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ABSTRACT

Background: (-agonists and f-antagonists are among the most prescribed drugs worldwide. In 2018, studies suggesting a
harmful association between propranolol and Parkinson's disease (PD) prompted a signal procedure by the European Medicines
Agency's safety committee, which concluded with no update of product information. Several studies have been published since
then. We aimed to systematically review, critically appraise, and meta-analyse all studies on the association between the use of
B-antagonists (including propranolol) and -agonists, and the risk of PD.

Methods: We searched Embase and Medline up to December 2024 for observational and intervention studies that reported
relative risk estimates of the association between use of these medicines and PD. Two reviewers screened the records, extracted
the data, and assessed the risk of bias. The restricted maximum likelihood method was used to compute pooled effect estimates
and 95% confidence intervals (CIs).

Results: Twenty-two studies were eligible. Overall, 20 had a high risk of bias in at least one domain. Twelve studies had medium
to high risk of outcome misclassification. Of the 14 studies concerning (3-antagonists, eleven had an unclear or high risk of pro-
topathic bias, as propranolol is indicated for the treatment of essential tremor. Control for confounding by socio-economic status,
area of residence (urban/rural), and smoking (a protective factor against PD) was deficient or lacking in 9/22, 15/22, and 12/22
studies, respectively. Lag times were applied in 9/22 studies. In meta-analysis, the summary relative risk (RR) of PD was 1.41
(95% CI: 1.18-1.68) for the class of f-antagonists (12 studies) and 0.93 (0.84-1.03) for 32-agonists (11 studies). Among specific -
antagonists, the summary RR of PD was 2.36 (1.66-3.36) for propranolol (7 studies), 0.84 (0.80-0.88) for carvedilol (3 studies) and
1.02 (0.87-1.18) for metoprolol (4 studies). For specific f2-agonists, summary RR was 0.88 (0.77-1.01) for salbutamol (7 studies),
0.91 (0.88-0.95) for short-acting 32-agonists (6 studies), and 0.85 (0.76-0.96) for long-acting 32 agonists (5 studies). Restricting to
subgroups based on quality criteria resulted in weaker or non-statistically significant associations.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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Conclusion: The quality and quantity of the available evidence do not support a causal association between use of -
adrenoreceptor modulators and PD. Significant associations are most likely explained by protopathic bias and confounding.

1 | Introduction

Parkinson's disease (PD) is a complex neurodegenerative con-
dition that often presents with progressive bradykinesia, rest
tremor, rigidity, and lack of postural reflexes [1]. In 2016, over
6.1 million people were estimated to be living with the dis-
ease globally [2]. The burden of PD in high-income settings
increased in the last decades, particularly among men [3], for
unknown reasons [2].

The pathophysiology of PD includes an abnormal accumula-
tion of a-synuclein protein in the brain. In 2017, Mittal et al.
[4] showed that the f2-adrenoreceptor (2-AR) regulates the
transcription of the human a-synuclein gene and postulated
that 32-AR ligands may modulate the risk of PD. The authors
then conducted a cohort study using data from a Norwegian
prescription database and reported that the use of propran-
olol (a non-selective -blocker) was associated with a 2-fold
increased risk of PD, while salbutamol (a 82-agonist) had a
dose-dependent protective association [<60 Defined Daily
Dose (DDD): RR 0.96 (95% CI 0.76-1.23); 60-180 DDD: 0.60
(0.40-0.91); >180 DDD: 0.45 (0.31-0.67)] [4]. Other stud-
ies, some of which directly aimed to replicate the associa-
tions shown by Mittal et al. [4], showed conflicting results
[5, 6]. These results generated interest, as drugs acting on
the BAR have a broad use in medicine as well-established
treatments for common chronic conditions such as hyper-
tension, asthma, chronic obstructive pulmonary disease
(COPD) and angina [7]. The Mittal et al. study prompted a
safety signal procedure at the European Medicines Agency
(EMA) in June 2018, in line with the EU Guideline on Good
Pharmacovigilance Practices, when new data suggests a po-
tentially causal association or a new aspect of a known associ-
ation [8]. At the time, the Pharmacovigilance Risk Assessment
Committee (PRAC) concluded that there was not enough evi-
dence to update product information, as the available studies
often did not adjust for important confounders such as smok-
ing (associated with decreased risk of PD [9]) or account for
a time lag between exposure to $2-AR drugs and incidence
of PD. This is important because some f32-AR are indicated
for the treatment of essential tremor [10], which may be early
signs of PD [11]. Studies were also heterogeneous in the defi-
nition of the exposure (whole class versus specific drugs only),
type of population studied, and duration of follow-up, all of
which may affect the results. Several studies have been pub-
lished since then.

In this study, we aimed to systematically review, critically
appraise, and meta-analyse the available evidence on the as-
sociation between exposure to (2-AR drugs (B-antagonists,
f-agonists) and the risk of PD to date. We considered studies
providing data for the broad classes of 3-antagonists and (3-
agonists, as well as individual drugs within these classes, and
comprehensively discussed the potential for bias in the avail-
able evidence.

2 | Methods

This systematic review is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines statement [12]. The systematic review pro-
tocol was registered with the international prospective register of
systematic reviews (PROSPERO, CRD42020219419).

2.1 | Study Inclusion Criteria

We identified studies that quantified the association between
the use of B-antagonists and/or 3-agonists and the risk of devel-
oping PD following the PECOS framework [13]: (1) Population:
Individuals at risk of PD; (2) exposure: use of drugs belonging to
the classes of 3-antagonists [Anatomical Therapeutic Chemical
Classification System (ATC) codes: CO7AA (non-selective),
CO07AB (selective) and CO7AG (alpha and beta)] and -agonists
[ATC codes RO3AC (selective 32-agonists) and RO3AK, RO3AL
(adrenergic in combination) for inhalants; and RO3CC (selective
{2-agonists) for systemic use]; (3) comparator: unexposed group
or lowest exposure category when used as a reference; (4) out-
come: PD; (5) study design: intervention, cohort, or case control;
(6) reported effect estimates.

2.2 | Literature Search

We queried Medline and Embase (both from inception up to
December 2024) to identify eligible studies. The search expres-
sions included terms for the exposure (3-antagonists, -agonists
and respective drugs) and outcome (PD) in the form of Medical
Subject Headings (MeSH) and text words (Appendix SI). To
avoid missing relevant studies, we manually screened references
of the eligible studies and related reviews. There were no time,
geographical, or language restrictions.

2.3 | Data Management and Screening
of References

Records from Medline and Embase were exported to Endnote
X20. Duplicates were removed manually. The titles and ab-
stracts were systematically screened by two reviewers (AS, HC)
for relevance according to the inclusion criteria (listed above).
The full text of potentially relevant studies was obtained and
reviewed by two reviewers to determine the final eligibility for
this review. Study authors were contacted for additional infor-
mation to clarify relevant aspects.

2.4 | Data Extraction

The following information was extracted using a pre-defined
data extraction form: (1) country; (2) study design; (3) study
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Summary

» This systematic review included 22 observational
studies published between 2007 and 2024 on the as-
sociation between f3-adrenergic drugs and Parkinson's
disease risk.

Most studies were subject to important biases that may
explain the associations observed in meta-analyses.

In meta-analyses, 3-antagonist users had a 41% in-
creased risk of PD compared to never users, and (32-
agonist users had a 7% non-significant reduced risk of
PD. There was a possible dose-response relationship
between the short-acting versus long-acting agents,
though publication bias was also detected.

The available epidemiologic data are not sufficiently
consistent to infer a causal relationship between the
use of 3-adrenergic drugs and the risk of PD.

population; (4) number of people exposed and unexposed (or
exposed to the lowest dose); (5) mean/median age of partici-
pants and their sex (as percentage); (6) drug class ($-antagonists,
f-agonists), and/or individual drugs (e.g., propranolol, salbu-
tamol); (7) effect estimates and 95% confidence intervals; (8)
control of confounding by socio-demographic factors (age, sex,
socio-economic status), urban/rural residence, smoking, others;
(9) time lag between exposure and start of outcome ascertain-
ment (to assess the possibility of reverse causality); (10) dose-
response results; and (11) length of follow-up. When both crude
and adjusted measures of effect were provided, we extracted
both. When a study provided results from analyses of two or
more databases of electronic health records, we extracted all
data but only considered the study once in the analysis.

2.5 | Risk of Bias in Individual Studies

To evaluate the risk of bias of the included studies, we selected do-
mains that are important in observational pharmacoepidemiology
studies using routinely collected healthcare data [14, 15]. The do-
mains were: validity of exposure and outcome ascertainment; pro-
topathic bias; control for confounding by age, sex, socio-economic
status [16], area of residence (urban/rural), as PD is more common
in rural areas [17], and smoking [9]; evaluation of dose-response
relationship; generalisability (external validity); and conflict of in-
terests. Within each domain, the studies were rated as having a
high, moderate/unclear, or low risk of bias by two researchers, who
also reconciled any disagreement by a consensus. Appendix S2
provides the criteria used for each category and domain.

2.6 | Data Synthesis

Data on the studies’ characteristics and results were sum-
marised descriptively in tables and text. The results were
presented grouping the studies by overall drug classes (§3-
antagonists, (-agonists), selectivity for 3-AR subtypes (se-
lective versus non-selective), effect duration for 2-agonists
short-acting (SABA), long-acting (LABA), ultra-LABA, and
individual drugs in line with their respective categories.

Studies that provided results for more than one of these cat-
egories (e.g., all f2-agonists as well as salbutamol) were in-
cluded in the analyses of relevant categories.

