence of rheumatoid factor, anti-citrullinated protein antibodies 

(ACPAs), or both in the serum. The role of ACPAs was discovered in the 

1990s and was missing from American College of Rheumatology 1987 

classification criteria (Aletaha et al., 2010; Arnett et al., 1988). Among 

attempts to identify RA at an earlier stage, an example is that erosions, 

which are related to more advanced disease, were not included in the 2010 

criteria. 

Seropositive and seronegative RA are different disease entities with 

aetiological and clinical differences (De Stefano et al., 2023). Seronegative 
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RA has a heterogeneous nature (Paalanen et al., 2021). During follow-up, 

the initial diagnosis of seronegative RA may change into other diagnoses. 

Seronegative RA has been reclassified into seropositive or into other joint 

diseases such as spondyloarthritis, as in a Finnish study that followed 

incident seronegative RA patients for 10 years (Paalanen et al., 2019). 

 

2.4.2 Rheumatoid arthritis and Parkinson’s disease 

RA definitions in epidemiological studies on the relationship between RA 

and PD risk have been divergent (Table 3). Serology impact on PD risk has 

been largely unexplored. Only one, a cohort study by Kang et al. (2023) 

differentiated RA based on serology. Due to potential prognostic 

differences based on serology and possible misclassification of 

seronegative RA (De Stefano et al., 2023; Paalanen et al., 2019), serotypic 

differentiation would be a matter of interest. Keeping in mind that RA is a 

heterogeneous disorder in itself and classification criteria have been 

updated (Aletaha et al., 2010), findings from previous studies may not be 

directly comparable due to population differences. 

In most epidemiological studies, RA has been associated with decreased 

PD risk (Table 3). In a Danish case-control study, persons diagnosed with 

RA at least five years before PD, had 30% decreased PD risk (Rugbjerg et 

al., 2009). Decreased PD risk was observed also with a longer lag period of 

10-14 years (odds ratio (OR) 0.5; 95% confidence interval (CI) 0.3-0.9). Risk 

reduction with lag periods of 5-9 or ≥15 years was non-significant. 

Adjustment with chronic obstructive pulmonary disease (COPD) as proxy 

for smoking did not change the results. 

A Swedish nested case-control study also applied different lag periods 

between RA and subsequent PD diagnosis (Bacelis et al., 2021). Inverse 

association was constantly observed regardless of lag length, with ORs 

ranging between 0.54 and 0.50 with lag periods from 1 to 8 years. 

However, the study population and design differ compared to those in 

Rugbjerg et al. (2009). Bacelis et al. used a dataset of persons with diabetes 

or celiac diseases and their first-degree relatives unlike Rugbjerg et al., who 

used nationwide population-based data from Denmark. Bacelis et al. had 
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two different ways of defining PD. In the conservative method, PD 

diagnosis had to be the main diagnosis in the outpatient register. In the 

inclusive method, all persons with PD as main or secondary diagnosis 

recorded in outpatient or inpatient registers were included. Compared to 

the inclusive method, the conservative one resulted in fewer PD cases, and 

persons were younger at their first PD diagnosis. Although inverse 

associations were observed with both PD definitions, the conservative 

definition yielded lower ORs than the inclusive one did. For example, with a 

5-year lag, the OR for the conservative method was 0.47 and for the 

inclusive one 0.65. Bacelis et al. did not adjust analyses with any potential 

confounders, but they matched PD cases and controls by birth year, sex, 

birth location, follow-up time, and relative type. 

In a Taiwanese cohort study, compared to persons without RA, persons 

with RA had 35% decreased risk of PD development (hazard ratio (HR) 0.65; 

95% CI 0.58-0.73) (Sung et al., 2016). Incidence rates (IRs) per 1000 person-

years were 1.64 for RA and 2.67 for comparison persons. Analyses were 

stratified by follow-up period ≤4, 5-8, 9-12, and >12 years; with longer 

follow-up periods, stronger inverse associations emerged (HRs ranging 

0.65-0.22). However, most PD cases were already identified within ≤8 years 

after follow-up start. Persons in the study cohort were relatively young in 

terms of PD development, with the approximate average age at RA 

diagnosis being 54. However, in age-stratified analyses, decreased risk was 

evident also among those aged ≥65 at RA diagnosis (HR 0.62; 95% CI 0.54-

0.72). 

On the contrary, in another Taiwanese cohort study, persons with RA 

had a 14% increase in relative PD risk compared to persons without 

autoimmune rheumatic diseases, which included nine diseases such as 

systemic lupus erythematosus, systemic sclerosis, and Sjögren’s syndrome 

(HR 1.14; 95% CI 1.03-1.28) (Chang et al., 2018). The IR per 10,000 person-

years was 30.78 for RA and 25.79 for comparison persons. The association 

remained similar irrespective of age stratification (<65, ≥65 at RA 

diagnosis). 

No clear explanations exist for contradictory findings on the RA-PD 

relationship from these two Taiwanese cohort studies (Chang et al., 2018; 
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Sung et al., 2016). Increased PD risk for RA in Chang et al. (2018) could be 

due to detection bias since PD may have been diagnosed directly after RA. 

However, reduced risk was observed in Sung et al. (2016), which had a very 

similar follow-up period for PD onset (Table 3). Chang et al. did not stratify 

analyses by follow-up period; thus, whether HRs would have declined 

among those with longer follow-up is unknown. The discrepancy is not due 

to differences in applied diagnosis codes to define RA and PD; the same 

codes were applied in both studies (Table 3). However, in Chang et al., PD 

had to be diagnosed by a neurologist, and only an inpatient setting or ≥3 

visits in an outpatient setting were required. One possible explanation is 

the different comparison group. While, in Sung et al., the comparison 

group consisted of persons without RA, Chang et al. also excluded from the 

comparison group persons with eight other autoimmune rheumatic 

diseases. Chang et al. restricted the study population to persons aged ≥45 

while Sung et al. had no restrictions for age, and 39% of the study 

population were ≤49. In younger populations, baseline PD risk is 

presumably lower, which may have affected their results. Neither study 

had information on disease severity and smoking status; this lack may 

have led to residual confounding. 

A Korean cohort study examined PD risk based on RA presence and its 

serologic status, with a 1-year lag between RA and PD (Kang et al., 2023). 

Interestingly, compared to persons without RA, persons with RA had a 

1.74-fold increased PD risk (HR 1.74; 95% CI 1.52-1.99). After stratifying by 

serology, they found seropositive RA was associated with increased PD risk 

regardless of the covariates used. However, seronegative RA had no 

association with PD risk after adjusting for age, sex, smoking, body mass 

index, diabetes, hypertension, hyperlipidaemia, chronic kidney disease, 

myocardial infarction, stroke, and depression. Compared to those with 

seronegative disease, persons with seropositive RA exhibited higher PD 

risk (HR 1.61; 95% CI 1.20-2.16). Similar results for all these analyses were 

observed with longer lag periods (2, 3, and 5 years). 

Furthermore, one study detected no association between RA and PD (Li 

et al., 2012). It examined PD incidence for 33 different autoimmune and 

related disorders such as RA, Graves’ disease, and ulcerative colitis, and 



52 

compared it to that in a reference group without these disorders. The 

standardized incidence ratio (SIR) for PD in persons with RA compared to 

the reference group without multiple different autoimmune disorders was 

1.07 (95% CI 0.89-1.26). The association remained nonsignificant when 

stratified by follow-up time (≥1 or ≥5 years) after hospitalization for RA. 

However, an inverse association emerged in the oldest age group of ≥80-

year-olds among those with follow-up time ≥1 year (SIR 0.64; 95% CI 0.42-

0.94). 

The RA-PD relationship has also been assessed with Mendelian 

randomization (MR) analysis, a genetic epidemiological method that uses 

genetic variants as instrumental variables for risk factors (Davies et al., 

2018; Li et al., 2021). Li et al. (2021) used single nucleotide polymorphisms 

(SNPs), which were obtained from genome-wide association studies of 

European ancestry on RA and PD, as instrumental variables and conducted 

a two-sample MR analysis. Their findings support the view that RA is 

associated with reduced PD risk. One standard deviation (SD) increase in 

RA risk resulted in a 10% decrease in PD risk (OR 0.90; 95% CI 0.87-0.94). 

Another MR study also reported a decreased PD risk for genetically 

predicted RA (OR 0.91, p=0.007) (Guo et al., 2022). 

The association between RA and PD risk remains inconclusive. Some 

theoretical explanations exist for the direction of the association. Chronic 

inflammation and inflammatory mediators, including tumour necrosis 

factor (TNF) and interleukin-6 (IL-6), secreted in RA could launch 

neurodegeneration in PD and explain increased PD risk (Chang et al., 2018; 

Kang et al., 2023). A co-pathogenetic link between these two diseases was 

already suggested earlier (Kogure et al., 2008). Additionally, evidence exists 

of overlap between genetic risk factors for PD and RA (Witoelar et al., 

2017). This hypothesis is contradicted by many studies showing reduced 

PD risk among persons with RA. The association may be confounded by 

lifestyle factors and gender differences. For example, smoking increases RA 

risk (Sugiyama et al., 2010), while reducing PD risk (Gallo et al., 2019). 

Unlike PD (Cerri et al., 2019), RA is more common in women (Favalli et al., 

2019). Furthermore, drugs used to treat RA could influence PD risk and 

mediate risk reduction (Gonzalez-Latapi and Marras, 2022). 
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2.4.3 Disease-modifying antirheumatic drugs and Parkinson’s disease 

DMARDs interfere with inflammation and, by definition, inhibit joint 

damage progression (Aletaha and Smolen, 2018). The therapeutic goal in 

RA is remission or, if remission cannot be achieved, low disease activity. 

DMARDs can be sub-grouped into synthetic and biologic agents. Synthetic 

DMARDs have various molecular targets and include the first-line therapy 

methotrexate, as well as hydroxychloroquine and sulfasalazine. The 

combination of these three DMARDs forms the so-called triple therapy, 

which has proved effective in early RA (Möttönen et al., 1999). Targeted 

synthetic DMARDs are newer types of agents and include Janus Kinase 

inhibitors such as tofacitinib and baricitinib (Aletaha and Smolen, 2018). 

Biologic DMARDs have specific targets in the immune system pathway. 

Adalimumab, etanercept, and certolizumab pegol target TNF-α; tocilizumab 

targets IL-6. Rituximab binds the B-cell-specific antigen CD20, and 

abatacept targets T-cell co-stimulation. Biologic DMARDs are usually used 

in combination with methotrexate and only if adequate treatment 

response is not achieved with two or more synthetic DMARDs or if poor 

prognostic factors such as early joint damage are present (Smolen et al., 

2020). Corticosteroids can be used adjunctive to DMARDs, but side effects 

preclude their long-term use. 

Drugs used in RA treatment could reduce PD risk (Gonzalez-Latapi and 

Marras, 2022), but studies on the association between different DMARDs 

and PD risk are scarce. A Taiwanese cohort study investigated the 

association between RA and PD risk and observed whether DMARDs 

influence this association (Table 3) (Sung et al., 2016). Compared to 

persons without RA, both persons with RA who were DMARD users (HR 

0.66; 95% CI 0.57-0.77) and nonusers (HR 0.64; 95% CI 0.55-0.74) had 

reduced PD risk. Persons with RA who used biologic DMARDs had even 

lower PD risk (HR 0.57; 95% CI 0.41-0.79). Associations were unreported for 

individual DMARDs. A Korean cohort study that observed the relationship 

between RA and PD risk (Table 3) reported the opposite; nonusers of 

biologic DMARDs with RA had an increased PD risk, compared to 

comparison persons without RA (HR 1.78; 95% CI 1.54-2.04) (Kang et al., 
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2023). Biologic DMARDs were not associated with PD risk (HR 1.16; 95% CI 

0.65-2.05), but the statistical power of this analysis was limited. 

A population-based case-control US study investigated the relationship 

between different DMARDs and immunosuppressants and PD risk (Racette 

et al., 2018). They classified drugs into calcineurin inhibitors (ciclosporin, 

tacrolimus), inosine monophosphate dehydrogenase (IMDH) inhibitors 

(azathioprine, leflunomide and mycophenolate), dihydrofolate reductase 

inhibitors (methotrexate), biologic DMARDs (abatacept, adalimumab, 

anakinra, certolizumab and etanercept), corticosteroids, and a group with 

miscellaneous drugs, including hydroxychloroquine and sulfasalazine. Drug 

use was identified during 2008-2009, and cases were required to have PD 

diagnosis in 2009 without any codes for PD five years prior to it. Their 

statistical model was adjusted for age, sex, race/ethnicity, smoking, and 

use of medical care. IMDH inhibitors on a class level were associated with 

reduced PD risk, with or without a 1-year lag. However, with a 1-year lag, 

associations for individual drugs within IMDH inhibitors were no longer 

significant; the small number of users may have led to lack of power. 

Methotrexate had an inverse association with PD risk (OR 0.84; 95% CI 

0.74-0.95) as did hydroxychloroquine (OR 0.77; 95% CI 0.65-0.90); however, 

for both drugs, with a 1-year lag, the association attenuated. Neither 

sulfasalazine nor biologic DMARDs were associated with PD risk. 

Corticosteroid use was associated with reduced PD risk, with a 1-year lag 

(OR 0.81) and without it (OR 0.80). That study was limited by the short 

exposure assessment window of a maximum of 2 years, which may have 

caused drug exposure misclassification and partially explains the small 

number of users for some drugs. The lag period of 1 year is short in terms 

of PD development. 

A recent US study attempted to identify drugs associated with lower PD 

risk, by using the same Medicare data as Racette et al. (2018) did, with 

incident PD diagnosed in 2009 as the outcome (Song et al., 2023). Drug 

exposure was determined during 2006-2007 with at least a 1-year lag, and 

results were adjusted for age, sex, race/ethnicity, use of medical care, as 

well as lung cancer and COPD as indicators of smoking. Compared to 

nonuse, chloroquine/hydroxychloroquine use was associated with lower 
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PD risk (OR 0.84; 95% CI 0.73-0.96), and a borderline inverse association 

was observed for methotrexate (OR 0.90; 95% CI 0.80-1.01). 

SNPs from genome-wide association studies of European descent on RA 

and PD were used by a two-step MR study as instrumental variables (Guo 

et al., 2022). They evaluated whether immunosuppressants, in addition to 

corticosteroids and nonsteroidal anti-inflammatory drugs (NSAIDs), 

mediate the RA-PD association. Immunosuppressants consisted of 

methotrexate, azathioprine, mycophenolate, leflunomide, adalimumab, 

cyclosporine, tacrolimus, and sirolimus. These authors reported that 

persons with RA had an increased use of immunosuppressants, which 

decreased PD risk (OR 0.82, p=0.03), with similar findings reported for 

corticosteroids (OR 0.86, p=0.03). 

Synthetic and biologic DMARDs might reduce PD risk (Guo et al., 2022; 

Racette et al., 2018; Song et al., 2023; Sung et al., 2016). Since RA is 

associated with PD, potential confounding by indication can be reduced by 

comparing the association between DMARDs and PD risk among persons 

with RA. Indication-restricted studies assessing PD risk for specific DMARDs 

among persons with RA are, however, missing. Overall, drug-specific 

information on PD risk is insufficient. DMARDs are a group of drugs, each 

of which has a unique mechanism of action explaining their anti-

inflammatory and immunosuppressive properties. Information on whether 

only certain drugs within DMARDs are responsible for potential risk 

reduction could give more insight into underlying PD disease processes.  



59 

2.5 Β2AR AGONISTS AND RISK OF PARKINSON’S DISEASE 

2.5.1 Asthma and chronic obstructive pulmonary disease 

Asthma and COPD may be potential risk factors for PD (Cheng et al., 2015; 

C.-H. Li et al., 2015). Both are heterogeneous conditions that cause airflow 

obstruction and reduced lung function; however, pathogenesis and disease 

progression differ between asthma and COPD (Yayan and Rasche, 2016). 

Life expectancy in persons with COPD is shortened due to increased 

morbidity and mortality while persons with asthma can live to old age with 

good asthma management (GOLD, 2023; Haahtela, 2006; Yayan and 

Rasche, 2016). 

Asthma may begin at any age from childhood to adulthood (Papi et al., 

2018). Asthma is associated with airway hyperresponsiveness, defined by 

an excessive response to a stimulus resulting in narrowing of the airways 

(Chapman and Irvin, 2015). Typical symptoms are wheezing, chest 

tightness, shortness of breath, and cough (Papi et al., 2018). Asthma 

phenotypes are many and include childhood-onset allergic, non-allergic, 

and occupational asthma. The most important subtype according to 

underlying inflammatory mechanisms is eosinophilic asthma, which can be 

either allergic or non-allergic. Other subtypes include neutrophilic, 

paucigranulocytic, and mixed granulocytic asthma. Airflow obstruction in 

asthma is often variable and reversible. However, airway remodelling can 

cause structural changes, including epithelial cell damage, increased airway 

smooth muscle mass, fibroblast activation, and increased vascularity of the 

airways (Hough et al., 2020). These changes influence the degree of airflow 

obstruction, which may become persistent. 

COPD prevalence is higher among smokers than in non-smokers and is 

often diagnosed later in life (GOLD, 2023). Smoking is the greatest COPD 

risk factor, but other noxious particles such as air pollutants also increase 

risk. Characteristic features are chronic respiratory symptoms including 

sputum production, cough, and shortness of breath. Airflow obstruction is 

persistent and often progressive. These symptoms are related to chronic 

bronchitis, emphysema, and narrowing of the small airways. Chronic 



60 

inflammation contributes to structural changes in the airways, lung 

parenchyma, and pulmonary vasculature. Persons with COPD may develop 

abnormal pulmonary gas exchange, which can result in hypoxaemia i.e., 

low blood oxygen (GOLD, 2023; Sarkar et al., 2017). Pulmonary 

hypertension may develop in advanced disease (GOLD, 2023). In addition 

to inflammation in the lungs, systemic inflammation may occur, and it can 

be related to comorbidities, such as cardiovascular diseases, which often 

coexist with COPD. Asthma and COPD features may overlap, and cause 

worse symptoms than with asthma or COPD alone (Nielsen et al., 2015).  

 

2.5.2 Asthma/chronic obstructive pulmonary disease and Parkinson’s 

disease 

Previous studies on the relationship between asthma/COPD and PD risk 

are limited. In a Taiwanese cohort study, persons with asthma (n=10,455) 

had a 3-fold increased PD risk (HR 3.10; 95% CI 2.20-4.36) in comparison to 

persons without asthma (n=41,820), during a maximum follow-up of 13 

years (Cheng et al., 2015). The association remained after exclusion of 

observations in the first year or the first three years after cohort entry 

although estimates were diluted after excluding PD diagnosis during the 

first year (HR 2.90; 95% CI 2.04-4.13) and the first three years (HR 2.46; 95% 

CI 1.64-3.69). This dilution might reflect detection bias in the main results, 

meaning that asthma diagnosis may result in earlier PD identification. 

Inhaled β2-adrenoceptor (β2AR) agonists were included as a covariate; 

when use was compared to nonuse, their use was not associated with the 

risk of developing PD among persons with asthma and their comparison 

persons without asthma. A case-control study of 196 case-control pairs 

based in Olmsted County in Minnesota, USA, observed no association 

between asthma and PD risk (OR 1.8; 95% CI 0.8-3.9) (Bower et al., 2006). 

However, the study population was small; as 19 cases and 11 controls had 

asthma, power to detect a significant association was limited. In a 

Taiwanese cohort study with a maximum follow-up of 13 years, compared 

with persons without COPD (n=41,147), persons with COPD (n=20,728) had 

a 1.37-fold increased PD risk (95% CI 1.25-1.50) (C.-H. Li et al., 2015). In that 
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study, PD may have been diagnosed directly subsequently to COPD, and 

detection bias cannot be ruled out. None of the said three studies on 

asthma or COPD accounted for smoking in their analyses (Bower et al., 

2006; Cheng et al., 2015; C.-H. Li et al., 2015). 

On the contrary, in a population-based case-control study that assessed 

the relationship between β2AR agonists and PD, both asthma and COPD 

were associated with decreased PD risk when adjusted for smoking, 

number of unique diagnosis codes, age, sex, and race (Searles Nielsen et 

al., 2018). Asthma and COPD were defined for the purpose of adjustment 

in the analyses but were also examined as separate factors. The presence 

of asthma or COPD was measured during 6 years prior to PD diagnosis. In 

another case-control study with a similar focus on the relationship 

between β2AR agonists and PD, COPD diagnosis was associated with 

decreased PD risk (Hopfner et al., 2019). 

The biological link between these pulmonary diseases and PD is unclear. 

Inflammatory processes may contribute to PD development (Cheng et al., 

2015; C.-H. Li et al., 2015). Pro-inflammatory cytokines secreted in asthma, 

for example IL-6 and TNF, are linked to neurodegenerative processes in PD 

(Barnes, 2008; Tan et al., 2020). Systemic inflammation particularly in COPD 

may also contribute to PD risk (Wouters et al., 2009). As pulmonary 

function and gas exchange decline in COPD, the risk of both hypoxaemia 

(low blood oxygen) and hypoxia (low oxygen levels in tissues) increases 

(Kent et al., 2011; Sarkar et al., 2017). A transcription factor, hypoxia-

inducible factor-1 (HIF-1), is an important regulator of oxygen homeostasis 

and enables adaptation to hypoxia, for example by inducing erythropoietin 

expression (Lestón Pinilla et al., 2021). HIF-1 expression is elevated in 

persons with COPD (Rong et al., 2018). HIF-1 signalling has been recently 

linked to PD-related genes, and hypoxia can induce, for example, oxidative 

stress, which is implicated in PD pathophysiology (Lestón Pinilla et al., 

2021). Because the brain consumes much oxygen, it is vulnerable to 

hypoxia, which could explain the relationship between obstructive 

pulmonary diseases and PD. 
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2.5.3 β2AR agonists and Parkinson’s disease among persons with 

asthma/chronic obstructive pulmonary disease 

β2ARs are primarily present in airway smooth muscles although they are 

also expressed, for example, in cardiac muscles and in white blood cells, 

including eosinophils and neutrophils (Abosamak and Shahin, 2023). 

Inhaled β2AR agonists relax airway smooth muscle, and they are 

commonly used bronchodilators in both asthma and COPD (GINA, 2022; 

GOLD, 2023). Short-acting β2AR agonists such as salbutamol and 

terbutaline are hydrophilic, can access the receptor directly from the 

extracellular compartment, and have rapid onset of action (Johnson, 2006). 

However, their duration of action is short (4-6 hours). Long-acting β2AR 

agonists such as salmeterol and formoterol are more lipophilic and are 

absorbed into the cell membrane, from where they slowly access the active 

β2AR site. Their duration of action generally ranges between 12-24 hours 

(Fuso et al., 2013), with those with a 24-hour duration classified as ultra-

long-acting; examples of this class are vilanterol, indacaterol, and 

olodaterol (Burkes and Panos, 2020). 

An experimental study found that β2ARs regulate SNCA in a bidirectional 

manner; agonists such as clenbuterol reduced gene expression while a 

nonselective antagonist, propranolol, increased it (Mittal et al., 2017). As α-

synuclein is an important factor in PD pathogenesis, its downregulation 

could be beneficial. Additionally, β2AR agonists may have neuroprotective 

and anti-inflammatory effects (Peterson et al., 2014). Since both asthma 

and COPD are linked with PD development, (Cheng et al., 2015; C.-H. Li et 

al., 2015), confounding by indication should be acknowledged. Regarding 

β2AR agonist-PD risk association in a population restricted to persons with 

asthma/COPD, epidemiological studies are scarce (Table 4). 

In a nested case-control study of persons with COPD, compared to 

nonuse, regular dispensing of short- or long-acting β2AR agonists at least 

once in every six months for two years was not associated with reduced PD 

risk (Chen et al., 2020). The exposure assessment period of two years was 

followed by a 2-year lag period prior to PD. No association was observed in 

sensitivity analyses with a 3-year lag period or in analyses that controlled 
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for competing risk of death by counting deaths as PD. Study limitations 

included a short exposure assessment period close to PD diagnosis despite 

the effort of categorizing use into irregular and regular (Table 4). Data on 

smoking was unavailable; however, if it is assumed that smoking was 

relatively evenly distributed in the population with COPD and was no 

longer a confounder, β2AR agonists were not associated with PD risk 

among persons with COPD. 

A nested case-control study within a cohort of persons with asthma, 

COPD, or both, reported a 10% decreased PD risk per additional month of 

exposure to short-acting β2AR agonists (OR 0.90; 95% CI 0.86-0.96) (Marras 

et al., 2020). Those authors provided no risk estimates for long-acting β2AR 

agonists but stated that no association emerged. Study participants had 

prevalent asthma, COPD, or both, and had a one-year washout period, 

after which drug use was assessed as days supplied until incident PD. This 

washout period was not specific to β2AR agonists but excluded persons if 

they had used β2AR agonists, anticholinergics, or inhaled corticosteroids. 

