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Abstract
Background  Most patients with Parkinson’s disease exhibit intracellular accumulation of the α-synuclein protein encoded by 
the α-synuclein gene. It was recently shown that β2-adrenoreceptor agonists downregulate this gene, decreasing the apparent risk 
of Parkinson’s disease by up to 40%. In contrast, exposure to β-blocking drugs increases production of the α-synuclein protein.
Objective  The aim of this study was to examine whether chronic exposure to β-blockers is associated with an increased risk 
for Parkinson’s disease.
Patients and Methods  From the electronic charts of Maccabi Health Services, we identified all patients receiving their first β-blocker 
treatment between 1998 and 2004, and followed them up, for a diagnosis of Parkinson’s disease, between 2005 and 2016. We cal-
culated the morbidity hazard of Parkinson’s disease diagnosis in users of β-blockers compared with non-users, as well as users of 
angiotensin-converting enzyme (ACE) inhibitors for hypertension, after adjusting for sex, age, weight, smoking status, cholesterol 
levels and use of statins, employing the Cox proportional hazard model. We also conducted a Kaplan–Meier survival analysis.
Results  Overall, 145,098 patients received β-blockers, and 1,187,151 patients did not. The adjusted hazard ratio for Parkin-
son’s disease among β-blocker users was 1.51 (95% confidence interval 1.28–1.77; p < 0.0001). In contrast, the Parkinson’s 
disease morbidity hazard for patients receiving ACE inhibitors was no different than for the general population. The morbidity 
risk showed the effect of cumulative dose response with low threshold levels.
Conclusions  Chronic use of β-blockers confers a time- and dose-dependent increased risk for Parkinson’s disease. In view 
of the available alternatives for β-blockers, their chronic use should be carefully reconsidered.
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Key Points 

Most patients with Parkinson’s disease exhibit intracel-
lular accumulation of the α-synuclein protein encoded 
by the α-synuclein gene. It has recently been shown that 
β2-adrenoreceptor agonists downregulate this gene, decreas-
ing the apparent risk of Parkinson’s disease by up to 40%.

The adjusted hazard ratio for Parkinson’s disease among 
β-blocker users was 1.51 (95% confidence interval 
1.28–1.77; p < 0.0001).

Chronic use of β-blockers confers a time- and dose-
dependent increased risk for Parkinson’s disease. In view 
of available alternatives for β-blockers, their chronic use 
should be carefully reconsidered.

1  Introduction

Parkinson’s disease affects between 0.6 and 2.6% of peo-
ple over 65 years of age, and, although its etiology is not 
yet clear, most patients exhibit intracellular accumulation 
of the α-synuclein protein (Lewy Bodies), encoded by the 
wild-type α-synuclein gene (SNCA) [1–3]. The α-synuclein 
is an abundantly expressed neuronal protein, and synucle-
inopathies are characterized by the appearance of aggre-
gated α-synuclein inside cells. In a 2017 study, Mittal et al. 
showed that β2-adrenoreceptor agonists downregulate this 
gene, decreasing the apparent risk of Parkinson’s disease by 
up to 40% among exposed people in Norway. In contrast, 
exposure to the β-blocking agent propranolol was associ-
ated with an increased morbidity hazard for Parkinson’s 
disease [4]. There are scores of other β-blockers in clinical 
use that are widely employed on a chronic basis for the 
management of hypertension, congestive heart failure post-
myocardial infarction, and for primary tremor [5]; however, 
it is not clear whether a similar effect is caused by these 
β-blockers in regulating the synuclein gene.

A recent study confirmed the use of propranolol 
increased the risk of Parkinson’s disease [6], while another 
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study found no such effect of propranolol after adjusting 
for primary tremor [7]. None of the existing studies have 
addressed a possible threshold effect in terms of cumula-
tive dose and time of exposure to β-blockers.

There are several recognized risk factors for Parkin-
son’s disease, including age, male sex, and family clus-
tering [6]. In contrast, cigarette smoking and lower total 
and low-density lipoprotein (LDL)-cholesterol have been 
shown to confer an apparent protective effect against Par-
kinson’s disease [7]. The objective of the present study 
was to evaluate the potential association between chronic 
use of β-blockers and the risk of Parkinson’s disease 
and its threshold levels, after adjustment for potential 
confounders.

2 � Methods

2.1 � Study Population

To select patients for inclusion in this study, we used the 
electronic medical records (EMRs) of Maccabi Health Ser-
vices, the second largest health fund in Israel, insuring 
over 2 million persons (or one-quarter of the country’s 
population), from 1998 to 2016 [8].