Meta-analysis was used to quantitatively summarise the associ-
ations between each drug and drug class and the risk of PD as
reported by the relative risk, hazard ratio, or odds ratio in the
original studies. In all analyses, the restricted maximum likeli-
hood method was used to compute summary RR estimates with
95% confidence intervals (CI). This method produces unbiased
estimates of the between-study variance [18]. Heterogeneity of
effects was assessed and quantified using the I? statistic [19].
In the main analysis, we included the results of the studies that
compared the risk of PD between those (ever) exposed to the
B-AR drug class or individual drug and those never exposed (or
exposed to the lowest category); this was the most frequently re-
ported comparison in the original studies. In sensitivity analy-
ses, we repeated the main analysis for the drug classes, type of
B-agonists (short- and long-acting), and the most studied drugs
in each class (i.e., propranolol and salbutamol), using estimates
for the longest duration or highest dose of exposure (e.g., use of
B-blocker for > 6 years versus never use), if available. To explore
sources of heterogeneity, we ran several sub-group analyses: re-
stricting to studies at low risk of protopathic bias (f-antagonists
only); studies that provided estimates adjusted for potential
confounders, including SES, area of residence (urban/rural),
and smoking (a protective factor); and studies that employed a
time lag before outcome ascertainment (to avoid reverse causal-
ity). Since important clinical and statistical heterogeneity was
observed across studies, random-effects models were chosen
to incorporate the between-study variance within the analysis.
Small study bias was assessed through visual inspection of fun-
nel plots and Egger's regression asymmetry test [20, 21]. Stata
version 18 was used for analysis.

3 | Results

The literature search yielded 1773 records from Embase and
Medline (Figure 1). A total of 1712 articles were excluded during
screening based on title and abstract, leaving 61 articles for full
text assessment. Of these, 22 studies [4-6, 22-40] were eligible
for the systematic review.

3.1 | Characteristics of Included Studies

The characteristics of the included studies are shown in Table 1.
All studies were observational in design and used national or
commercial electronic health records databases. Fourteen were
nested case-control studies, seven were cohort studies, and one
was a self-controlled cohort study. Men represented 50%-65% of
PD cases in 13 studies. Sample size varied from <1000 up to 117
million patients in a study of US cohorts. 12 studies assessed the
class of f-antagonists, while 11 studies evaluated 2-agonists
class. In studies evaluating individual -antagonist drugs, in-
cluded propranolol (7 studies), carvedilol (3 studies), sotalol (2
studies), metoprolol (4 studies), atenolol (2 studies) and bisopro-
lol (2 studies) and betaxolol (1 study). Two studies [5, 25] investi-
gated the effects of selective $1-blockers and non-selective drugs
separately. Studies evaluating @-agonists included individual
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‘o
c
o Embase (n = 530) + Medline (n = 1243) searches:
© 1,773 records identified
o
=
'.g
[ Not relevant records excluded,
S including duplicates and
—
— title/abstract assessment (n =1,712)
-T+]
£ v
c
3 Full text screened
S (n=61)
(7]
—
Articles excluded for final review
(n=39):
P - reviews (24)
é‘ - replies (3)
E - focus on other antihypertensives (2)
Eo - editor’s note (1)
o - meta-analysis (2)
- duplicates of same study (5)
- risk estimates not provided (2)
— v
— Records included in final
review (n =22)
Drug Class No. of studies
Atenolol B-antagonists 2
Betaxolol B-antagonists 1
Bisoprolol B-antagonists 2
Carvedilol B-antagonists 3
g Formoterol LABA 2
'g Metoprolol B-antagonists 4
o Propranolol B-antagonists 7
£ Salbutamol SABA 7
Salmeterol LABA 2
Sotalol B-antagonists 2
Terbutaline B2-agonists 2
Vilanterol B2-agonists 1
B-antagonists all B-antagonists 14
B2-agonists all B2-agonists 11
SABA NOS SABA 6
LABA NOS LABA 5
— Ultra LABA Ultra-LABA 2

FIGURE1 | Systematic review flowchart. SABA =short-acting beta-agonist; LABA =long-acting beta-agonist; NOS=not otherwise specified.

drugs formoterol (2 studies), salbutamol (7 studies), salmeterol
(2 studies), terbutaline (2 studies), and vilanterol (1 study). SABA
and LABA were reported in 6 and 5 studies each, and ultra-
LABA in 2 studies. Appendix S3 provides detailed information
on each study's characteristics and results.

3.2 | Risk of Bias in the Original Studies

The risk of information bias in the ascertainment of the ex-
posure was low in all but one study. Misclassification of the

outcome was low in 10 studies, where PD was confirmed
based on diagnostic codes in addition to the use of anti-PD
medication (e.g., levodopa), or was identified by neurologists
or from the PD disease registry [32] (Figures 2 and 3). Most
studies concerning 3-antagonists (N=11/14) were at moder-
ate or high risk of protopathic bias. Of the 22 studies, 9 did
not control for confounding by socio-demographic factors,
and 15 did not consider the area of residence (urban/rural).
Apart from 10 studies, all others were noted to have potential
limitations due to the lack of control for confounding due to
smoking. Eight studies did not investigate different time lags
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TABLE 1 | Summary of the main characteristics of the eligible
studies (N=22).

Study Number
characteristics of studies (%)
Type of study Longitudinal 22 (100)
Study design Cohort study 9 (40.9)
Nested case—control study 12 (54.5)
Self-controlled cohort study 1 4.5)
Country Canada 2 9.1
Denmark 2 9.1)
Finland 1 4.5)
France 1 4.5)
Germany 1 4.5)
Israel 2 9.1)
Korea (South) 1 4.5)
Norway 2 9.1)
Sweden 1 4.5
United Kingdom 3 (13.6)
Taiwan 1 4.5)
United States 5 (22.7)
Study size Case control studies,
number of cases
<1000 2 O.D
1000-5000 6 (27.3)
8500-11500 3 (13.6)
>45000 1 4.5)

Cohort studies, total
number of people

<250000 3 (13.6)

1.0-4.4 million 5 (22.7)

4.5-5.2 million 1 4.5)

117 million 1 4.5)

Data source Databases of electronic 22 (100)
health records

Type of database General population® 15 (68.2)

Prescription® 4 (18.2)

Commercial® 3 (13.6)

Type of Broad group of patients 18 (81.8)

population

Patients with COPD 1 4.5)

Patients with COPD/asthma 2 9.1)

Patients with 1 4.5)

asthma, COPD, and/
or bronchiectasis

(Continues)

TABLE1 | (Continued)

Study Number
characteristics of studies (%)
% of men in PD <50% 2 9.1)
cases
50%—-65% 13 (59.1)
Not provided 7 (31.8)
Mean age of PD >40years 1 4.5)
53-75years 7 (31.8)
75-80years 5 (22.7)
Not provided 9 (40.9)
Exposures Any B-antagonist, incl. 14 (63.6)
evaluated
B-antagonists, all¢ 12 (54.5)
Atenolol 2 9.1)
Bisoprolol 2 9.1)
Betaxolol 1 (4.5)
Carvedilol 3 (13.6)
Metoprolol 4 (18.2)
Propranolol 7 (31.8)
Sotalol 2 9.1)
Any f2-agonists, incl. 11 (50.0)
SABA 6 (27.3)
LABA 5 (22.7)
Ultra LABA 2 9.1
Formoterol 2 9.1)
Salbutamol 7 (31.8)
Salmeterol 2 9.1)
Terbutaline 2 9.1)
Vilanterol 1 (4.5)

Abbreviations: COPD =chronic obstructive pulmonary disease; LABA =long-
acting 2-agonists; SABA =short-acting $2-agonists.

2UK Clinical Practice Research Datalink [29, 38], the French Echantillon
Généraliste des Bénéficiaires data base [27], the Israeli Maccabi and Clalit
Health Services [5, 37], the US Medicare [6, 32], the National Registries

of Danish Person, Patients and Prescriptions [23, 36], the Group Health
Cooperative, Ontario's health administrative databases [22, 30], Taiwan's
National Health Insurance Research Database [35], the National Health
Insurance Service of Korea [34], UK Biobank [33], and the Swedish health and
drug prescription records linked to the Longitudinal Integration Database for
Health Insurance and Labor Market Studies [40].

YBritish Columbia health administrative databases [28], the Norwegian
Prescription Database [4, 31], Finnish Prescription Register [39].