Mean exposure duration for short-acting β2AR agonists for both controls 

(7.66; SD ±16.15) and PD cases (6.96; SD ±14.47) was roughly seven 

months; considerable variation in individual exposure duration was 

indicated by the large standard deviation. Therefore, the adequate 

duration of use for lower PD risk is difficult to estimate. 

In a cohort restricted to persons with asthma/COPD (including 

bronchiectasis), each additional 30-day β2AR agonist claim per year was 

weakly associated with lower PD risk (OR 0.986; 95% CI 0.977-0.995) 

(Nadeem et al., 2022). Their analysis was adjusted for demographics, 

comorbidities, asthma and COPD severity, other drug use, and history of 

smoking based on smoking cessation claims from Medicare. β2AR agonist 

use duration is unclear, but users had, on average, four 30-day claims per 

year. In subgroup analysis by pulmonary disease type, β2AR agonist users 

had decreased PD risk only in persons with only COPD, when compared to 

the group with only asthma diagnosis. PD incidence during the four-year 

follow-up did not differ between β2AR agonist users (1.86%) and nonusers 

(1.88%), (p=0.70). 
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In conclusion, between indication-restricted studies on the relationship 

between β2AR agonists and PD among persons with asthma/COPD, direct 

comparison is challenging (Table 4). Exact definitions for β2AR agonists are 

unreported, and which individual drugs are included in short- or long-

acting β2AR agonists remain unclear. Exposure assessment periods and 

follow-up times for PD onset differ. PD definition differs between studies, 

especially for exclusion criteria, and may affect associations observed as 

PD misdiagnosis is relatively common (Rizzo et al., 2016) (Table 5). Studies 

vary in the definition of asthma and COPD, further complicating 

comparison (Table 5). 
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Table 5. Definition of asthma/COPD and PD in indication-restricted studies 

on the relationship between β2AR agonists and PD risk. 

Reference, 

country, 

database 

Asthma/COPD definition PD definition  

(Nadeem et al., 

2022), USA 

 

Medicare 

 

Asthma: ICD-9 493.0–493.2, 

493.8–493.9 

COPD: ICD-9 490–492, 496 

(including bronchiectasis ICD-

9 494.0) 

ICD-9 332.0. Those with 

essential tremor ICD-9 333.1 

were excluded. 

(Chen et al., 

2020), Canada 

 

British 

Columbia 

health 

administrative 

databases 

COPD: 

One or more hospitalizations 

or two or more outpatient 

physician visits during any 12-

month rolling period, with 

COPD being the principal 

diagnosis:  

ICD-9 491, 492, 493.2, 496;  

ICD-10 J41, J43, J44 

At least one outpatient visit 

or hospitalization for PD with 

ICD-9 332 or ICD-10 G20. 

These persons must have 

filled also ≥1 levodopa 

prescriptions within 90 days 

after first PD diagnosis. 

Persons with secondary 

parkinsonism, other 

degenerative diseases of the 

basal ganglia, and tremor 

were excluded (ICD-9 332.1, 

333.0, 333.1; ICD-10 G21, 

G23.9, R25) 

(Marras et al., 

2020), Canada 

 

The Canadian 

Institute for 

Health 

Information 

Discharge 

Abstract 

Database, 

The Ontario 

Health 

Insurance Plan 

physician billing 

database 

Asthma: 

At least one hospitalization or 

two outpatient visits with an 

asthma diagnosis: 

Ontario Health Insurance 

Plan codes 493 

ICD-10 J45 

 

COPD: 

At least one hospitalization, 

or one outpatient visit with a 

COPD diagnosis:  

Ontario Health Insurance 

Plan codes 491, 492, 496 

ICD-10 J41, J43, J44 

ICD-9 332 or ICD-10 G20 with 

one antiparkinsonian drug 

(levodopa, MAO-B inhibitor, 

dopamine agonists, or COMT 

inhibitor) prescriptions within 

6 months of each other 

Abbreviations: COMT=catechol-O-methyltransferase; COPD=chronic obstructive 

pulmonary disease; ICD=international classification of diseases; MAO=monoamine 

oxidase; PD=Parkinson’s disease; β2AR=β2-adrenoceptor 
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2.5.4 β2AR agonists and Parkinson’s disease among the general 

population 

Initial interest in β2AR agonists stemmed from a Norwegian cohort study, 

in which salbutamol use was associated with reduced PD risk when 

compared to nonusers in age-, sex-, and level of education-adjusted 

analysis (rate ratio (RR) 0.66; 95% CI 0.58-0.76) (Mittal et al., 2017) (Table 6). 

On the contrary, in a case-control US study, salbutamol was associated 

with increased PD risk when adjusted for age, sex, and race (Searles 

Nielsen et al., 2018). The direction of association may be explained by 

detection bias since, interestingly, after researchers adjusted further with 

the number of unique diagnosis codes as a marker of use of care, the 

association was inverse also in the US study. Further adjustment with 

smoking resulted in a null association, implying that smoking plays a role 

as a confounder. 

Risk estimates have been reported for some individual β2AR agonists in 

addition to salbutamol. In an Israeli study, salbutamol as well as formoterol 

and vilanterol were associated with reduced PD risk (ORs ranging 0.40-

0.89) (Gronich et al., 2018). In a Danish case-control study, among 

individual drugs, compared to nonuse, salmeterol was the only one 

associated with statistically significant decreased PD risk (OR 0.54) 

(Hopfner et al., 2019). 

Some studies have assessed dose-response relationship with PD risk 

but with divergent findings. Two studies calculated cumulative defined 

daily doses (DDDs) for salbutamol, using the following categorization: <60, 

60-180, >180 DDDs (Mittal et al., 2017; Searles Nielsen et al., 2018). Mittal et 

al. (2017) compared use to nonuse and highlighted dose-dependent lower 

PD risk. Searles Nielsen et al. (2018) compared salbutamol use to the 

lowest exposure category; despite stratifying by smoking history, no dose-

response association emerged among users. An Israeli nested case-control 

study conducted a dose-response analysis by comparing average daily 

dose quartiles of salbutamol to nonuse; risk was reduced except for the 

highest quartile (Gronich et al., 2018). 
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Some studies have analysed whether the association between β2AR 

agonists and PD risk is influenced by their duration of action. In a recent 

cohort study, short- or long-acting β2AR agonists were not associated with 

PD incidence (Liu et al., 2023), but contradictory findings exist. A nested 

case-control UK study observed that, compared to nonuse, the use of 

short-acting β2AR agonists was associated with reduced PD risk but long-

acting ones were not (Giorgianni et al., 2020). In Gronich et al. (2018), 

compared to nonusers, users of short-, long- and ultra-long-acting β2AR 

agonists had reduced PD risk. The strongest risk estimates were for ultra-

long-acting β2AR agonists, suggesting stronger risk reduction with longer 

duration of action (Table 6). Similar findings emerged in a Norwegian 

cohort study by Tuominen et al. (2023). Smoking may confound the 

association since ultra-long-acting β2AR agonists are often used in COPD 

(Burkes and Panos, 2020). In Tuominen et al. (2023), after excluding 

persons with COPD, short-, long-, or ultra-long-acting β2AR agonists were 

no longer associated with PD risk. 

Two recent cohort studies also conducted dose-response analyses on 

β2AR agonist use stratified by duration of action (Liu et al., 2023; Tuominen 

et al., 2023). Both studies used DDDs as a cumulative measure of 

exposure. Regardless of exposure level, compared to nonuse, neither 

short- nor long-acting β2AR agonists were associated with PD incidence 

(Liu et al., 2023). Tuominen et al. (2023) reported an inverse association for 

different levels of β2AR agonist exposure in comparison to nonuse, and 

this association was strongest in the highest exposure group. An exception 

was the highest dose for ultra-long-acting β2AR agonists, which did not 

reach statistical significance. 

Lag periods of different lengths between β2AR agonist exposure and PD 

diagnosis were applied in some studies, to control reverse causality. In 

Gronich et al. (2018), after applying a lag period of 2, 5, or 8 years and 

when users with <6 prescriptions or ≥6 prescriptions were compared to 

nonusers, formoterol was not associated with PD risk. By contrast, those 

with 6 or more salbutamol prescriptions had decreased PD risk with 2-, 5-, 

or 8-year lag periods. If salbutamol users had filled only <6 prescriptions, 

the reduced risk was significant only with a 2-year lag period. In Giorgianni 
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et al. (2020), compared to nonuse, the use of any β2AR agonist decreased 

PD risk with 0-, 1-, 2- and 3-year lag periods but no longer with a 5-year lag. 

In a Norwegian cohort study, when compared to nonuse, the use of any 

β2AR agonist significantly reduced PD risk for up to a 5-year lag period but 

no longer with a 7-year lag (Tuominen et al., 2023). When stratified by the 

duration of action, associations were nonsignificant with 2-, 5- or 7-year 

lags. In summary, drawing a straightforward conclusion is impossible due 

to different study designs but, with a longer lag period, the association 

seems to weaken. 

In addition to using lag periods, Giorgianni et al. (2020) conducted 

stratified analyses by time since initiation of a β2AR agonist in relation to 

PD onset to determine whether it influences the results. PD risk decrease 

was strongest when a β2AR agonist was initiated 1-2 years before PD 

diagnosis (OR 0.75; 95% CI 0.64-0.88). Relative risk slightly weakened for 

β2AR agonists initiated 3-5 years before PD diagnosis (OR 0.81; 95% CI 

0.69-0.94), and the association was no longer significant when drugs 

initiated 6-21 years before PD were considered. When analysis in a Danish 

case-control study was restricted to exposure occurring only within 5 years 

before PD diagnosis, compared to nonuse, use of any β2AR agonist during 

this period (ever use) was associated with reduced PD risk (Hopfner et al., 

2019). However, when exposure from the last 5 years was ignored, ever 

use also resulted in decreased PD risk. These findings, along with 

application of a lag period in exposure assessment, suggest that obtaining 

decreased PD risk for β2AR agonist use is more likely when exposure 

occurs close to PD diagnosis. 

Furthermore, long-term use of β2AR agonists for ≥3 years showed no 

association with a 5-year lag (Hopfner et al., 2019). However, without a lag, 

an inverse association similar to that with only <1 year of use emerged. 

Considering that lower PD risk was related to only short-term use of β2AR 

agonists (≤2 years) also in another case-control study (Giorgianni et al., 

2020), the association may not be causal. 

De Germay et al. (2020) evaluated whether the association between 

β2AR agonists and PD was modified by potential PD risk factors. They 

found an interaction between β2AR agonists and diabetes. In stratified 
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analyses, they observed increased PD risk among β2AR agonist users 

compared to nonusers in persons with diabetes but a decreased risk in 

β2AR agonist users compared to nonusers in those without diabetes. 

Salbutamol exhibited a similar trend except that associations were no 

longer statistically significant. A meaningful explanation for these findings 

is lacking. Possibly, those with diabetes have more regular contact with 

health care providers, and the result is due to detection bias. 

Several studies have tried to capture the history of smoking. Smoking 

has been defined using smoking-related data from registers in numerous 

studies (de Germay et al., 2020; Giorgianni et al., 2020; Gronich et al., 2018; 

Searles Nielsen et al., 2018). Markers of smoking (inhaled corticosteroids, 

anticholinergics, and COPD) were used in (Hopfner et al., 2019), and 

education level was used as a proxy for smoking in (Mittal et al., 2017). 

These variables could have failed to fully capture the history of smoking. 

For example, according to Giorgianni et al. (2020), UK Clinical Practice 

Research Datalink contains information on smoking status; however, in a 

quarter of cases and controls, smoking status was unknown, which might 

have led to residual confounding. Searles Nielsen et al. (2018) had a 

comprehensive validated smoking variable with 100% positive predictive 

value but with poor sensitivity; that is, those classified as smokers are true 

smokers, but several true smokers are, however, missed (Desai et al., 2016; 

Searles Nielsen et al., 2018). Another solution to reduce the impact of 

smoking was to exclude persons with COPD in an attempt to have a similar 

proportion of smokers among users and nonusers of β2AR agonists 

(Tuominen et al., 2023). 

β2AR agonists may be indirectly associated with decreased PD risk, and 

smoking has been proposed to mediate this association (Hopfner et al., 

2020). Those who smoke have, in general, decreased PD risk, and smokers 

are prone to develop COPD, in which β2AR agonists are used to alleviate 

symptoms. Hopfner et al. (2020) also speculated that, since other drugs 

with no biologic plausibility of reducing PD risk were associated with 

decreased risk (Hopfner et al., 2019), indirect association is the most 

probable explanation. 



72 

In conclusion, despite the mechanistic evidence from Mittal et al.’s 

experimental study (2017), increasing numbers of epidemiological studies 

have yielded conflicting findings on PD risk from β2AR agonist use. The 

strength and direction of association in previous epidemiological studies 

may be driven by bias or result from indirect association through smoking. 

Heterogeneous study designs prevent direct comparison between studies. 

Studies often investigated the relationship between βAR antagonists and 

PD risk as well, so they were not solely designed for β2AR agonists. As for 

individual drugs, most studies focused on salbutamol, with mixed findings. 

The longer duration of action of β2AR agonists might play a role in PD risk 

reduction (Gronich et al., 2018; Tuominen et al., 2023), but the same was 

not evident in all studies (Giorgianni et al., 2020). Lag periods were applied 

in some settings, but findings are not uniform. Dose-response analyses do 

not seem to yield robust findings either.
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3 AIMS OF THE STUDY 

The principal aim of this thesis was to study how DMARDs and β2AR 

agonists are associated with PD risk. Because the choice of appropriate 

exposure assessment period is important in risk factor studies, the 

incidence of muscle relaxant use in relation to PD diagnosis was 

investigated as an indicator of prodromal motor symptoms in PD. 

 

The specific aims were to study: 

 

1. the incidence of muscle relaxant use from four years before to 

four years after PD diagnosis in persons with PD and their 

comparison persons without PD (Study I) 

 

2. the association between DMARDs and PD risk in persons with RA 

(Study II) 

 

3. the association between inhaled β2AR agonists and PD risk in 

persons with asthma or COPD (Study III) 
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4 PARTICIPANTS AND METHODS 

4.1 DERIVATION AND DATA SOURCES FOR FINPARK  

This thesis used nationwide register-based data from the Finnish 

Parkinson’s disease study (FINPARK). FINPARK includes all community-

dwelling Finnish residents who received a special reimbursement for PD 

drugs (classification number 110) during 1996-2015 (N=29,942). For these 

individuals, seven comparison persons without PD were matched by age 

(+/- 1 year), sex, and hospital district, at the date of entitlement to 

reimbursement (N=209,594). Comparison persons were identified from the 

Social Insurance Institution (SII) database covering all residents of Finland. 

Comparison persons were not allowed to have the special reimbursement 

for PD drugs or purchases of dopaminergic PD drugs (ATC N04B) at any 

time before the referent person’s date of entitlement to reimbursement or 

12 months after or during the month of entitlement to reimbursement. 

 

4.1.1 Eligibility for reimbursement for antiparkinsonian drugs  

Persons who received a special reimbursement for PD drugs were 

identified from the Special Reimbursement Register. The SII reviews 

medical statements and, if predefined criteria are fulfilled, approves a 

special reimbursement. In terms of classification number 110 for PD drugs, 

diagnosis and evaluation of the need for pharmacotherapy must be 

conducted in a specialized neurology health care unit or by a neurologist in 

public or private health care. This medical statement for the SII must 

include anamnestic information and clinical assessment of symptoms such 

as the presence of rest tremor, bradykinesia, or rigidity. Persons with 

conditions other than PD may also be eligible for special reimbursement 

for PD drugs if treatment efficacy is proven for that condition. However, 

persons with intention or essential tremor as well as extrapyramidal 

symptoms due to antipsychotic drugs are ineligible. 
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4.1.2 Exclusion criteria for FINPARK 

To further restrict FINPARK data to those who had clinically verified PD 

diagnosis, those individuals that had missing diagnosis codes or a code 

other than ICD-10 G20 recorded in the Special Reimbursement Register 

when reimbursement was granted were excluded (N=1,244) (Figure 3). 

Additionally, since sporadic PD among younger persons is rare, persons 

under age 35 at the time of entitlement to reimbursement were excluded 

(N=53) (Van Den Eeden et al., 2003). 

Persons with diagnoses that have symptom types similar to PD ones 

within two years before or after the date they were eligible for 

reimbursement for PD drugs were excluded (N=6,962 Study I, N=6,456 

Studies II and III). Exclusion diagnoses and their data sources are 

represented in Table 7. The proportion of persons excluded from the PD 

cohort was around 25%, which is in line with the literature on the 

proportion of falsely diagnosed PD cases (Harding et al., 2019; Wermuth et 

al., 2015). The total number of persons included with PD was 21,683 in 

Study I and 22,189 in Studies II and III. The date of first entitlement to 

reimbursement was considered as the date of PD diagnosis. 

 

 

Figure 3. Identification of persons with Parkinson’s disease (PD) in FINPARK. 
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The same exclusion criteria regarding diagnoses were employed 

consistently in both the PD and comparison cohort (Table 7). An exception 

was dementia in PD (ICD-10 F02.3), which was used as an additional 

exclusion criterion in Study I in both persons with and without PD. In 

Studies II and III, F02.3 was part of the exclusion criteria only in comparison 

persons. Dementia in PD was kept as an exclusion criterion in comparison 

persons to ascertain exclusion of PD from the comparison cohort, but it 

was removed from the PD cohort after reassessment of the exclusion 

criteria. The date of entitlement to reimbursement of the PD case was set 

as an index date for the referent set of matched comparison persons.  
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Table 7. Exclusion diagnoses for persons with PD. Exclusion diagnoses 

were the same for comparison persons except for F02.3 Dementia in PD, 

which was kept as an exclusion criterion throughout Studies I-III. 

 

 

 

Exclusion diagnoses 

Care Register for Health 

Care 

Special 

Reimbursement 

Register 

ICD-10 ICD-9 
Classification 

number 

Alzheimer’s disease G30 3310A 
307 along with 

ICD-10 G30 

Dementia 

F00-F03 

(excluding 

F02.3 

Dementia 

in PD in 

Studies II 

and III) 

0461A, 

2900A,2941A, 

3310A, 

3311A, 

3334A, 

4378A, 

 

Huntington disease G10 3334A  

Secondary parkinsonism G21 3321A  

Parkinsonism in diseases 

classified elsewhere 
G22 0948X, 3321A  

Other degenerative 

diseases of the basal 

ganglia 

G23 3330A  

Dystonia G24 3339X  

Other extrapyramidal and 

movement disorders 
G25 

3331A, 

3332A, 

3333A, 

3338X, 3339X 

 

Hereditary ataxia G11 

3340A, 

3341A, 

3342A 
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Table 7 (continued) 

 

 

 

 

Exclusion diagnoses 

Care Register for Health 

Care 

Special 

Reimbursement 

Register 

ICD-10 ICD-9 
Classification 

number 

Systemic atrophies 

primarily affecting the 

central nervous system in 

diseases classified 

elsewhere 

G13 3318X, 3588X  

Other degenerative 

diseases of the nervous 

system, not elsewhere 

classified 

G31 
3311A, 

3312X, 3318X 
 

Multiple sclerosis G35 3400A 
109, 157, 164, 

303, 353 

Multi-system 

degeneration 
G90.3 3378X  

Abbreviations: ICD=international classification of diseases; PD=Parkinson’s disease 

 

4.1.3 Data sources 

FINPARK contains data from several nationwide Finnish registers (Table 8). 

Data linkage across registers is possible due to personal identification 

numbers. 

Data on entitlements to special reimbursement for drugs due to 

diseases considered serious and chronic such as RA or asthma is derived 

from the Special Reimbursement Register (Table 8). Reimbursement at the 

higher or lower special rate or limited basic rate can be granted only on 

medical grounds, and predefined criteria must be fulfilled. A written 

medical statement must be sent to the SII by a physician. Reimbursement 

entitlement can be for a specified period or without restrictions, and all 

entitlements are recorded in the register regardless of drug purchases. 

Since 2000, in this register, the diagnosis code for which the 
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reimbursement was granted has been increasingly recorded in connection 

with the classification code. 

The Hospital Discharge Register, which was replaced by the Care 

Register for Health Care in 1994, includes data on reasons for inpatient 

hospital admission, admission dates, and discharge diagnoses (Table 8) 

(Sund, 2012). This thesis used information therein since 1972. Diagnoses 

are recorded as International Classification of Diseases (ICD) diagnosis 

codes, using ICD-8, ICD-9, and ICD-10 versions. Data on specialized 

outpatient care in public hospitals has been available since 1998. According 

to a validation study (Sund, 2012), the positive predictive value for common 

diagnoses varied between 75-99%. 

Since 1995, all drugs, emollient creams, or clinical nutrients reimbursed 

by the National Health Insurance Scheme and dispensed in community 

pharmacies have been recorded in the Prescription Register (Table 8) (Furu 

et al., 2010). Drugs are categorized according to the World Health 

Organization (WHO) anatomical therapeutic chemical (ATC) classification 

system. In addition to dispensing date, information on amount of drug 

purchases as DDDs is available. DDD is the assumed average maintenance 

dose per day for a drug used for its main indication in adults (WHOCC - 

Definition and general considerations, 2022). Non-reimbursed or over-the-

counter drugs and drug use in hospitals or in public nursing homes are 

unrecorded. The Prescription Register lacks information on the indication 

for drug use. 

In this thesis, information on death and occupational socioeconomic 

class is from Statistics Finland, and information on all primary cancers in 

Finland is from the Finnish Cancer Registry (Table 8). 
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Table 8. Description of FINPARK data sources used in this thesis. 

 

Data sources and 

time period 

Register 

maintainer 

Data utilized in this thesis 

Care Register for 

Health Care 

1972-2016 

Finnish Institute 

of Health and 

Welfare 

Hospital admission/visit dates, 

reason for hospital stays (ICD-

codes) in inpatient hospital 

care in both public and private 

hospitals,  

specialized health care 

outpatient visits, reason for 

admission 

Special 

Reimbursement 

Register 

1972-2016 

Social Insurance 

Institution of 

Finland  

Special reimbursement code 

for drugs for chronic diseases, 

information on diagnosis (ICD-

8/9/10 code, missingness 

before 2000), date of 

entitlement 

Prescription 

Register 

1995-2016 

Social Insurance 

Institution of 

Finland  

All reimbursed prescription 

drugs, dispensing date, ATC 

code, amount of drug 

purchase as DDDs 

Statistics Finland 

1972-2016 

Statistics Finland Information on death, 

occupational socioeconomic 

position 

Finnish Cancer 

registry 

1972-2016 

Cancer Society of 

Finland 

All diagnosed cancer cases, 

diagnosis date 

Abbreviations: ATC=anatomical therapeutic chemical; DDD=defined daily dose; 

ICD=international classification of diseases 
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4.2 DRUG EXPOSURE 

4.2.1 Study I 

Data on muscle relaxant use was extracted from the Prescription Register 

during 1995-2016. Muscle relaxants were categorized according to the two 

ATC groups: M03A, peripherally acting agents; and M03B, centrally acting 

agents (Table 9). 

 

Table 9. Muscle relaxants identified from the Prescription Register during 

1995-2016. 

 

 Drug: ATC code 

Peripherally acting 

agents: M03A 
Botulinum toxin: M03AX01 

Centrally acting 

agents: M03B 

Methocarbamol: M03BA03 

Carisoprodol, combinations excluding psycholeptics: 

M03BA52 

Methocarbamol, combinations excluding psycholeptics: 

M03BA53 

Chlorzoxazone, combinations excluding psycholeptics: 

M03BB53 

Orphenadrine (citrate): M03BC01 

Orphenadrine, combinations: M03BC51 

Baclofen: M03BX01 

Tizanidine: M03BX02 

Abbreviations: ATC=anatomical therapeutic chemical 
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4.2.2 Study II 

Data on DMARD use was extracted from the Prescription Register since 

1995 until the index date, i.e., PD diagnosis date. DMARDs were selected 

according to ATC codes and were categorised into five classes: 

sulfasalazine, methotrexate, chloroquine or hydroxychloroquine, gold 

preparations, and immunosuppressants including biologic DMARDs (Table 

10). In sensitivity analysis, biologic DMARDs were handled as a separate 

category. Information on corticosteroid use (methylprednisolone ATC: 

H02AB04, prednisolone ATC: H02AB06 and prednisone ATC: H02AB07) was 

also retrieved. 

 

Table 10. Definition of DMARDs. 