2.1.1 � Case Ascertainment

We identified all patients receiving their first β-blocker 
treatment between 1 January 1998 and 31 December 2004 
for cardiovascular indications, and followed them up, for a 
diagnosis of Parkinson’s disease, after 360 days, 600 days, 
1000 days, and 1500 days. A diagnosis of Parkinson’s dis-
ease was only included if it occurred longer than 365 days 
following the first β-blocker prescription. Patients with a 
diagnosis of Parkinson’s disease between 1998 and 2005 
were excluded. Follow-up continued until death, discon-
tinuation of insurance in Maccabi, or until 31 December 
2016, whichever was first.

The following coded, anonymized data were extracted for 
each patient: age, sex, body weight, body mass index (BMI), 
smoking status, all International Classification of Diseases, 
Ninth Revision (ICD-9) diagnostic codes, and all dates and 
amounts of drug purchases. A diagnosis of Parkinson’s dis-
ease, as well as the date of diagnosis, was based on more 
than one diagnostic code extracted by a neurologist.

The dates of diagnosis and the diagnostic codes were 
extracted. Smoking status was obtained from the informa-
tion recorded in the patient chart by the treating physicians. 
As drug costs were covered by Maccabi Health Services, 

the record of chronic, continuous drug purchases accu-
rately reflects actual drug use [9]. To be included, patients 
would have had to have purchased at least one prescrip-
tion of a β-blocker. From the list of patients who purchased 
β-blockers, we excluded those receiving these drugs fol-
lowing an ICD-9 diagnosis of essential tremor made by a 
neurologist, to obviate potential misdiagnosis of Parkinson’s 
disease as essential tremor. We also excluded all other cases 
of essential tremor, not receiving β-blockers.

2.2 � β‑Blocker Dose

From the electronic medical files, for each patient receiv-
ing β-blockers for cardiovascular indication we recorded 
the mean dose per year and the mean cumulative pur-
chased dose, and transformed the data into a defined daily 
dose (DDD) to standardize the different β-blockers used, 
according to their equivalent reference values [10]. The ref-
erence values are based on the DDD, bringing all the dif-
ferent β-blockers and their different doses to one common 
denominator. For example, one DDD of atenolol is 50 mg, 
equivalent to 80 mg of propranolol.

2.3 � Matching

We recorded the time that had elapsed between the com-
mencement of β-blocker therapy, from 1998 to 2005, and the 
subsequent diagnosis of Parkinson’s disease between 2005 
and 2016. Each patient receiving a β-blocker was matched 
with a patient not receiving either a β-blocker or a β-mimetic 
drug based on known confounders, including age (± 1 year), 
sex, smoking status (never/ever), LDL levels (above the nor-
mal range) and statin use (any dose level). The random allo-
cation of matching was confirmed by propensity scoring.

2.4 � Statistical Analysis

Applying the Cox proportional hazard model and 
Kaplan–Meier survival analysis, the adjusted hazard ratio 
(HR) for developing Parkinson’s disease among β-blocker 
users was calculated. The threshold mean dose and cumu-
lative dose associated with β-blocker risk for Parkinson’s 
disease were calculated by identifying the mean daily and 
cumulative doses below which the HR for β-blockers was 
not statistically different than for patients not receiving 
β-blockers. In parallel, we also calculated the HR for Par-
kinson’s disease among users of ACE inhibitors, to address a 
potential effect of hypertension. We regarded ACE exposure 
as any dose purchased for more than 2 months. All statisti-
cal analyses were performed using SPSS version 25 (IBM 
Corporation, Armonk, NY, USA).
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3 � Results

Table 1 displays the characteristics of β-blockers in the 
exposed and unexposed groups. Overall, 145,098 patients 
received β-blockers but did not receive β-agonists in the drug 
administration period, and 1,187,151 patients did not receive 
either of these drug classes. The vast majority of β-blocker 
use was for hypertension (92.9%), followed by acute myo-
cardial infarction (4.7%) and congestive heart failure (2.5%). 
Our dataset included 4644 patients diagnosed with Parkin-
son’s disease. After matching for age, sex, body weight, 
smoking, cholesterol, and use of statins, we created a group 
of 132,484 matched pairs. Applying the Cox proportional 
hazard model, the adjusted morbidity hazard for Parkinson’s 
disease among β-blocker users was 1.51 (95% confidence 
interval [CI] 1.28–1.77; p < 0.0001) (Fig. 1). The mean 
defined daily dose of β-blockers was 1.43, with a median 
DDD of 0.55. The Parkinson’s disease morbidity hazard of 
patients receiving a DDD under 0.15 was not significantly 
different from those not receiving β-blockers. The mean total 
cumulative DDD was 12.9, with a median DDD of 3.37. The 
Parkinson’s disease morbidity hazard of patients receiving 
a cumulative DDD under 0.9 was not statistically different 
from those not treated with β-blockers. Furthermore, patients 
receiving angiotensin-converting enzyme (ACE) inhibitors 
were no different in their Parkinson’s disease morbidity haz-
ard than those not receiving β-blockers (HR 1.13, 95% CI 
0.54–2.35; p = 0.37) (Fig. 2).