‘IQVIA [26], IMB commercial databases [25] or TriNetX Analytics [24].

dTon et al., 2007 included atenolol, propranolol, nadolol, metoprolol, labetalol,
and carvedilol only. These represented most prescriptions of the class.

between exposure to the drugs and incidence of PD, or any
dose-response. Most studies did not define a clear time win-
dow for patient exposure to study drugs, nor did they provide
a clear rationale for selecting a specific time window, espe-
cially regarding the time considered at risk for developing PD
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Risk of bias

RRIHRIOR %
Drug and ID (95% ClI) Weight  Effect Exp  Out Pbias  SES Ub/Rur Smok DiResp Lagtme  Gen  COI
B-antagonists, all
Ton et al, 2007 < - 1.20 (0.71, 2.03) 501 OR v ? " v v v v ? v
Ritz et al, 2009 ——- 1.29 (1.13, 1.48) 851 OR v ? ? " i ? v v v v
Becker et al, 2008 —_—— 1.36 (1.16, 1.59) 83 OR ? ? " v v v u v v
Gronich et al, 2018 - 1.25 (119, 1.31) 889 RR ? ? v v ? v il v v
Stacey et al, 2018 | L 2.90 (2.80, 3.00) 892 RR Y ? it " i n " i " it
Hopfner et al, 2019 —— 1.58 (1.43, 1.74) 871 OR v v ? v m ? v v v v
Koren et al, 2019 —_——— 1.51(1.28,1.78) 833 HR Vv v ? " " v v v v v
Warda et al, 2019 == 1 1.04 (0.97, 1.11) 884 OR v ? it " it n v v v v
De Germay et al, 2020 === | 1.05(0.91,1.21) 849 OR v v v v v ? v v v v
Giorgianni et al, 2020 - 1.45 (1.37, 1.54) 886 RR ? v " m v v v v v
Feng et al, 2023 —— ! 0.99(0.85, 1.15) 840 HR ? ? v v it v ? v v v
Wei et al, 2023 1 —— 1.93 (1.74, 2.15) 867 HR v " " ? m n " n v "
Subgroup, REML (* = 99.2%, p < 0.001) —_— 1.41(1.18, 1.68) 100.00
Non-selective B-antagonists only
Gronich et al, 2018 == 2.04(1.90, 2.20) 3809 RR ? ? v v ? v u v v
Cepeda et al, 2018 —_—— ! 1.24 (1.05, 1.46) 3517 IRR v ? " v v " " " ? v
Feng et al, 2023 —_—— 1.47 (1.04, 2.07) 2674 HR ? ? v v n v ? v v v
Subgroup, REML (I = 93.6%, p < 0.001) —— 157 (1.14, 2.15) 100.00
Non-selective B-antagonists, selected drugs "
Ton et al, 2007 (propranolol, metoprolol) - 1.47 (0.80, 2.70) 10000 OR v v ? " v v v v ? v
Subgroup, REML (* = 0.0%, p < 0.001) n 1.47 (0.80, 2.70) 100.00
Non-selective, Propranolol only
Mittal et al, 2017 —_— 220 (1.62, 2.99) 1357 RR v ? v i ? v ? v v
Gronich et al, 2018 | —— 260 (240, 2.81) 1501 RR ¥ ? ? v v ? v n v v
Nielsen et al, 2019 —— 1 1.41 (1.27,1.56) 1493 OR Vv ? v v i v v v ? v
Stacey et al, 2018 | 4.21(4.00, 4.43) 1507 RR ? it " it n " n " it
Cepeda et al, 2018 —— 1.32 (1.09, 1.60) 1448 IRR v ? " v v n " n ? v
Hopfner et al, 2019 ! ————1.18 (3.48, 5.02) 1453 OR v v ? v " ? v v v v
De Germay et al, 2020 $— 2.11(1.38,3.23) 1242 OR v v v v ? v v v v
Subgroup, REML (I’ = 98.7%, p < 0.001) b ——————— 2.36 (1.6, 3.36) 100.00
Non-selective, Carvedilol only
Gronich et al, 2018 —— 0.86 (0.73,1.02) 861 RR ? ? v v ? v u v v
Nielsen et al, 2019 083 (0.79, 0.88) 8077 OR v ? v v it v v v 2 v
Cepeda et al, 2018 0.86 (0.74, 1.00) 1062 RR v ? " v v n " n ? v
Subgroup, REML ( = 0.0%, p = 0.855) <> 0.84 (0.80, 0.88) 100.00
Non-selective, Sotalol only
Gronich et al, 2018 < - 0.86 (0.55, 1.34) 5647 RR ? ? v v ? v n v v
Hopfner et al, 2019 - < 1.29 (0.76, 2.19) 4353 OR v v ? v m ? v v v v
Subgroup, REML (F = 24.3%, p = 0.250) —T—— 1.03 (0.69, 1.52) 100.00
Selective 1-antagonists only
Gronich ef al, 2018 L 1.00 (0.95, 1.05) 808 RR v ? ? v v ? v n v v
Cepeda et al, 2018 0.99(0.90, 1.09) 1992 IRR v ? i v v " " n ? v
Subgroup, REML ( = 0.0%, p = 0.861) 1.00 (0.95, 1.04) 100.00
Selective 1-antagonist, Metoprolol only
Gronich ef al, 2018 — 0.96 (0.86, 1.08) 2440 RR v ? ? v v ? v n v v
Nielsen et al, 2019 . 094 (0.91,0.97) 2819 OR v ? v v n v v v ? v
Cepeda et al, 2018 -l:-I 0.94(0.89, 0.99) 2755 RR v ? it v v i " u ? v
Hopfner et al, 2019 | —— 1.35 (1.12, 1.62) 1986 OR v v ? v m ? v v v v
Subgroup, REML (I’ = 79.3%, p = 0.002) b 1.02 (0.87, 1.18) 100.00
Selective p1-antagonist, Atenolol only _q}
Gronich et al, 2018 097 (0.92,1.02) 9795 RR v ? 2 v v ? v u v v
Hopfner et al, 2019 D . S 1.04 (0.73, 1.49) 205 OR v ? v n ? v v v v
Subgroup, REML (’ = 0.0%, p = 0.705) <> 097 (0.92,1.02) 100.00
Selective p1-antagonist, Bisoprolol only
Gronich et al, 2018 U p— 1.08 (0.99, 1.17) 6820 RR v ? ? v v ? v i v v
Hopfner et al, 2019 < - 067 (0.38, 1.19) 3180 OR v ? v n ? v v v v
Subgroup, REML (I’ = 62.0%, p = 0.105) 1 093 (0.60, 1.43) 100.00
Selective p1-antagonist, Betaxolol only
Wei et al, 2023 < 1.41(0.90, 2.21) 10000 HR v " " ? m n " i v n
Subgroup, REML ( = 0.0%, p < 0.001) n 1.41(0.90, 2.21) 100.00

I I I
5 1 2

FIGURE 2 | Associations between f3-antagonists and Parkinson's disease. 1 Ton et al., 2007 included atenolol, propranolol, nadolol, metoprolol,

labetalol, and carvedilol only. Exp = misclassification of the outcome; Out =misclassification of the outcome; P bias=protopathic bias; SES= con-

founding by socioeconomic status (age, sex, socio-economic status); Urb/Rur = confounding by urban/rural residence; Smok = confounding by smok-
ing; D/Resp = dose-response relationship and/or length of exposure; Gen = generalizability; COI = conflict of interest. ¥ =low risk of bias; !!! =high

risk of bias; ?=unclear risk of bias.

or a putative protective effect of the 2-agonists towards it.
Generalisability was a concern for six studies, and all but two
studies provided a clear declaration of conflict of interests.

3.3 | Summary RR Estimates of the Association
Between -Antagonists and Parkinson's Disease

The pooled effect estimates for the class of f-antagonists was 1.41
(95% CI 1.18-1.68, I2°=99.2%, p<0.001, 12 studies) (Figure 2).
The summary estimate for non-selective (3-antagonists alone
was 1.57 (95% CI: 1.14-2.15, 1>=93.6%, p<0.001, 3 studies).
Summary estimates for individual non-selective $-antagonists
drugs varied between 2.36 (95% CI: 1.66-3.36, 1> =98.7%; 7 stud-
ies) for propranolol and 0.84 (95% CI 0.80-0.88, 12=0.0%, 3 stud-
ies) for carvedilol. Among selective 81-antagonists, summary
estimates found similar risks of PD among those exposed and

unexposed to these drugs (1.00, 95% CI 0.95-1.04, 1>=0.0%, 2
studies), with no meaningful differences for specific drugs.

3.4 | Summary RR Estimates of the Association
Between 2-Agonists and Parkinson's Disease

Regarding $2-agonists, the overall RR for the class was 0.93 (95%
CI 0.84-1.03, I?=85.6%, p<0.001, 11 studies) (Figure 3). The
summary RR estimate for the two studies that looked at selective
2-agonists was 0.90 (95% CI 0.79-1.02, 12=79.7%, p=0.03). The
studies that included only short-acting 3-agonists showed a 9%
lower risk of PD (0.91, 95% CI 0.88-0.94, 1>=12.6%, p=0.334),
while the risk reduction was greater in studies of long-acting (32-
agonists (0.85, 95% CI0.76-0.96, 12=62.5%, p=0.031) (Figure 3).
Only two studies evaluated ultra-long-acting 2-agonists, with
summary RR estimates of 0.68 (95% CI: 0.49-0.94, 1>=28.9%,
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Risk of bias