 

 Drug: ATC code 

Sulfasalazine Sulfasalazine: A07EC01 

Methotrexate Methotrexate: L04AX03 

Chloroquine or 

hydroxychloroquine 

Chloroquine: P01BA01 

Hydroxychloroquine: P01BA02 

Gold preparations Sodium aurothiomalate: M01CB01 

Auranofin: M01CB03 

Immunosuppressants Mycophenolic acid: L04AA06 

Leflunomide: L04AA13 

Ciclosporin: L04AD01 

Azathioprine: L04AX01 

Biologic DMARDs: 

• Abatacept: L04AA24 

• Etanercept: L04AB01 

• Adalimumab: L04AB04 

• Certolizumab pegol: L04AB05 

• Golimumab: L04AB06 

• Anakinra: L04AC03 

Abbreviations: ATC=anatomical therapeutic chemical; DMARD=disease-modifying 

antirheumatic drug 
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4.2.3 Study III 

Data on β2AR agonist exposure was extracted from the Prescription 

Register since 1995 until three years before the index date, i.e., PD 

diagnosis date. β2AR agonists were categorized according to their 

therapeutic duration of action into short-acting and long-acting, and use 

was defined with ATC codes (Table 11). Combination products with 

corticosteroids and anticholinergics were included. Furthermore, data on 

exposure to inhaled corticosteroids and anticholinergics was separately 

extracted to observe general exposure to other drugs typically used in 

asthma or COPD. 

 

Table 11. Definition of inhaled β2AR agonists, corticosteroids, and 

anticholinergics. 

 

 Drug: ATC code 

Inhaled β2AR 

agonists 
 

Short-acting  Salbutamol: R03AC02, R03AL02 

Terbutaline: R03AC03 

Fenoterol: R03AC04, R03AL01 

Long-acting  Salmeterol: R03AC12, R03AK06 

Formoterol: R03AC13, R03AK07, R03AK08, R03AK11, 

R03AL05 

Indacaterol: R03AC18, R03AL04 

Olodaterol: R03AC19 

Vilanterol (only in combinations): R03AK10, R03AL03 

Inhaled 

corticosteroids 

Beclometasone: R03BA01, R03AK08 

Budesonide: R03BA02, R03AK07 

Fluticasone propionate: R03BA05, R03AK06, R03AK11 

Mometasone: R03BA07 

Ciclesonide: R03BA08 

Fluticasone furoate: R03AK10 
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Table 11 (continued) 

 

 
Drug: ATC code 

Inhaled 

anticholinergics 
 

Short-acting 

muscarinic 

antagonist 

Ipratropium bromide: R03BB01, R03AL01, R03AL02 

Oxitropium bromide: R03BB02 

Long-acting 

muscarinic 

antagonist 

Tiotropium bromide: R03BB04 

Aclinidium bromide: R03BB05, R03AL05 

Glycopyrronium bromide: R03BB06, R03AL04 

Umeclidinium bromide: R03BB07, R03AL03 

Abbreviations: ATC=anatomical therapeutic chemical; β2AR=β2-adrenoceptor 
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4.3 STUDY DESIGNS 

4.3.1 Study I 

Study I was a cohort study in which the incidence of muscle relaxant use 

was evaluated in persons with and without PD from four years before until 

four years after PD diagnosis. The time of PD diagnosis of PD cases was set 

as an index date for referent comparison persons. The FINPARK cohort was 

restricted to persons with PD diagnosed during 2000-2015 (N=18,233) and 

to their comparison persons (N=127,505) (Table 12). Persons diagnosed 

with PD before 2000 were excluded to ensure that all participants had 

adequate follow-up time after a one-year washout period.  

 

Table 12. Formation of study cohort in Study I. 

 

 Persons with PD 

Comparison 

persons without 

PD 

Initial number of persons 21,683 151,639 

PD diagnosis during 2000-2015 18,233 127,505 

Exclusions 

Muscle relaxant use during 1-year 

washout period 
767 4,698 

Long-term hospitalization/ 

institutionalization during 1-year 

washout period 

16 113 

Final sample size 17,450 122,694 

Abbreviations: PD=Parkinson’s disease 

 

A one-year washout period starting five years before index date was 

used to exclude prevalent users (Figure 4). Additionally, persons who had 

been hospitalized or institutionalized more than six months during the 
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washout period or over 90 days on the last day of washout were excluded. 

The final study population included 17,450 persons with PD and 122,694 

comparison persons (Table 12). Incident users were persons who had no 

purchases during the washout but initiated using any of the muscle 

relaxants during the eight-year follow-up period. Only the first initiation 

after washout was included in the analysis. The follow-up was censored for 

any of the following reasons: initiation of muscle relaxant use, 

hospitalization of ≥90 days, death, or end of study on December 31, 2016 

(Figure 4). Comorbidities were measured at the time of index date. 

 

 

 

Figure 4. Design of Study I. PD=Parkinson’s disease 

 

4.3.2 Studies II and III 

Studies II and III were both nested case-control studies conducted within 

FINPARK. PD cases diagnosed during 1996-1998 were excluded since drug 

exposure data was extracted from the beginning of the Prescription 

Register in 1995 and a 3-year lag was applied. A lag of three years was 

supported by Study I results. A lag period means that drug use during the 

lag was excluded in the main analyses (Figure 5). 
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Figure 5. Different exposure time windows in Study II and use of lag period 

in Study III. PD=Parkinson’s disease 

 

In Study II, PD cases were further restricted to persons diagnosed with 

RA at least three years before PD diagnosis and in Study III to persons with 

either asthma or COPD (Table 13). RA, asthma, and COPD were identified 

from the Finnish Care Register for Health Care and Special Reimbursement 

Register, as described in Table 14. Diagnosis date for RA or asthma and/or 

COPD was the earliest event either for hospitalization or specialized health 

care outpatient visit or for entitlement to receive reimbursement for drugs 

used in these conditions. 

For PD cases, up to seven controls were rematched from the 209,594 

comparison persons from the original FINPARK study population, prior to 

application of any exclusion criteria. At first, comparison persons were 

restricted to those with RA (N=5,864) for Study II and those with 

asthma/COPD (N=30,135) for Study III. In Study II, controls were matched 

by age (±2 years), sex, university hospital district, and RA duration (±2 

years). In Study III, matching was by age (±2 years), sex, pulmonary 

diagnosis type (asthma, COPD, both asthma and COPD), duration of 

asthma/COPD diagnosis (± 3 years), and university hospital district. 

Exclusion criteria as described in chapter 4.1.2 were applied for controls, 

during the matching procedure. In both studies, the index date was 

defined as PD diagnosis date or the corresponding date for controls 
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without PD. In total, 315 cases and 1,571 controls with RA were included in 

the final population in Study II and 1,406 cases and 8,630 controls with 

asthma/COPD in Study III (Table 13). 

 

Table 13. Formation of the final study population in Studies II and III.  

  Study II Study III 

Initial number of PD cases 22,189 22,189 

Exclusions 

PD diagnosis before 1999 2,621 2,621 

No RA  

 

No asthma/COPD 

19,101 

 

- 

- 

 

17,197 

RA ≤3 years before PD diagnosis  

 

Asthma/COPD ≤3 years before PD 

diagnosis  

149 

 

 

- 

- 

 

 

949 

Unmatched PD cases 3 16 

Final number of PD cases 315 1,406 

Number of matched controls 1,571 8,630 

Abbreviations: COPD=chronic obstructive pulmonary disease; PD=Parkinson’s 

disease; RA=rheumatoid arthritis 
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Table 14. Definition of RA (Study II), asthma and COPD (Study III). 

 

ICD code or classification number Data source and time period  

Rheumatoid arthritis 

ICD-10: M05-M059, M06, M061 

 

ICD-9: 714, 7140A, 7141A, 7143A, 7143B, 

7143X 

 

Special reimbursement for medication: 

classification number 202 along with one 

of the abovementioned ICD-9 or ICD-10 

codes 

 

ICD-8: 71200, 71210, 71238, 71239 were 

used to acquire the possible earlier date of 

RA diagnosis in case a person also had a 

record of either an ICD-10 or ICD-9 code. 

Finnish Care Register for Health 

Care 1996-2012 

Finnish Care Register for Health 

Care 1987-1995 

 

Special Reimbursement Register 

1972-2012 

 

 

 

Finnish Care Register for Health 

Care 1972-1986 

Asthma 

ICD-10: J45*, J46* Finnish Care Register for Health 

Care 1996-2012 

ICD-9: 493* Finnish Care Register for Health 

Care 1987-1995 

ICD-8: 49300, 49302, 49308, 49309 Finnish Care Register for Health 

Care 1972-1986 

Special reimbursement for medication: 

classification number 203 or 210 along 

with one of the abovementioned ICD-9 or 

ICD-10 codes  

Special Reimbursement Register 

1972-2012 
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Table 14 (continued) 

 

ICD code or classification number Data source and time period  

COPD 

ICD-10: J43*, J44* Finnish Care Register for Health 

Care 1996-2012 

ICD-9: 4912A, 4912B, 492, 4920A, 4928A, 

4928X 

Finnish Care Register for Health 

Care 1987-1995 

ICD-8: 49104, 49201, 49202, 49209 Finnish Care Register for Health 

Care 1972-1986 

Special reimbursement for medication: 

classification number 203 or 210 along 

with one of the abovementioned ICD-9 or 

ICD-10 codes 

Special Reimbursement Register 

1972-2012 

Asthma and COPD 

Abovementioned definitions for both 

asthma and COPD were met. 

 

Abbreviations: COPD=chronic obstructive pulmonary disease; ICD=international 

classification of diseases; RA=rheumatoid arthritis 

*Indicates that all diagnosis codes that begin with these characters are included. 

 

In Study II, data on DMARD exposure before the 3-year lag was 

extracted for the main analysis. In sensitivity analyses, DMARD use within 

the 3-year lag and use at any time before index date without the lag was 

obtained (Figure 5). A user was defined as someone having at least one 

purchase during each observation period. Additionally, exposure histories 

for different DMARD classes before the 3-year lag were obtained. 

In Study III, dose-response analyses examined PD risk and β2AR agonist 

exposure until the beginning of a 3-year lag period. The study population 

was restricted to three subsets: users of short-acting, long-acting, and any 

β2AR agonist, i.e., users of short- and/or long-acting β2AR agonists (Table 

15). Due to the matched design, after nonusers among the study 

population were excluded, unmatched PD cases and controls were 

excluded. The cumulative dose was calculated using DDDs. Furthermore, 

the number of purchase years was calculated. First, purchases were 
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divided according to dispensing date into windows of one year (365 days) 

in relation to index date, after which purchase years were summed to get 

an estimate of years with β2AR agonist exposure. Purchase years were not 

required to be consecutive, and one year of use included at least one 

purchase. Cumulative DDDs were divided with the sum of purchase years 

to get an average exposure per purchase year, i.e., annual exposure 

(DDD/year). 

 

Table 15. Final study population for dose-response analyses in Study III. 

 

 
Short-acting 

β2AR agonist 

Long-acting 

β2AR agonist 

Any β2AR 

agonist 

Initial number of 

users before 3-

year lag 

8,359 4,862 8,669 

Excluded due to 

unmatched cases 

and controls 

983 1,973 818 

Final number of 

users 
7,376 2,889 7,851 

Abbreviations: β2AR=β2-adrenoceptor 

 

4.4 COVARIATES 

For each covariate, definitions and measurement time points are described 

in Table 16. Covariates were retrieved until the index date (Studies I and II) 

or until the beginning of the 3-year lag (Studies II and III), unless otherwise 

specified. Definitions can vary between studies. Covariates were chosen 

based on their possible PD association and as markers of general health 

status that could impact drug exposure.
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4.5 STATISTICAL ANALYSES 

In Studies I-III, descriptive analyses for between-group comparisons were 

performed by a t-test for normally distributed continuous variables and a 

Mann-Whitney U test for non-normally distributed ones. A Chi-squared test 

was performed on categorical variables. Statistical analyses were 

performed using SAS 9.4 software as well as SPSS statistic 25 (Study I) and 

Stata MP14.0 (Studies II and III). 

In Study I, IRs per 100 person-years were calculated for both persons 

with and without PD in six-month assessment periods (Figure 4). Incidence 

rate ratios (IRRs) with 95% CIs were calculated with Poisson regression by 

comparing IR differences between persons with PD and comparison 

persons without PD. Analyses were conducted for muscle relaxant use in 

general and, in particular, for the two most frequently used muscle 

relaxants, tizanidine and orphenadrine, separately. Orphenadrine here 

also refers to its combination preparation with paracetamol. 

In Study II, associations between DMARD use and PD risk were studied 

with conditional logistic regression, and results were reported as ORs with 

95% CIs. Exposure to individual DMARD categories before the 3-year lag, 

use within the lag period, or any use before index date was compared to 

nonuse during that specific exposure period. Associations between 

different exposure histories for DMARDs before the 3-year lag and PD risk 

were compared to sulfasalazine since it was the most frequent exposure 

category. Factors included in the adjusted model were asthma/COPD, 

cancer history, cardiovascular diseases, diabetes, head injury, stroke, and 

substance abuse. A detailed description of these covariates is provided in 

Table 16. 

In Study III, associations between the use of short- or long-acting β2AR 

agonists and PD risk were studied with conditional logistic regression, to 

obtain ORs with 95% CIs, and use was compared to nonuse before the 3-

year lag. For dose-response analyses, continuous variables, cumulative 

DDDs, as well as annual exposure to short-, long-acting and any β2AR 

agonists were categorized into quartiles in primary analyses and into 

tertiles in sensitivity analyses. In conditional logistic regression analyses, 
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the lowest quantile was used as a reference. The adjusted model 

accounted for cancer history, cardiovascular diseases, diabetes, 

socioeconomic position, stroke, substance abuse, and traumatic brain 

injury. For a detailed description of these covariates, see Table 16. In the 

sensitivity analysis, this model was further adjusted for inhaled 

corticosteroids and anticholinergics (Table 11). For statistically significant 

associations, modification by pulmonary diagnosis type was evaluated by 

adding an interaction term, exposure*pulmonary diagnosis type, in the 

adjusted model. Stratified analysis according to pulmonary diagnosis type 

was conducted for long-acting β2AR agonists since the significance level for 

interaction P<0.1 was met. An additional analysis was performed using a 

Kruskal-Wallis test to determine whether differences exist in cumulative 

DDDs and annual exposure to short-, long-acting, or any β2AR agonists 

between individuals with different pulmonary diagnosis types (asthma, 

COPD, asthma and COPD). 

 

4.6 ETHICAL CONSIDERATIONS 

Data was 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 a previous Act in the National Health care 

registers, 556/1989, for which no official English translation is available) the 

study was granted exemption from requiring ethics approval or informed 

consent. Only persons with permission from register maintainers have 

access to this data. 
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5 RESULTS 

5.1 STUDY I 

At the time of index date, the mean age of muscle relaxant users was 67.4 

(SD 10.2) and of nonusers 71.6 (SD 9.5); at the time of initiation, the mean 

age of users was 66.8 (SD 10.4). In the entire study population, over half 

(55.9%) were men. The use of muscle relaxants was more common among 

women (Table 17). Cardiovascular diseases were the most common 

comorbidities, followed by diabetes, asthma/COPD, as well as RA and 

connective tissue diseases (Figure 6). Both cardiovascular diseases and 

diabetes were more common among nonusers with and without PD than 

among users. Compared to nonusers, users with and without PD were 

more likely to have a history of asthma/COPD. 

 

Table 17. General characteristics of the population in Study I measured at 

the time of Parkinson’s disease (PD) diagnosis, i.e., index date. Given as 

mean (standard deviation) for age and n (%) for others.  

 

 PD N=17,450  Non-PD N=122,694  

  
Users 

N=3,424 

Nonusers 

N=14,026 
 P 

Users 

N=18,639 

Nonusers 

N=104,055 
 P 

Age 
67.3 (9.9) 71.8 (9.4) <0.0001 

67.5 

(10.2) 
71.5 (9.5) <0.0001 

Sex   
 

<0.0001   
 

<0.0001 

Men 1,700 

(49.7) 

8,068 

(57.5) 

  9,533 

(51.2) 

59,058 

(56.8) 

 

Women 1,724 

(50.4) 

5,958 

(42.5) 

  9,106 

(48.9) 

44,997 

(43.2) 
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Figure 6. Comorbidities measured at the time of index date between users 

and nonusers of muscle relaxants a) among persons with Parkinson’s 

disease (PD) and b) among persons without PD. 
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During the 8-year follow-up, 19.6% of persons with PD (3,424/17,450) 

and 15.2% of the comparison persons without PD (18,639/122,694) 

initiated the use of a muscle relaxant (Table 18). The three most initiated 

muscle relaxants in both persons with and without PD were tizanidine, 

covering 64% of all initiations in the entire study population, followed by an 

orphenadrine combination with paracetamol and orphenadrine. 

 

Table 18. Initiated muscle relaxants among users with and without 

Parkinson’s disease (PD). 

 

 

Users with PD 

N=3,424; (n %) 

Users without PD 

N=18,639; (n %) 

Tizanidine 2,136 (62.4) 11,977 (64.3) 

Orphenadrine, combinations with 

paracetamol 

749 (21.9) 4,160 (22.3) 

Orphenadrine (citrate) 429 (12.5) 2,148 (11.5) 

Carisoprodol, combinations 

excluding psycholeptics 

57 (1.66) 232 (1.24) 

Baclofen 35 (1.02) 65 (0.35) 

Botulinum toxin 11 (0.32) 14 (0.08) 

Chlorzoxazone, combinations 

excluding psycholeptics 

6 (0.18) 42 (0.23) 

Methocarbamol 1 (0.03) 1 (0.005) 

 

Muscle relaxant initiations were more common among persons with PD. 

For the entire 8-year follow-up period, the incidence of muscle relaxant use 

was higher in persons with PD than in persons without PD (IRR 1.29; 95% CI 

1.25-1.34): 3.03 initiations per 100 person-years among persons with PD 

and 1.29 initiations per 100 person-years among persons without PD. 

Compared to persons without PD, among persons with PD, the IR per 

100 person-years of any muscle relaxant use was significantly higher three 

years before PD diagnosis until six months after (Figure 7). Incidence 

difference was largest at the time of PD diagnosis (IRR 2.04; 95% CI 1.81-

2.30), with 4.5 initiations per 100 person-years among persons with PD 

compared to 2.19 among those without PD. The IR for tizanidine was 

higher in persons with PD from two years before PD diagnosis until six 
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months after. For orphenadrine (including a combination product with 

paracetamol), it was similar from two years before but until the time of PD 

diagnosis. Incidence difference was the highest at the time of PD diagnosis 

for both tizanidine (IRR 2.07; 95% CI 1.79-2.39) and orphenadrine (IRR 1.96; 

95% CI 1.62-2.36).  
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Figure 7. Incidence rates (IRs) for use of any muscle relaxant, tizanidine, 

and orphenadrine in persons with and without Parkinson’s disease (PD) 

from four years before to four years after PD diagnosis. Zero refers to the 

time of PD diagnosis, i.e., index date. 
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5.2 STUDY II 

PD cases and their matched controls with RA were on average 73 years old 

on index date, and the majority (>60%) of them were women (Table 19). 

Cardiovascular diseases were the most common comorbidities among PD 

cases (43.2%) and controls (40.7%) and, between these two groups, the 

prevalence of different comorbidities was similar (Figure 8). 

 

Table 19. General characteristics of population in Study II. 

  
PD cases 

N=315 

Matched 

controls 

N=1,571 

Age; mean (SD) 73.1 (8.2) 73.1 (7.7) 

Sex; n (%) 
 

  

 Men 116 (36.8) 539 (34.3) 

 Women 199 (63.2) 1,032 (65.7) 

Duration of rheumatoid arthritis on 

index date; median (IQR) 
12.6 (8.4-20.5) 11.6 (7.5-19.2) 

Abbreviations: IQR=interquartile range; PD=Parkinson’s disease; SD=standard 

deviation 

 

 

Figure 8. Different covariates between Parkinson’s disease (PD) cases and 

matched controls with rheumatoid arthritis. 
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In the main analysis, the three most used DMARDs were sulfasalazine, 

methotrexate, and chloroquine/hydroxychloroquine (Figure 9). The least 

used DMARD class comprised immunosuppressants including biologic 

DMARDs. Chloroquine/hydroxychloroquine exposure was more common 

among controls (44.8%) than among PD cases (37.5%); otherwise, DMARD 

purchase distribution was similar. 

 

 

Figure 9. Exposure to disease-modifying antirheumatic drugs (DMARDs) 

before the 3-year lag among Parkinson’s disease (PD) cases and matched 

controls with rheumatoid arthritis. 

 

The use of different DMARD classes was not associated with PD risk in 

the main analysis except for the use of chloroquine/hydroxychloroquine, 

which was associated with reduced PD risk (adjusted odds ratio (aOR) 0.74; 

95% CI 0.56-0.97) (Figure 10). In a sensitivity analysis, the use of 

chloroquine/hydroxychloroquine at any time before index date was also 

associated with decreased PD risk (aOR 0.69; 95% CI 0.53-0.89). No 

associations were evident for DMARDs when use only during lag period 

was considered.  

Corticosteroid use before the 3-year lag was common in PD cases 

(66.7%) and controls (67.6%), and their use was not associated with PD risk 

in any exposure time window. Different exposure histories for DMARDs 
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before the 3-year lag when compared to sulfasalazine were not associated 

with PD risk.  

  

Figure 10. Adjusted odds ratios (aORs) with 95% confidence intervals (CIs) 

for the model evaluating associations between disease-modifying 

antirheumatic drugs and Parkinson’s disease risk in different exposure 

time windows. 
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5.3 STUDY III 

PD cases and their matched controls with asthma/COPD were, on average, 

aged 73 on index date, and over 74% had only an asthma diagnosis (Table 

20). Having both asthma and COPD diagnoses was more common than 

having only COPD. Cardiovascular diseases were the most common 

comorbidities among PD cases (47.9%) and controls (47.4%). The 

prevalence of different comorbidities was similar except for cancer history, 

which was more frequent among controls (9.4%) than in PD cases (7.6%) 

(Figure 11). 

 

Table 20. General characteristics of population in Study III.  

  
PD cases 

N=1,406 

Matched 

controls 

N=8,630 

Age; mean (SD) 72.7 (8.8) 72.9 (8.2) 

Sex   

 Men 718 (51.1) 4,366 (50.6) 

 Women 688 (48.9) 4,264 (49.4) 

Duration of asthma/COPD on index 

date; median (IQR) 
12.9 (7.3-20.7) 12.4 (7.2-19.9) 

Pulmonary diagnosis type   

 Asthma 1,047 (74.5) 6,633 (76.9) 

 Asthma and COPD 226 (16.1) 1,236 (14.3) 

 COPD 133 (9.5) 761 (8.8) 

Abbreviations: COPD=chronic obstructive pulmonary disease; IQR=interquartile 

range; PD=Parkinson’s disease; SD=standard deviation 
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Figure 11. Different covariates between Parkinson’s disease (PD) cases and 

matched controls with asthma/chronic obstructive pulmonary disease. 

 

Over 86% of cases and controls had purchased an β2AR agonist. The 

most used short-acting β2AR agonist was salbutamol; among long-acting 

β2AR agonists, it was salmeterol (Figure 12). Only eight controls had 

purchased indacaterol, and none purchased olodaterol or vilanterol. Use 

before the 3-year lag of either short- or long-acting β2AR agonists was not 

associated with PD risk (aOR 1.13; 95% CI 0.95-1.33 and 1.01; 0.89-1.14, 

respectively). Additional adjustment with use of inhaled anticholinergics 

and corticosteroids had no effect on the association. 
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Figure 12. Exposure to β2-adrenoceptor (β2AR) agonists before the 3-year 

lag among Parkinson’s disease (PD) cases and matched controls with 

asthma/chronic obstructive pulmonary disease. 

 

In dose-response analyses, quartiles of cumulative DDDs for short-, 

long-acting, or any β2AR agonists were not associated with PD risk (Figure 

13). The result was similar in the sensitivity analysis with tertile division; 

however, the highest tertile of cumulative DDDs for any β2AR agonist 

(1,275-15,246 DDDs) showed a borderline protective association due to a 

narrower CI (aOR 0.85; 95% CI 0.72-1.00). 
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Figure 13. Adjusted odds ratios (aORs) with 95% confidence intervals (CIs) 

for evaluating the associations between β2AR agonists (beta-2 agonists) 

and Parkinson’s disease risk across the quartiles of cumulative defined 

daily doses (DDDs). 

 

Different levels of annual exposure to short-acting or any β2AR agonists 

were not associated with PD risk (Figure 14). The highest quartile of long-

acting β2AR agonists (311-1,032 DDD/year) was associated with decreased 

PD risk (aOR 0.75; 95% CI 0.58-0.97). Correspondingly, in the sensitivity 

analysis, the association weakened for the highest tertile for annual 

exposure to long-acting β2AR agonists (280-1,032 DDD/year, aOR 0.82; 95% 
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CI 0.65-1.02). Tertile categorization showed no dose-response association 

for annual exposure to short-acting or any β2AR agonists. 

 

 

Figure 14. Adjusted odds ratios (aORs) with 95% confidence intervals (CIs) 

for evaluating associations between β2AR agonists (beta-2 agonists) and 

Parkinson’s disease risk across the quartiles of annual exposure. 

DDD=defined daily dose 

 

In the analysis for annual exposure to long-acting β2AR agonists 

stratified by pulmonary diagnosis type, the lowest aORs were for those 

with both asthma and COPD; the third quartile was associated with 

decreased PD risk (aOR 0.48; 95% CI 0.27-0.87, Figure 15). For asthma, the 
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highest quartile was modestly associated with decreased PD risk (aOR 0.74; 

95% CI 0.55-1.01). No associations emerged in persons with COPD as CIs 

were wide (n=130). 

