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Abstract

Objective—A recent study observed a two-fold greater risk of Parkinson disease (PD) in relation
to the B2-adrenoreceptor antagonist propranolol and a markedly lower risk of PD for the p2-
adrenoreceptor agonist salbutamol. We examined whether confounding by clinical indication for
these medications, i.e. tremor and smoking-related pulmonary conditions, explained these
associations.

Methods—In a large, population-based case-control study of United States Medicare
beneficiaries in 2009 with diagnosis codes, procedure codes, and prescription data (48,295
incident PD cases, 52,324 controls), we examined the risk of PD in relation to use of selected B
antagonists (propranolol, carvedilol, metoprolol), the 2 agonist salbutamol, and other medications
used for the same clinical indications (primidone, inhaled corticosteroids). We adjusted for
demographics, smoking, and overall use of medical care. We then examined the effect of also
adjusting for clinical indication and applying medication exposure lagging.

Results—Propranolol appeared to increase PD risk (odds ratio [OR]=3.62, 95% confidence
interval [CI] 3.31-3.96). When we adjusted for tremor or abnormal involuntary movement prior to
the PD diagnosis/reference date and lagged propranolol exposure, the association was 0.97 (95%
Cl 0.80-1.18). Primidone, also used for tremor, was similarly sensitive to this adjustment and
lagging. p antagonists not indicated for tremor appeared to reduce PD risk (carvedilol OR=0.77,
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95% CI 0.73-0.81; metoprolol OR=0.94, 95% CI 0.91-0.97) and were insensitive to adjustment
for indications and lagging. Neither salbutamol nor inhaled corticosteroids were consistently
associated with PD risk.

Interpretation—p2-adrenoreceptor agonists and antagonists do not appear to alter PD risk.

Introduction

Methods

Recent tissue culture and animal studies indicate that a-synuclein can be regulated through
modulation of the p2-adrenoreceptor.! Consistent with these findings, nationwide pharmacy
data from Norway suggest that the p2-adrenoreceptor antagonist propranolol markedly
increases PD risk, and that the p2-adrenoreceptor agonist salbutamol substantially decreases
PD risk.1 Confirmation of the association between B2 (ant)agonist medications and PD is
critical given that neuroprotective clinical trials with B2 agonists are already being
considered. We hypothesized that these associations might be due to confounding by the
clinical indications for these medications, i.e. tremor (propranolol) and pulmonary
conditions that are more common in smokers than non-smokers (salbutamol). Therefore, we
examined the association between B2 (ant)agonist medications and PD in a large population-
based study while accounting for these factors and lagging medication exposures.

Study design and participants

We conducted a case-control study within an existing study using Medicare data from the
United States (U.S.),2 following approval from the Centers for Medicare and Medicaid
Services, and the Human Research Protection Organization at Washington University School
of Medicine. Briefly, all participants were U.S. residents who were age 66-90 years old and
relied solely on Medicare for health insurance (Parts A/B) in 2009. For the present analysis,
we further required Medicare Part D (pharmacy) coverage and at least one prescription
event, i.e. fill of a prescription for any medication. We required at least one prescription fill
so that both the lagged and unlagged analyses excluded beneficiaries who had Part D
coverage but who had filled no prescriptions. This exclusion was necessary in lagged
analyses to restrict to beneficiaries who definitively could have made fills within the
respective narrowed exposure window.

Among beneficiaries who met the above criteria, we determined PD status from
comprehensive (inpatient, skilled nursing facility, outpatient, physician/carrier, durable
medical equipment, and home health care) Part A and B Medicare claims data for 2004—
2009. PD cases (n=48,295) had at least one International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9) diagnosis code for PD (332 or 332.0) in 2009 and
no prior codes for PD, atypical parkinsonism (ICD-9 333.0), or dementia with Lewy bodies
(ICD-9 331.82). Controls (n=52,324) were a random sample of beneficiaries who met the
same criteria, but without these codes. Together, these beneficiaries represented the 54% of
cases and 44% of controls from the original case-control study? who had Part D coverage
and at least one medication filled under this coverage. This original study included all newly
diagnosed PD cases in 2009 who met study criteria and a 0.5% random sample of all non-
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cases who met the same criteria.2 We avoided matching controls to cases so that we could
obtain unbiased risk estimates for demographic factors known to be associated with PD.
This allowed us to develop a predictive model of PD that could be generalized to other
samples and to validate our case identification method.

Assessment of medication use

Using Part D data, we identified ever/never use of propranolol and salbutamol in 2008—-2009
prior to PD diagnosis/reference, i.e. date of the first ICD-9 code for PD or randomly
assigned date in the same year (2009) for controls. For comparison to propranolol, we also
assessed the use of carvedilol and metoprolol. We included these medications to investigate
whether there is a consistent association between PD and (2 antagonists, or whether it varies
according to extent of use for tremor and 2 selectivity. Like propranolol, carvedilol and
metoprolol cross the blood brain barrier® and block p2-adrenoreceptors.* Metoprolol,
however, is primarily a selective 1 antagonist. Carvedilol and metoprolol are alternatives to
propranolol for treating hypertension and other cardiovascular disorders, but notably neither
typically is used to treat tremor. In addition, we included the anticonvulsant primidone,
which, like propranolol, is used to treat tremor® but is not known to have B-adrenergic
activity. Similarly, for comparison to salbutamol, we also determined use of inhaled
corticosteroids. These are used to treat asthma and chronic obstructive pulmonary disease
(COPD), the primary indications for salbutamol, but do not have B-adrenergic activity. We
included all relevant medications in the respective exposure variable, which we name here
according to the international nomenclature standard.® For example, we included all
albuterol medications as salbutamol because Medicare lists medications in Part D data based
upon nomenclature in the U.S.