RRIOR %
Drug and ID (95% CI) Weight ~ Effect Exp  Out  SES RurUb Smok D/Resp  Lag  Gen  COI
B2-agonists, all
Gronich et al, 2018 E 0.86 (0.81, 0.92) 1098 RR ? v v ? v v v v
Hopfner et al, 2019 —— | 0.73 (0.63, 0.85) 879 OR v v v il ? v v v v
De Germay et al, 2020 (diabetes) | |—— 1.61(1.02, 2.55) 289 OR v v v v ? v v v v
De Germay et al, 2020 (no diabetes) —_— 0.75 (0.60, 0.93) 687 OR v v v ? v v v v
Chen et al, 2020 (COPD) ——— 1.14 (0.93, 1.40) 726 HR v v v v v v v m v
Giorgianni et al, 2020 - 0.83 (0.75,0.91) 1024 RR v ? " " v v v v v
Nadeem et al, 2022 (COPD/Asthma/Bronchiectasias) |‘ 0.99 (0.98, 1.00) 11.61 OR v v v mn mn ? ? mn v
Paakinaho et al, 2022 (COPD/Asthma) f— 0.92(0.76, 1.11) 767 OR v ? v v v v v n v
Tuominen et al, 2023 -, 0.83 (0.76, 0.90) 1054 HR v v v " n v v ? v
Liu et al, 2023 p— 0.98 (0.88, 1.10) 9.83 HR v v v n v " n v v
Wei et al, 2023 ::)— 0.98 (0.87, 1.11) 958 HR v " ? " " " " v n
Jung et al, 2023 1 _._ 1.51(1.03,2.21) 376 RR v v mn mn mn ? v v v
Subgroup, REML (I’ = 85.6%, p < 0.001) < 0.93 (0.85, 1.01) 100.00
Selective B2-agonists, all
Stacey et al, 2018 'Q{ 0.95 (0.90, 1.00) 5639 RR v ? " " " " " " n
Cepeda et al, 2018 —= 0.83(0.75, 0.92) 4361 RR v ? v v " " " ? v
Subgroup, REML (I’ = 79.7%, p = 0.026) <> 0.90 (0.79, 1.02) 100.00
Selective B2-agonists, all short-acting
Gronich et al, 2018 == 0.89 (0.82, 0.96) 1973 RR v ? v v ? v v v v
Hopfner et al, 2019 < 0.76 (0.56, 1.03) 13 OR v v v " ? v v v v
Marras et al, 2020 (COPD/Asthma) -‘h 0.90 (0.85, 0.95) 40.52 HR v ? v " v ? mn n v
Paakinaho et al, 2022 (COPD/Asthma) 0.91(0.75, 1.10) 334 OR v ? v v v v v " v
Tuominen et al, 2023 - 0.91(0.85,0.98) 2368 HR v v " " v v 4 v
Liu et al, 2023 —— 1.01(0.91, 1.12) 1137 HR v v v m v v m v v
Subgroup, REML (I’ = 12.6%, p = 0.334) & 0.91(0.88,0.94) 100.00
Selective B2-agonist, short-acting, Salbutamol
Mittal et al, 2017 - 0.66 (0.58, 0.76) 1494 RR v v v " ? " n v v
Gronich et al, 2018 + 0.89 (0.82, 0.96) 16.57 RR v ? v v ? v v v
Nielsen et al, 2019 I 097 (0.93, 1.01) 1728 OR v ? v " v v v ? v
Stacey et al, 2018 1 . 1.08 (1.04, 1.11) 17.40 RR v ? mn mn mn mn m m m
Cepeda et al, 2018 -’r 0.83 (0.75, 0.92) 15.96 IRR v ? v v " " n ? v
Hopfner et al, 2019 —_— 0.84 (0.56, 1.26) 681 OR v v v " ? v v v v
De Germay et al, 2020 (diabetes) . : 1.85(0.84, 4.08) 250 OR v v v v ? v v v v
De Germay et al, 2020 (no diabetes) ———t 0.73 (0.52, 1.02) 853 OR v v v v ? v v v v
Subgroup, REML (I = 91.9%, p < 0.001) <> 0.88 (0.7, 1.01) 100.00
Selective B2-agonist, short-acting, Terbutaline
Gronich et al, 2018 +- 0.87 (0.73, 1.04) 83.76 RR v ? v v ? v v v v
Hopfner et al, 2019 — 0.70 (0.47, 1.05) 1624 OR v v v " ? v v v v
Subgroup, REML (I = 0.0%, p = 0.332) - 0.84 (0.71,0.99) 100.00
Selective B2-agonists, all long-acting
Gronich et al, 2018 == 0.84(0.76, 0.93) 2748 RR ? v v ? v v v v
Hopfner et al, 2019 —_— \ 0.57 (0.40, 0.82) 828 OR v v v il ? v v v v
Paakinaho et al, 2022 (COPD/Asthma) ——— 0.75 (0.58, 0.97) 1313 OR v ? v v v v v " v
Tuominen et al, 2023 L’-- 0.93 (0.84, 1.03) 26.84 HR v v v mn mn v v ? v
Liu et al, 2023 l—“— 0.96 (0.84, 1.09) 24.26 HR v v v " v v n v v
Subgroup, REML (I’ = 62.5%, p = 0.031) <> 0.85 (0.76, 0.96) 100.00
Selective B2-agonist, long-acting, Formeterol
Gronich et al, 2018 -L.— 0.84 (0.74, 0.95) 7711 RR v ? v v ? v v v v
Hopfner et al, 2019 —_—— 0.59 (0.35, 1.00) 2289 OR v v v m ? v v v v
Subgroup, REML (I = 39.3%, p = 0.199) —_— 0.7 (0.58, 1.04) 100.00
Selective B2-agonist, long-acting, Salmeterol
Gronich et al, 2018 = 0.89(0.79, 1.00) 6050 RR ? v v ? v v v v
Hopfner et al, 2019 —_—— 0.54 (0.34, 0.86) 3950 OR v v v m ? v v v v
Subgroup, REML (I = 76.1%, p = 0.041) — 0.73 (0.45, 1.18) 100.00
Selective B2-agonists, all ultra-long-acting
Gronich et al, 2018 <> - 0.49 (0.26, 0.94) 2056 RR v ? v v ? v v v v
Tuominen et al, 2023 ——— 0.74 (0.61, 0.90) 7944  HR v v v m m v v ? v
Subgroup, REML (I’ = 28.9%, p = 0.236) — 0.68 (0.49, 0.94) 100.00
Selective B2-agonist, ultra-long-acting, Vilanterol
Gronich et al, 2018 == 040 (0.17,0.93) 10000 RR v ? v v ? v v v v
Subgroup, REML (I = 0.0%, p < 0.001) 1 0.40 (0.17, 0.93) 100.00

I I I I
.25 5 1 2 4

FIGURE 3 | Associations between (-agonists and Parkinson's disease. Exp =misclassification of the outcome; Out=misclassification of the

outcome; C-SES= confounding by socioeconomic status (age, sex, socio-economic status); C-U/R=confounding by urban/rural residence; C-

smoke =confounding by smoking; DR=dose-response relationship and/or length of exposure; G=generalizability; COI=conflict of interest.

v =low risk of bias; !!! =high risk of bias; ?=unclear risk of bias. NA =not applicable.

p=0.236) (Figure 3). Salbutamol was the most studied individ-
ual drug, with summary RR estimates of 0.88 (95% CI: 0.77-1.01,
12=91.9%, p<0.001).

The studies that included only participants with COPD, asthma,
and/or bronchiectasis showed similar patterns (Appendix S4).

For the class of f2-agonists, in the study by de Germay et al.
[27] those with diabetes had an increased risk of PD, while
those without diabetes had a decreased risk of PD, which
was the only interaction identified in this systematic review
(Figure 3).

3.5 | Dose and Duration Response Between
Exposure and Outcome Considerations

In six studies [6, 23, 26, 27, 29, 36] there was an inverse asso-
ciation (decreasing in magnitude) between increased duration
of use of the B-antagonists and the risk of PD. Within studies

undertaken by Mittal et al. [4] and Gronich et al. [5] propranolol
continued to be significantly associated with increased risk of
PD after 1-2years and 2-8years of use, with estimates decreas-
ing in both studies for longer durations. Two studies reported
no association with increasing duration of use of 32-agonists
[30, 36]. Giorgianni et al. [29] reported that the RR of 0.83 (95%
CI: 0.75-0.91) with ever-users of 32-agonists was no longer ob-
served after more than 2years of cumulative duration of use (RR
0.97, 95% CI 0.80-1.17).

3.6 | Sensitivity and Sub-Group Analyses

For both $-antagonists and $-agonists, sensitivity analysis using
the RR estimate for the longest period of exposure, when this
was available, resulted in weaker associations but unchanged
statistical significance. In studies of {3-antagonists, sub-group
analysis restricting on quality domains yielded similar associ-
ations to those in the main analysis, except when restricting to
studies at low risk of protopathic bias where the results were
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TABLE 2 | Results from sensitivity and subgroup analyses. All estimates are from random effects meta-analysis.
Summary effect size Heterogeneity
No. of studies references RR 95% CI p 12 (%) p
B-antagonists, all
Main analysis 12 [5, 22-24, 26, 27, 1.41 1.18-1.68 <0.001 99.2 <0.001
29, 33, 35-38]
Low risk of bias in all domains 0 — — — — —
Only studies at low risk of outcome 422, 27, 36, 37] 1.34 1.08-1.67 0.009 87.3 <0.001
misclassification
Only studies at low risk of protopathic 327, 29, 33] 1.16 0.91-1.47 0.235 94.2 <0.001
bias
Only studies at low risk of confounding 415,27, 33, 36] 1.20 0.98-1.48 0.08 91.9 <0.001
by SES
Only studies at low risk of confounding 4[5, 22,27, 38] 1.21 1.07-1.37 0.002 574.0 0.073
by residence area
Only studies at low risk of confounding 51[22, 29, 33, 36, 38] 1.31 1.10-1.54 <0.002 82.4 <0.001
by smoking
Only studies with time lag 8 (22, 23, 26, 27, 1.25 1.09-1.44 0.001 92.6 <0.001
29, 33, 36, 37|
Considering the longest duration of 12 [5, 22-24, 26, 27, 1.34 1.10-1.64 0.003 99.3 <0.001
exposure when provided 29, 33, 35-38]
B-antagonists, propranolol
Main analysis 7 [4-6, 24, 25, 27, 36] 2.36 1.66-3.36 <0.001 98.7 <0.001
Low risk of bias in all domains 0 — — — — —
Only studies at low risk of outcome 2 (27, 36] 3.05 1.57-5.95 0.009 88.1 0.004
misclassification
Only studies at low risk of protopathic 2 (6, 27] 1.63 1.12-2.39 0.011 69.3 0.071
bias
Only studies at low risk of confounding 6 [4-6, 25,27, 36] 2.13 1.50-3.03 <0.001 96.9 <0.001
by SES
Only studies at low risk of confounding 3 (5, 25, 27| 1.93 1.27-2.95 0.002 95.2 <0.001
by residence area
Only studies at low risk of confounding 1[6] 1.41 1.27-1.56 <0.001 — —
by smoking
Only studies with time lag 416, 25,27, 36] 2.01 1.18-3.42 0.010 97.3 <0.001
Considering the longest duration of 7 [4-6, 24, 25, 27, 36] 1.74 1.17-2.58 0.006 98.4 <0.001
exposure when provided
B2-agonists, all
Main analysis 11 [5, 27-29, 31, 32, 0.93 0.85-1.01 0.098 85.6 <0.001
34-36, 39, 40|
Low risk of bias in all domains 0 — — — — —
Only studies at low risk of outcome 727,28, 31, 32, 34, 36, 40] 0.97 0.82-1.15 0.765 85.5 <0.001
misclassification
Only studies at low risk of confounding 8 (5, 28, 31, 32, 36, 39, 40] 0.92 0.81-1.03 0.159 86.7 <0.001
by SES
(Continues)
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TABLE 2 | (Continued)