 

 

Figure 15. Stratified analysis across the quartiles of average annual 

exposure to long-acting β2AR agonists by pulmonary diagnosis type. 

aOR=adjusted odds ratio; CI=confidence interval; COPD=chronic 

obstructive pulmonary disease 

 

The highest median cumulative DDDs and annual exposure to short-, 

long-acting, or any β2AR agonists consistently appeared in those with both 

asthma and COPD diagnoses (Figure 16). Medians differed when compared 

between the three different pulmonary diagnosis types (p<0.0001). 
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Figure 16. a) Cumulative DDD and b) annual exposure (DDD/year) for β2AR 

agonists among different pulmonary diagnosis types. P values for all 

comparisons between different pulmonary diagnosis types were <0.0001. 

COPD=chronic obstructive pulmonary disease; DDD=defined daily dose 
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6 DISCUSSION 

6.1 INCIDENCE OF MUSCLE RELAXANT USE IN RELATION TO 

PARKINSON’S DISEASE DIAGNOSIS (STUDY I) 

The incidence rate for any muscle relaxant use was constantly higher in 

persons with PD from three years before PD diagnosis until six months 

after, in relation to comparison persons. Since no similar previous studies 

on muscle relaxant use in PD exist, these findings cannot be directly 

compared. However, muscle relaxant use can reflect occurrence of 

different prodromal musculoskeletal symptoms. According to previous 

findings, the prevalence of shoulder or neck pain or stiffness, which can be 

indirect symptoms of rigidity, was higher in persons with PD even a decade 

before PD diagnosis (Bohlken et al., 2022; Schrag et al., 2022). 

The highest incidence rate for muscle relaxant use was observed in the 

6-month interval prior to PD diagnosis, with a 2-fold higher incidence 

compared with persons without PD. This rate may be explained by general 

practitioners (GPs) prescribing muscle relaxants to relieve muscle 

symptoms even in cases when GPs have sent a referral to neurological 

clinic. Gaining access to neurological specialized health care services after 

referral can take months and delay the diagnostic process. Muscle relaxant 

initiations were comparable with persons without PD within a 6-month 

interval after PD diagnosis, presumably due to dopaminergic therapy 

initiation, which may have alleviated muscle symptoms. 

Better understanding of PD-related muscle symptoms could prevent the 

use of inappropriate medications as older populations are susceptible to 

adverse effects of muscle relaxants. Despite the historical use of 

orphenadrine in PD treatment, it is not recommended in persons ≥65 due 

to its anticholinergic adverse effects increasing risk of confusion, 

constipation, and falls (Brocks, 1999; By the 2023 American Geriatrics 

Society Beers Criteria® Update Expert Panel, 2023). Tizanidine, the most 

frequently initiated muscle relaxant, is not recommended in persons >75 

due to risk of sedation and hypotension among others, according to a 
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Finnish Med75+ database, which provides recommendations for drug use 

in older persons (Meds75+, 2023). Baclofen should be used with caution in 

persons with renal insufficiency, due to increased encephalopathy risk, but 

the risk of sedation, confusion, and falls also limits its use in older persons 

(By the 2023 American Geriatrics Society Beers Criteria® Update Expert 

Panel, 2023; Meds75+, 2023). Baclofen may also worsen PD symptoms in 

levodopa-treated persons (Lees et al., 1978). Only 1% of users with PD had 

initiated baclofen during follow-up. 

Musculoskeletal symptoms can be an early PD sign and, together with 

early non-motor symptoms, they may help in identifying persons at risk of 

developing PD. Identifying these persons would enable conducting trials 

with disease-modifying interventions in the prodromal stages (Mahlknecht 

et al., 2022). A better assessment of prodromal symptoms might also lead 

to earlier diagnosis (Berg et al., 2015) 

 

6.2 DISEASE-MODIFYING ANTIRHEUMATIC DRUGS AND RISK OF 

PARKINSON’S DISEASE (STUDY II) 

DMARD use could explain reduced PD risk in persons with RA (Gonzalez-

Latapi and Marras, 2022). Nevertheless, the DMARD-PD relationship has 

been largely unexplored. Study II showed that different DMARDs or 

corticosteroids were not associated with PD risk, except for 

chloroquine/hydroxychloroquine in an indication-restricted study on 

persons with RA. The result remained with and without a 3-year lag in 

exposure assessment prior to PD diagnosis. 

No previous register-based study has assessed the association between 

individual DMARDs and PD risk within persons with RA. Instead, DMARD 

use in persons with RA has been compared with control groups without RA 

in two cohort studies (Kang et al., 2023; Sung et al., 2016). In Sung et al. 

(2016), DMARD use, in general, was associated with 36% lower PD risk; 

among these, biologic DMARDs were associated with 43% lower PD risk. 

Noteworthily, nonusers with RA had a similar inverse association. On the 

contrary, in Kang et al. (2023), the use of biologic DMARDs was not 

associated with PD risk whereas nonusers with RA had 78% increased PD 
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risk. What further complicates the comparison is that RA itself was 

inversely associated with PD risk in these studies since Sung et al. reported 

lower risk while Kang et al. highlighted increased risk. These conflicting 

findings warrant closer inspection of individual DMARDs while accounting 

for possible confounding by indication. 

Study II demonstrated that chloroquine/hydroxychloroquine was 

associated with 26% reduced relative PD risk with a 3-year lag period and a 

somewhat stronger association without the lag. 

Chloroquine/hydroxychloroquine has been related to reduced PD risk in 

two previous US case-control studies, but findings are not directly 

comparable to Study II as those studies were not restricted to persons with 

RA (Racette et al., 2018; Song et al., 2023). Hydroxychloroquine was 

associated with 23% reduced relative PD risk when compared to nonusers 

in Racette et al. (2018). After researchers applied a 1-year lag, this 

association attenuated. In another study, also based on Medicare claims 

data, chloroquine/hydroxychloroquine was associated with 16% lower PD 

risk compared to nonusers with a 1-year lag (Song et al., 2023). Both 

studies are limited by a short two-year exposure assessment period, which 

may have led to exposure misclassification. A 1-year lag might be 

inadequate to account for reverse causality. PD cases have been differently 

identified between these two studies and FINPARK. In these two, only 

atypical parkinsonism and dementia with Lewy bodies were accounted for 

as possible misdiagnoses whereas FINPARK has more extensive exclusion 

criteria. Despite differences in study population and design, Study II 

findings support potential reduced PD risk among 

chloroquine/hydroxychloroquine users. 

Chloroquine and hydroxychloroquine were initially used as antimalarial 

drugs but later proved beneficial in RA and some other autoimmune 

diseases such as systemic lupus erythematosus (Schrezenmeier and 

Dörner, 2020). Hydroxychloroquine has replaced chloroquine as it has less 

adverse effects (Aviña-Zubieta et al., 1998), but chloroquine was still 

present in our data and was, therefore, included in analyses. Chloroquine 

and hydroxychloroquine are immunomodulatory drugs with multifaceted 

mechanisms of action (Schrezenmeier and Dörner, 2020). They accumulate 
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in lysosomes and interfere with lysosomal activity and autophagy, 

impairing antigen presentation. These drugs inhibit Toll-like receptor 

signalling and decrease production of pro-inflammatory cytokines. In 

addition to these molecular- and cellular-level mechanisms, 

hydroxychloroquine has cardiovascular protective effects. Chloroquine 

may improve lipid profile as well as reduce the incidence of diabetes and 

cardiovascular events in persons with RA (Rempenault et al., 2018). 

Immunomodulatory and cardiovascular effects may explain the lower PD 

risk as immune system dysregulation and cardiovascular risk factors are 

linked with PD (Potashkin et al., 2020; Tan et al., 2020). 

Experimental studies have further explored the potential 

neuroprotective effects of chloroquine/hydroxychloroquine in different PD 

models. Chloroquine decreased MPTP-induced oxidative stress both in 

vitro and in vivo and suppressed pro-inflammatory mediators in the mouse 

brain and improved behaviour and cognitive impairment in an MPTP-

induced PD mouse model (Kartik et al., 2023). Chloroquine improved 6-

hydroxydopamine (6-OHDA)-induced neurotoxicity in vitro (Kim et al., 

2015). Hydroxychloroquine improved motor performance in both 

rotenone- and 6-OHDA-induced PD rat models (Athari et al., 2022; Hedya et 

al., 2019). Hydroxychloroquine also reduced α-synuclein protein in the 

substantia nigra pars compacta of rats (Athari et al., 2022). 

Methotrexate is an interesting drug in that it is the first-line treatment in 

RA and long-term pharmacotherapy might lower PD risk (Aletaha and 

Smolen, 2018; Gonzalez-Latapi and Marras, 2022). Methotrexate reduces 

inflammation although it is administered only once per week in RA 

(Swierkot and Szechiński, 2006). Nevertheless, according to previous 

studies, methotrexate apparently do not lower PD risk. Racette et al. (2018) 

reported 16% lower PD risk when exposure was measured up to PD 

diagnosis and compared to nonusers; however, with a 1-year lag, the 

association attenuated. Methotrexate was not significantly associated with 

PD risk with a 1-year lag in a case-control study by Song et al. (2023). In our 

Study II, no association was observed between methotrexate use and PD 

risk with or without a 3-year lag in persons with RA. 
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Regarding other individual DMARDs, knowledge of their relationship 

with PD risk is lacking. Sulfasalazine, which is included in triple therapy 

along with methotrexate and hydroxychloroquine, is a common RA drug 

(Möttönen et al., 1999). No association was found in Racette et al. (2018) 

nor in Study II. Azathioprine, leflunomide, and mycophenolate were 

associated with lower PD risk; however, this association disappeared after 

they applied a 1-year lag (Racette et al., 2018). In Study II, these drugs, 

along with different biologic DMARDs, were classified as 

immunosuppressants, which were not associated with PD risk. Biologic 

DMARDs are relatively new drugs, and their use was infrequent during the 

years of available data. Biologic and targeted synthetic DMARDs have 

specific targets in the immune system pathway and are more powerful 

immunosuppressants than traditional synthetic DMARDs (Aletaha and 

Smolen, 2018). Therefore, their relationship with PD risk is interesting. As a 

comparison, TNF-α inhibitors were associated with reduced PD incidence in 

persons with inflammatory bowel disease compared to unexposed 

persons (Peter et al., 2018). 

Pharmacoepidemiological studies of specific DMARDs are complicated 

by the fact that DMARDs are often used in combination therapy in RA and 

that each DMARD has a specific mechanism of action. Drug choice is 

dependent on symptom severity and tolerance (Smolen et al., 2020), which 

may confound the association if these features influence PD risk. We 

accounted for combination treatments by observing which types of 

DMARDs persons were exposed to before the start of the 3-year lag. 

Sulfasalazine monotherapy was the most common category to which other 

exposure histories were compared, but no associations emerged, which 

may be due to lack of statistical power as only a few persons had certain 

combinations. An active comparator instead of nonuse was used to reduce 

potential confounding by disease severity (Stürmer et al., 2020). PD cases 

and controls were also matched for RA duration, and a sensitivity analysis 

with additional adjustment for disease duration had no effect on results. 
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6.3 Β2AR AGONISTS AND RISK OF PARKINSON’S DISEASE (STUDY 

III) 

In Study III, which was restricted to persons with asthma/COPD, inhaled 

β2AR agonists were not associated with PD risk. Possible reverse causality 

was addressed by applying a 3-year lag in exposure assessment. 

Addressing confounding by indication and smoking are typical challenges 

in epidemiological studies on β2AR agonists and PD risk, and such 

confounding may have contributed to lower PD risk in previous studies 

(Hopfner et al., 2019; Searles Nielsen et al., 2018). The main indications for 

β2AR agonists are asthma and COPD, which are also associated with an 

increased risk of PD development (Cheng et al., 2015; C.-H. Li et al., 2015). 

These pulmonary diseases are affected by smoking as it is the greatest 

COPD risk factor, (GOLD, 2023) increasing the risk of adult-onset asthma 

and worsening asthma control (Jaakkola et al., 2019). Smoking is difficult to 

capture by using routinely collected health care data since it is not directly 

recorded in registers in Finland or in other countries (Chen et al., 2020; Liu 

et al., 2023; Tuominen et al., 2023). Indication-restriction may control the 

issue by reducing the heterogeneity of smoking history in the study 

population; however, it is probably still differently distributed between 

persons with COPD and asthma.  

Study III findings are in line with those from a previous nested case-

control study, in which the use of any β2AR agonist was not associated 

with PD risk when compared to nonuse among persons with COPD (Chen 

et al., 2020). Different purchase frequencies within a 2-year exposure 

assessment period or the length of the lag from 2 to 3 years had no 

influence on the result. Their data lacked information on smoking. 

However, restriction to persons with COPD can eliminate variation in 

smoking, which may no longer confound the association. 

On the contrary, two other indication-restricted studies found a modest 

negative association between β2AR agonists and PD risk. In a nested case-

control study of persons with asthma/COPD, each additional month of 

exposure to short-acting β2AR agonists was associated with 10% lower PD 

risk (Marras et al., 2020). In a cohort study of persons with asthma/COPD 
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(including bronchiectasis), the number of 30-day claims for any β2AR 

agonist during a 4-year period was modestly associated with lower PD risk 

(OR 0.986; 95% CI 0.977-0.995) (Nadeem et al., 2022). However, these ORs 

are very close to 1, and no difference emerged in 4-year incidence between 

users and nonusers of β2AR agonists. Differences in exposure 

measurement prevent direct comparison to Study III. 

Investigation of the dose-response relationship elaborates the link 

between β2AR agonists and PD risk. When exposure was categorized into 

quartiles of cumulative DDDs and average annual exposure (DDD/year), no 

clear dose-response relationship emerged among users. Quartiles of 

cumulative DDDs for any β2AR agonist regardless of the duration of action 

were not associated with PD risk. As for annual exposure, the highest 

quartile of long-acting β2AR agonists was associated with 25% lower PD 

risk; relative risk estimates for short- or any β2AR agonists did not reach 

statistical significance. 

None of the previous indication-restricted studies calculated cumulative 

exposure using DDDs. However, two recent Nordic cohort studies of the 

general population calculated cumulative DDDs across the exposure 

period (Liu et al., 2023; Tuominen et al., 2023). They included combinations 

with inhaled anticholinergics and corticosteroids, similar to Study III. When 

average DDDs for a 2-year exposure period were divided into low and high 

doses, when compared to nonuse, short- or long-acting β2AR agonists 

exhibited no dose-response relationship (Liu et al., 2023). Analyses were 

adjusted for COPD as proxy for smoking. On the contrary, Tuominen et al. 

(2023) reported a dose-dependent reduced risk across all exposure 

quantiles for any, short-, long-, and ultra-long-acting β2AR agonists, when 

compared to nonuse. An exception was the highest quantile for ultra-long-

acting β2AR agonists, which was non-significantly associated. After 

excluding persons with COPD, exposure quantiles for any β2AR agonists 

were no longer associated with PD risk. Neither of these studies provided 

exact DDDs, preventing the comparison of cumulative exposure levels with 

Study III. 

Pulmonary disease type modified the association of annual exposure to 

long-acting β2AR agonists. In the stratified analysis, the lowest point 
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estimates were among persons with both asthma and COPD. Cumulative 

exposure in these persons was the highest compared to groups with COPD 

or asthma alone, which probably reflects disease severity: to manage 

exacerbations, more frequent use and higher doses are needed (GINA, 

2022; GOLD, 2023). Persons with asthma–COPD overlap syndrome 

reportedly have a higher risk of PD development (Yeh et al., 2018), and they 

have more symptoms than persons with asthma or COPD alone do 

(Nielsen et al., 2015). Based on this report, the reason higher β2AR agonist 

exposure would be beneficial in terms of PD in a group with both asthma 

and COPD is unclear. This group with both asthma and COPD presumably 

includes non-smokers; asthma in non-smokers may develop into COPD 

(Silva et al., 2004). Differential smoking history among β2AR agonist users 

can confound the association as smokers may require more frequent use 

and higher doses of β2AR agonists. 

As for persons with asthma or COPD alone, the highest quartile of 

annual exposure to long-acting β2AR agonists had a borderline association 

with reduced PD risk in asthma, and no associations emerged in persons 

with COPD. Differential distribution of smoking history among persons 

with asthma could contribute to lower PD risk suggested in the highest 

exposure group. COPD findings should be interpreted with caution as the 

number of persons with only COPD was small, resulting in wide CIs. 

Nevertheless, relative risk estimates were not suggestive of reduced PD 

risk, in line with those in Chen et al. (2020). Despite the experimental 

findings on potential effects on α-synuclein pathology and 

immunomodulatory functions (Magistrelli and Comi, 2020), in the light of 

Study III and previous epidemiological literature, β2AR agonists do not 

seem to modify PD risk in persons with pulmonary disease. 

 

6.4 METHODOLOGICAL CONSIDERATIONS 

A particular strength of this thesis is the large nationwide study population. 

Persons with PD were identified from the Special Reimbursement Register, 

based on entitlement for reimbursement for PD drugs provided that ICD-

code G20 was recorded in connection with classification code 110. The 
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benefit of this approach is that persons are examined by neurologists who 

submit statements to the SII, which centrally reviews whether strict 

eligibility criteria are met. Despite a record of PD diagnosis, comprehensive 

exclusion criteria based on neurologist expertise were applied in FINPARK 

to account for possible misdiagnoses as diagnosing PD is challenging, 

especially in the early stage (Adler et al., 2021). FINPARK exclusion criteria 

are not validated, but the proportion of excluded persons (roughly 1/4) is 

similar to that of incorrect diagnoses by general neurologists in Finland 

(Joutsa et al., 2014). One limitation is that the starting point of the 

diagnostic process is not recorded in registers; thus, the date of 

entitlement for reimbursement is an estimate of diagnosis time. 

Register-based Finnish data on drug and health care use provides an 

extensive source for pharmacoepidemiological research. One strength is 

that all citizens are covered by publicly financed health care, which is not 

limited by residential area or socioeconomic position, yielding nationally 

representative findings (Laugesen et al., 2021). Furthermore, health 

registers have a long history in Finland (Gissler and Haukka, 2004), enabling 

a long follow-up before PD diagnosis. The validity of the Prescription 

Register is high and suitable for risk factor studies as it is free from recall 

bias (Laugesen et al., 2021). Observation gaps in drug exposure are 

possible due to hospital stays or gaps in reimbursement periods. Over-the-

counter drugs are not included, but all drugs studied in this thesis are only 

available with a prescription. 

Study I was the first to describe muscle relaxant use as a proxy for 

muscle symptoms in prodromal PD. Analyses were restricted to new users 

to avoid prevalent user bias (Ray, 2003) since prevalent use may not 

capture the relationship with PD-associated symptoms. The rationale for 

the 4-year follow-up preceding PD diagnosis is based on the available data 

in the Prescription Register since 1995. Data restriction to those diagnosed 

with PD from 2000 onwards ensured that all persons included had at least 

5 years of purchase data prior to PD without excessive reduction of sample 

size in FINPARK. The Prescription Register does not capture drug use in 

hospitals or in public nursing homes; therefore, to reduce potential 
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misclassification of exposure, the follow-up was censored at the beginning 

of ≥90 days of hospitalization. 

The long history of register data permitted us to control for potential 

reverse causality in Studies II and III and yet have a relatively long exposure 

assessment period. Lag length was chosen based on Study I findings. The 

appearance of disturbing motor-related symptoms in the FINPARK cohort 3 

years before diagnosis reflects neurodegeneration impact. Despite 

neurodegeneration beginning long before diagnosis (Berg et al., 2021), half 

of the dopaminergic cells may still be functional in the substantia nigra pars 

compacta at the time when motor symptoms meet diagnostic criteria 

(Cheng et al., 2010). Thus, in theory, drug exposure before the 3-year lag 

could still modify neurodegeneration to some extent. Additionally, to 

prevent DMARDs or β2AR agonists from being prescribed or avoided due 

to prodromal symptoms or a result of increased health care contact due to 

diagnostic PD processes, measuring exposure before the occurrence of 

disturbing motor-related symptoms was important. RA, asthma, and COPD 

are chronic diseases and may also influence PD identification due to more 

regular health care visits. 

To trace the earliest time of diagnosis and to identify all persons with RA 

and asthma/COPD in the indication-restricted Studies II and III, a 

comprehensive attempt was conducted by using both the Care Register for 

Health Care and the Special Reimbursement Register. The Care Register for 

Health Care has good accuracy for common diagnoses and covers persons 

with hospital visits and, nowadays, also specialist outpatient visits (Sund, 

2012). The use of the Special Reimbursement Register with an ICD code 

record, indicating the condition for which the reimbursement was granted, 

gives complementary information as it captures outpatient care in both 

public and private sectors. In addition, rheumatologists issue RA 

statements while mainly GPs do those for asthma/COPD. In all cases, 

diagnosis statement fulfilment is checked by medical doctors at the SII.  

The inclusion criteria, including the specific diagnosis codes in 

indication-restricted designs, were based on clinical experience in 

rheumatology and pulmonary diseases. Different ICD versions have been 

used during the years, and disease classification precision has evolved 
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through ICD revisions, which pose a potential limitation (Smedby and 

Schiøler, 2006). The focus in Study II was to identify seropositive RA 

because seronegative RA is a different disease entity and is linked with 

diagnostic inaccuracies (Paalanen et al., 2019). Tracing the earliest 

diagnosis was challenging, as the 8th revision makes no distinction based 

on serology. To reduce potential differential misclassification, the impact of 

changes in diagnostic processes was minimized by using not just ICD-8 

codes to detect RA. Furthermore, due to imprecise coding accuracies (3 to 

5 characters) in the Special Reimbursement Register, the study population 

can include some persons with the seronegative disease type. In Study III, 

misclassification of asthma and COPD is theoretically possible since 

asthma can be difficult to differentiate from COPD, especially in older 

persons (Bouwens et al., 2022). COPD is universally underdiagnosed, 

including in Finland (Kainu et al., 2013). 

The indication-restriction design reduces heterogeneity in possible 

confounders; this reduction is seen in the similar distribution of comorbid 

conditions in Studies II and III. Despite indication-restriction, residual 

confounding by disease severity may remain (Salas et al., 1999) because 

treatment choice and prescribed doses depend on disease stage. To 

control possible differential association with PD by disease severity, 

controls were matched with PD case by disease duration and, in Study III, 

additionally by pulmonary diagnosis type. Nonusers may be intrinsically 

different from users in terms of disease severity. Apart from comparing 

use to nonuse, an active comparator was used in Study II in an additional 

analysis of exposure histories; in Study III, dose-response analyses were 

conducted among users. 

A general limitation of register-based data is the lack of information on 

lifestyle factors, particularly smoking. This thesis included mental and 

behavioural disorders due to tobacco use (ICD-10 F17) in the substance 

abuse variable, but this code is unlikely to identify many smokers. Several 

studies demonstrate that smokers are less likely to develop PD (Hernán et 

al., 2002). Smoking could theoretically confound the association between 

DMARDs and PD risk since smoking increases RA risk (Sugiyama et al., 
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2010). Smoking probably more profoundly affects the relationship between 

β2AR agonists and PD risk, as discussed above. 

The Prescription Register contains information on dosage via DDDs, 

which was used to determine dose-response relationship in Study III, but 

its limitations should be acknowledged. DDDs are good for comparing 

rough consumption but, since one DDD is the assumed average 

maintenance dose per day in adults, it is not necessarily the prescribed 

dose or the dose used (WHOCC - Definition and general considerations, 

2022). As an example, one DDD for salbutamol is 0.8 mg; as it is often used 

as needed for symptom relief, all persons with salbutamol purchases 

taking one DDD daily is unlikely (WHOCC - ATC/DDD Index, 2023). Unit 

doses are assigned for combination products of β2AR agonists, which may 

not be equivalent to DDDs of the single active ingredient (WHO 

Collaborating Centre for Drug Statistics Methodology, 2023). As an 

example, one DDD of formoterol in a combination product (ATC R03AK07) 

contains 2-4 unit doses corresponding to 18 µg formoterol and 320-640 µg 

budesonide while one DDD for formoterol is 24 µg; for inhaled 

budesonide, it is 800-1500 µg (WHOCC - ATC/DDD Index, 2023; WHOCC - 

List of DDDs combined products, 2023). Combination treatment is, 

however, very common in both asthma and COPD (GINA, 2022; GOLD, 

2023); therefore, including them in the calculation of cumulative exposure 

is justifiable. Additionally, DDDs in combination products (ATC R03AK) are 

based on maintenance treatment of severe asthma and COPD and not on 

solely one of them (WHO Collaborating Centre for Drug Statistics 

Methodology, 2023). This fact is relevant as Study III included both 

pulmonary diseases. 