Because Part D coverage was unavailable until 2006, we included only the Part D claims
data from 2008-2009. We supplemented this information with Part A and B claims data
from 2004-2009 to improve our exposure assessment to expand the range of years
considered. These data included Healthcare Common Procedure Coding System (HCPCS)
codes for the use of salbutamol or inhaled corticosteroids (Supplemental Table 1). For all
medications we created variables that took into account the source of the information (Part D
pharmacy claims vs. procedure codes from Part A/B claims), the route of delivery, and/or
dose.

We calculated dose (mg/day) for the B antagonist medications and primidone. We first
determined the daily dose for individual prescription drug events as the product of the
medication strength and the quantity dispensed divided by the number of days’ supply for
the given fill. We then computed the median daily dose across all fills for each medication.
For salbutamol we calculated the cumulative number of defined daily doses (DDD) for
comparability to the previous study.! We calculated this as the product of the medication
strength and quantity dispensed divided by the DDD for that given medication.”: 8

Assessment of medical conditions and smoking

We used ICD-9 and Current Procedural Terminology (CPT) codes (Supplemental Table 1)
from comprehensive claims data from 2004-2009, up to PD diagnosis/reference, to assess
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tobacco smoking and the medical conditions of interest, including tremor. We defined tremor
as the presence of = 1 ICD-9 code 333.1 (essential and other specified forms of tremor)
and/or = 1 ICD-9 code 781.0 (abnormal involuntary movement) prior to PD diagnosis/
reference. In our data, ICD-9 781.0 is strongly predictive of PD? as well as strongly
correlated with ICD-9 333.1, among both PD cases and controls (both p < 0.0001).

The claims data include ICD-9 codes for history of tobacco use (V15.82) and tobacco
dependence (305.1) and CPT codes for smoking cessation counseling (99406, 99407). Even
in combination, these four codes are not sufficiently sensitive to characterize tobacco
smoking history accurately.% 10 Therefore, we created and validated a smoking variable as
the probability of having ever smoked based on sex, race/ethnicity, birth cohort, and > 600
ICD-9 and CPT codes including the above tobacco-specific codes and 17 other medical
conditions.2 We estimated this probability with a logistic regression model that we
developed from Behavioral Risk Factor Surveillance System (BRFSS) survey data from a
population-based sample of Medicare-aged respondents.}! We then assigned all beneficiaries
with any of the above tobacco-specific codes a probability of 100%, which is the positive
predictive value of these codes in Medicare data for having ever smoked.10 Because of the
high positive predictive value, we also used these tobacco-specific codes to identify
beneficiaries who definitively had ever smoked. However, these tobacco-specific codes? 10
and the medical conditions included in the smoking predictive model do not completely
capture smoking histories. Pack-years and time since quitting smoking are inversely
associated with PD,12-14 while nicotine dependence is associated with the development of
both asthmal® and COPD.16 Therefore, we combined all home oxygen therapy HCPCS
codes!” into a dichotomous oxygen use variable as a potential marker for greater intensity
and duration of smoking. Of 21 tobacco-related diagnosis/procedure codes in our previous
predictive model of PD,2 HCPCS codes for oxygen concentrators were the codes most
strongly associated with asthma, COPD, and nicotine dependence. In addition, we created a
dichotomous variable for any Part D fills for medications specifically used for nicotine
dependence (nicotine and/or varenicline).

Statistical analysis

Using Stata,® we constructed logistic regression models with PD as the outcome and
medications as independent variables to estimate odds ratios (ORs) and 95% confidence
intervals (Cls). We adjusted a priori for age (continuous), sex, and race/ethnicity (7
categories) in all models. Unless otherwise stated, we also adjusted for smoking (estimated
probability of having ever smoked as a continuous variable, ever/never oxygen use, ever/
never nicotine/varenicline) and for the number of unique diagnosis codes (continuous). We
adjusted for the latter because overall use of medical care might confound PD-medicine
associations, given that use of care can confound the association between two medical
conditions.? 19 We used the number of unique diagnosis codes as a measure of use of care
because this measure more fully addresses confounding by use of care than comorbidity
indices or the number of inpatient, outpatient, and other physician or provider visits.?

Because some residual confounding by indication possibly could remain following
adjustment for overall use of care, we also examined the effect of adjusting for the other
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medications and for selected medical conditions to further address confounding by
indication.20 These indications included tremor (propranolol and primidone); asthma and
COPD (salbutamol); hypertension, myocardial infarction, and heart failure (propranolol,
carvedilol, and metoprolol); and epilepsy (primidone). However, because these indications
may not always be coded, we also examined the effect of restricting results to beneficiaries
with the condition and/or lagging medication exposure by 6, 12, or 18 months. That is, we
ignored all fills that occurred in the 6, 12, or 18 months prior to the PD diagnosis or control
reference date. In each lagged analysis we excluded beneficiaries without Part D claims by
the end of the respective exposure period, and adjusted for the number of unique diagnosis
codes for the respective period rather than the entire period. Eighteen months is the
maximum lag we could apply within the available two years of Part D data, given that we
required at least one prescription to be filled prior to this 18 month lag period.

For pairs of medications with shared indications (propranolol/primidone and salbutamol/
inhaled corticosteroids) we also generated more flexible models that allowed us to estimate
separate ORs for each medication alone and for both medications together, relative to neither
medication. Accordingly, we formally tested for interaction between the two medications in
each pair, which we did by introducing the product term between the two medications in a
logistic regression model with both main effects terms.

For each p antagonist medication and primidone, we also used logistic regression to examine
the association between dose (mg/day) and PD among those who took the respective
medication. For these models we considered dose in approximate tertiles. We also
considered salbutamol dose in three categories, as defined by the prior study (< 60 DDD,
60-180 DDD, > 180 DDD).! For all medications we calculated the p for trend while
retaining dose as a continuous measure modeled linearly.