Summary effect size Heterogeneity
No. of studies references RR 95% CI p 12 (%) p
Only studies at low risk of confounding 45,27, 28, 39] 0.96 0.79-1.18 0.721 74.3 0.004
by residence area
Only studies at low risk of confounding 428, 29, 39, 40] 0.95 0.83-1.07 0.383 69.3 0.021
by smoking
Only studies with time lag 8 [5,27-29, 31, 34, 36, 39| 0.92 0.80-1.06 0.272 73.8 <0.001
Considering the longest duration of 11 [5,27-29, 31, 32, 0.95 0.87-1.02 0.130 74.1 0.001
exposure when provided 34-36, 39, 40|
B2-agonists, short-acting
Main analysis 6 [5, 30, 31, 36, 39, 40] 0.91 0.88-0.94 <0.001 12.6 0.334
Low risk of bias in all domains 0 — — — —
Only studies at low risk of outcome 3 [31, 36, 40] 0.93 0.84-1.03 0.175 55.6 0.105
misclassification
Only studies at low risk of confounding 6 [5, 30, 31, 36, 39, 40] 0.91 0.88-0.94 <0.001 12.6 0.334
by SES
Only studies at low risk of confounding 2[5, 39] 0.89 0.83-0.96 0.002 0.0 0.833
by residence area
Only studies at low risk of confounding 3 (30, 39, 40] 0.94 0.86-1.02 0.121 46.2 0.156
by smoking
Only studies with time lag 45, 31, 36, 39] 0.90 0.85-0.94 <0.001 0.0 0.709
B2-agonists, long-acting
Main analysis 5[5, 31, 36, 39, 40] 0.85 0.76-0.96 0.008 62.5 0.031
Low risk of bias in all domains 0 — — — —
Only studies at low risk of outcome 3 (31, 36, 40] 0.84 064-1.10 0.203 72.5 0.026
misclassification
Only studies at low risk of confounding 5[5, 31, 36, 39, 40] 0.85 0.76-0.96 0.008 62.5 0.031
by SES
Only studies at low risk of confounding 2[5, 39] 0.83 0.75-0.91 <0.001 0.0 0.421
by residence area
Only studies at low risk of confounding 239, 40] 0.87  0.69-1.10 0.252 64.5 0.093
by smoking
Only studies with time lag 415, 31, 36, 39] 0.81 0.69-0.95 0.008 64.3 0.039
B2-agonists, salbutamol
Main analysis 7 [4-6, 24, 25, 27, 36] 0.88 0.77-1.01 0.066 91.9 <0.001
Low risk of bias in all domains 0 — — — —
Only studies at low risk of outcome 3[4, 27, 36] 0.77 0.61-0.98 0.037 59.2 0.061
misclassification
Only studies at low risk of confounding 6 [4-6, 25, 27, 36] 0.84 0.74-0.96 0.011 84.7 <0.001
by SES
Only studies at low risk of confounding 3 [5, 25,27] 0.86 0.81-0.92 <0.001 47.2 0.128
by residence area
Only studies at low risk of confounding 1[6] 0.97 0.93-1.01 0.148 — —
by smoking
Only studies with time lag 415, 6,27, 36| 0.92 0.85-1.01 0.065 56.1 0.058
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FIGURE4 | Funnel plots.

no longer statistically significant. For 3-agonists, results were
mostly unchanged (Table 2).

3.7 | Publication Bias

There was no evidence of publication bias in the studies of (-
antagonists, propranolol, and salbutamol (Figure 4). This was
supported by the results of the Egger's test (p =0.34 for the whole
class; p=0.60 for propranolol; p=0.68 for salbutamol). The funnel
plot for 82-agonists appeared asymmetrical on visual inspection,
and the Egger's test suggested possible publication bias (p=0.03).

4 | Discussion
4.1 | Summary of Results

We identified 22 studies that provided data on the association
between (3-AR drugs and risk of PD. Overall, ever users of -
antagonists had a 41% increased risk of PD compared to never
users of B-antagonists. The summary effect estimates for differ-
ent ($-antagonists provided divergent results. Propranolol was
associated with a 2.36-fold increased risk of PD, while carvedilol
showed a 16% protective effect. The mechanism of this appar-
ent protective effect of carvedilol could be hypothesised as due
to its distinctive mechanism of action, namely the maintaining
of cardiac output by decreasing afterload with a cardiac beta
blockade. It has also additional antioxidant effects, reduced neu-
trophil infiltration, apoptosis inhibition, diminished vascular
smooth muscle migration, among others [41]. For 2-agonists,
the meta-analysis estimated a 7% non-significant reduced risk of
PD among ever users compared to never users. The same direc-
tion of effect was observed for individual $2-agonist drugs, with
significant protective effects for short, long- and ultra-long act-
ing B2-agonists, as follows: 9% protective effect for short-acting,
15% for long-acting and 32% for ultra-long acting. However, most
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studies were subject to important biases, in addition to publica-
tion bias for studies of 32-agonists, which may entirely explain
the associations. These biases are discussed in detail below.

4.2 | Strengths and Limitations of the Included
Studies, With Discussion of the Potential Sources
of Bias and Their Impact

A strength of the studies included in this review is the low po-
tential for misclassification of the exposure. Studies of electronic
health records or prescription databases usually have high va-
lidity, particularly for prescriptions [42], though the validity
of medication usage may be lower due to non-adherence. This
would tend to under ascertain any true protective or harmful as-
sociation. Another strength is the longitudinal nature of the data
used (recorded prospectively allowing incident disease recorded
after exposure to be identified), which ensured temporality and
allowed for the evaluation of different latency periods and/or
time/dose of exposure.

Protopathic bias is the most important limitation of the stud-
ies of B-antagonists included within the analysis. In analyses
of propranolol (and consequently those for the whole class of
B-antagonists), reverse causality cannot be excluded in stud-
ies with a lack of, or suboptimal consideration of tremor, a bias
likely to move results away from the null and overestimate the
association. Propranolol is the main {-antagonist indicated
for the treatment of tremor, which may be an early sign of
Parkinson's disease. Becker et al. [38] found an increased risk of
Parkison's disease only in patients without recorded cardiovas-
cular disease; a review of a random sample of records revealed
a high proportion of patients with tremor symptoms. PD is also
a complex diagnosis and may not always be coded correctly.
Variations in the definitions of PD, for example in relation to
inclusion of cases of parkinsonism, may limit comparability of
studies. Some studies excluded patients with tremor recorded in

10 of 14

Pharmacoepidemiology and Drug Safety, 2025

85US01 7 SUOLILLOD 8AIIS.1D) 3[cfed!(dde U Ag peusenob afe o O '8sn JO s3I 10y Akeid 1 8UIIUQ AB]1A UO (SUOIIPUOD-PUR-SLLIBI WD A8 1M ARIq 1 U IUO//SANY) SUONIPUOD pue swis | 8y} 885 *[5202/470/9T] Uo Akiqiauliuo A8]iMm Buips |l aidol ] 2 ausIBAH JO [00udS uopuo- Aq 0vT0. 'SPA/Z00T OT/I0p/Woo" A 1M Atelq 1jpuluo//sdny Wo.y pepeojumoq ‘v 'S20z *SSTE60T



electronic health records databases [4]; however, it is possible
that tremor was underrecorded (seen as a sign, not a diagnosis),
and the sensitivity of these exclusions suboptimal, particularly
in studies of prescription databases that are not designed to cap-
ture morbidity. This was also supported by studies that tended
to report an inverse association (decreasing in magnitude) be-
tween increased duration of use of the f3-blockers and the risk of
Parkinson's disease. Mittal et al. [4] and Gronich et al. [5] judged
their results as unlikely evidence of reverse causality since the
associations remained significant several years after exposure,
but these findings were not replicated in the study by Giorgianni
et al. [29], that used UK primary care data. This study evalu-
ated the rates of Parkison's disease within 1-, 2-, 3-, and 5-year
latency windows of use of $-antagonists, and showed that the
rate was highest in year 1, decreased thereafter, and was no lon-
ger increased after Syears, which supports that long-term use
is not associated with increased risk of PD. Finally, the protec-
tive results observed for carvedilol, a non-selective brain-blood-
barrier crossing f-blocker (like propranolol) without indication
for tremor (contrary to propranolol), support the role of bias
in the results due to lack of adjustment for smoking and other
confounders.