A limitation of both the indication-restriction and lag period approach is 

sample size reduction, which may decrease power and precision by limiting 

the detection of weak associations and increasing confidence interval 

width. The findings especially for biologic DMARDs and conclusions from 

stratified analyses in Study III should be interpreted with caution as the 

small number of the exposed may affect effect estimates. In Studies II and 

III, controls were rematched using comparison persons from the entire 

FINPARK study. The ideal approach would have been to re-retrieve controls 
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from the national registers so that all persons in Finland with RA in Study II 

or asthma/COPD in Study III would have been the actual source population 

for control selection. This approach would have led to a larger number of 

controls. However, the increased statistical power may not have changed 

the conclusions. The ideal identification of controls was unfeasible; the 

selection of controls with RA or asthma/COPD in FINPARK was probably 

random, yielding, in Studies II and III, estimates that were probably not 

biased. 
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7 CONCLUSIONS 

Based on the results of this thesis, the following conclusions can be drawn: 

 

1. The incidence of muscle relaxant use was higher in persons with PD 

already three years before PD diagnosis in relation to comparison 

persons; this higher incidence may reflect prodromal motor symptoms. 

 

2. Identifying an appropriate exposure assessment period is important 

when studying risk factors for a disease with a long prodromal period 

such as PD. Drug utilization studies provide information for designing 

better pharmacoepidemiological risk factor studies. 

 

3. In general, DMARDs were not associated with PD risk in persons with 

RA. An exception was chloroquine/hydroxychloroquine, which was 

associated with reduced PD risk. 

 

4. Any use of either short-acting or long-acting β2AR agonists was not 

associated with PD risk when compared to nonuse in persons with 

asthma/COPD. 

 

5. In dose-response analysis, the highest quartile of annual exposure to 

long-acting β2AR agonists was associated with reduced PD risk, but this 

association was modified by pulmonary disease type. The lowest risk 

estimates were in persons with both asthma and COPD, which may be 

explained by residual confounding of disease severity and smoking. 
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7.1 IMPLICATIONS FOR CLINICAL PRACTICE AND FUTURE 

RESEARCH 

1. Nonspecific muscle symptoms seem to be present in prodromal PD. 

Older adults experiencing muscle symptoms should be examined 

thoroughly to avoid unnecessary use of muscle relaxants in a 

population susceptible to their adverse effects. 

 

2. In pharmacoepidemiological risk factor studies, it is important to 

consider appropriate exposure assessment period, confounding by 

indication, and investigation of dose-response relationship. 

 

3. Further epidemiological and experimental studies are needed to 

explain the association between chloroquine/hydroxychloroquine and 

reduced PD risk. 

 

4. Future studies should investigate how biologic DMARDs and targeted 

synthetic DMARDs are associated with PD risk. 

 

5. Future studies on inhaled β2AR agonists and PD risk should have 

validated and comprehensive information on smoking history. 
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Abstract
Background Parkinson’s disease is the second most common neurodegenerative disorder. Motor and non-motor symp-
toms seem to precede the diagnosis of Parkinson’s disease. Objective To evaluate the incidence of muscle relaxant use in 
community-dwelling persons with and without Parkinson’s disease from 4 years before to 4 years after the diagnosis of Par-
kinson’s disease. Method Nationwide register-based cohort included all community-dwelling Finnish persons who received 
reimbursement of Parkinson’s disease drugs between 2000 and 2015 (N = 17,450) and comparison persons without Parkin-
son’s disease who were matched for age, gender and region of residence (N = 122,694). Data on muscle relaxant use during 
1995–2016 were collected from the Prescription Register. Results The incidence of muscle relaxant use was higher among 
persons with Parkinson’s disease in comparison to persons without Parkinson’s disease from 3 years before the diagnosis 
until 6 months after the diagnosis. The largest difference in incidence rates was observed at the time of the diagnosis (inci-
dence rate ratio = 2.04, 95% confidence interval = 1.81–2.30). Tizanidine was the most frequently initiated muscle relaxant. 
Conclusions The incidence of muscle relaxant use starts increasing years before the diagnosis of Parkinson’s disease but 
declines after that. It is important to identify the causes of muscle symptoms to avoid unnecessary muscle relaxant use and 
consequent adverse effects and events.

Keywords Finland · FINPARK cohort · Incidence · Muscle relaxants · Parkinson’s disease

Impact on practice statements

• Non-specific muscle symptoms and consequent muscle 
relaxant use might be preceding symptoms of Parkinson’s 
disease

• Muscle relaxant use could be early sign of Parkinson’s 
disease. To avoid unnecessary use of muscle relaxants 
reasons causing non-specific muscle symptoms should be 
investigated thoroughly. Muscle relaxants should be used 
cautiously especially in older persons with Parkinson’s 
disease due to potential adverse effects and events such 
as hypotension and falls

Introduction

Parkinson’s disease (PD) is the second most common neuro-
degenerative disorder, with the incidence estimated to be 15 
per 100,000 individuals per year [1]. The incidence increases 
with age, particularly after the age of 60 years [2, 3].

According to a new definition, PD could be divided into 
preclinical, prodromal, and clinical stages [4]. In the pre-
clinical stage, no signs or symptoms are present yet, despite 
the neurodegenerative changes that have begun. In the pro-
dromal stage, symptoms and signs are present, but not yet 
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identified as clinical PD. Motor symptoms such as tremor, 
shoulder pain or stiffness, and rigidity have been reported 
to appear 2 years before PD diagnosis [5]. Whether these 
motor symptoms are treated with symptomatic drugs (e.g. 
muscle relaxants) has not previously been studied. However, 
muscle relaxants have potential serious adverse drug effects 
and events, such as sedation and fatigue, or cardiac arrhyth-
mias [6].

Aims of the study

The aim of this study was to investigate incidence of muscle 
relaxant use in community-dwelling persons with and with-
out PD from 4 years before to 4 years after the diagnosis 
of PD.

Ethics approval

According to Finnish legislation, no ethics committee 
approval was required since persons were not contacted 
and the data was de-identified. Permission for the data was 
received from register maintainers.

Method

This nationwide register-based study was based on the 
FINPARK cohort, which includes all community-dwelling 
Finnish persons (N = 29,942) who received special reim-
bursement of PD drugs between 1996 and 2015. Persons 
were identified from the Special Reimbursement Register 
which is maintained by the Social Insurance Institution of 
Finland (SII). This register includes data on chronic diseases 
diagnosed by a physician. Persons with PD are entitled to a 
special reimbursement after the SII have accepted the medi-
cal certificate from a neurologist. According to the Finn-
ish Current Care Guideline, PD diagnosis must be based 
on the United Kingdom Parkinson’s Disease Society Brain 
Bank (UKPDSBB) criteria. Persons with diagnoses other 
than PD (International Statistical Classification of Diseases 
and Related Health Problems, ICD-10, G20) with the same 
special reimbursement code (110) (N = 1244), and persons 
under the age of 35 years were excluded (N = 53) (Supple-
mentary figure). In addition, persons with a diagnosis of 
diseases that have similar types of symptoms as PD, such as 
multiple sclerosis, secondary parkinsonism and Alzheimer’s 
disease, within the two-year time window of PD diagno-
sis were excluded from this study (N = 6962). Diagnoses 
were obtained from the Special Reimbursement Register 
and Hospital Discharge Register containing hospital admis-
sions, discharge days with diagnoses as ICD-10 codes [7]. 

After exclusion of persons, the number of the PD popula-
tion was 21,683. For every person with PD, 1-7 comparison 
persons without PD were matched for age, gender and region 
of residence from the SII database covering all residents 
(n = 127,505). The matching date, i.e., time of PD diagnosis 
of the case was assigned as an index date for comparison 
persons. Persons diagnosed during the years 2000–2015 and 
their comparison persons were included to allow follow-up 
time for drug use 5 years before the diagnoses.

The FINPARK cohort combines data from several nation-
wide registers including the Prescription (1995–2016), the 
Special Reimbursement (1972–2016) and the Hospital Dis-
charge Register (1972–2016). Comorbid conditions diag-
nosed before the PD diagnosis or the corresponding date 
for comparison persons, were derived from the Special 
Reimbursement Register for each person. Data on cardio-
vascular diseases included hypertension, coronary artery 
disease, arrhythmias and heart failure. Diabetes, asthma or 
chronic obstructive pulmonary disease (COPD) and rheu-
matoid arthritis and other comparable conditions were also 
included.

The first purchases of muscle relaxants among persons 
with and without PD during 1995–2016 were collected from 
the Prescription Register, which gives information on all 
reimbursed prescription drug dispensing for community-
dwelling persons. The Prescription Register does not include 
drug use during hospital or public nursing home care. Drugs 
are categorized according to the Anatomical Therapeutic 
Chemical (ATC) classification system codes.

The muscle relaxants were defined according to ATC 
codes M03A, peripherally acting agents including botu-
linum toxin, and M03B, centrally acting agents including 
methocarbamol, carisoprodol, chlorzoxazone, orphenadrine, 
and orphenadrine combined with paracetamol, baclofen, and 
tizanidine [8]. The muscle relaxants included in this study 
are only available as prescription drugs in Finland.

As we aimed to investigate incident use of muscle relax-
ants, a 1-year washout period 4–5 years before the PD 
diagnosis or corresponding matching date for comparison 
persons was utilized in order to exclude prevalent users. 
Persons who were hospitalized over half of the washout 
period or having stayed over 90 days in the hospital by the 
end of the washout period were excluded. After exclusions, 
17,450 persons with PD and 122,694 persons without PD 
were included in the final study. The follow-up for the inci-
dence of muscle relaxant use began 4 years before and ended 
4 years after the diagnosis of PD or corresponding matching 
date for comparison persons. The follow-up was censored 
for the following reasons: initiation of muscle relaxant use, 
≥ 90 day hospitalization, death, or end of the study (Decem-
ber 31, 2016), whichever occurred first.

The incidence of muscle relaxant use was defined as 
having at least one purchase of any muscle relaxant during 
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the eight-year follow-up period. Incidence rates (IR) were 
calculated in six-month intervals as initiations per 100 per-
son-years. The IRs were compared with Poisson regression 
between persons with PD and their comparison persons and 
the results were reported as incidence rate ratios (IRR) with 
95% confidence intervals (CI). The analyses were performed 
using IBM SPSS statistics 25 and SAS 9.4 software.

Results

The mean age of the study population was 70.9 years (range 
34.2–98.2, SD 9.7) at the time of PD diagnosis or corre-
sponding matching date for comparison persons, and over 
half of the persons (55.9%) were men (Table 1). During the 
follow-up, 3424 (19.6%) persons with PD initiated muscle 
relaxant use and 18,639 (15.2%) of comparison persons. In 
both the PD and the comparison population, female gender 
and asthma/COPD were more common among users and 
cardiovascular diseases and diabetes were more frequent 
among nonusers.

Tizanidine was the most frequently (64.0%) initiated 
muscle relaxant covering 62.4% of all initiations in persons 
with PD and 64.3% without PD. Tizanidine was followed 
by orphenadrine combined with paracetamol (22.2%) and 
orphenadrine alone (11.7%).

The IRper 100 person-years of muscle relaxant use was 
higher among persons with PD compared to persons without 
PD from three years before until six months after the PD 
diagnosis (Fig. 1a). The difference was largest at the time of 
the diagnosis (IR in persons with PD 4.50/100 person-years, 
without PD 2.19/100 person-years) and the IRR = 2.04, 95% 
CI = 1.81–2.30.

The IR of tizanidine and orphenadrine use was higher in 
persons with PD from two years before the PD diagnosis and 
six months after (Fig. 1b, c). At the time of the diagnosis the 

IR in persons with PD was 3.02/100 person-years for tiza-
nidine and 1.66/100 person-years for orphenadrine, and in 
persons without PD these were 1.45 and 0.84, respectively. 
The IRRs were 1.96 (95% CI = 1.62–2.36) for tizanidine and 
2.07 (95% CI = 1.79–2.39) for orphenadrine.

Discussion

As far as we know, this is the first study reporting the inci-
dence of muscle relaxant use among community-dwelling 
persons with PD. The incidence of muscle relaxant use was 
higher in persons with PD compared to persons without PD 
from 3 years before to 6 months after the diagnosis of PD. 
The same characteristics were associated with muscle relax-
ant use in people with and without PD.

PD diagnosis is challenging at the early stage [9]. Pre-
vious studies have reported that motor symptoms appear 
already 2 years before the diagnosis [5]. Persons with dis-
turbing motor symptoms visit health care providers, includ-
ing doctors, and may get muscle relaxant prescriptions when 
these symptoms are not yet possible to identify as PD.

The incidence of muscle relaxant use was at its highest at 
the time of the diagnosis in persons with PD and the differ-
ence in IRs was two-fold in comparison to persons without 
PD. Consequently, these drugs might have been prescribed 
as a first aid to relieve symptoms during the diagnostic pro-
cess. Six months after the diagnosis, the incidence decreased 
possibly related to the relief of the motor symptoms due to 
the initiation of anti-Parkinson drugs.

Tizanidine was the most frequently initiated muscle relax-
ant in the cohort followed by orphenadrine preparations. 
Common use of tizanidine in our study might reflect the 
overall prescribing pattern of muscle relaxants in Finland. 
In addition, decline in the use of anticholinergics, including 
orphenadrine, in the treatment of PD has been previously 

Table 1  Characteristics and comorbidities of the study population and comparison between incident users of muscle relaxants among persons 
with Parkinson’s disease (PD) and comparison persons

Comparison is made at the time of PD diagnosis
COPD chronic obstructive pulmonary disease

Persons with PD N = 17,450 Comparison persons N = 122,694

Users (n = 3424) Nonusers (n = 14,026) p Users (n = 18,639) Nonusers (n = 104,055) P

Demographic characteristics
 Age, mean (SD) 67.27 (9.89) 71.83 (9.42) <0.001 67.46 (10.21) 71.51 (9.49) <0.001
 Gender: male, n (%) 1700 (49.6) 8068 (57.5) <0.001 9533 (51.1) 59,058 (56.8) <0.001

Comorbidities
 Cardiovascular diseases, n (%) 1202 (35.1) 5818 (41.5) <0.001 6903 (37.0) 41,377 (39.8) <0.001
 Diabetes, n (%) 318 (9.3) 1511 (10.8) 0.011 1767 (9.5) 10,987 (10.6) <0.001
 Asthma/COPD, n (%) 297 (8.7) 1012 (7.2) 0.004 1700 (9.1) 7795 (7.5) <0.001
 Rheumatoid arthritis, n (%) 117 (3.4) 477 (3.4) 0.963 758 (4.1) 3818 (3.7) 0.008
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reported [10]. Tizanidine is an alpha-2 receptor agonist and 
its main indication is the management of spasticity, com-
monly caused by upper motor neuron disorders. Adverse 
effects include sedation, fatigue and bradycardia, symptoms 
that could consequently increase the risk of falls [6]. Future 
studies is needed to find out the role of male gender and 
asthma among as well associations with muscle relaxant 
use and falls and injurious falls among persons with and 
without PD.

The main strength of this study is the nationwide cohort 
which represents community-dwelling persons with PD in 
Finland. Muscle relaxants are available only as prescription 
drugs in Finland and thus recorded in the Prescription Reg-
ister. Limitations were the lack of drug use indication and 
dosage, types of muscle symptoms in registers, and muscle 
relaxant use during hospital care.

Conclusion

The incidence of muscle relaxant use was higher in per-
sons with PD than without PD starting from 3 years before 
the diagnosis implying that muscle symptoms arise already 
years before the PD diagnosis. It is important to identify the 
reasons leading to non-specific muscle symptoms to avoid 
unnecessary use of muscle relaxants and consequent adverse 
effects and events.
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Abstract 
 

Background 

Epidemiological studies have suggested a link between rheumatoid arthritis and Parkinson’s 

disease (PD). Disease-modifying anti-rheumatic drugs (DMARDs) might explain this 

association.  

Objective 

To evaluate the association between DMARDs and risk of PD in persons with rheumatoid 

arthritis. 

Methods 

Nested nationwide case-control study was conducted within the Finnish Parkinson’s disease 

(FINPARK) cohort that includes 22,189 Finnish persons with clinically verified PD diagnosed in 

1996-2015. The cases had recorded diagnosis of PD in the Special Reimbursement Register 

and had no exclusion diagnoses whose symptoms may be confused with PD within two years 

of PD diagnosis. This study included cases with PD diagnosed during 1999-2015 and 

rheumatoid arthritis diagnosed >3 years before PD. Rheumatoid arthritis was identified using 

Finnish Care Register for Health Care and Special Reimbursement Register. Cases were 

matched with up to seven control persons by age, sex, duration of rheumatoid arthritis and 

region. DMARDs were categorised into five classes and data on purchased prescriptions was 

identified from the Prescription Register since 1995. Associations were studied with 

conditional logistic regression adjusted for confounders. 

 



 
 

Results 

Altogether 315 cases with PD and 1,571 matched controls were included. Majority (> 60%) 

were women and median duration of rheumatoid arthritis on matching date was 11.6 years 

for controls and 12.6 years for cases. Use of DMARDs was not associated with risk of PD with 

three-year lag period applied between exposure and outcome, except 

chloroquine/hydroxychloroquine which associated with decreased risk (adjusted odds ratio 

0.74; 95% confidence interval 0.56-0.97). Other DMARDs, including sulfasalazine, 

methotrexate, gold preparations and immunosuppressants, were not associated with PD. 

Discussion 

Our results suggest that the lower risk of PD in people with rheumatoid arthritis is not 

explained by DMARD use as these drugs in general did not modify the risk of PD among 

persons with rheumatoid arthritis. Association between chloroquine/hydroxychloroquine 

and lower risk of PD as well as the possible underlying mechanisms should be further 

investigated. 

Classification of evidence: This study provides Class II evidence that in individuals with 

rheumatoid arthritis using DMARDs, only chloroquine/hydroxychloroquine was associated 

with a potentially decreased risk of developing PD (adjusted OR 0.74, 95% CI 0.56-0.97). 

  



 
 

Introduction 
Rheumatoid arthritis has been linked to lower risk of Parkinson’s disease (PD)1-3, although 

some studies have also observed an increased risk of PD in people with rheumatoid arthritis4, 

or no association between rheumatoid arthritis and PD5. 

One suggested explanation for the protective association are medications used to treat 

rheumatoid arthritis1. Disease-modifying anti-rheumatic drugs (DMARDs), such as 

methotrexate and sulfasalazine, inhibit the rheumatic inflammation and progression of 

structural joint damage6, and they could modify the risk of PD by interfering with immune 

system dysfunction, which has been suggested to be present in PD7. However, there is very 

little research on the association of DMARDs with risk of PD. Although one study 

demonstrated lower risk of PD in users and nonusers of DMARDs with rheumatoid arthritis 

compared to people without rheumatoid arthritis1, that study did not compare the risk 

between DMARD users and nonusers with rheumatoid arthritis. A case-control study which 

investigated several DMARDs reported that use of either azathioprine, leflunomide or 

mycophenolate were associated with lower risk of PD8. 

The primary research question of our study is whether use of different DMARDs is associated 

with risk of PD. We investigated this in a nested nationwide case-control study restricted to 

persons with rheumatoid arthritis diagnosed at least 3 years before clinically verified PD. This 

restriction of study population allowed us to minimize confounding by indication of DMARD 

treatment. To control for increased contact with healthcare professionals due to diagnostic 

process of PD, which could differentially affect the exposure in cases, we applied a three-year 

lag period between DMARD use and PD diagnosis. In addition, due to the long onset period 

of PD, it is unlikely that DMARDs initiated within close proximity to PD diagnosis would impact 

the risk. 



 
 

Methods 

FINPARK study population 

A nested case-control study was conducted within the Finnish Parkinson’s disease (FINPARK) 

cohort that contains all community-dwelling Finnish persons who received special 

reimbursement for PD drugs in 1996-2015 (N=22,189). These persons were identified using 

the Special Reimbursement Register which includes information on entitlements to higher 

reimbursements for drugs because of chronic diseases. PD diagnosis was based on United 

Kingdom Parkinson’s disease Society Brain Bank criteria9 and exclusion diagnoses for FINPARK 

cohort has been reported previously10. For every person with PD, up to 7 comparison persons 

without PD were identified from the Social Insurance Institution (SII) database covering all 

residents and they were matched for age, sex, and region of residence (N=148,009). Each 

Finnish resident is given a unique personal identification number which enables data linkage 

across several registers. The FINPARK study has been described in detail previously10. 

 

Identification of cases and controls for this study 

Formation of study population is described in Figure 1. Persons diagnosed with PD in 1999-

2015 (N=19,568) were included in this study as drug exposure data were available since 1995 

and we used a three-year lag period in exposure assessment. To control for confounding by 

indication we restricted the study to people who had been diagnosed with rheumatoid 

arthritis at least three years before PD diagnosis. Rheumatoid arthritis was defined from the 

Finnish Care Register for Health Care (1987-2012) and Special Reimbursement Register (1972-

2012) using International Classification of Diseases (ICD) ICD-9 and ICD-10 codes as described 

in eTable 1. In addition, ICD-8 codes (1972-1986) were used to get the earliest diagnosis date 

of rheumatoid arthritis for those who had rheumatoid arthritis based on ICD-9 or ICD-10 



 
 

codes. Final diagnosis date for rheumatoid arthritis was defined either as the earliest date of 

the hospitalization, specialized healthcare outpatient visit or as the first date of the 

entitlement to reimbursement for drugs used to treat rheumatoid arthritis, whichever 

occurred first. 

For each PD case with rheumatoid arthritis (n=318), up to seven controls without PD but with 

rheumatoid arthritis were matched from the controls of the FINPARK study. Date of the PD 

diagnosis was defined as the index date. Controls were matched based on sex, age (+/- 2 

years) on index date, time since rheumatoid arthritis diagnosis on index date (+/- 2 years) and 

university hospital district. If no controls were identified from the same district, controls were 

allowed to come from neighboring district. Same exclusion criteria were applied for cases and 

controls. In addition, controls were not allowed to have diagnosis of Dementia in Parkinson’s 

disease (ICD-10 code F02.3). The final study population included 315 cases and 1,571 controls. 

Three cases without matched controls were excluded.  

 

Drug exposure 

Data on DMARD and corticosteroid purchases were extracted from the Prescription register 

since 1995 until the index date. The Prescription register includes data on all reimbursed drug 

purchases, while drug use during hospital stays or in public nursing homes is not recorded in 

this register. Drugs are categorized according to Anatomical Therapeutic Chemical (ATC) 

classification system. Drug use was defined based on ATC codes (eTable 2) and DMARDs were 

categorized as follows: sulfasalazine (A07EC01), chloroquine (P01BA01) or 

hydroxychloroquine (P01BA02), gold preparations (M01CB) including auranofin and sodium 

aurothiomalate and immunosuppressants (L04A) which consist of azathioprine, certolizumab 



 
 

pegol, ciclosporin, mycophenolic acid and biological DMARDs (bDMARDs): abatacept, 

adalimumab, anakinra, etanercept, golimumab and leflunomide. Methotrexate (L04AX03) 

was studied separately from immunosuppressants throughout the study due to its common 

usage in the treatment of rheumatoid arthritis. Due to small number of bDMARD users during 

the study period, they were combined with immunosuppressants in the main analysis. In 

addition, we performed sensitivity analysis investigating bDMARDs as a separate category.  

Corticosteroids (H02AB) covered prednisolone, prednisone, and methylprednisolone. 

Dexamethasone was excluded due to low amount of reimbursed purchases. All the above-

mentioned drugs are available only as prescription drugs and all reimbursed purchases can 

be reliably identified from the register. The first date of purchase was determined for each 

drug or drug group for each person and person was defined as user if there was at least one 

purchase. 

 

To control for biases caused by 1) prodromal symptoms or ongoing diagnosis process of PD 

affecting drug exposure, or 2) newly diagnosed rheumatoid arthritis or changes in rheumatoid 

arthritis pharmacotherapy increasing likelihood of being diagnosed with PD, we applied a 

three-year lag period for assessing drug exposure. Three years was chosen based on our 

previous study demonstrating that incidence of muscle relaxants, an indicator of motor 

symptoms of PD, occurs within this three-year period in FINPARK cohort11. In the main 

analysis drug use was determined prior to three-year lag period indicating that exposure had 

occurred at least three years before index date. Time before lag period refers to exposure 

assessment period. Additionally, drug exposure was measured within lag period only (within 

three years of index date) or without lag period (ever before index date). 



 
 

Furthermore, exposure histories based on the different types of DMARDs used during the 

exposure assessment period were derived.  

 

Covariates 

Comorbidities that were considered to be associated with exposure and outcome were used 

as covariates (eTable 3). History of asthma or chronic obstructive pulmonary disease (COPD), 

stroke, diabetes, cardiovascular diseases including any of the following: hypertension, 

coronary artery disease, chronic heart failure and chronic arrhythmias, substance abuse and 

head injury were identified using the Special Reimbursement Register, Care Register for 

Health Care Register or Prescription Register. Cancer history was derived from Cancer 

Register using ICD-10 codes from IARC CRG Tools. All covariates were defined until the start 

of the three-year lag period and ever before index date. 