The Cox model-fitting shows that β-blocker consump-
tion (p < 0.000001), DDD (p < 0.04), and cumulative DDD 
(p = 0.01) are significantly associated with Parkinson’s dis-
ease, in addition to age (p < 0.000001) and sex (p < 0.00001). 
The significant association between β-blockers and Parkin-
son’s disease was stable, with gaps of either 365, 1000, or 
1500 days between β-blocker initiation and Parkinson’s dis-
ease diagnosis. Patients receiving ACE inhibitors were no 

different in their Parkinson’s disease morbidity hazard than 
the whole cohort (p = 0.37) (Fig. 2).

The lag time from exposure to a β-blocker to diagnosis of 
Parkinson’s disease did not affect the HR (Table 2).

4 � Discussion

Our study shows a statistically significant increased morbid-
ity hazard for Parkinson’s disease among patients exposed 
to β-blockers during the years prior to a diagnosis of Par-
kinson’s disease. This risk appears to be dose- and time-
dependent, strongly supporting a cumulative toxic effect 
and consistent with the biological accumulation of the Lewy 
bodies [1–3]. We adjusted for factors known to increase (age, 
sex) [6] or decrease (smoking, cholesterol, statins) the risk of 
Parkinson’s disease [9, 11]. Because β-blockers are also used 

Table 1   Demographics of the two cohorts

BMI body mass index, LDL low-density lipoproteins, SD standard deviation

Characteristic Beta users Non-users of beta

Mean age, years [median (SD)] 53.84 [51 (19.49)] 53.3 [50 (19.5)]
Sex, males 59.6% 59.5%
Mean weight, kg [median (SD)] 70.94 [70 (14.13)] 70.8 [70 (14.18)]
Mean BMI, kg/m2 [median (SD)] 25.07 [24.89 (4.92)] 24.72 [24.6 (5.13)]
Smoker, n 565 544
Past smoker, n 2732 2605
Never smoker, n 18,651 17,660
Unknown, n 2259 2143
LDL > 150, mg/dL 491 449
Mean number of years of statin use [median (SD)] 0.52 [0 (1.9)] 0.52 [0 (1.9)]

Fig. 1   Disease-free survival odds among patients exposed to 
β-blockers, compared with unexposed controls matched for age, sex 
and cigarette use
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in the treatment of essential tremor, which may be confused 
with or misdiagnosed as Parkinson’s disease, we elected to 
exclude patients using β-blockers in relation to a diagno-
sis of benign tremor. To account for the possible effect of 
hypertension on the occurrence of Parkinson’s disease, we 
also calculated the morbidity ratio of patients receiving ACE 
inhibitors for hypertension, ruling out bias by indication and 
documenting the specificity of the effect on β-blockers.

β-blockers are widely used worldwide in the treatment 
of hypertension and congestive heart failure, and are rec-
ommended for hypertension by several national guidelines 
(e.g. The European Society of Hypertension and Cardiol-
ogy). Other guidelines, including the National Institute for 
Health and Care Excellence (NICE) and American Soci-
ety of Hypertension/International Society of Hyperten-
sion (ASH/ISH), only recommend β-blockers when other 
options have not been sufficiently effective [12]. This stems 
from studies claiming β-blockers to be less effective than 
other classes in preventing stroke or other cardiovascular 
events, and also causing multiple adverse effects such as 
fatigue, sexual dysfunction, reduced exercise tolerance, and 
increased incidence of new-onset diabetes [12, 13].

In a recent study from Taiwan, the association between dif-
ferent antihypertensive agents and Parkinson’s disease was 
sought [14]. Because the focus of that study was on the effects 
of calcium channel blockers (CCBs), the authors, assuming 
that β-blockers do not confer an increased risk for Parkinson’s 
disease, used β-blockers as a reference group. Of interest, the 
CCBs amlodipine and felodipine were interpreted to have a 
‘protective effect’ compared with β-blockers. In the context of 
the present new data, the Taiwanese study indirectly supports 
our present results, suggesting an increased risk of Parkinson’s 
disease with β-blockers. A recent study has also shown that 
β2-adrenoreceptor agonists downregulate this gene, decreasing 
the apparent risk of Parkinson’s disease by up to 40% among 
exposed people in Norway. In contrast, exposure to the β-blocker 
propranolol was associated with an increased morbidity hazard 
for Parkinson’s disease [4]; however, that study did not adjust 
for confounders known to affect the risk for Parkinson’s disease, 
such as smoking status, cholesterol levels, and use of statins [4].