Unmeasured and residual confounding by smoking was a sig-
nificant limitation in several studies, as smoking is a protective
factor in PD [43] and a major risk factor for cardiovascular dis-
ease (treated with 32-antagonists), and asthma [44] and COPD
[45] (treated with f2-agonists). Adjustments for smoking gen-
erally attenuated the effect estimates, but residual confound-
ing cannot be excluded, particularly in studies of prescription
databases, where recording of smoking status is likely subopti-
mal, and in studies that used proxies of smoking such as comor-
bidities and socio-economic status [5]. Studies that looked only
at COPD/asthma patient populations [28, 30, 32, 39] were still
likely affected by residual confounding by smoking, as not all
COPD cases are from smoking, and even within an apparently
homogeneous population, there would be a wide range of smok-
ing intensity history [46]. Similarly, people with asthma are less
likely to be smokers, and thus careful consideration is needed
when interpreting results from studies that included people with
asthma, COPD, and other respiratory diseases. One study [39]
provided results stratified by COPD and asthma patients, and
reported no dose-response association between increased use
of 32-agonists and PD. Recent studies have also suggested an
association between migraine and PD [47]. $2-antagonists are
often first-line preventive treatment in migraine. Migraine was
seldom considered in the original studies, except in the studies
by Gronich et al. [5] and De Germay et al. [27].

The generalisability of the studies that included patients with
asthma and COPD is also limited, as these are unlikely to rep-
resent the general population in terms of life-long risk factors
as well as concomitant medications (e.g., use of 3-agonists and
anticholinergics).

4.3 | Comparison With Other Studies

Two previous systematic reviews/meta-analysis [48, 49] inves-
tigated the same associations and concluded that 3-antagonists
were associated with increased risk of PD and {-agonists with

protective effect. These reviews identified fewer studies (10 and
15, respectively) and did not provide a risk of bias assessment.
Hopfner et al. [50] conducted a ‘quick review’ of six studies on
this topic and found similar results for $-antagonists and (3-
agonists, again without bias assessment. To our knowledge, the
current study is the most comprehensive and up to date system-
atic review of published studies, including 22 studies published
between 2007 and 2024, including a rigorous bias assessment
and discussion of the implications. A review of prospective co-
hort studies on the possible risk/protective factors underlying
the development, progression and clinical subtypes of PD, found
that only a few of them are based on epidemiological evidence
and some biological plausibility [51]. We found similar sum-
mary RR estimates to previous reviews but, in a conservative
approach, we suggest that the available evidence is not unequiv-
ocal because it is possible that the reported associations are due
to bias and confounding, rather than a causal association.

4.4 | Strengths and Limitations
of the Current Review

This systematic review was based on the extensive search of
two major established databases. Although unlikely, it is pos-
sible that some papers may not have appeared in our database
searches, for example, if the keywords did not appear in the title
and abstract, or due to inaccurate indexing in the publications
database. We additionally reviewed the references of other stud-
ies in the topic to improve sensitivity and included conference
abstracts to minimise the risk of important results being missed.
Other strengths of this review included the a priori definition of
the methods (see PROSPERO protocol) and systematic approach
to study selection and data extraction, with duplicate screening
of studies using pre-defined inclusion/exclusion criteria. Efforts
were also made to group drugs belonging to each class accu-
rately; however, considering the non-consistent nomenclature
used across the reviewed studies and lack of access to the pri-
mary data, it cannot be excluded that some results have been
misclassified. Study authors were contacted for additional infor-
mation to clarify relevant aspects.

4.5 | Implications for Clinical Practice

Drugs in the B-antagonist class are valid treatment options in a
range of cardiovascular indications [7]. Even if the studies were
unbiased, the strength of the associations reported would not
support any implications for clinical practice. Hopfner et al.
[50] estimated that, if the association was causal, the absolute
risk of PD associated with 5Syears of propranolol use was one
case in 10000 individuals exposed, which would be considered
a very rare adverse effect and would not outweigh the known
benefits of treatment. Using salbutamol for PD prevention
would require treating 50000 people for 5years to prevent one
case of PD [50].

4.6 | Implications for Future Research

Our review shows a need for carefully designed population-
based studies, with low potential for protopathic bias (e.g.,
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excluding symptoms of tremor in primary care databases),
carefully chosen lag times, adjustment for important con-
founders such as socio-economic status, area of residence,
smoking, and consideration of exposure drugs indication (e.g.,
migraine). The risk of PD associated with {2-agonists with
different durations of action (SABA, LABA and ultra-LABA)
has been seldom studied due to the limited number of research
studies to date and could be the focus of further studies to bet-
ter understand the role of publication bias in the results of this
review.

5 | Conclusion

The available epidemiologic data are not sufficiently con-
sistent to infer a causal relationship between the use of £3-
antagonists and an increased risk of PD. As regards to the
f2-agonists class, there was a reduction in the risk of PD,
consistent in direction and showing stronger effects for (2
agonists with longer duration of action. Currently it is un-
known how much of the small protective effect observed
could be due to unmeasured confounding by smoking or pub-
lication bias.

5.1 | Plain Language Summary

f-agonists and (-antagonists are widely prescribed medications
for conditions like asthma and heart disease. In 2018, con-
cerns were raised about a potential link between propranolol,
a f-antagonist, and Parkinson's disease (PD). This prompted
an investigation by European regulators, which found no need
for changes to product safety information. Since then, more
studies have explored this potential connection. We system-
atically reviewed and analysed 22 studies examining whether
B-antagonists (like propranolol) or $-agonists affect the risk of
developing PD. Most studies had significant limitations, includ-
ing biases related to how outcomes were classified, how patients
were selected, and how factors like smoking or socio-economic
status were accounted for. For propranolol, a key issue is “proto-
pathic bias,” as it is often used to treat essential tremor, a condi-
tion that may be mistaken for early PD. Our analysis found that
f-antagonists, particularly propranolol, were associated with a
higher risk of PD, while $2-agonists showed no strong link or
even a potential protective effect. However, when we focused on
higher-quality studies, these associations became weaker or dis-
appeared. Overall, the evidence does not support a causal link
between these medications and PD. The observed associations
are likely due to biases and confounding factors rather than a
real effect.

Acknowledgements

The views expressed in this article are the personal views of the au-
thor(s) and may not be understood or quoted as being made on behalf
of or reflecting the position of the regulatory agencies or organisations
with which the authors are employed/affiliated.

Conflicts of Interest

The authors declare no conflicts of interest.

References

1. H. R. Morris, M. G. Spillantini, C. M. Sue, and C. H. Williams-Gray,
“The Pathogenesis of Parkinson's Disease,” Lancet 403, no. 10423
(2024): 293-304, https://doi.org/10.1016/S0140-6736(23)01478-2.

2. “Global, Regional, and National Burden of Parkinson's Disease, 1990-
2016: A Systematic Analysis for the Global Burden of Disease Study
2016,” Lancet Neurology 17, no. 11 (2018): 939-953, https://doi.org/10.
1016/s1474-4422(18)30295-3.

3. R. Savica, B. R. Grossardt, J. H. Bower, J. E. Ahlskog, M. M. Mielke,
and W. A. Rocca, “Incidence and Time Trends of Drug-Induced Parkin-
sonism: A 30-Year Population-Based Study,” Movement Disorders 32, no.
2 (2017): 227-234, https://doi.org/10.1002/mds.26839.

4.S. Mittal, K. Bjernevik, D. S. Im, et al., “B2-Adrenoreceptor Is a Reg-
ulator of the a-Synuclein Gene Driving Risk of Parkinson's Disease,”
Science 357, no. 6354 (2017): 891-898, https://doi.org/10.1126/science.
aaf3934.

5.N. Gronich, D. R. Abernethy, E. Auriel, I. Lavi, G. Rennert, and W.
Saliba, “f2-Adrenoceptor Agonists and Antagonists and Risk of Parkin-
son's Disease,” Movement Disorders 33, no. 9 (2018): 1465-1471, https://
doi.org/10.1002/mds.108.

6. S. Searles Nielsen, A. Gross, A. Camacho-Soto, A. W. Willis, and B.
A. Racette, “B2-Adrenoreceptor Medications and Risk of Parkinson Dis-
ease,” Annals of Neurology 84, no. 5 (2018): 683-693, https://doi.org/10.
1002/ana.25341.

7.S. C. Sweetman, Martindale: The Complete Drug Reference (Royal
Pharmaceutical Society, 2020).

8. Guideline on good pharmacovigilance practices (GVP), “Module IX -
Signal Management (Rev 1),” (2017).

9. B. Mappin-Kasirer, H. Pan, S. Lewington, et al., “Tobacco Smoking
and the Risk of Parkinson Disease: A 65-Year Follow-Up of 30,000 Male
British Doctors,” Neurology 94, no. 20 (2020): e2132-e2138, https://doi.
0rg/10.1212/WNL.0000000000009437.

10. A. Brayfield, “Medicines Complete, Martindale: The Complete Drug
Reference,” (2024) accessed 29 July 2024, http://www.medicinescomple
te.com/.

11. E. Tolosa, G. Wenning, and W. Poewe, “The Diagnosis of Parkin-
son's Disease,” Lancet Neurology 5, no. 1 (2006): 75-86, https://doi.org/
10.1016/s1474-4422(05)70285-4.