Because of the importance of smoking on the occurrence of most indications for 2
(ant)agonists we repeated all analyses while stratifying by the presence of any tobacco-
specific code, i.e. definitive ever smokers10 vs. other beneficiaries. We also repeated all
analyses while focusing on the most certain PD cases (n=17,951), which we defined as cases
who had an ICD-9 code for PD from a neurologist or = 3 PD codes in 2009, and had no
evidence of secondary parkinsonism, i.e. no ICD-9 code 332.1 and no Part D fills of
dopamine antagonist medication in 2008-2009. Otherwise, we included all 48,295 cases and
52,324 controls in all unlagged models, as we obtained demographic data from the Medicare
base file for 2009, and we had no missing data other than race/ethnicity for 0.1% cases and
0.1% controls, who we retained in analysis in an “unknown race/ethnicity” category.

We had > 99.9% statistical power to detect ORs = 2.20 or < 0.66, i.e. the same or stronger
associations than observed in the earlier study! for propranolol and salbutamol, respectively.
We hypothesized that these associations would be attenuated by adjustment for the
medications’ indications, but we also had 99% power to detect ORs as modest as 1.25 for
propranolol and 0.93 for salbutamol. Even in the most restrictive analysis when we
simultaneously focused on the most certain PD cases and applied the maximum lag, we had
99% power to detect ORs as modest as 1.65 for propranolol and 0.84 for salbutamol.
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Role of the Funding Source

The co-authors were solely responsible for all decisions related to statistical analysis,
interpretation of results, and decision to publish.

Results

Participant characteristics

Most cases (85.5%) and controls (83.7%) were non-Hispanic white. On average, cases were
78.6 years old at PD diagnosis, and controls were 76.4 years old on their comparable
reference date. PD risk was greater in men and whites, and increased with age (all p <
0.001). PD risk was lower in relation to smoking (probability of ever smoking, oxygen use,
and use of nicotine and/or varenicline). After accounting for these demographic differences
and overall use of medical care, there was, as expected, an inverse association between PD
and cancer, and a positive association between PD and REM sleep behavior disorder,
constipation, anxiety, and depression (all p < 0.001).

Propranolol and PD

Initially, use of propranolol appeared to be associated with a greater PD risk, regardless of
adjustment for smoking and overall use of medical care (Table 1). However, the association
weakened substantially when we adjusted for tremor reported prior to PD diagnosis/
reference (Table 1), or restricted to beneficiaries with tremor (OR=1.27, 95% CI 1.09-1.48,
not in tables). The association also weakened consistently with greater lagging of
propranolol exposure (Table 1). When we simultaneously adjusted for tremor and applied
the maximum lag of 18 months, the OR attenuated by > 70%, and was close to null. When
we focused on the most certain PD cases, lagging and adjustment for tremor had a similar
effect on the PD-propranolol OR, and even the 12 month lagged OR was close to null (0.94,
95% CI 0.80-1.11, not in tables).

Adjustment for other B (ant)agonists, primidone, and their indications did not materially
change PD-propranolol ORs (not in tables). However, there was some evidence of statistical
interaction, specifically antagonism, between propranolol and primidone in relation to PD
(Table 2). Accordingly, after adjustment for tremor, in no instance did the point estimate for
propranolol and primidone exceed that for primidone alone. This remained true when we
focused on the most certain PD cases (Table 2). In exploratory analyses in which we
investigated the sensitivity of the overall PD-propranolol association, the magnitude of the
OR was affected, but the overall pattern of attenuation that occurred with lagging or tremor
adjustment was not. These analyses included adjustment for one dichotomous “any tremor”
variable (instead of the two ICD-9 codes separately) or only one of the two ICD-9 codes;
lagging the tremor variable(s); and excluding, as in the prior study,! users with < 365 DDD
of propranolol. We also observed no evidence that PD risk increased with propranolol dose
(mg/day) (Table 3).

Other B antagonists and PD

When we explored whether there was a consistent, medication-class effect between
antagonists and PD, we observed marked differences depending upon the medication. In
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contrast to propranolol, the other p antagonists carvedilol and metoprolol were associated
with lower PD risk (Table 1). Moreover, these associations were relatively insensitive to
adjustment for tremor and to lagging. Among beneficiaries with tremor, ORs were close to
null (1.02, 95% CI 0.85-1.22 for carvedilol; 1.05, 95% CI 0.95-1.16 for metoprolol, not in
tables). Similarly, among users of carvedilol or metoprolol, we observed an inverse
association between dose (mg/day) and PD risk, which largely disappeared when we
restricted to beneficiaries with tremor (Table 3). The associations between PD and both
carvedilol and metoprolol were quite similar among those with and without tobacco-specific
codes (not in tables).

Primidone and PD

There was a very strong positive association between PD and use of the non-p2-active
tremor medication primidone prior to PD diagnosis/reference (Table 1). As for propranolol,
this association markedly attenuated with either adjustment for tremor or with exposure
lagging. With both adjustment for tremor and 12-18 months of lagging, the OR attenuated
by > 90%. With tremor adjustment and at least a 12 month lag, the PD-primidone OR was
close to null, both overall (Table 1) and when considering propranolol co-exposure (Table
2). The PD-primidone ORs were sensitive to changes in our method of tremor adjustment
similar to the PD-propranolol ORs (not in tables). Among users of primidone there was an
inverse association between primidone dose (mg/day) in relation to PD, which was no longer
apparent when we focused on beneficiaries with tremor (Table 3).