 

Statistical analyses 

Characteristics of cases and controls were compared with χ2-test for categorical variables. For 

continuous variables, t-test was applied for normally distributed and Mann-Whitney U test 

for non-normally distributed data. Conditional logistic regression was used to estimate the 

unadjusted and adjusted odds ratios (aORs) with 95% confidence intervals (CIs) for the 

association between exposures and PD. Analyses were conducted with different lag periods 

i.e., without lag period, with three-year lag and use only during the three-year lag period. We 

analyzed the association between individual DMARD categories (use vs. no use) to assess the 

association of specific DMARDs. To account for changes in pharmacotherapy for rheumatoid 

arthritis (i.e., one person using more than just one type of DMARDs during the exposure 

assessment period), we grouped the persons based on the types of drugs they had purchased 



 
 

(sulfasalazine, methotrexate, chloroquine/hydroxychloroquine, gold preparations and 

immunosuppressants). The association between different exposure histories for DMARDs 

was investigated in comparison to most common exposure type category. Only categories 

with >5% frequency were reported. 

The minimum detectable ORs for different exposure prevalence levels among controls are 

shown in eFigure 1. We had 80% power to detect ORs ≥1.41 (or ≤0.71) with exposure 

prevalence of 50% and ORs ≥1.92 (or ≤0.52) with exposure prevalence of 5% (alpha=0.05). 

Analyses were performed with SAS v9.4 (SAS Institute, Cary, North Carolina). Power 

calculations were performed with Stata MP14.0 using power mcc-function. 

 

Standard Protocol Approvals, Registrations, and Patient Consents  

According to Finnish legislation, ethics committee approval or informed consent is not 

needed, because included persons cannot be identified due to pseudonymised register data, 

and the persons were not contacted. 

 

Data availability  

The data used to conduct this research is not publicly available due to restrictions by the 

register maintainers and Finnish legislation. However, the data are available from the 

corresponding author, provided that appropriate permission of the register maintainers is 

sought and demonstrated. 

  



 
 

Results 
The characteristics of cases (N=315) and matched controls (N=1,571) are described in Table 

1. The age ranged between 46 and 93 years (mean 73.1 years). Most of the study participants 

were women. Median duration of rheumatoid arthritis on index date was 11.6 years for 

controls and 12.6 years for cases, respectively. Prevalence of different comorbidities was 

comparable between PD cases and controls and cardiovascular diseases were the most 

common comorbidities. 

Use of DMARDs and corticosteroids in different time periods are summarized in Table 2. The 

three most commonly used DMARDs in both cases and controls were sulfasalazine, 

methotrexate and chloroquine/hydroxychloroquine (Table 2).  Gold preparations were used 

by approximately one quarter of cases and controls during exposure assessment period and 

immunosuppressant were the least commonly used DMARD. Corticosteroids were used by 

nearly two thirds of cases and controls during exposure assessment period. 

Use of DMARDs or corticosteroids during exposure assessment was not associated with risk 

of PD except for use of chloroquine/hydroxychloroquine which associated with decreased risk 

(aOR 0.74; 95% CI 0.56-0.97) (Table 2). The use of bDMARDs was infrequent in the study 

period, with less than 3% of cases and controls having used before the three-year lag time. 

They were not associated with risk of PD (aOR 0.98; 95% CI 0.46-2.09). 

When any use before the index date was considered, regardless of whether it was initiated 

during actual exposure assessment or during lag time, the associations were similar. When 

initiations in the three-year lag period were considered, no associations were observed. 

The negative association of chloroquine/hydroxychloroquine was stronger when any use 

before the index date was considered (aOR 0.69; 95% CI 0.53-0.89) than in the main analysis 



 
 

with exposure that had occurred before the three-year lag period (aOR 0.74; 95% CI 0.56-

0.97).  

When changes in DMARDs during exposure assessment period (i.e., exposure histories) were 

considered, the most common exposure type was sulfasalazine, with 10% prevalence in both 

cases and controls (Table 3). Second most common was the combination of 

chloroquine/hydroxychloroquine, methotrexate, and sulfasalazine. The frequency of other 

types was <10% in cases and controls. No associations were observed between different 

exposure histories for DMARDs and PD risk when adjusted with different covariates (Table 3). 

Classification of Evidence: This study provides Class II evidence that in individuals with 

rheumatoid arthritis using DMARDs, only chloroquine/hydroxychloroquine was associated 

with a potentially decreased risk of developing PD (adjusted OR 0.74, 95% CI 0.56-0.97). 

 

Discussion 
Studies on the association between DMARDs and risk of PD in population restricted to 

rheumatoid arthritis are lacking, although they would aid in understanding whether the 

inverse association between rheumatoid arthritis and PD is explained by DMARD-treatment 

of rheumatoid arthritis. Our nationwide nested case-control study of people with rheumatoid 

arthritis found no association between the use of DMARDs or corticosteroids and risk of PD 

on a general level. However, the use of chloroquine/hydroxychloroquine was associated with 

lower risk of PD, even when the analyses were restricted to exposure that had occurred at 

least three years before PD diagnosis.  

These results extend the findings of earlier studies which have implied the role of immune 

system in PD pathogenesis7. Genome-wide association studies have shown that autoimmune 



 
 

diseases, including rheumatoid arthritis, and PD share genetic pathways12. Lower risk of PD 

has been observed in people with rheumatoid arthritis in some1-3 but not all studies4,5, and 

similarly conflicting findings have been reported for systemic lupus erythematosus4,13, 

another autoimmune disease. Given these inconsistent findings, it is difficult to conclude 

whether autoimmune diseases alter the PD pathophysiology and to what extent. However, 

the evidence of involvement of immune system dysfunction in PD pathogenesis7 supports the 

presumption that long-term use of DMARDs, which have anti-inflammatory properties, could 

explain the reduced risk of PD in rheumatoid arthritis. Surprisingly, the number of 

pharmacoepidemiological studies on DMARDs is still small. 

Differences in our study design prevent direct comparison to earlier studies which have 

mainly studied how rheumatoid arthritis as a disease is associated with risk of PD1-5 or how 

DMARDs are associated with risk of PD without restricting study population to persons with 

rheumatoid arthritis8. We wanted to focus on DMARDs and avoid confounding by indication 

by restricting study to people with rheumatoid arthritis. This allowed us to evaluate the 

association of DMARDs and PD instead of rheumatoid arthritis and PD. Secondly, we 

considered drug exposure that had occurred at least three years before PD diagnosis, since 

PD has long latency period before actual diagnosis and potentially increased contact with 

healthcare, as evident from the initiation of muscle relaxants already three years before PD 

diagnosis11, can also affect drug exposure. By contrast, previous case-control study8 applied 

only one-year lag between drug exposure and PD diagnosis. We also conducted sensitivity 

analyses considering exposure that had occurred until PD diagnosis and during the lag period. 

The results of these additional analyses were in line with the main analyses. 



 
 

In Finland, we have a long-lasting tradition to aim to remission in the treatment of rheumatoid 

arthritis. Thus, DMARDs have been used actively during the whole study period. Sulfasalazine 

was the most used DMARD in our study followed by methotrexate and 

chloroquine/hydroxychloroquine. These three DMARDs, so called Triple therapy, have been 

the recommended treatment according to Finnish guidelines for rheumatoid arthritis14. In 

addition to individual drugs, we assessed whether exposure histories for different types of 

DMARDs at least three years before PD diagnosis would differ in the risk of PD but observed 

no differences compared to sulfasalazine. 

Some of the DMARDs have been previously associated with reduced risk of PD. In an earlier 

case-control study8, users of azathioprine, leflunomide or mycophenolate, had reduced risk 

of PD compared to nonusers with or without one-year lag between drug exposure and 

outcome. However, we did not observe risk reduction for immunosuppressants class in which 

these drugs, along with bDMARDs, were defined in our study. In a cohort study, people with 

rheumatoid arthritis had lower risk of PD than those without rheumatoid arthritis regardless 

of DMARD use1. The relative risk reduction was similar in DMARD users and nonusers with 

rheumatoid arthritis in comparison to persons without rheumatoid arthritis, meaning that use 

of DMARDs did not explain the protective association of rheumatoid arthritis. Despite 

differences in study setting, this reflects our results since in general we found no association 

between DMARDs use and risk of PD among people with rheumatoid arthritis. 

In a previous case-control study, corticosteroids were associated with lower risk of PD when 

the exposure had occurred at least one year before or up to PD diagnosis8 while we did not 

observe association between corticosteroids and PD. One explanation for our null result 

might be that despite their immunosuppressive effects, corticosteroids are aimed to be used 



 
 

with low dose and only for relatively short-term in the treatment of rheumatoid arthritis due 

to their possible adverse effects in long-term use, such as osteoporosis15. It is possible to reach 

remission with active use of DMARDs, even without long-term use of systemic corticosteroids.  

Our finding on the association between chloroquine/hydroxychloroquine, and lower risk of 

PD is, however, consistent with the previous case-control study8, which reported a protective 

association for hydroxychloroquine when any exposure before PD diagnosis was considered 

(relative risk=0.77; 95% CI 0.65-0.90), and a weaker association when exposure occurring at 

least one year before the outcome was investigated (relative risk=0.83; 95% CI 0.68-1.00). 

This attenuation may imply that the association in that study was partially due to increased 

healthcare contact in close proximity to PD diagnosis. Our findings provide additional support 

to this earlier observation as we were able to use longer lag time in exposure assessment.  

Neuroprotective potential of chloroquine and hydroxychloroquine has been speculated 

previously16,17. Both chloroquine and hydroxychloroquine, interfere with lysosomal activity 

and autophagy, can inhibit both innate and adaptive immune processes and reduce 

production of inflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor 

(TNF)18. These immunomodulatory effects could have a role in modulating inflammatory 

processes in PD.  However, methotrexate, the first-line DMARD for rheumatoid arthritis, that 

is more powerful immunosuppressant than hydroxychloroquine19, was not associated with 

risk of PD in our study. Therefore, the protective association of 

chloroquine/hydroxychloroquine might be explained by other reasons than its 

immunosuppressive effects. Hydroxychloroquine has been implied to have pleiotropic 

effects, as it was recently shown to improve lipid profiles and reduce diabetes incidence in 

rheumatoid arthritis20, a population in increased risk of cardiovascular diseases21. It is possible 



 
 

that the effects on metabolic and cardiovascular risk factors22 might partly explain our 

findings. It should be noted that hydroxychloroquine is better tolerated than chloroquine, and 

thus it is nowadays more commonly used in the treatment of rheumatoid arthritis23. 

Chloroquine was included in our study because we used drug exposure data since 1995. 

The protective association of chloroquine/hydroxychloroquine is also supported by 

experimental models of PD; chloroquine protected dopaminergic (DA) neurons against 6-

hydroxydopamine induced neurotoxicity17 and hydroxychloroquine ameliorated motor 

functions of rotenone-induced parkinsonian rats in behavioral tests16. Neuroprotective 

effects of these drugs was suggested to be mediated through orphan nuclear receptor Nurr1, 

which is important in the development and maintenance of midbrain dopaminergic neurons24 

and whose expression was activated by both chloroquine17 and hydroxychloroquine16. In 

terms of other neurodegenerative diseases, hydroxychloroquine did not, however, slow the 

progression of dementia in persons with Alzheimer’s disease compared to the placebo in 

double-blind clinical trial25. 

Our study has several strengths. Definition of PD is based on clinically verified diagnosis. Using 

large nationwide registries, we could restrict the study population on persons who have the 

indication to use DMARDs thereby controlling for confounding by indication. Due to long, up 

to 17 years, exposure assessment time we were able to apply three-year lag period. Short lag 

period between drug exposure and outcome of PD has been a key limitation in previous 

studies. If drug exposure is measured too close to the diagnosis of PD, it is more likely to 

reflect different contact density with prescribers than actual risk factor. Further, as PD 

progresses slowly over time, immediate exposure just before diagnosis is unlikely to have 

significant effect on PD pathophysiology. 



 
 

Our study was based on data on purchased drugs in which case medication adherence is 

based on presumption. On the other hand, all the drugs included are only available as 

prescription drugs which minimizes classification bias. DMARDs administered in hospitals, for 

example infliximab, are not included in the prescription register. However, these drugs are 

never used as the first, or only, DMARD and every patient getting infliximab is also treated 

with other DMARD(s). Therefore, the drugs administered in hospital should not have a major 

impact on our results.  

Although we had nationwide data, restriction of analyses to those with rheumatoid arthritis 

and at least three years of exposure assessment decreased the sample size. This means that 

we had limited power to detect weak associations. However, the power issue unlikely explains 

the null findings, as we were able to observe the association between 

chloroquine/hydroxychloroquine and PD risk and the point estimates for other DMARDs in 

the main analyses were close to the null. Further, based on the exposure prevalence we do 

not think that a clinically relevant signal was missed because of lack of power, and restriction 

of study population aided us to avoid indication bias. We did not perform dose-response or 

duration of treatment analyses due to limitations posed by the sample size. Some of the 

newer immunosuppressants included in our study, mainly bDMARDs such as golimumab, 

have entered the market at the end of the study period, therefore they have been used in 

lesser extent compared to older DMARDs, such as sulfasalazine, methotrexate, and 

chloroquine/hydroxychloroquine. Findings of additional analysis regarding bDMARDs should 

be interpreted cautiously due to limited number of users in our study. 

A possible limitation of our study is the lack of information on severity of rheumatoid arthritis 

which could affect chosen pharmacotherapy and have differential impact on developing PD 



 
 

regardless of DMARDs use. Our data included both seropositive and seronegative rheumatoid 

arthritis. This is common approach in register-based studies on rheumatoid arthritis, and 

unlikely to have major impact on our results. 

The sex distribution of our study population may appear surprising considering that PD is 

more common in men26. However, rheumatoid arthritis is more common in women than in 

men15, which explains the sex distribution in our study. As the earlier studies on rheumatoid 

arthritis or other autoimmune rheumatic diseases and the risk of PD1,4 have reported sex 

distribution comparable to our study and the findings on the association between rheumatoid 

arthritis and PD have been inconsistent, it is difficult to speculate whether sex has implications 

for the analyses. We matched cases and controls by sex and thus our results are unlikely 

explained by sex. 

Linkage of several registers enable to account for multiple confounding factors although 

adjustment with comorbidities did not change the results. We lacked data on smoking, which 

has been associated with an increased risk of rheumatoid arthritis15 and oppositely with 

decreased risk of PD27. However, we used smoking-associated comorbidities, including cancer 

from Cancer registry, as proxies, but residual confounding is still possible. Additionally, the 

association between chloroquine/hydroxychloroquine and lower risk of PD can be 

confounded by another variable that was not identified in our study. The association may also 

be explained by survival bias: both chloroquine and hydroxychloroquine are old drugs and 

persons treated with them, especially in monotherapy, might have less severe rheumatoid 

arthritis and better overall health status than those treated with other DMARDs. However, 

hydroxychloroquine is also included in the drug-combination with methotrexate and 

sulfasalazine which is widely used also on moderate and severe rheumatoid arthritis.  



 
 

In conclusion, the hypothesis that decreased risk of PD among rheumatoid arthritis patients 

could be explained by use of DMARDs was not confirmed in our study. Further studies on 

newer DMARDs, especially on bDMARDs such as TNF-α inhibitors and target specific DMARDs 

(JAK inhibitors), and assessment of dose-response relations between DMARDs and risk of PD 

are needed. The potential ability of chloroquine/hydroxychloroquine to modify the PD 

disease process should be studied further. 
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Figure 1. Flow chart of formation of Parkinson’s disease (PD) cases and controls. 

  



 
 

Table 1. Description of Parkinson’s disease (PD) cases and matched controls. Data are given 

as mean (SD) for age, median (IQR) for duration of rheumatoid arthritis and n (%) for other 

variables. 

  Controls 

N=1,571 

PD cases 

N=315 
P 

Age at PD diagnosis (years) 73.1 (7.7) 73.1 (8.2) 1.00a 

Sex 
  

0.39b 

  Men 539 (34.3) 116 (36.8) 
 

  Women 1032 (65.7) 199 (63.2) 
 

Duration of rheumatoid arthritis 

on index date, median years (IQR) 

11.6 (7.5–

19.2) 

12.6 (8.4–

20.5) 

0.08c 

University hospital district on index date 0.36b 

  Helsinki 409 (26.0) 74 (23.5) 
 

  Tampere 363 (23.1) 79 (25.1) 
 

  Kuopio 348 (22.2) 61 (19.4)  

  Oulu 227 (14.5) 57 (18.1) 
 

  Turku 224 (14.3) 44 (14.0) 
 

Covariates before three-year lag 
 

  Cardiovascular diseases 639 (40.7) 136 (43.2) 0.41b 

  Asthma or COPD 198 (12.6) 34 (10.8) 0.37b 

  Cancer history 134 (8.5) 24 (7.6) 0.59b 

  Diabetes 132 (8.4) 34 (10.8) 0.17b 

  Head injury 80 (5.1) 13 (4.1) 0.47b 

  Stroke 54 (3.4) 10 (3.2) 0.81b 

  Substance abuse 36 (2.3) 4 (1.3) 0.25b 

a t-test, b Chi-Square test, c Mann-Whitney U test 

COPD=chronic obstructive pulmonary disease, IQR=interquartile range, PD=Parkinson’s 

disease 

  



 
 

Table 2. Association between disease-modifying anti-rheumatic drugs (DMARDs) and 

Parkinson’s disease (PD). 

 

Controls 

N=1571 

n (%) 

PD cases 

N=315 

n (%) P 

Unadjusted OR 

(95% CI) 

Adjusted* OR 

(95% CI) 

Drug or drug group Use before three-year lag 

Sulfasalazine 794 (50.5) 161 (51.1) 0.85 1.02 (0.79-1.33) 1.01 (0.78-1.32) 

Methotrexate 751 (47.8) 163 (51.8) 0.20 1.17 (0.90-1.52) 1.17 (0.90-1.52) 

Chloroquine/ 

hydroxychloroquine 704 (44.8) 118 (37.5) 0.016 0.73 (0.56-0.96) 0.74 (0.56-0.97) 

Gold preparations 388 (24.7) 84 (26.7) 0.46 1.09 (0.82-1.45) 1.11 (0.83-1.47) 

Immunosuppressants 231 (14.7) 53 (16.8) 0.34 1.07 (0.76-1.53) 1.06 (0.75-1.51) 

Corticosteroids 1062 (67.6) 210 (66.7) 0.75 0.96 (0.73-1.26) 0.98 (0.74-1.29) 

 
Use only in three-year lag period 

Sulfasalazine 52 (3.3) 9 (2.9) 0.68 0.90 (0.43-1.87) 0.91 (0.44-1.91) 

Methotrexate 102 (6.5) 19 (6.0) 0.76 0.98 (0.59-1.63) 0.98 (0.59-1.64) 

Chloroquine/ 

hydroxychloroquine 90 (5.7) 10 (3.2) 0.06 0.57 (0.29-1.12) 0.57 (0.29-1.13) 

Gold preparations 27 (1.7) 3 (1.0) 0.32 0.47 (0.14-1.59) 0.46 (0.13-1.56) 

Immunosuppressants 68 (4.3) 13 (4.1) 0.87 1.01 (0.55-1.88) 1.03 (0.55-1.91) 

Corticosteroids 120 (7.6) 18 (5.7) 0.23 0.76 (0.45-1.28) 0.75 (0.44-1.26) 

 
Use ever before index date 

Sulfasalazine 846 (53.9) 170 (54.0) 0.97 1.01 (0.78-1.31) 1.01 (0.77-1.31) 

Methotrexate 853 (54.3) 182 (57.8) 0.26 1.16 (0.90-1.51) 1.18 (0.91-1.53) 

Chloroquine/ 

hydroxychloroquine 794 (50.5) 128 (40.6) 0.001 0.67 (0.51-0.87) 0.69 (0.53-0.89) 

Gold preparations 415 (26.4) 87 (27.6) 0.66 1.03 (0.78-1.37) 1.05 (0.79-1.39) 

Immunosuppressants 299 (19.0) 66 (21.0) 0.43 1.06 (0.77-1.46) 1.06 (0.77-1.46) 

Corticosteroids 1182 (75.2) 228 (72.4) 0.29 0.87 (0.66-1.16) 0.90 (0.68-1.20) 

*Asthma or chronic obstructive pulmonary disease (COPD), cancer history, cardiovascular 

diseases, diabetes, head injury, stroke, substance abuse 

 



 
 

Table 3. The most common exposure histories for disease-modifying anti-rheumatic drugs 

(DMARDs) and their association with Parkinson’s disease (PD) risk during the exposure 

assessment period before three-year lag in both PD cases and controls. 

 

Controls 

N=1571 

n (%) 

PD cases 

N=315 

n (%) 

Adjusted* OR 

(95% CI) 

Sulfasalazine 165 (10.5) 32 (10.2) reference 

Chloroquine/hydroxychloroquine, 

methotrexate, and sulfasalazine 163 (10.4) 32 (10.2) 1.02 (0.58-1.79) 

Chloroquine/hydroxychloroquine 109 (6.9) 13 (4.1) 0.64 (0.32-1.29) 

Methotrexate and sulfasalazine 95 (6.1) 26 (8.3) 1.47 (0.82-2.65) 

Methotrexate 81 (5.2) 19 (6.0) 1.19 (0.63-2.25) 

Chloroquine/hydroxychloroquine and 

sulfasalazine 91 (5.8) 8 (2.5) 0.46 (0.20-1.06) 

Gold preparations 80 (5.1) 14 (4.4) 0.95 (0.47-1.91) 

Chloroquine/hydroxychloroquine and 

methotrexate 79 (5.0) 13 (4.1) 0.95 (0.46-1.94) 

*Asthma or chronic obstructive pulmonary disease (COPD), cancer history, cardiovascular 

diseases, diabetes, head injury, stroke, substance abuse 
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eTable 1. Definitions and classifications of rheumatoid arthritis. 

eTable 2. Definition of exposure to disease-modifying anti-rheumatic drugs (DMARDs) and corticosteroids. 
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eFigure 1. Detectable odds ratios with 80% power, alpha=0.05 for our case-control study of 315 cases and 

five matched controls per case with exposure level of controls ranging between 5-50%. 

  



eTable 1. Definitions and classifications of rheumatoid arthritis. 

 ICD code or classification number Measurement and data source 

Rheumatoid arthritis 

 

Hospitalization: 

ICD-9: 714, 7140A, 7141A, 7143A, 7143B, 

7143X 

 

Hospitalization or specialized healthcare 

outpatient visit: 

ICD-10: M05-M059, M06, M061 

 

Special reimbursement for medications: 

classification number 202 along with one 

of the abovementioned ICD-9 or ICD-10 

codes 

 

Hospitalization: 

ICD-8 codes 71200, 71210, 71238 and 

71239 were used as additional information 

to acquire the earliest possible date for 

rheumatoid arthritis diagnosis provided 

that one of the abovementioned ICD-9 or 

ICD-10 codes was also present 

Diagnosed in the FCR 

1987-1995 

 

 

Hospitalizations 1996 onwards, 

specialized healthcare outpatient 

visits 1998 onwards 

 

Reimbursement since 1972 in the 

SRR 

 

 

 

 

Diagnosed in the FCR 

1972-1986 

 

Abbreviations: FCR=Finnish Care Register for Health Care; ICD=International Classification of Diseases; 
PR=Prescription Register; SRR=Special Reimbursement Register 

  



eTable 2. Definition of exposure to disease-modifying anti-rheumatic drugs (DMARDs) and corticosteroids.  

Drug substance or class Drug substance ATC code Recorded in the 

Prescription register 

Sulfasalazine  A07EC01 Since 1995 

Methotrexate  L04AX03 Since 1995 

Chlororoquine/ 

hydroxychloroquine 

Chloroquine 

Hydroxychloroquine 

P01BA01 

P01BA02 

1995-2003 

Since 1995 

Gold preparations Sodium aurothiomalate 

Auranofin 

M01CB01 

M01CB03 

Since 1995 

1995-2012 

Immunosuppressants 

 

 

 

 

 

Mycophenolic acid 

Leflunomide 

Ciclosporin 

Azathioprine 

bDMARDs: 

Abatacept 

Etanercept 

Adalimumab 

Certolizumab pegol 

Golimumab 

Anakinra 

L04AA06 

L04AA13 

L04AD01 

L04AX01 

 

L04AA24 

L04AB01 

L04AB04 

L04AB05 

L04AB06 

L04AC03 

Since 1998 

Since 2000 

Since 1995 

Since 1995 

 

Since 2013 

Since 2003 

Since 2004 

Since 2010 

Since 2010 

Since 2004 

Corticosteroids Methylprednisolone 

Prednisolone 

Prednisone 

H02AB04 

H02AB06 

H02AB07 

Since 1995 

Since 1995 

Since 1995 

Abbreviations: ATC=Anatomical Therapeutic Chemical; bDMARDs=biological disease-modifying anti-
rheumatic drugs 

  



eTable 3. Definitions and classifications of covariates. 