12. D. Moher, A. Liberati, J. Tetzlaff, D. G. Altman, and Group P, “Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement,” Open Medicine 3, no. 3 (2009): 123-130.

13.R. L. Morgan, P. Whaley, K. A. Thayer, and H. J. Schiinemann,
“Identifying the PECO: A Framework for Formulating Good Questions
to Explore the Association of Environmental and Other Exposures With
Health Outcomes,” Environment International 121, no. 1 (2018): 1027-
1031, https://doi.org/10.1016/j.envint.2018.07.015.

14. E. 1. Benchimol, L. Smeeth, A. Guttmann, et al., “The REporting
of Studies Conducted Using Observational Routinely-Collected Health
Data (RECORD) Statement,” PLoS Medicine 12, no. 10 (2015): e1001885,
https://doi.org/10.1371/journal.pmed.1001885.

15. S. M. Langan, S. A. Schmidt, K. Wing, et al., “The Reporting of Stud-
ies Conducted Using Observational Routinely Collected Health Data
Statement for Pharmacoepidemiology (RECORD-PE),” BMJ 363 (2018):
k3532, https://doi.org/10.1136/bmj.k3532.

16. F. Najafi, M. A. Mansournia, I. Abdollahpour, M. Rohani, F. Vahid,
and S. Nedjat, “Association Between Socioeconomic Status and Parkin-
son's Disease: Findings From a Large Incident Case-Control Study,”
BMJ Neurology Open 5, no. 1 (2023): e000386, https://doi.org/10.1136/
bmjno-2022-000386.

17. A. J. Noyce, J. P. Bestwick, L. Silveira-Moriyama, et al., “Meta-
Analysis of Early Nonmotor Features and Risk Factors for Parkinson

12 of 14

Pharmacoepidemiology and Drug Safety, 2025

85US01 7 SUOLILLOD 8AIIS.1D) 3[cfed!(dde U Ag peusenob afe o O '8sn JO s3I 10y Akeid 1 8UIIUQ AB]1A UO (SUOIIPUOD-PUR-SLLIBI WD A8 1M ARIq 1 U IUO//SANY) SUONIPUOD pue swis | 8y} 885 *[5202/470/9T] Uo Akiqiauliuo A8]iMm Buips |l aidol ] 2 ausIBAH JO [00udS uopuo- Aq 0vT0. 'SPA/Z00T OT/I0p/Woo" A 1M Atelq 1jpuluo//sdny Wo.y pepeojumoq ‘v 'S20z *SSTE60T


https://doi.org/10.1016/S0140-6736(23)01478-2
https://doi.org/10.1016/s1474-4422(18)30295-3
https://doi.org/10.1016/s1474-4422(18)30295-3
https://doi.org/10.1002/mds.26839
https://doi.org/10.1126/science.aaf3934
https://doi.org/10.1126/science.aaf3934
https://doi.org/10.1002/mds.108
https://doi.org/10.1002/mds.108
https://doi.org/10.1002/ana.25341
https://doi.org/10.1002/ana.25341
https://doi.org/10.1212/WNL.0000000000009437
https://doi.org/10.1212/WNL.0000000000009437
http://www.medicinescomplete.com/
http://www.medicinescomplete.com/
https://doi.org/10.1016/s1474-4422(05)70285-4
https://doi.org/10.1016/s1474-4422(05)70285-4
https://doi.org/10.1016/j.envint.2018.07.015
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1136/bmj.k3532
https://doi.org/10.1136/bmjno-2022-000386
https://doi.org/10.1136/bmjno-2022-000386

Disease,” Annals of Neurology 72, no. 6 (2012): 893-901, https://doi.org/
10.1002/ana.23687.

18. S. W. Raudenbush, “Analyzing Effect Sizes: Random-Effects Mod-
els,” in The Handbook of Research Synthesis and Meta-Analysis, ed. H.
Cooper, L. V. Hedges, and J. C. Valentine (Russell Sage Foundation,
2009), 295-316.

19.J. P. Higgins and S. G. Thompson, “Quantifying Heterogeneity in
a Meta-Analysis,” Statistics in Medicine 21, no. 11 (2002): 1539-1558,
https://doi.org/10.1002/sim.1186.

20. A.C Sterne BRK, “Essential Medical Statistics, 382-386,” (2016).

21. M. Egger, G. Davey Smith, M. Schneider, and C. Minder, “Bias in
Meta-Analysis Detected by a Simple, Graphical Test,” BMJ 315, no. 7109
(1997): 629-634, https://doi.org/10.1136/bmj.315.7109.629.

22.T. G. Ton, S. R. Heckbert, W. T. Longstreth, Jr., et al., “Calcium
Channel Blockers and $-Blockers in Relation to Parkinson's Disease,”
Parkinsonism & Related Disorders 13, no. 3 (2007): 165-169, https://doi.
org/10.1016/j.parkreldis.2006.08.011.

23. B. Ritz, S. L. Rhodes, L. Qian, E. Schernhammer, J. H. Olsen, and
S. Friis, “L-Type Calcium Channel Blockers and Parkinson Disease in
Denmark,” Annals of Neurology 67, no. 5 (2010): 600-606, https://doi.
org/10.1002/ana.21937.

24.]. Stacey, S. Lovestone, P. Harrison, M. Denis, A. Nevado-Holgado,
and D. Newby, “Risk of Parkinson's Disease (PD) in Patients Taking Ad-
renergic Drug Treatments,” Value in Health 21 (2018): S329, https://doi.
0rg/10.1016/j.jval.2018.09.1969.

25. M. S. Cepeda, D. M. Kern, G. R. Seabrook, and S. Lovestone, “Com-
prehensive Real-World Assessment of Marketed Medications to Guide
Parkinson's Drug Discovery,” Clinical Drug Investigation 39, no. 11
(2019): 1067-1075, https://doi.org/10.1007/s40261-019-00830-4.

26. A. Warda, J. P. Reese, C. Tanislav, and K. Kostev, “The Association
Between Antihypertensive Therapy and the Incidence of Parkinson's
Disease in Patients Followed in General Practices in Germany,” Inter-
national Journal of Clinical Pharmacology and Therapeutics 57, no. 10
(2019): 483-488, https://doi.org/10.5414/cp203559.

27.S.De Germay, C. Conte, O. Rascol, J. L. Montastruc, and M. Lapeyre-
Mestre, “B-Adrenoceptor Drugs and Parkinson's Disease: A Nationwide
Nested Case-Control Study,” CNS Drugs 34, no. 7 (2020): 763-772,
https://doi.org/10.1007/s40263-020-00736-2.

28. W. Chen, M. Sadatsafavi, H. Tavakoli, A. Samii, and M. Etminan,
“Effects of beta2-Adrenergic Agonists on Risk of Parkinson's Disease in
COPD: A Population-Based Study,” Pharmacotherapy 40, no. 5 (2020):
408-415, https://doi.org/10.1002/phar.2383.

29. F. Giorgianni, P. Ernst, S. Dell'’Aniello, S. Suissa, and C. Renoux, “$
2-Agonists and the Incidence of Parkinson Disease,” American Journal
of Epidemiology 189, no. 8 (2020): 801-810, https://doi.org/10.1093/aje/
kwaa012.

30. C. Marras, P. Pequeno, P. C. Austin, et al., “Beta Agonists and Pro-
gression of Parkinson's Disease in Older Adults: A Retrospective Cohort
Study,” Movement Disorders 35, no. 7 (2020): 1275-1277, https://doi.org/
10.1002/mds.28085.

31.J. A. Tuominen, K. Bjernevik, J. Romanowska, et al., “Beta2-
Adrenoreceptor Agonists and Long-Term Risk of Parkinson's Disease,”
Parkinsonism & Related Disorders 110 (2023): 105389, https://doi.org/10.
1016/j.parkreldis.2023.105389.

32. H. Nadeem, B. Zhou, D. Goldman, and J. Romley, “Association Be-
tween Use of 2-Adrenergic Receptor Agonists and Incidence of Par-
kinson's Disease: Retrospective Cohort Analysis,” PLoS One 17, no. 11
(2022): €0276368, https://doi.org/10.1371/journal.pone.0276368.

33.Z. Feng, Q. Zhao, J. Wu, et al., “Nonselective Beta-Adrenoceptor
Blocker Use and Risk of Parkinson's Disease: From Multiple Real-World
Evidence,” BMC Medicine 21, no. 1 (2023): 437, https://doi.org/10.1186/
$12916-023-03122-z.

34.D. Jung, D. W. Kwak, M. Kim, and W. W. Lee, “A Role of (32-
Adrenoreceptor Agonists Related to the Development of Parkinson's
Disease,” Neurology India 71, no. 4 (2023): 710-715, https://doi.org/10.
4103/0028-3886.383852.

35. H.-T. Y. Cheng-Yu Wei, “The Risk of Beta Blockers and the Benefit
of beta2 Agonists in Parkinson's Disease,” Journal of the Neurological
Sciences 455, no. 121813 (2023): 47-48.

36.F. Hopfner, M. Wod, G. U. Hoglinger, et al., “Use of {2-
Adrenoreceptor Agonist and Antagonist Drugs and Risk of Parkinson
Disease,” Neurology 93, no. 2 (2019): e135-e142, https://doi.org/10.1212/
‘WNL.0000000000007694.

37.G. Koren, G. Norton, K. Radinsky, and V. Shalev, “Chronic Use of
-Blockers and the Risk of Parkinson's Disease,” Clinical Drug Inves-
tigation 39, no. 5 (2019): 463-468, https://doi.org/10.1007/s40261-019-
00771-y.