Salbutamol and inhaled corticosteroids and PD

Use of salbutamol and inhaled corticosteroids and their indications asthma and COPD were
each associated with a reduced risk of PD after adjustment for use of care (Table 4). Each of
these inverse associations attenuated with adjustment for smoking. This attenuation was
clearest for salbutamol and resulted in an OR relatively close to null. This was true overall
and when we stratified by presence of a tobacco-specific code. Inhaled corticosteroids
remained inversely associated with PD, overall and among those without a tobacco-specific
diagnosis or procedure code. When we included salbutamol, inhaled corticosteroids, asthma,
COPD, and smoking into a single model, ORs for salbutamol and inhaled corticosteroids
further weakened (not in tables). Nonetheless, the latter remained significant, as did the
association for asthma, probability of ever smoking, and oxygen use.

The PD-salbutamol association was similar whether we used Medicare Part D (pharmacy)
claims or Part A/B claims (HCPCS codes). PD-salbutamol ORs were very sensitive,
however, to the route of administration. Only salbutamol via a metered dose inhaler (MDI)
was inversely associated with PD (10.5% of cases, 11.2% of controls, OR=0.81, 95% CI
0.77-0.84, not in tables). The inverse association between PD and salbutamol MDIs was
very similar when we stratified by tobacco-specific codes or use of inhaled corticosteroids,
or restricted to beneficiaries with asthma and/or COPD. Among the most certain PD cases,
the OR was 0.75 (95% C1 0.70-0.79, not in tables). However, among salbutamol MDI users,
we did not observe a dose-response association with PD risk, either overall or when
stratified by smoking (Table 5).
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Discussion

In this large population-based study we examined whether B2-adrenoreceptor (ant)agonist
medications affect PD risk. Another recent study suggested that the 2 antagonist
propranolol increases PD risk and that the B2 agonist salbutamol decreases PD risk.: Our
results indicate that propranolol does not increase PD risk. Rather, our results suggest that
the onset of tremor in the PD prodromal period may lead to propranolol use, and thereby a
positive association with PD. We replicated the previous finding of a more than two-fold
increased risk of PD with propranolol use, but this risk was completely nullified by adjusting
for tremor and lagging propranolol exposure by 18 months. The prior analysis of PD and
propranolol also reported an attenuation of the association with 1-2 years of lagging, but
their risk estimate remained well above null, despite also attempting to exclude propranolol
for tremor. We speculate that in the previous study, propranolol may have been first
prescribed for symptomatic tremor control during the prodromal period of PD or even after
PD diagnosis, since PD cases were identified by use of levodopa for one year. Our diagnosis
date, identified by the first ICD-9 code for PD, occurs earlier in the course of disease;
therefore, an 18 month lag might have been more effective in eliminating propranolol used
for (uncoded) pre-PD diagnosis tremor. Still, half of our PD cases with a diagnosis of
“essential and other specified forms of tremor” first received that code > 18 months before
PD diagnosis.? Further, prior studies of PD and medical conditions suggest inflation of risk
estimates without lagging.21-23 Thus, additional lagging of propranolol might have yielded
risk estimates even closer to those for the B antagonists not used for tremor. Consistent with
our conclusion that the relation between propranolol and PD is due to tremor, there was no
evidence that PD risk was greater among users of the other common p antagonists we
considered, carvedilol and metoprolol. This was true with or without adjustment for tremor
or exposure lagging, demonstrating a notable additional inconsistency with the PD-
propranolol association. The starkly contrasting results likely occur because carvedilol and
metoprolol are not commonly used to treat tremor in the U.S.24 As such, the only B2
antagonist that appeared possibly to increase PD risk, in our study, was the one most
frequently used to treat a postural/action tremor, which commonly occurs in PD. While
bidirectional results possibly could arise from pharmacological differences between
propranolol and the other two B antagonists, namely f selectivity and ease of crossing the
blood brain barrier, the associations were not simply in opposite directions. Rather, risk
estimates for propranolol were sensitive in a specific manner that closely paralleled risk
estimates for primidone, a tremor medication that does not have B2 activity. In particular,
ORs for propranolol and primidone were close to null when we simultaneously adjusted for
tremor and applied an 18 month lag. Moreover, after accounting for tremor, there was no
evidence that taking both propranolol and primidone was associated with greater PD “risk”
than taking primidone alone.

Our results for salbutamol and inhaled corticosteroids offer additional evidence that the
previously reported associations for both propranolol and salbutamol on PD risk are not
causal. When we examined whether the B2 agonist salbutamol decreased PD risk, we did
confirm an inverse association prior to adjustment for smoking. However, the overall PD-
salbutamol OR was close to null after adjusting for smoking. Any remaining association was
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restricted to MDls, and that association was weak relative to the earlier study,! which
observed a 44% reduced risk of PD with salbutamol use more generally. On the other hand,
we expected that the relative risk of PD in relation to salbutamol would be attenuated in our
analysis, given that we assessed exposure with fewer years of medication data, and adjusted
for smoking, whereas the earlier study did not. Smoking is associated with a markedly lower
risk of PD,12-14 and smoking-related pulmonary conditions are important indications for
salbutamol. Furthermore, we observed an independent inverse association between inhaled
corticosteroids and PD, and this association was stronger than that for salbutamol, unless we
restricted to MDIs, which suggests that salbutamol was used chronically. However, even
then, the PD-salbutamol OR was weaker than the association between PD and oxygen use.
Taken together, this suggests that the modest inverse association between salbutamol
inhalers and PD that we observed was not due to a specific medication-class. Inhaled
corticosteroids do not have B2 activity, which suggests that 2 agonism is not the cause of
the inverse PD-salbutamol association.