Covariate ATC code, ICD code or classification 

number 

Measurement and data source 

Asthma or COPD Hospitalization 

ICD-8: 493 

ICD-9: 493, 4912A, 4960A 

ICD-10: J44–J46 

 

 

 

Special reimbursement for medications: 

classification number 203 

Diagnosed in the FCR 

ICD-8: 1972-1986 

ICD-9: 1987-1995 

ICD-10: hospitalizations 1996 

onwards, specialized healthcare 

outpatient visits 1998 onwards 

 

Reimbursement since 1972 in the 

SRR 

Cancer history Hospitalization 

ICD-10 code from IARC CRG Tools: C00-

C97 

Diagnosed since 1972 in the 

Cancer Register 

Cardiovascular diseases Special reimbursement for medications: 

classification numbers 201, 205, 206, 207, 

213, 280 

Reimbursement since 1972 in the 

SRR 

Diabetes Hospitalization 

ICD-8: 250, 25101 

ICD-9: 250, 2510, 2518 

ICD-10: E10–E14 

 

 

 

 

Diagnosed in the FCR 

ICD-8: 1972-1986 

ICD-9: 1987-1995 

ICD-10: hospitalizations 1996 

onwards, specialized healthcare 

outpatient visits 1998 onwards 

  

 



 

Special reimbursement for medications: 

classification number 103 

 

Reimbursement since 1972 in the 

SRR 

Head injury Hospitalization 

ICD-8: 800–804, 830, 850–854, 870–873, 

904, 906, 910, 920, 921, 950, 951 

ICD-9: 800–803,830, 8480, 850–854, 870–

873, 918, 920, 921, 9250, 9251, 950, 951, 

9590 

ICD-10: S00–S09 

Diagnosed in the FCR 

ICD-8: 1972-1986 

 

ICD-9: 1987-1995 

 

 

ICD-10: hospitalizations 1996 

onwards, specialized healthcare 

outpatient visits 1998 onwards 

Stroke Hospitalization  

ICD-8: 430-434 

ICD-9: 430–432 

ICD-10: I60-I64 

Diagnosed in the FCR 

ICD-8: 1972-1986 

ICD-9: 1987-1995 

ICD-10: hospitalizations 1996 

onwards, specialized healthcare 

outpatient visits 1998 onwards 

Substance abuse Hospitalization 

ICD-8: 291, 3031, 3032, 3039, 980 

ICD-9: 291, 292, 303-305, 980, 3575, 

3594, 4255, 5353, 7903, 5710A, 5711A, 

5712A, 5713A, 5713X, 5771C, 5771D 

Diagnosed in the FCR 

ICD-8: 1972-1986 

ICD-9: 1987-1995 

 

 

 



ICD-10: F10-F19, G31.2, G62.1, G72.1, 

I42.6, K29.2, K70, K86.0, R78.0, T51.0, 

T51.1, T51.9, X45 

Reason for admission: codes 33, 71–75  

Medication used in alcohol or opioid 

dependence (ATC code: N07BB, N07BC) 

ICD-10: hospitalizations 1996 

onwards, specialized healthcare 

outpatient visits 1998 onwards 

Since 1993 

Medication use since 1995 in the 

PR 

Abbreviations: ATC=Anatomical Therapeutic Chemical; COPD=chronic obstructive pulmonary disease; 
FCR=Finnish Care Register for Health Care; IARC CRG=International Agency for Research on Cancer Cancer 
Collaborative Research Group; ICD=International Classification of Diseases; PD=Parkinson’s disease; 
PR=Prescription Register; SRR=Special Reimbursement Register 

  



 
eFigure 1: Detectable odds ratios with 80% power, alpha=0.05 for our case-control study of 315 cases and 

five matched controls per case with exposure level of controls ranging between 5-50%. Up to seven controls 

per case were included but the average number of controls per case was five. 

 

 

 

 

 



 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

III 

 

 

β2-adrenoceptor agonists in asthma or chronic obstructive 

pulmonary disease and risk of Parkinson’s disease: nested case-

control study 

 

Paakinaho, A., Tiihonen M., Koskela H., Koponen, M., Tiihonen J., 

Hartikainen, S. and Tolppanen, A.-M. 

 

Clinical Epidemiology 15: 695-705, 2023 

 

Clinical Epidemiology 2023 15 695-705. Originally published by and used 

with permission from Dove Medical Press Ltd. 

 

  



 

 



O R I G I N A L  R E S E A R C H

β2-Adrenoceptor Agonists in Asthma or Chronic 
Obstructive Pulmonary Disease and Risk of 
Parkinson’s Disease: Nested Case-Control Study
Anne Paakinaho 1, Miia Tiihonen1, Heikki Koskela2,3, Marjaana Koponen1,4, Jari Tiihonen 5,6, 
Sirpa Hartikainen1, Anna-Maija Tolppanen 1

1School of Pharmacy, Faculty of Health Sciences, University of Eastern Finland, Kuopio, Finland; 2Unit for Medicine and Clinical Research, Pulmonary 
Division, Kuopio University Hospital, Kuopio, Finland; 3School of Medicine, Faculty of Health Sciences, University of Eastern Finland, Kuopio, Finland; 
4Centre for Medicine Use and Safety, Faculty of Pharmacy and Pharmaceutical Sciences, Monash University, Parkville, Victoria, Australia; 5Department 
of Forensic Psychiatry, University of Eastern Finland, Niuvanniemi Hospital, Kuopio, Finland; 6Department of Clinical Neuroscience, Karolinska 
Institutet, and Center for Psychiatry Research, Stockholm City Council, Stockholm, Sweden
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Introduction: Although β2-adrenoceptor (β2AR) agonists have been associated with a lower risk of Parkinson’s disease (PD), the 
findings are inconclusive and may reflect confounding by indication. We studied the association between inhaled β2AR agonists and 
risk of PD in persons with asthma or chronic obstructive pulmonary disease (COPD).
Methods: The nested case-control study was conducted within a register-based Finnish Parkinson’s disease study (FINPARK) and 
included 1406 clinically verified PD cases diagnosed during 1999–2015, who also had asthma/COPD >3 years before PD. PD cases 
were matched with up to seven controls by age, sex, duration of asthma/COPD, pulmonary diagnosis, and region (N = 8630). 
Cumulative and average annual exposure to short- and long-acting β2AR agonists before a 3-year lag period was assessed with 
quartiles of defined daily doses (DDDs). Adjusted odds ratios (aORs) were calculated with 95% confidence intervals (CIs) using 
conditional logistic regression.
Results: Cumulative exposure to either short- or long-acting β2AR agonists was not associated with a risk of PD. With average annual 
exposure, a decreased risk was observed only for the highest quartile of long-acting β2AR agonists (aOR 0.75; 95% CI 0.58–0.97). In 
the stratified analysis the lowest risk estimates were observed among those with both asthma and COPD diagnoses. The suggestion of 
an inverse association was seen for the highest quartile of long-acting β2AR agonists in asthma.
Discussion: Higher levels of exposure to β2AR agonists were not consistently associated with a reduced risk of PD. The inverse 
association in the highest category of average annual exposure to long-acting β2AR agonists may be explained by unmeasured 
confounding, such as disease severity or smoking.
Keywords: Parkinson disease, adrenergic beta-2 receptor agonists, asthma, chronic obstructive pulmonary disease, risk factors

Introduction
Better understanding of risk factors for Parkinson’s disease (PD) could help in elucidating the causes and disease process 
of PD. Medications targeting the β2-adrenoceptor (β2AR) have been studied in this context, but despite the mechanistic 
evidence,1 the results from observational epidemiological studies are not as conclusive.2–4

The β2ARs can regulate α-synuclein gene (SNCA) expression by epigenetic mechanisms and β2AR agonists (eg 
salbutamol) decreased, and conversely β2AR antagonists increased SNCA expression in different experimental models.1 

After the initial epidemiological study that showed a decreased risk of PD for salbutamol users,1 other epidemiological 
studies have investigated the association between β2AR agonists and risk of PD.2,4–10 Also recently β2AR agonist 
combination products (specifically, formoterol combined with budesonide) were associated with a decreased risk of PD 
in a study that aimed to identify candidates for repurposing with a machine learning-based signal detection approach.11
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Due to inconsistent findings in previous studies, the implied protective effect of β2AR agonists on PD development is 
being debated.3,12 The inconsistency in previous literature might be due to differences in study populations and settings. 
Most of the previous studies have simultaneously investigated the associations of β2AR agonists and antagonists, and due 
to different indications for β2AR antagonists, these studies were not restricted to people with pulmonary diseases.2,4,7–9 

As β2AR agonists are used to treat asthma and chronic obstructive pulmonary disease (COPD), the lower risk of PD 
among β2AR agonist users might be explained by confounding by indication. Asthma and COPD are chronic diseases 
with an inflammatory process involvement, and airway obstruction as hallmark, although in asthma the obstruction is 
reversible and in COPD mainly irreversible.13 Smoking has been suggested as one possible explanation for the protective 
association for β2AR agonists.3 Smoking has been linked to a lower risk of PD14 and it is the strongest risk factor for 
COPD for which β2AR agonists are frequently prescribed.15

Confounding by indication could be minimized by restricting a study to persons with asthma or COPD. This could 
also reduce the influence of smoking, especially when restricting to COPD, because smoking is not directly recorded in 
the register data. However, there are only two previous indication-restricted studies, both conducted with a nested case- 
control design. A study restricted to persons with COPD did not demonstrate an association between β2AR agonist use 
and risk of PD.5 In another study of persons with asthma or COPD with exposure to β2AR agonists measured as months 
exposed, an increasing use of short-acting but not long-acting β2AR agonists were associated with a lower risk of PD.6

We evaluated the association between inhaled β2AR agonists and risk of PD in a nationwide nested case-control study 
restricted to people with asthma or COPD. We also investigated whether there is a dose-response relationship between 
short- and long-acting β2AR agonists and risk of PD. To control for reverse causality (for example, PD cases having 
higher contact with prescribers due to prodromal symptoms and consequently higher likelihood for medication changes), 
exposure that had occurred at least three years before the outcome was considered.

Methods
Study Population and Data Sources
The Finnish Parkinson’s disease study (FINPARK) is a nested case-control study within the population of Finland. FINPARK 
includes 22,189 community-dwelling residents of Finland who received special reimbursement for PD drugs during 1996–2015. 
These persons with clinically verified PD were identified from the Special Reimbursement Register that contains information on 
entitlements to higher reimbursements for drugs due to chronic diseases. Special reimbursement for PD drugs is granted if 
predefined criteria for PD diagnosis are fulfilled and diagnoses must be confirmed by a neurologist. Initially, FINPARK included 
29,942 persons with reimbursement for PD drugs, but 25.9% of them were excluded to increase the validity of PD diagnosis. 
Exclusions have been described in detail earlier,16 and the proportion of excluded persons corresponds to the estimated 
proportion of people with a false PD diagnosis.17,18 Up to seven age, sex, and region of residence matched comparison persons 
without PD (N = 148 009) were identified for cases from the Social Insurance Institution database.

Personal identification numbers enable linkage across nationwide Finnish registers. Data on chronic diseases is extracted 
from the Special Reimbursement Register and reimbursed prescription drugs from the Prescription Register which are both 
maintained by the Social Insurance Institution of Finland. Information on hospitalizations was obtained from the Care Register 
for Health Care maintained by the Finnish Institute for Health and Welfare. Cancer history was extracted from the Finnish 
Cancer Registry maintained by the Cancer Society of Finland and occupational social class from Statistics Finland.

Identification of Cases and Controls for This Study
Cases who were diagnosed with PD during 1999–2015 and diagnosed with asthma or COPD >3 years before PD diagnosis were 
selected (N = 1422). Cases diagnosed in 1996–1998 were excluded because Prescription Register data are available since 1995, 
and a 3-year lag was applied in drug exposure assessment. Thus, the drug exposure assessment period ranged between 1–17 
years. The lag period of three years stems from a previous study on the FINPARK cohort showing that the incidence of muscle 
relaxant use, a sign of prodromal motor symptoms, began to increase among PD cases already three years before the diagnosis.19

Formation of the study population is described in Figure 1. Asthma and COPD were defined from the Finnish Care 
Register for Health Care (1972–2012) using ICD-10, ICD-9, and ICD-8 codes and from the Special Reimbursement 
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Register (1972–2012) using ICD-10 and ICD-9 codes (Supplementary Table 1). The diagnosis date for asthma or COPD 
was determined either as the earliest date for the hospitalization or specialized healthcare outpatient visit, or as the date 
for the entitlement to reimbursement for drugs that are used in the treatment of asthma or COPD, depending on which 
occurred first.

Figure 1 Flowchart of the formation of PD cases and their matched controls. *Age ± 2 years, sex, pulmonary diagnosis (asthma, COPD or both), time since asthma/COPD 
diagnosis ± 3 years, university hospital district. 
Abbreviations: COPD, chronic obstructive pulmonary disease; PD, Parkinson’s disease.
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Each PD case (N = 1422) was matched up to seven controls who were diagnosed with asthma or COPD but had no 
PD diagnosis from the controls of the entire FINPARK study. Controls were matched on the date of PD diagnosis for the 
case (index date). Controls were matched according to age (± 2 years) on index date, same sex, and pulmonary diagnosis 
type (asthma, COPD, or both), time since asthma or COPD diagnosis on index date (± 3 years) and university hospital 
district, which could be the same or neighboring district. The exclusion criteria for cases and controls were the same 
except that the controls were not allowed to have dementia in PD (ICD-10 code F02.3). Cases (N=16) that no controls 
were found were excluded and the final study population comprised of 1406 PD cases and 8630 matched controls.

Drug Exposure
Exposure to β2AR agonists since 1995 was obtained from the Prescription Register. The Prescription Register covers all 
reimbursed prescription drug purchases and drugs used in the hospitals are not included. Drugs are categorized according 
to Anatomical Therapeutic Chemical (ATC) classification codes and for each drug the register includes information such 
as the dispensing date, number of packages and defined daily dose (DDD) per purchase. The DDD is the assumed 
average maintenance dose per day for a drug used for its main indication for adults.20

Use of β2AR agonists were defined with ATC codes and were categorized as short-acting (salbutamol, terbutaline, fenoterol) 
and long-acting β2AR agonists (salmeterol, formoterol, indacaterol, olodaterol, and vilanterol) (Supplementary Table 2). The 
combinations of β2AR agonists with corticosteroids and anticholinergics were included. Additionally, use of inhaled corticoster-
oids and anticholinergics were extracted separately (Supplementary Table 2).

Exposure was extracted until the beginning of the 3-year lag period and categorized as use/no use before the 3-year 
lag. The earliest date of purchase was determined. The lag period was applied to minimize protopathic bias ie the 
likelihood that prodromal symptoms or diagnostic process of PD could affect drug exposure. After applying the 3-year 
lag period, possible drug exposure assessment period was 10.8 years on average.

The dose-response analyses were restricted to those who used β2AR agonists at least 3 years before index date. Due 
to matched design, those PD cases and controls who were unmatched after the exclusion of nonusers were also excluded. 
Cumulative exposure was calculated as cumulative sum of DDDs. We estimated in how many distinct years in relation to 
index date the user had carried out purchases. Cumulative DDDs were divided by the sum of years with purchase to get 
an average exposure per year (later briefly annual exposure). Continuous variables, cumulative DDDs, and annual 
exposure were categorized into quartiles in the main analyses and into tertiles in sensitivity analyses. These analyses 
were performed for short- and long-acting β2AR agonists separately and on any β2AR agonist level when use of either 
short- and/or long-acting β2AR agonists was considered.

Confounders
History of comorbid conditions comprised of cardiovascular diseases, diabetes, stroke, substance abuse and traumatic 
brain injury and were identified from the Finnish Care Register for Health Care, the Special Reimbursement Register or 
the Prescription Register. Additionally, history of cancer was obtained from the Cancer Registry. All comorbid conditions 
were measured until the start of the 3-year lag period and data sources, specific codes, coding systems, and time periods 
are described in more detail in Supplementary Table 3. Information on the highest occupational socioeconomic position 
in 1972–1994, was derived from Statistics Finland data and grouped according to classification by Statistics Finland. 
Students, long-term unemployed, other positions not elsewhere classified, socioeconomic status unknown or missing 
where classified into the ‘Others’ class.

Statistical Analyses
Characteristics of PD cases and controls and different exposure groups were compared with a Chi-Square test for 
categorical variables. T-test was applied for continuous variables that were normally distributed and Mann–Whitney 
U-test for nonnormally distributed variables. Use of inhaled β2AR agonists, corticosteroids and anticholinergics was 
compared between cases and controls. The associations between use of β2AR agonists and PD were investigated with 
conditional logistic regression due to the matched design. The analyses were adjusted with potential confounders. In 
addition, sensitivity analyses with additional adjustment for inhaled corticosteroids and anticholinergics were performed.
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For categorical variables cumulative DDDs and annual exposure, the lowest quantile was used as reference. To 
evaluate whether the statistically significant associations were modified by pulmonary diagnoses, a model with exposur-
e*pulmonary diagnosis interaction term was fitted and if there was evidence of modification (P for interaction <0.1), 
stratified analyses according to pulmonary diagnosis were performed. The Kruskal–Wallis test was applied to estimate 
differences in continuous variables, cumulative DDD, and annual exposure between pulmonary diagnosis types. 
Statistical analyses were conducted with SAS 9.4.

Results
Characteristics of 1406 PD cases and 8630 controls are presented in Table 1. Mean age was 73 years ranging from 33 to 
95 years in the study population and 51% of both cases and controls were men. The median duration of asthma/COPD on 
index date was 12.4 years for controls and 12.9 for cases. The majority of the cases and controls had only asthma 

Table 1 Description of PD Cases and Controls with Asthma/COPD

Controls PD Cases Pa

N = 8630 N = 1406

Age on index date, years; mean (SD) 72.9 (8.2) 72.7 (8.8) 0.39b

Sex; n (%) 0.74
Men 4366 (50.6) 718 (51.1)

Women 4264 (49.4) 688 (48.9)

Duration of asthma/COPD on index date; median (IQR) 12.4 (7.2–19.9) 12.9 (7.3–20.7) 0.14c

Pulmonary diagnosis type; n (%) 0.13

Asthma 6633 (76.9) 1047 (74.5)

Asthma and COPD 1236 (14.3) 226 (16.1)
COPD 761 (8.8) 133 (9.5)

Covariates; n (%)
Cardiovascular diseases 4093 (47.4) 674 (47.9) 0.72
Diabetes 973 (11.3) 163 (11.6) 0.73

Cancer history 814 (9.4) 107 (7.6) 0.028

Stroke 379 (4.4) 67 (4.8) 0.53
Substance abuse 323 (3.7) 54 (3.8) 0.86

Traumatic brain injury 207 (2.4) 26 (1.9) 0.20

Socioeconomic position; n (%) 0.17
Manual workers 2669 (30.9) 440 (31.3)

Self-employed 2299 (26.6) 351 (25.0)

Lower-level employees with administrative and clerical occupations 2057 (23.8) 326 (23.2)
Upper-level employees with administrative, managerial, professional and related occupations 1121 (13.0) 188 (13.4)

Pensioners 432 (5.0) 93 (6.6)

Others 52 (0.6) 8 (0.6)
β2AR agonists; n (%) 7444 (86.3) 1225 (87.1) 0.38

Short-acting β2AR agonists; n (%) 7176 (83.2) 1183 (84.1) 0.36

Salbutamol 5556 (64.4) 926 (65.9) 0.28
Terbutaline 2052 (23.8) 317 (22.6) 0.31

Fenoterol 1233 (14.3) 211 (15.0) 0.48

Long-acting β2AR agonists; n (%) 4179 (48.4) 683 (48.6) 0.92
Salmeterol 2991 (34.7) 479 (34.1) 0.67

Formoterol 1943 (22.5) 319 (22.7) 0.88

Indacaterol 8 (0.1) -
Olodaterol - -

Vilanterol - -

Notes: Covariates and inhaled β2AR agonist exposure are measured before the 3-year lag period, socioeconomic position in 1972–1994. Index date is the date of PD 
diagnosis or corresponding matching date for controls. aChi-Square test, bt-test, cMann–Whitney U-test. 
Abbreviations: β2AR, β2-adrenoceptor; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; PD, Parkinson’s disease; SD, standard deviation.
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(>74%), approximately 15% had both asthma and COPD and less than 10% had only COPD. The history of comorbid 
conditions before the 3-year lag period were similar between cases and controls, except for cancer history which 
prevalence was higher among controls. Cardiovascular diseases were the most common comorbidities.

Distribution of inhaled β2AR agonist exposure was similar between cases and controls (Table 1). Over 83% had 
purchased short-acting and 48% long-acting β2AR agonists. Neither short- nor long-acting β2AR agonists were 
associated with risk of PD when any use was compared to nonuse before the 3-year lag (adjusted odds ratio (aOR) 
1.13; 95% CI 0.95–1.33 and 1.01; 0.89–1.14, respectively). Exposure to inhaled corticosteroids and anticholinergics was 
comparable between cases and controls (Supplementary Table 4), and additional adjustment for them did not affect the 
association of any short- or long-acting β2AR agonist use before the 3-year lag in sensitivity analyses (1.12; 95% CI 
0.93–1.36 and 0.99; 0.87–1.13, respectively).

Altogether, 7376 users of short-acting, 2889 users of long-acting and 7851 users of any β2AR agonists were included 
in the dose-response analyses. Cumulative DDDs were not associated with risk of PD in any of the analyses (Table 2). 

Table 2 Dose-Response Associations Between Use of Inhaled β2AR Agonists and PD

Short-acting β2AR agonists Controls N = 6199 n (%) PD cases N = 1177 n (%) OR (95% CI) Adjusted OR (95% CI)a

Cumulative DDD
7–75 DDD 1583 (25.5) 303 (25.7) Reference Reference

78–223 DDD 1485 (24.0) 302 (25.7) 1.07 (0.90–1.28) 1.06 (0.89–1.27)

225–633 DDD 1562 (25.2) 299 (25.4) 0.99 (0.82–1.18) 0.98 (0.82–1.17)
635–14016 DDD 1569 (25.3) 273 (23.2) 0.84 (0.70–1.02) 0.84 (0.69–1.02)

Annual exposure
7–33 DDD/year 1591 (25.7) 305 (25.9) Reference Reference
34–57 DDD/year 1505 (24.3) 289 (24.6) 1.01 (0.85–1.21) 1.01 (0.85–1.20)

58–113 DDD/year 1559 (25.2) 282 (24.0) 0.94 (0.79–1.13) 0.93 (0.78–1.12)

114–1533 DDD/year 1544 (24.9) 301 (25.6) 0.92 (0.76–1.11) 0.91 (0.75–1.10)

Long-acting β2AR agonists Controls N = 2240 n (%) PD cases N = 649 n (%) OR (95% CI) Adjusted OR (95% CI)a

Cumulative DDD
15–240 DDD 544 (24.3) 177 (27.3) Reference Reference

255–900 DDD 555 (24.8) 167 (25.7) 0.93 (0.73–1.19) 0.94 (0.73–1.21)
915–2100 DDD 574 (25.6) 154 (23.7) 0.88 (0.68–1.14) 0.89 (0.69–1.16)

2115–11010 DDD 567 (25.3) 151 (23.3) 0.88 (0.67–1.15) 0.88 (0.67–1.16)

Annual exposure
15–105 DDD/year 549 (24.5) 180 (27.7) Reference Reference

107–210 DDD/year 567 (25.3) 170 (26.2) 0.90 (0.70–1.16) 0.91 (0.71–1.17)
212–310 DDD/year 541 (24.2) 160 (24.7) 0.93 (0.72–1.19) 0.94 (0.73–1.21)

311–1032 DDD/year 583 (26.0) 139 (21.4) 0.74 (0.57–0.97) 0.75 (0.58–0.97)

Any β2AR agonist Controls N = 6632 n (%) PD cases N = 1219 n (%) OR (95% CI) Adjusted OR (95% CI)a

Cumulative DDD
6–148 DDD 1615 (24.4) 293 (24.0) Reference Reference

150–555 DDD 1678 (25.3) 337 (27.7) 1.12 (0.94–1.33) 1.11 (0.93–1.32)

560–1848 DDD 1648 (24.9) 315 (25.8) 1.06 (0.89–1.27) 1.06 (0.89–1.27)
1850–15246 DDD 1691 (25.5) 274 (22.5) 0.85 (0.70–1.03) 0.85 (0.70–1.03)

Annual exposure
6–49 DDD/year 1524 (23.0) 263 (21.6) Reference Reference
50–120 DDD/year 1793 (27.0) 361 (29.6) 1.17 (0.98–1.39) 1.16 (0.97–1.38)

121–259 DDD/year 1632 (24.6) 312 (25.6) 1.11 (0.92–1.33) 1.11 (0.92–1.33)

260–1691 DDD/year 1683 (25.4) 283 (23.2) 0.92 (0.76–1.11) 0.92 (0.76–1.11)

Notes: aCancer history, cardiovascular diseases, diabetes, socioeconomic position, stroke, substance abuse and traumatic brain injury. 
Abbreviations: β2AR, β2-adrenoceptor; CI, confidence interval; OR, odds ratio; PD, Parkinson’s disease.
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There was no association between annual exposure and risk of PD for short-acting β2AR agonists or for any β2AR 
agonists. The highest quartile for annual exposure for long-acting β2AR agonists was associated with a decreased risk of 
PD (aOR 0.75; 95% CI 0.58–0.97) (Table 2). The results of sensitivity analyses with tertile categorization were similar to 
main analyses, with narrower 95% CIs resulting from borderline association between the highest cumulative exposure to 
any β2AR agonist and lower risk of PD (aOR 0.85; 95% CI 0.72–1.00). In addition, the association of the highest tertile 
of annual exposure for long-acting β2AR agonists was weaker (aOR 0.82; 95% CI 0.65–1.02, Supplementary Table 5) 
than the association of the highest quartile in the main analysis. The results from sensitivity analysis with further 
adjustment with inhaled corticosteroids and anticholinergics for quartile categorization were similar to the main analysis 
(Supplementary Table 6).

