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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.
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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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