While our results strongly call into question whether p2 (ant)agonists affect PD risk, we
acknowledge some limitations of our analyses. First, the weak but significant inverse
associations for some of the medications used for asthma, COPD, and cardiovascular
disorders including hypertension may indicate residual confounding by smoking. Any
inverse association between PD and both salbutamol and inhaled corticosteroids disappeared
when we restricted to definitive smokers, which also suggests residual confounding by
smoking. Our primary smoking variable was a probabilistic determination of “ever smoking
that does not account for recentness, duration, or intensity of smoking. Still, “ever smoking”
is strongly related to PD in our and other!4 studies, so adjusting for this component remains
a strength. In addition, we adjusted for nicotine dependence medications and oxygen use,
which appeared to serve, in part, as cumulative measures of smoking. Second, we lagged
medication exposures up to 18 months prior to PD diagnosis/reference, but a longer lag
would have been ideal. Nonetheless, our case ascertainment method allowed us to identify
PD patients earlier than the previous study, so we effectively were able to lag exposure
further into the prodromal period of PD than that study.! Thus, even a modest lag addressed
confounding by tremor for a sufficient portion of the prodromal PD period to correct the PD-
propranolol risk estimate substantially. Another potential limitation is that our case
ascertainment method presumably includes some “cases” who were mistakenly coded as
having PD, but instead have other conditions such as essential tremor. Notably, however, our
conclusions were strengthened when we restricted the PD-propranolol risk estimates to the
most certain cases. Finally, we note that the pharmacologic effects of both 2 agonists and
antagonists potentially complicate the interpretation of our risk estimates. For example, 2
agonists can cause tremor, so it is possible that cases in the prodromal period would tend to
avoid these medications, which would bias the PD-salbutamol association downward. At the
same time, the risk estimates for metoprolol and carvedilol could be biased downward, as
well. Metoprolol (and hence perhaps carvedilol) may treat tremor as well as propranolol,2®
and so suppression of tremor might mask early PD, leading to delayed PD ascertainment.
This may explain the inverse associations we observed between PD and these medications,
given that results did not differ by smoking and that those inverse associations disappeared
when we restricted results to beneficiaries with tremor.
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Given the many complexities inherent in an analysis of 2 (ant)agonist medications and PD,
we cannot completely rule out the possibility that there could be some effect of these
medications, but it is clear that if any effect exists it is much smaller than previously
reported. Epidemiologic studies with even greater ability to adjust for smoking and to lag
medication exposures will be required to confirm that B2 (ant)agonists do not affect PD risk.
In the meantime, our results suggest that a PD neuroprotective clinical trial with 32 agonists
may not be warranted. In addition, altering use of p2 (ant)agonist medications in an attempt
to affect PD risk or PD progression must be balanced against the possibility that 2 agonists
might increase tremor in PD patients and that avoidance of B antagonists might increase
mortality related to cardiovascular disease. These conditions are much more common than
PD, and the potential negative public health impact of reducing the use of p antagonists
could be substantial, without benefit on PD risk or progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgement

This work was supported by the Michael J. Fox Foundation, the National Institute of Environmental Health
Sciences (K24 ES017765), the National Institute of Neurological Disorders and Stroke (R01 NS099129), the
American Parkinson Disease Association, and the Center for Pharmacoepidemiology Research Training at the
University of Pennsylvania Perelman School of Medicine.

References

1. Mittal S, Bjornevik K, Im DS, et al. beta2-Adrenoreceptor is a regulator of the alpha-synuclein gene
driving risk of Parkinson’s disease. Science 2017;357:891-898. [PubMed: 28860381]

2. Searles Nielsen S, Warden MN, Camacho-Soto A, et al. A predictive model to identify Parkinson
disease from administrative claims data. Neurology 2017;89:1448-1456. [PubMed: 28864676]

3. Ripley TL, Saseen JJ. beta-blockers: a review of their pharmacological and physiological diversity
in hypertension. Ann Pharmacother 2014;48:723-733. [PubMed: 24687542]

4. Poirier L, Tobe SW. Contemporary use of beta-blockers: clinical relevance of subclassification. Can
J Cardiol 2014;30:59-S15. [PubMed: 24684855]

5. Deuschl G, Raethjen J, Hellriegel H, et al. Treatment of patients with essential tremor. Lancet
Neurol 2011;10:148-161. [PubMed: 21256454]

6. World Health Organization. International nonproprietary names (INN) for pharmaceutical
substances: lists 1-105 of proposed INN and lists 1-66 of recommended INN: Cumulative list no.
14. Geneva, Switzerland: WHO, 2011.

7. Sinnott SJ, Polinski JM, Byrne S, et al. Measuring drug exposure: concordance between defined
daily dose and days’ supply depended on drug class. J Clin Epidemiol 2016;69:107-113. [PubMed:
26146090]

8. World Health Organization (WHO). WHOCC ATC/DDD Index. Geneva, Switzerland: WHO, 2018.

9. Gross A, Racette BA, Camacho-Soto A, et al. Use of medical care biases associations between
Parkinson disease and other medical conditions. Neurology 2018;90:e2155-e2165. [PubMed:
29743207]

10. Desai RJ, Solomon DH, Shadick N, et al. Identification of smoking using Medicare data--a

validation study of claims-based algorithms. Pharmacoepidemiol Drug Saf 2016;25:472-475.
[PubMed: 26764576]

Ann Neurol. Author manuscript; available in PMC 2019 November 27.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nielsen et al.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

Page 11

Centers for Disease Control and Prevention. BRFSS 2009 Survey Data and Documentation. 12 4,
2014 [accessed 2016 May 17]; Available from: http://www.cdc.gov/brfss/annual_data/
annual_2009.htm.