There was evidence for different association per pulmonary diagnosis type in this dose-response analysis of annual 
exposure for long-acting β2AR agonists (P for interaction 0.07). The lowest aORs were observed among those with both 
asthma and COPD (N = 670) with the third quartile of annual exposure (aOR 0.48; 95% CI 0.27–0.87), but not the fourth 
quartile, being associated with a decreased risk of PD compared with the lowest quartile (Figure 2). For asthma (N = 
2089), the highest quartile showed a slight protective association (aOR 0.74; 95% CI 0.55–1.01). No associations were 
seen among those with only COPD (N = 130). People with asthma and COPD had the highest annual exposure for long- 
acting β2AR agonists (median 240 DDD/year; interquartile range (IQR) 141–316) than asthma (median 200 DDD/year; 
IQR 99–309) and COPD (median 173 DDD/year; IQR 90–300), p<0.0001 (Table 3).

Discussion
Findings of this nested case-control study of people with asthma/COPD suggest that the use of inhaled β2AR agonists is 
not associated with risk of PD and higher cumulative exposure is not consistently associated with lower risk of 
developing PD. An association with a decreased risk was observed only for the highest quartile of annual exposure 
for long-acting β2AR agonists. This was modified by pulmonary diagnosis type, with the lowest aORs among those with 
both asthma and COPD diagnosis. This might suggest that regular and long-term use of long-acting β2AR agonists is 

Figure 2 Stratified analysis across quartiles of average annual exposure for long-acting β2AR agonists by pulmonary disease. Adjusted with cancer history, cardiovascular 
diseases, diabetes, socioeconomic position, stroke, substance abuse and traumatic brain injury. 
Abbreviations: β2AR, β2-adrenoceptor; aOR, adjusted odds ratio; CI, confidence interval; COPD, chronic obstructive pulmonary disease; DDD, defined daily dose; PD, 
Parkinson’s disease.

Clinical Epidemiology 2023:15                                                                                                      https://doi.org/10.2147/CLEP.S405325                                                                                                                                                                                                                       

DovePress                                                                                                                         
701

Dovepress                                                                                                                                                      Paakinaho et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=405325.docx
https://www.dovepress.com/get_supplementary_file.php?f=405325.docx
https://www.dovepress.com
https://www.dovepress.com


more common among those with more severe disease such as persons with both asthma and COPD, and the protective 
association might be confounded by lifestyle factors such as smoking.

Although direct comparisons to earlier studies are challenging due to differences in methods and study populations, 
our findings are supportive of those from a nested case-control study restricted to persons with COPD. In that study, the 
use of short- or long-acting β2AR agonists was not associated with risk of PD.5 The exposure was assessed every six 
months for a 2-year window and categorized into regular, irregular use and no use. After applying a 2- or 3-year lag 
period, neither regular nor irregular use was associated with risk of PD compared to nonuse.5 Another nested case-control 
study of persons with asthma/COPD studied short- and long-acting β2AR agonists separately, and reported an association 
between short-acting β2AR agonist and lower risk of PD (OR 0.90; 95% CI 0.86–0.96 per additional month of 
exposure),6 while we did not observe any association with short-acting β2AR agonist use. Additionally, a cohort study 
which investigated the association between asthma and risk of subsequent PD, reported no association for inhaled β2AR 
agonists compared to persons without asthma,21 a result similar to our findings.

We did not observe a consistent protective association in the dose-response relationship analyses. Association was 
observed only for long-acting β2AR agonists in annual exposure analysis. Previous dose-response studies have mostly 
focused on salbutamol in study populations not restricted on asthma/COPD,1,2 which complicates the comparison. Also, 
follow-up and exposure assessment periods are not directly comparable to our study. Only one study reported dose- 
response results for long-acting β2AR agonist formoterol comparing average daily dose quartiles to nonuse and quartiles 
were associated with a decreased risk of PD except for the lowest quartile.4 In that same study, salbutamol average daily 
dose quartiles were associated with a decreased risk except for the highest quartile which was no longer associated with 
risk of PD compared to nonuse. As for salbutamol, findings from other two dose-response studies are varying.1,2 In 
a previous cohort study, the second and third tertile of cumulative DDDs for salbutamol (including both inhaled and 
systemic) showed protective association for risk of PD compared to nonuse.1 Categorization of cumulative DDDs in that 
study (<60, 60 to 180, ≥180 DDDs) are not comparable with ours since we had a longer exposure assessment period 
(10.8 years on average) compared to their maximum of 4 years. A case-control study2 used similar categorization as 
previously described1 but used the lowest tertile (<60 DDDs) as reference. No dose-response associations for inhaled 
salbutamol users overall or among smokers were found. In summary, higher cumulative exposure has not been 
consistently protective in previous studies when not restricted on asthma/COPD.

There was evidence for differential association between annual exposure to long-acting β2AR agonists and risk of PD 
per pulmonary diagnosis type. Strongest aORs were observed in those with both asthma and COPD diagnoses and 
a lower risk of PD was observed only in the third quartile. Even though the confidence intervals in the highest quartile 
overlapped 1, point estimate was suggestive of decreased risk. This kind of finding might be due to more severe and 

Table 3 Comparison of Cumulative DDD and Average Annual Exposure (DDD/Year) for β2AR Agonists Between Different 
Pulmonary Diagnosis Types. Results are Reported as Median (IQR)

Short-Acting β2AR Agonists Long-Acting β2AR Agonists Any β2AR Agonist

N Cumulative 
DDD

Annual 
Exposure 

(DDD/Year)

N Cumulative 
DDD

Annual 
Exposure 

(DDD/Year)

N Cumulative 
DDD

Annual 
Exposure 

(DDD/Year)

COPD 417 125  

(50–550)

50  

(33–133)

130 360  

(120–1200)

173  

(90–300)

479 285  

(67–1265)

100  

(47–247)

Asthma 5761 200  

(75–575)

50  

(32–100)

2089 900  

(240–2100)

200  

(99–309)

6106 500  

(143–1700)

104  

(49–234)

Asthma and 
COPD

1198 350  

(125–1040)

88  

(49–194)

670 1140  

(390–2310)

240  

(141–316)

1266 1130  

(350–2693)

225  

(100–357)

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Abbreviations: β2AR, β2-adrenoceptor; COPD, chronic obstructive pulmonary disease; DDD, defined daily dose; IQR, interquartile range.
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complex pulmonary condition that we could not take into account in the analyses as this information is not recorded in 
registers. However, as was seen in our data, those with both asthma and COPD diagnoses were exposed to the highest 
amount of β2AR agonists compared to those with asthma or COPD alone. Thus, use of β2AR agonists can reflect the 
severity of the pulmonary disease. This group with both asthma and COPD diagnoses can resemble persons with 
Asthma–COPD Overlap Syndrome (ACOS). ACOS is a heterogeneous condition characterized by persistent airflow 
limitation22 and can occur particularly in smokers and older adults.23 Persons with ACOS can have more symptoms and 
exacerbations than asthma and COPD alone.24

Protective association could be confounded by smoking as protective effect of smoking against PD is well-known.14 

The role of smoking on the development of PD in epidemiological studies on β2AR agonists has been speculated 
previously.2,3,7 According to a case-control study, long-term use of β2AR agonists was associated with a lower risk of PD 
compared to nonuse, but since markers of smoking were also associated with reduced risk of PD, authors interpreted the 
results to be indirectly mediated by smoking.7 Number of smokers could be assumed to be highest among the COPD- 
only group, and higher among those with both asthma and COPD than asthma alone, since COPD is more likely 
smoking-related disease25 than asthma.26 The number of persons with COPD only was low in our study. Consequently, 
we had low power to detect associations but the point estimates in this group were not supportive of protective dose- 
response association. In the COPD group smoking may no longer be a significant confounder and mediate the association 
since the entire group is formed most likely by smokers and β2AR agonists might not be associated with risk of PD as 
also reported in a previous study restricted on people with COPD.5 As for asthma, there was a suggestion of lower risk of 
PD in the highest exposure quartile, although there was otherwise no indication for dose-dependent association in the 
asthma-only group. Among asthmatics, smoking has been associated with increased asthma severity26 and worse asthma 
control,27 which could result in increased need of β2AR agonists, thus, the protective association in the highest exposure 
category could be indirectly mediated by smoking. The same phenomenon may explain the findings in the group with 
both asthma and COPD.

There are several strengths in our study. We were able to restrict the study population on asthma/COPD due to a large 
nationwide register data with a long follow-up period thus controlling for confounding by indication. In addition, we 
could have a 3-year lag period in exposure assessment. By applying a lag-period we could ascertain that drug exposure 
has happened before PD diagnosis and minimize reverse causality ie the likelihood of initiation or discontinuation of 
drugs due to prodromal symptoms of PD. We were able to account for multiple confounding factors even though we 
lacked information on smoking.

In Finland, diagnosis of asthma is based on patient history and clinical examination and objective evidence of 
reversible airway obstruction.28 Diagnosis of COPD is based on relevant exposure history, symptoms and on the presence 
of fixed airway obstruction in spirometry.29 One explanation for low prevalence of COPD in our study population can be 
an underdiagnosis of COPD in Finland.30

The register-based approach poses some limitations. Exposure for inhaled β2AR agonists defined from registers either 
as estimated duration of use from prescriptions filled or as DDDs are not necessarily exact as actual use and adherence is 
unknown. Especially in asthma, short-acting β2AR agonists can be used as as-needed rescue medications31 and therefore 
a new inhaler can be purchased due to expiration of the previous one or due to stockpiling. Persons with persistent 
respiratory symptoms might purchase more frequently and use higher DDDs. In dose-response analyses the lowest 
exposure category was used as reference instead of nonusers for less biased comparison. For example, disease severity 
can differ between users vs nonusers regardless of the initial restriction to asthma/COPD. We did not have information on 
disease severity, but we matched cases and controls by duration of asthma/COPD.

In conclusion, inhaled β2AR agonists were not associated with a risk of PD among persons with asthma/COPD. 
Findings from dose-response analyses suggest that higher levels of exposure to β2AR agonists are not consistently 
associated with reduced risk of PD among persons with asthma/COPD. The protective association in the highest category 
of annual exposure to long-acting β2AR agonists may be explained by unmeasured confounding such as disease severity 
or smoking.
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Supplementary Table 1. Definition of asthma and COPD. 

ICD code or classification number Data source and time period  

Asthma 

ICD-10: J45*, J46* Finnish Care Register for Health Care 
1996-2012 

ICD-9: 493* Finnish Care Register for Health Care 
1987-1995 

ICD-8: 49300, 49302, 49308, 49309 Finnish Care Register for Health Care 
1972-1986 

Special reimbursement for medication: 
classification number 203 or 210 along with one 
of the abovementioned ICD-9 or ICD-10 codes  

Special Reimbursement Register 
1972-2012 

COPD 

ICD-10: J43*, J44* Finnish Care Register for Health Care 
1996-2012 

ICD-9: 4912A, 4912B, 492, 4920A, 4928A, 
4928X 

Finnish Care Register for Health Care 
1987-1995 

ICD-8: 49104, 49201, 49202, 49209 Finnish Care Register for Health Care 
1972-1986 

Special reimbursement for medication: 
classification number 203 or 210 along with one 
of the abovementioned ICD-9 or ICD-10 codes 

Special Reimbursement Register 
1972-2012 

Asthma and COPD 

Abovementioned definitions were met for both 
asthma and COPD  

 

Abbreviations: COPD=chronic obstructive pulmonary disease; ICD=International Classification of 
Diseases 
*Indicates that all diagnosis codes that begin with these characters are included  
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Supplementary Table 2. Anatomical Therapeutic Chemical (ATC) codes to define exposure to inhaled 
β2AR agonists, corticosteroids, and anticholinergics. DDDs are according to single active ingredient 
for inhaled β2AR agonists. For combination products, see World Health Organizations List of DDDs 
combined products.1 

Inhaled β2AR agonists ATC codes DDD of single 
active ingredient 

Short-acting β2AR agonists   
salbutamol R03AC02, R03AL02 0.8 mg (inhaled), 

10 mg (nebulized) 
terbutaline R03AC03 2 mg (inhaled),  

20 mg (nebulized) 
fenoterol R03AC04, R03AL01 0.6 mg (inhaled),  

4 mg (nebulized) 
Long-acting β2AR agonists   

salmeterol R03AC12, R03AK06 0.1 mg (inhaled) 
formoterol R03AC13, R03AK07, R03AK08, 

R03AK11, R03AL05 
24 µg (inhaled) 

indacaterol R03AC18, R03AL04 0.15 mg (inhaled) 
olodaterol R03AC19 5 µg (inhaled) 
vilanterol (only in combinations) R03AK10, R03AL03  

Inhaled corticosteroids ATC codes - 
beclometasone R03BA01, R03AK08  
budesonide R03BA02, R03AK07  
fluticasone propionate R03BA05, R03AK06, R03AK11  
mometasone R03BA07  
ciclesonide R03BA08  
fluticasone furoate R03AK10  

Inhaled anticholinergics ATC codes - 
Short-acting muscarinic antagonist  

ipratropium bromide R03BB01, R03AL01, R03AL02  
oxitropium bromide R03BB02  

Long-acting muscarinic antagonist  
tiotropium bromide R03BB04  
aclinidium bromide R03BB05, R03AL05  
glycopyrronium bromide R03BB06, R03AL04  
umeclidinium bromide R03BB07, R03AL03  

Abbreviations: β2AR=β2-adrenoceptor; DDD=defined daily dose 

Reference: 

1.  WHOCC - List of DDDs combined products. Accessed May 17, 2022. 
https://www.whocc.no/ddd/list_of_ddds_combined_products/ 
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Supplementary Table 3. Definitions of covariates. 

ATC code, ICD code or classification 
number Data source 

Cancer history 

ICD-10 code from IARC CRG Tools: C00-
C97 Cancer registry since 1972 

Cardiovascular diseases 

Special reimbursement for medication: 
classification number 201, 205, 206, 207, 
213, 280 

Special Reimbursement Register since 1972 

Diabetes 

ICD-10: E10-E14 Finnish Care Register for Health Care since 
1996 

ICD-9: 250 Finnish Care Register for Health Care 1987-
1995 

Special reimbursement for medication: 
classification number 103  

Special Reimbursement Register since 1972 

Traumatic brain injury 

ICD-10: S06* Finnish Care Register for Health Care since 
1996 

ICD-9: 850-854 Finnish Care Register for Health Care 1987-
1995 

Stroke 

ICD-10: I60-I64 Finnish Care Register for Health Care since 
1996 

ICD-9: 430-432 Finnish Care Register for Health Care 1987-
1995 

Substance abuse 

ICD-10: F10-F19, G31.2, G62.1, G72.1, 
I42.6, K29.2, K70, K86.0, R78.0, T51.0, 
T51.1, T51.9, X45 
and Reason for admission: codes 33, 71-75 
 

Finnish Care Register for Health Care since 
1996 

ICD-9: 291, 292, 303-305, 980, 3575, 3594, 
4255, 5353, 7903, 5710A, 5711A, 5712A, 
5713A, 5713X, 5771C, 5771D 
and Reason for admission: codes 33, 71-75 
 

Finnish Care Register for Health Care 1987-
1995 

ATC code: N07BB, N07BC Prescription Register since 1995 

Abbreviations: ATC= Anatomical Therapeutic Chemical; IARC CRG= International Agency for 
Research on Cancer Collaborative Research Group; ICD=International Classification of Diseases 
*Indicates that all diagnosis codes that begin with these characters are included 
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Supplementary Table 4. Exposure to inhaled corticosteroids and anticholinergics before 3-year lag 
among Parkinson’s disease (PD) cases and controls with asthma/chronic obstructive pulmonary 
disease. 

 
Controls N=8630 

n (%) 
PD cases 

N=1406 n (%) P 
Inhaled corticosteroids 7218 (83.6) 1176 (83.6) 0.998 

beclometasone 3264 (37.8) 511 (36.3) 0.29 
budesonide 3665 (42.5) 598 (42.5) 0.96 
fluticasone propionate 3490 (40.4) 557 (39.6) 0.56 
ciclesonide 37 (0.4) 6 (0.4) 0.99 
mometasone 2 (0.02) -  
fluticasone furoate - -  

Inhaled anticholinergics 2141 (24.8) 359 (25.5) 0.56 
Short-acting muscarinic antagonist 1842 (21.3) 308 (21.9) 0.63 

ipratropium bromide 1740 (20.2) 299 (21.3) 0.34 
oxitropium bromide 144 (1.7) 16 (1.1) 0.14 

Long-acting muscarinic antagonist 647 (7.5) 110 (7.8) 0.67 
tiotropium bromide 647 (7.5) 110 (7.8) 0.67 
aclinidium bromide - -  
glycopyrronium bromide - -  
umeclidinium bromide - -  
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Supplementary Table 5. Dose-response associations between use of inhaled β2AR agonists and PD, 
the lowest tertile as reference. β2AR agonist exposure has occurred before 3-year lag period and 
analyses were restricted to users only. 

Short-acting β2AR agonists 
Controls 
N=6199 

PD cases 
N=1177 OR (95% CI) Adjusteda OR 

(95% CI) n (%) n (%) 
Cumulative DDD 
7-118 DDD 2071 (33.4) 385 (32.7) Reference Reference 
120-425 DDD 2058 (33.2) 414 (35.2) 1.08 (0.92-1.26) 1.07 (0.92-1.26) 
430-14016 DDD 2070 (33.4) 378 (32.1) 0.93 (0.78-1.09) 0.92 (0.78-1.09) 
Annual exposure 

 
  

7-41 DDD/year 2032 (32.6) 385 (32.7) Reference Reference 
42-88 DDD/year 2110 (34.0) 415 (35.3) 1.03 (0.88-1.21) 1.02 (0.88-1.20) 
89-1533 DDD/year 2066 (33.3) 377 (32.0) 0.87 (0.74-1.03) 0.86 (0.73-1.01) 

Long-acting β2AR agonists 
Controls 
N=2240 

PD cases 
N=649 OR (95% CI) Adjusteda OR 

(95% CI) n (%) n (%) 
Cumulative DDD 
15-420 DDD 735 (32.8) 230 (35.4) Reference Reference 
435-1620 DDD 747 (33.4) 225 (34.7) 1.01 (0.82-1.26) 1.02 (0.82-1.27) 
1635-11010 DDD 758 (33.8) 194 (29.9) 0.89 (0.70-1.13) 0.89 (0.70-1.14) 
Annual exposure 
15-140 DDD/year 734 (32.8) 232 (35.8) Reference Reference 
141-279 DDD/year 730 (32.6) 226 (34.8) 1.02 (0.82-1.26) 1.02 (0.82-1.27) 
280-1032 DDD/year 776 (34.6) 191 (29.4) 0.81 (0.65-1.02) 0.82 (0.65-1.02) 

Any β2AR agonist 
Controls 
N=6632 

PD cases 
N=1219 OR (95% CI) Adjusteda OR 

(95% CI) n (%) n (%) 
Cumulative DDD 
6-232 DDD 2184 (32.9) 429 (35.2) Reference Reference 
233-1272 DDD 2213 (33.4) 405 (33.2) 0.94 (0.81-1.09) 0.93 (0.80-1.09) 
1275-15246 DDD 2235 (33.7) 385 (31.6) 0.85 (0.73-1.00) 0.85 (0.72-1.00) 
Annual exposure 
6-64 DDD/year 2196 (33.1) 419 (34.4) Reference Reference 
65-205 DDD/year 2204 (33.2) 412 (33.8) 0.97 (0.84-1.13) 0.97 (0.83-1.13) 
206-1691 DDD/year 2232 (33.7) 388 (31.8) 0.87 (0.74-1.02) 0.87 (0.74-1.02) 

aCancer history, cardiovascular diseases, diabetes, socioeconomic position, stroke, substance abuse 
and traumatic brain injury   
Abbreviations: β2AR=β2-adrenoceptor; CI=confidence interval; OR=Odds ratio; PD=Parkinson’s 
disease 
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Supplementary Table 6. Dose-response associations between use of inhaled β2AR agonists and PD, 
the lowest quartile as reference. Odds ratios for unadjusted model, model adjusted with standard 
covariates and model further adjusted with inhaled corticosteroids and anticholinergics. 

Short-acting β2AR 
agonists OR (95% CI) Adjusteda OR (95% CI) Adjustedb OR (95% CI) 
Cumulative DDD    
7-75 DDD Reference Reference Reference 
78-223 DDD 1.07 (0.90-1.28) 1.06 (0.89-1.27) 1.05 (0.88-1.26) 
225-633 DDD 0.99 (0.82-1.18) 0.98 (0.82-1.17) 0.96 (0.80-1.15) 
635-14016 DDD 0.84 (0.70-1.02) 0.84 (0.69-1.02) 0.82 (0.67-1.00) 
Annual exposure    
7-33 DDD/year Reference Reference Reference 
34-57 DDD/year 1.01 (0.85-1.21) 1.01 (0.85-1.20) 1.00 (0.84-1.20) 
58-113 DDD/year 0.94 (0.79-1.13) 0.93 (0.78-1.12) 0.92 (0.77-1.11) 
114-1533 DDD/year 0.92 (0.76-1.11) 0.91 (0.75-1.10) 0.90 (0.74-1.09) 

Long-acting β2AR 
agonists OR (95% CI) Adjusteda OR (95% CI) Adjustedb OR (95% CI) 
Cumulative DDD    
15-240 DDD Reference Reference Reference 
255-900 DDD 0.93 (0.73-1.19) 0.94 (0.73-1.21) 0.94 (0.73-1.20) 
915-2100 DDD 0.88 (0.68-1.14) 0.89 (0.69-1.16) 0.89 (0.69-1.15) 
2115-11010 DDD 0.88 (0.67-1.15) 0.88 (0.67-1.16) 0.88 (0.66-1.15) 
Annual exposure    
15-105 DDD/year Reference Reference Reference 
107-210 DDD/year 0.90 (0.70-1.16) 0.91 (0.71-1.17) 0.91 (0.71-1.17) 
212-310 DDD/year 0.93 (0.72-1.19) 0.94 (0.73-1.21) 0.93 (0.73-1.20) 
311-1032 DDD/year 0.74 (0.57-0.97) 0.75 (0.58-0.97) 0.74 (0.57-0.97) 

Any β2AR agonist OR (95% CI) Adjusteda OR (95% CI) Adjustedb OR (95% CI) 
Cumulative DDD    
6-148 DDD Reference Reference Reference 
150-555 DDD 1.12 (0.94-1.33) 1.11 (0.93-1.32) 1.08 (0.91-1.30) 
560-1848 DDD 1.06 (0.89-1.27) 1.06 (0.89-1.27) 1.03 (0.86-1.24) 
1850-15246 DDD 0.85 (0.70-1.03) 0.85 (0.70-1.03) 0.82 (0.67-1.01) 
Annual exposure    
6-49 DDD/year Reference Reference Reference 
50-120 DDD/year 1.17 (0.98-1.39) 1.16 (0.97-1.38) 1.15 (0.96-1.37) 
121-259 DDD/year 1.11 (0.92-1.33) 1.11 (0.92-1.33) 1.09 (0.90-1.31) 
260-1691 DDD/year 0.92 (0.76-1.11) 0.92 (0.76-1.11) 0.90 (0.74-1.09) 

 aCancer history, cardiovascular diseases, diabetes, socioeconomic position, stroke, substance abuse 
and traumatic brain injury 
 bIn addition to a: inhaled corticosteroids and anticholinergics. 
 Abbreviations: β2AR=β2-adrenoceptor; CI=confidence interval; OR=Odds ratio; PD=Parkinson’s 
disease 
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The causes of Parkinson’s disease are often 

unknown, and little is known about modifiable 
risk factors. This nationwide register-based 

study investigated whether disease-modifying 
antirheumatic drugs and inhaled β2-

adrenoceptor agonists are associated with 
the risk of Parkinson’s disease in indication-

restricted studies. Furthermore, the incidence 
of muscle relaxant use was investigated 
as proxy for musculoskeletal symptoms 
while revealing an appropriate exposure 

assessment period for risk factor studies to 
control for reverse causality.
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