Another study confirmed the use of propranolol increased 
the risk of Parkinson’s disease [6], while another study found 
no such effect of propranolol after adjusting for primary 
tremor [7]. None of the existing studies have addressed a 
possible threshold effect in terms of cumulative dose and 
length of exposure to β-blockers.

The emerging molecular genetic evidence on the mecha-
nism of action of β-blockers in promoting the accumulation 
of Lewy bodies in Parkinson’s disease [4] renders the associ-
ation shown by us between β-blockers and the risk of Parkin-
son’s disease a potential causative role in the pathogenesis of 
Parkinson’s disease. Overall, an estimated 26.4% of Ameri-
cans over 60 years of age are treated with β-blockers [15]. 
In 2012, 20–24% of Americans were older than 60 years of 
age, translating to approximately 70 million people [16].

Assuming the mean population incidence of Parkinson’s 
disease at age 60 years is 1%, if β-blockers increase this rate 
by 50% then this would translate to an additional 350,000 
new cases of Parkinson’s disease per year in the US [17].

In an attempt to identify a cumulative dose safety thresh-
old for β-blockers, as related to Parkinson’s disease, it 
became apparent that the safe dose is extremely low, at a 
mean DDD of 0.15 and a mean cumulative DDD of 0.9. 
These doses are not effective for most patients with hyper-
tension or congestive heart failure. Patients receiving ACE 

Fig. 2   Morbidity hazard for Parkinson’s disease among patients 
receiving ACE inhibitors versus those not receiving any therapy for 
hypertension (differences are non-significant; p = 0.37). ACE angio-
tensin-converting enzyme

Table 2   Hazard ratio of Parkinson’s disease as a function of lag timea

nBB non-β-blockers, BB β-blockers, PD Parkinson’s disease, HR hazard ratio, CI confidence interval
a Matched over all parameters

PD starting in 2006 
[nBB = 24,608, BB = 23,317]

PD starting in 2008 
[nBB = 24,608, BB = 23,295]

PD starting in 2010 
[nBB = 24,608, BB = 23,317]

PD starting in 2012 [nBB = 24,608, 
BB = 23,317]

HR 1.7 (95% CI 1.2–2.39; 
p = 0.03)

HR 1.86 (95% CI 1.26–2.74; 
p = 0.003)

HR 1.84 (95% CI 1.11–3.07; 
p = 0.02

HR 1.7 (95% CI 1.05–2.8; p = 0.05)
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inhibitors, but not β-blockers, were no different in their Par-
kinson’s disease morbidity hazard than the general popula-
tion (HR 1.13, 95% CI 0.54–2.35).

The limitations of our study need to be acknowledged. 
Patients may leave the data set before the end of the analysis 
period due to death, having left Maccabi Health Services, 
or for other reasons. We therefore employed two survival 
models in our analysis. The Kaplan–Meier model estimates 
a survival function based on matched data, while the Cox 
proportional hazard model is a regression model that can 
take into account additional covariates.

In our data, the diagnostic codes of Parkinson’s disease 
and primary tremor were entered by neurologists after 
examining and following-up these patients. It is extremely 
unlikely that a diagnosis of primary tremor or other tremor 
would be sustained over time in patients with genuine Par-
kinson’s disease. Even if, in a rare event, we excluded a 
genuine case of Parkinson’s disease as being primary tremor, 
this would theoretically bias the results toward the null and 
would decrease the signal of Parkinson’s disease caused by 
β-blockers. The accuracy of diagnosis is always an issue in 
these studies, however it is unlikely that there is bias in the 
sensitivity and specificity of Parkinson’s disease diagnosis 
between the group receiving β-blockers and those not receiv-
ing this class of drugs. Because ACE inhibitors are widely 
used medication class for hypertension, in an attempt to 
examine an association between their use and the incidence 
of Parkinson’s disease, the question of confounding by indi-
cation had been partially answered. Clearly, to fully answer 
this question more matching would be needed.

By excluding patients who took β-agonists, mainly 
patients with asthma, we may have enriched the sample of 
non-smokers; however, this should not create a bias as smok-
ing status was a measured variable that was adjusted for in 
the analysis.

The lag time from exposure to a β-blocker to diagnosis 
of Parkinson’s disease did not affect the HR, ruling out a 
reverse causation.

5 � Conclusions

Chronic use of β-blockers confers an increased risk for 
Parkinson’s disease. In view of the available alterna-
tives for β-blockers, their chronic use should be carefully 
re-evaluated.
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