Ritz B, Ascherio A, Checkoway H, et al. Pooled analysis of tobacco use and risk of Parkinson
disease. Arch Neurol 2007;64:990-997. [PubMed: 17620489]

Hernan MA, Zhang SM, Rueda-deCastro AM, et al. Cigarette smoking and the incidence of
Parkinson’s disease in two prospective studies. Ann Neurol 2001;50:780-786. [PubMed:
11761476]

Hernan MA, Takkouche B, Caamano-Isorna F, et al. A meta-analysis of coffee drinking, cigarette
smoking, and the risk of Parkinson’s disease. Ann Neurol 2002;52:276-284. [PubMed: 12205639]

McLeish AC, Cougle JR, Zvolensky MJ. Asthma and cigarette smoking in a representative sample
of adults. J Health Psychol 2011;16:643-652. [PubMed: 21346012]

Selya AS, Oancea SC, Thapa S. Time to First Cigarette, a Proxy of Nicotine Dependence,
Increases the Risk of Pulmonary Impairment, Independently of Current and Lifetime Smoking
Behavior. Nicotine Tob Res 2016;18:1431-1439. [PubMed: 26729736]

Centers for Medicare and Medicaid Services (CMS). Home Oxygen Therapy. Baltimore, MD:
CMS, 2017.

Stata MC, version 14.2, StataCorp, College Station, TX.

Goldstein BA, Bhavsar NA, Phelan M, et al. Controlling for informed presence bias due to the
number of health encounters in an electronic health record. Am J Epidemiol 2016;184:847-855.
[PubMed: 27852603]

Psaty BM, Koepsell TD, Lin D, et al. Assessment and control for confounding by indication in
observational studies. J Am Geriatr Soc 1999;47:749-754. [PubMed: 10366179]

Camacho-Soto A, Warden MN, Searles Nielsen S, et al. Traumatic brain injury in the prodromal
period of Parkinson’s disease: A large epidemiological study using medicare data. Ann Neurol
2017;82:744-754. [PubMed: 29024046]

Nystrom H, Nordstrom A, Nordstrom P. Risk of Injurious Fall and Hip Fracture up to 26 y before
the Diagnosis of Parkinson Disease: Nested Case-Control Studies in a Nationwide Cohort. PL0S
Med 2016;13:€1001954. [PubMed: 26836965]

Rugbjerg K, Ritz B, Korbo L,, et al. Risk of Parkinson’s disease after hospital contact for head
injury: population based case-control study. BMJ 2008;337:a2494. [PubMed: 19074944]
Zesiewicz TA, Elble RJ, Louis ED, et al. Evidence-based guideline update: treatment of essential
tremor: report of the Quality Standards subcommittee of the American Academy of Neurology.
Neurology 2011;77:1752-1755. [PubMed: 22013182]

Koller WC, Biary N. Metoprolol compared with propranolol in the treatment of essential tremor.
Arch Neurol 1984;41:171-172. [PubMed: 6691818]

Ann Neurol. Author manuscript; available in PMC 2019 November 27.


http://www.cdc.gov/brfss/annual_data/annual_2009.htm
http://www.cdc.gov/brfss/annual_data/annual_2009.htm

Nielsen et al. Page 12

Table 1.

[B-adrenoreceptor Antagonists and Primidone in Relation to Parkinson Disease, by Medication Exposure
Lagging and Adjustment for Tremor

Age-sex-race-adjusted OR (95% CI)a

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Cases, nb

Controls, nb
Propranolol
Cases, %

Controls, %

Adjusted for age/sex/race onlya

. c
Basic model

Also adjusted for tremorc'd
Carvedilol
Cases, %

Controls, %

Adjusted for age/sex/race only'37

. c
Basic model

Also adjusted for tremorc'd

Metoprolol
Cases, %

Controls, %

Adjusted for age/sex/race onlya

. c
Basic model

Also adjusted for tremorc’d

Primidone
Cases, %

Controls, %

Adjusted for age/sex/race onlya

. c
Basic model

Also adjusted for tremorc’d

No lag
48,295

52,324

44
13
3.54 (3.24-3.86)

3.62 (3.31-3.96)

1.41 (1.27-1.56)

6.9
6.1
1.10 (1.04-1.16)

0.77 (0.73-0.81)

0.83 (0.78-0.87)

26.3
226
117 (1.14-1.21)

0.94 (0.91-0.97)

0.94 (0.91-0.97)

3.9
04
10.8 (9.32-12.5)

9.68 (8.35-11.2)

1.76 (1.48-2.08)

6 months 12 months
46,430 43,095
50,518 46,341

3.6 2.9
1.3 1.2

2.97 (2.70-3.26)
3.04 (2.76-3.34)

1.20 (1.07-1.34)

5.8
53
1.06 (1.00-1.12)

0.79 (0.74-0.83)

0.84 (0.79-0.90)

24.0
21.2
1.12 (1.09-1.16)

0.95 (0.92-0.98)

0.95 (0.92-0.99)

2.9
04
8.92 (7.61-10.5)

8.06 (6.87-9.46)

1.27 (1.06-1.53)

2,63 (2.37-2.92)
2.70 (2.44-3.00)

1.11 (0.98-1.25)

47
44
1.04 (0.97-1.11)

0.79 (0.74-0.84)

0.85 (0.79-0.91)

20.8
19.1
1.07 (1.03-1.10)

0.93 (0.90-0.96)

0.94 (0.91-0.98)

2.2
03
7.84 (6.54-9.40)

7.10 (5.91-8.52)

0.99 (0.80-1.23)

18 months
19,122

21,286

24
11
2.16 (1.84-2.54)

2.24 (1.90-2.64)

0.97 (0.80-1.18)

41
36
1.07 (0.97-1.19)

0.82 (0.74-0.92)

0.88 (0.78-0.98)

19.0
17.8
1.05 (1.00-1.11)

0.93 (0.88-0.98)

0.94 (0.89-0.99)

1.7
0.2
7.21 (5.35-9.73)

6.72 (4.97-9.09)

0.96 (0.68-1.36)

1duosnuen Joyiny

aAdjusted for age (two linear splines), sex, and race (and ethnicity, in 7 categories).