38. C. Becker, S. S. Jick, and C. R. Meier, “Use of Antihypertensives and
the Risk of Parkinson Disease,” Neurology 70, no. 16 (2008): 1438-1444,
https://doi.org/10.1212/01.wnl.0000303818.38960.44.

39. A. Paakinaho, M. Tiihonen, H. Koskela, et al., “G2-Adrenoceptor Ag-
onists in Asthma or Chronic Obstructive Pulmonary Disease and Risk
of Parkinson's Disease: Nested Case-Control Study,” Clinical Epidemiol-
ogy 15 (2023): 695-705, https://doi.org/10.2147/clep.S405325.

40. B. Liu, P. Svenningsson, J. F. Ludvigsson, et al., “B2-Adrenoreceptor
Agonists, Montelukast, and Parkinson Disease Risk,” Annals of Neurol-
0gy 93, no. 5 (2023): 1023-1028, https://doi.org/10.1002/ana.26638.

41. S. Singh and C. V. Preuss, Carvedilol (StatPearls Publishing, 2024).

42. E. Herrett, S. L. Thomas, W. N. Schoonen, L. Smeeth, and A. J. Hall,
“Validation and Validity of Diagnoses in the General Practice Research
Database: A Systematic Review,” British Journal of Clinical Pharma-
cology 69, no. 1 (2010): 4-14, https://doi.org/10.1111/j.1365-2125.2009.
03537.x.

43.V. Gallo, P. Vineis, M. Cancellieri, et al., “Exploring Causality of the
Association Between Smoking and Parkinson's Disease,” International
Journal of Epidemiology 48, no. 3 (2019): 912-925, https://doi.org/10.
1093/ije/dyy230.

44.R. Beasley, A. Semprini, and E. A. Mitchell, “Risk Factors for
Asthma: Is Prevention Possible?,” Lancet 386, no. 9998 (2015): 1075-
1085, https://doi.org/10.1016/S0140-6736(15)00156-7.

45.]. B. Soriano and R. Rodriguez-Roisin, “Chronic Obstructive Pulmo-
nary Disease Overview: Epidemiology, Risk Factors, and Clinical Pre-
sentation,” Proceedings of the American Thoracic Society 8, no. 4 (2011):
363-367, https://doi.org/10.1513/pats.201102-017RM.

46. A. G. Wheaton, Y. Liu, J. B. Croft, et al., “Chronic Obstructive Pul-
monary Disease and Smoking Status - United States, 2017,” MMWR.
Morbidity and Mortality Weekly Report 68, no. 24 (2019): 533-538,
https://doi.org/10.15585/mmwr.mm6824al.

47.W. S. Ha, J. Kim, H. W. Hwang, et al., “The Association Between
Migraine and Parkinson's Disease: A Nationwide Cohort Study,” Epide-
miol Health 46 (2024): €2024010, https://doi.org/10.4178/epih.e2024010.

48. W. Saengphatrachai, K. Praditukrit, W. Owattanapanich, Y. Pita-
kpatapee, and P. Srivanitchapoom, “The Association Between Devel-
oping Parkinson's Disease and f-Adrenoceptor Acting Agents Use: A
Systematic Review and Meta-Analysis,” Journal of the Neurological Sci-
ences 430 (2021): 120009, https://doi.org/10.1016/j.jns.2021.120009.

49. A. Singh, S. Hussain, S. Akkala, et al., “Beta-Adrenergic Drugs and
Risk of Parkinson's Disease: A Systematic Review and Meta-Analysis,”
Ageing Research Reviews 80 (2022): 101670, https://doi.org/10.1016/j.arr.
2022.101670.

50.F. Hopfner, G. U. Hoglinger, G. Kuhlenbdumer, et al., “B-
Adrenoreceptors and the Risk of Parkinson's Disease,” Lancet Neurol-
ogy 19, no. 3 (2020): 247-254, https://doi.org/10.1016/S1474-4422(19)
30400-4.

13 of 14

85US01 7 SUOLILLOD 8AIIS.1D) 3[cfed!(dde U Ag peusenob afe o O '8sn JO s3I 10y Akeid 1 8UIIUQ AB]1A UO (SUOIIPUOD-PUR-SLLIBI WD A8 1M ARIq 1 U IUO//SANY) SUONIPUOD pue swis | 8y} 885 *[5202/470/9T] Uo Akiqiauliuo A8]iMm Buips |l aidol ] 2 ausIBAH JO [00udS uopuo- Aq 0vT0. 'SPA/Z00T OT/I0p/Woo" A 1M Atelq 1jpuluo//sdny Wo.y pepeojumoq ‘v 'S20z *SSTE60T


https://doi.org/10.1002/ana.23687
https://doi.org/10.1002/ana.23687
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.parkreldis.2006.08.011
https://doi.org/10.1016/j.parkreldis.2006.08.011
https://doi.org/10.1002/ana.21937
https://doi.org/10.1002/ana.21937
https://doi.org/10.1016/j.jval.2018.09.1969
https://doi.org/10.1016/j.jval.2018.09.1969
https://doi.org/10.1007/s40261-019-00830-4
https://doi.org/10.5414/cp203559
https://doi.org/10.1007/s40263-020-00736-2
https://doi.org/10.1002/phar.2383
https://doi.org/10.1093/aje/kwaa012
https://doi.org/10.1093/aje/kwaa012
https://doi.org/10.1002/mds.28085
https://doi.org/10.1002/mds.28085
https://doi.org/10.1016/j.parkreldis.2023.105389
https://doi.org/10.1016/j.parkreldis.2023.105389
https://doi.org/10.1371/journal.pone.0276368
https://doi.org/10.1186/s12916-023-03122-z
https://doi.org/10.1186/s12916-023-03122-z
https://doi.org/10.4103/0028-3886.383852
https://doi.org/10.4103/0028-3886.383852
https://doi.org/10.1212/WNL.0000000000007694
https://doi.org/10.1212/WNL.0000000000007694
https://doi.org/10.1007/s40261-019-00771-y
https://doi.org/10.1007/s40261-019-00771-y
https://doi.org/10.1212/01.wnl.0000303818.38960.44
https://doi.org/10.2147/clep.S405325
https://doi.org/10.1002/ana.26638
https://doi.org/10.1111/j.1365-2125.2009.03537.x
https://doi.org/10.1111/j.1365-2125.2009.03537.x
https://doi.org/10.1093/ije/dyy230
https://doi.org/10.1093/ije/dyy230
https://doi.org/10.1016/S0140-6736(15)00156-7
https://doi.org/10.1513/pats.201102-017RM
https://doi.org/10.15585/mmwr.mm6824a1
https://doi.org/10.4178/epih.e2024010
https://doi.org/10.1016/j.jns.2021.120009
https://doi.org/10.1016/j.arr.2022.101670
https://doi.org/10.1016/j.arr.2022.101670
https://doi.org/10.1016/S1474-4422(19)30400-4
https://doi.org/10.1016/S1474-4422(19)30400-4

51. D. Belvisi, R. Pellicciari, G. Fabbrini, M. Tinazzi, A. Berardelli, and
G. Defazio, “Modifiable Risk and Protective Factors in Disease Develop-
ment, Progression and Clinical Subtypes of Parkinson's Disease: What
Do Prospective Studies Suggest?,” Neurobiology of Disease 134 (2020):
104671, https://doi.org/10.1016/j.nbd.2019.104671.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

14 of 14

Pharmacoepidemiology and Drug Safety, 2025

85US01 7 SUOLILLOD 8AIIS.1D) 3[cfed!(dde U Ag peusenob afe o O '8sn JO s3I 10y Akeid 1 8UIIUQ AB]1A UO (SUOIIPUOD-PUR-SLLIBI WD A8 1M ARIq 1 U IUO//SANY) SUONIPUOD pue swis | 8y} 885 *[5202/470/9T] Uo Akiqiauliuo A8]iMm Buips |l aidol ] 2 ausIBAH JO [00udS uopuo- Aq 0vT0. 'SPA/Z00T OT/I0p/Woo" A 1M Atelq 1jpuluo//sdny Wo.y pepeojumoq ‘v 'S20z *SSTE60T


https://doi.org/10.1016/j.nbd.2019.104671

	Association Between β-Adrenoreceptor Agonists and Antagonists and Parkinson's Disease: Systematic Review and Meta-Analysis
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	2.1   |   Study Inclusion Criteria
	2.2   |   Literature Search
	2.3   |   Data Management and Screening of References
	2.4   |   Data Extraction
	2.5   |   Risk of Bias in Individual Studies
	2.6   |   Data Synthesis

	3   |   Results
	3.1   |   Characteristics of Included Studies
	3.2   |   Risk of Bias in the Original Studies
	3.3   |   Summary RR Estimates of the Association Between β-Antagonists and Parkinson's Disease
	3.4   |   Summary RR Estimates of the Association Between β2-Agonists and Parkinson's Disease
	3.5   |   Dose and Duration Response Between Exposure and Outcome Considerations
	3.6   |   Sensitivity and Sub-Group Analyses
	3.7   |   Publication Bias

	4   |   Discussion
	4.1   |   Summary of Results
	4.2   |   Strengths and Limitations of the Included Studies, With Discussion of the Potential Sources of Bias and Their Impact
	4.3   |   Comparison With Other Studies
	4.4   |   Strengths and Limitations of the Current Review
	4.5   |   Implications for Clinical Practice
	4.6   |   Implications for Future Research

	5   |   Conclusion
	5.1   |   Plain Language Summary

	Acknowledgements
	Conflicts of Interest
	References