Excludes cases and controls from the original study2 who had no Part D coverage in 2008-2009 or with Part D coverage but no medication fills in
the respective time period prior to diagnosis/reference.

Adjusted for age, sex, race, probability of ever smoking (continuous, 0 to 1), oxygen use,17 use of nicotine and/or varenicline, and overall use of

medical care (number of unique ICD-9 codes, continuous)2 in 2004-2009 prior to diagnosis/reference or the specified number of months prior if
lagged.
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d . . . .
Also adjusted for presence of tremor (Supplemental Table 1) prior to PD diagnosis/control reference.

PD=Parkinson disease; ICD-9=International Classification of Disease, Ninth Revision, Clinical Modification; OR=odds ratio; Cl=confidence
interval
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Table 2.

Propranolol, Primidone, and Parkinson Disease, by Medication Exposure Lagging, Adjustment for Tremor,
and Certainty of Parkinson Disease Diagnosis

Age-sex-race-adjusted OR (95% Cl)a

% Cases % Controls ab

ela’b

Adjusted for age/sex/race onlya Basic mod Also adjusted for tremor

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

NoLag
All cases (n:48,295)c

All controls (n:52,324)c

No tremor medication 925 98.3 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Propranolol only 3.6 13 3.14 (2.86-3.44) 3.24 (2.95-3.56) 1.44 (1.29-1.60)
Primidone only 3.1 0.3 10.7 (9.08-12.6) 9.45 (8.01-11.1) 1.91 (1.59-2.29)
Both 0.8 0.1 12.9 (9.21-18.2) 12.3(8.71-17.3) 1.40 (0.96-2.04)
Interaction p—valuee p<0.001 p<0.001 p=0.002

Most certain cases (n=17,951)c'd

All controls (n=52,324)c
No tremor medication 91.6 98.3 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Propranolol only 3.9 13 3.53 (3.16-3.94) 3.54 (3.17-3.96) 1.34 (1.17-1.53)
Primidone only 3.4 0.3 11.8 (9.89-14.1) 11.2 (9.34-13.3) 1.74 (1.41-2.14)
Both 1.0 0.1 16.4 (11.4-23.5) 15.2 (10.6-21.9) 1.39 (0.93-2.09)
Interaction p-valuee p<0.001 p<0.001 p=0.03

12 month Iagf

All cases (n:43,095)c

All controls (n=46,341)c
No tremor medication 95.2 98.6 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Propranolol only 2.6 11 2.42 (2.18-2.69) 2.50 (2.24-2.78) 1.12 (0.99-1.27)
Primidone only 1.9 0.3 7.63 (6.28-9.28) 6.81 (5.60-8.29) 1.02 (0.81-1.27)
Both 0.4 0.04 10.2 (6.24-16.7) 9.94 (6.06-16.3) 0.90 (0.53-1.55)
Interaction p-valuee p=0.03 p=0.05 p=0.45

Most certain cases (n=15,642)c‘d

All controls (n:46,341)c
No tremor medication 94.8 98.6 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
Propranolol only 2.7 11 2.63 (2.30-3.00) 2.63 (2.31-3.01) 0.96 (0.81-1.13)
Primidone only 21 0.3 8.19 (6.60-10.2) 7.93 (6.38-9.86) 0.90 (0.69-1.17)
Both 0.4 0.04 11.8 (6.93-20.1) 11.1 (6.52-19.0) 0.67 (0.37-1.19)

. e
Interaction p-value

p=0.04

p=0.04

p=0.44

aAdjusted for age, sex, and race as in Table 1.

Also adjusted for smoking, oxygen, nicotine/varenicline, use of care, and if stated above tremor, as in Table 1.
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c - .
Excludes cases and controls from the original study2 as in Table 1.

dPD cases diagnosed by a neurologist and/or with = 3 PD diagnosis codes in 2009; and without atypical parkinsonism, dementia with Lewy bodies,
or secondary parkinsonism.

e .. . L .
All interaction odds ratio point estimates were < 1.0.

Twelve months is the maximum possible lag when simultaneously considering propranolol and primidone because too few controls used both
medications > 18 months prior to their reference date.

Abbreviations as in Table 1
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Table 3.

[B-adrenoreceptor Antagonists and Primidone Dose” in Relation to Parkinson Disease, among Part D
Beneficiaries Using the Medication, Overall and Restricted to Beneficiaries with Tremor

All Medication Users M edication Userswith Tremor

Dose (mglday)a % Cases % Controls OR (95% CI]b % Cases % Controls OR (95% CI]b
Propranolol n=2115 n=705 n=1632 n=208

<40 25.8 21.7 1.0 (Reference) 24.9 21.2 1.0 (Reference)

40 -<80 345 31.9 0.94 (0.74-1.20) 35.2 313 0.98 (0.65-1.48)

>80 39.7 46.4 0.79(0.63-0.99)  39.9 47.6 0.74 (0.51-1.09)

p for trendb‘c p=0.67 p=0.42
Carvedilol n=3335 n=3197 n=936 n=148

<125 29.0 245 1.0 (Reference) 28.2 26.4 1.0 (Reference)

12.5-<25 321 29.5 0.94 (0.82-1.08) 33.2 29.1 1.06 (0.66-1.69)

225 38.9 46.0 0.76 (0.67-0.86) 38.6 44.6 0.74 (0.48-1.14)

o for trendb'c p<0.001 p=0.12
Metoprolol n=12,724 n=11,849 n=4091 n=624

<50 26.9 22.8 1.0 (Reference) 26.3 26.8 1.0 (Reference)

50 375 37.9 0.89 (0.83-0.96) 38.7 385 1.04 (0.84-1.29)

>50 35.6 39.3 0.84 (0.79-0.90) 35.0 34.8 1.04 (0.83-1.29)

D fortrendb'c p<0.001 p=0.86
Primidone n=1869 n=203 n=1730 n=166

<75 33.9 29.6 1.0 (Reference) 33.0 319 1.0 (Reference)

75 - <150 27.4 23.2 1.03 (0.69-1.53) 27.6 235 1.14 (0.74-1.75)

2150 38.7 473 0.72 (0.51-1.01) 39.4 44.6 0.86 (0.59-1.25)

p for trendb'c p=0.005 p=0.34

aMedian daily dose (mg/day) categorized by approximate tertiles among users.
bAdjusted for age, sex, race, smoking, oxygen, nicotine/varenicline, and use of care as in Table 1.

C .
Based on dose as a continuous measure.

Abbreviations as in Table 1
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Table 4.
Salbutamol, Inhaled Corticosteroids, Their Indications, and Smoking in Relation to Parkinson Disease, Overall

and by Presence of Tobacco-Specific Diagnosis or Procedure Codes”

Age-sex-race-adjusted OR (95% CI)b

% Cases % Controls  Adjusted for age/sex/ Also adjusted for use Also adjusted for use of

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

raceonl b of_careb'c careand smoléi(r;g (basic
mode))”
All beneficiarieswith Part D n=48,295 n=52,324
data
Salbutamol 19.7 16.3 1.29 (1.25-1.33) 0.89 (0.86-0.92) 0.97 (0.93-1.01)
Inhaled corticosteroids 9.9 9.2 1.13 (1.08-1.18) 0.80 (0.76-0.84) 0.88 (0.84-0.92)
Asthma 20.3 17.3 1.27 (1.23-1.31) 0.85 (0.82-0.88) 0.89 (0.86-0.93)
COPD 334 26.7 1.34 (1.30-1.37) 0.89 (0.86-0.91) 0.95 (0.92-0.98)
Smoking: Ever smoked® N/A N/A 1.36 (1.30-1.43) 0.69 (0.66-0.73) 0.72 (0.68-0.76)
Oxygen 8.9 7.2 1.24 (1.18-1.30) 0.75 (0.71-0.79) 0.78 (0.74-0.82)
Nicotine/ 0.6 0.7 1.03 (0.88-1.21) 0.84 (0.71-0.99) 1.00 (0.84-1.18)
varenicline
No tobacco-specific codes n=38,965 n=42,674
Salbutamol 16.2 13.0 1.29 (1.24-1.34) 0.91 (0.87-0.95) 0.96 (0.91-1.00)
Inhaled corticosteroids 7.5 7.1 1.10 (1.04-1.16) 0.79 (0.75-0.84) 0.84 (0.79-0.89)
Asthma 17.8 15.3 1.24 (1.19-1.29) 0.84 (0.81-0.88) 0.88 (0.84-0.92)
COPD 28.4 22.0 1.33 (1.29-1.38) 0.90 (0.87-0.94) 0.93 (0.90-0.97)
Smoking: Ever smoked® N/A N/A 3.61 (3.18-4.09) 0.56 (0.49-0.64) 0.58 (0.51-0.67)
Oxygen 6.5 5.0 1.26 (1.18-1.34) 0.76 (0.71-0.81) 0.77 (0.72-0.82)
Nicotine/ 0.1 0.1 f f f
varenicline
Any tobacco-specific code(s) n=9,330 n=9,650
Salbutamol 347 311 1.23 (1.16-1.31) 0.92 (0.86-0.99) 0.99 (0.92-1.07)
Inhaled corticosteroids 19.8 18.7 1.13 (1.05-1.21) 0.89 (0.82-0.96) 0.96 (0.88-1.04)
Asthma 305 26.1 1.31 (1.23-1.40) 0.91 (0.85-0.98) 0.96 (0.89-1.03)
COPD 54.2 475 1.32 (1.24-1.40) 0.94 (0.88-1.00) 0.99 (0.92-1.05)
Smoking: Ever smoked® NIA NIA NIA NIA NIA
Oxygen 18.9 16.9 1.15 (1.06-1.24) 0.80 (0.74-0.87) 0.80 (0.74-0.87)
Nicotine/ 25 35 0.85 (0.72-1.01) 0.85 (0.71-1.01) 0.87 (0.73-1.04)
varenicline

1duosnuen Joyiny

aAII were determined from Medicare Part A/B diagnosis or procedure codes from 2004—-2009 (Supplemental Table 1) and/or Part D pharmacy data
from 2008-2009 prior to PD diagnosis/control reference.

bAdjusted for age, sex, and race as in Table 1.
cAIso adjusted for the number of unique ICD-9 codes as in Table 1.

Also adjusted for ever smoking, oxygen, and nicotine/varenicline as in Table 1. For ORs between PD and each indicator of smoking, adjustment
was for the remaining indicator(s).
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e - . . . .

Probability of ever smoking (continuous, 0 to 1; 1 if any tobacco-specific code). Therefore, no percentages for “ever smoked” are shown, and
among those with any tobacco-specific code(s) we could not obtain ORs for or adjust for “ever smoked.”

f, . -
Not estimated due to small numbers and the unexpected lack of a tobacco-specific code.

CPT=Current Procedural Terminology; HCPCS=Healthcare Common Procedure Coding System; COPD=chronic obstructive pulmonary disease;
and other abbreviations as in Table 1
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