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Abstract

Background and Purpose: Hypertension has been associated with Parkinson’s disease (PD), but data on antihypertensive
drugs and PD are inconclusive. We aim to evaluate antihypertensive drugs for an association with PD in hypertensive
patients.

Methods: Hypertensive patients who were free of PD, dementia and stroke were recruited from 2005-2006 using Taiwan
National Health Insurance Database. We examined the association between the use of calcium channel blockers (CCBs),
angiotensin converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs) and the incidence of PD using beta-
blockers as the reference. Cox regression model with time-varying medication use was applied.

Results: Among 65,001 hypertensive patients with a mean follow-up period of 4.6 years, use of dihydropyridine CCBs, but
not non-dihydropyridine CCBs, was associated with a reduced risk of PD (adjusted hazard ratio [aHR]=0.71; 95% Cl, 0.57-
0.90). Additionally, use of central-acting CCBs, rather than peripheral-acting ones, was associated with a decreased risk of PD
(@HR=.69 [55-0.87]. Further decreased association was observed for higher cumulative doses of felodipine (aHR=0.54
[0.36-0.80]) and amlodipine (@HR=0.60 [0.45-0.79]). There was no association between the use of ACEls (aHR=0.80 [0.64—
1.00]) or ARBs (aHR =0.86 [0.69-1.08]) with PD. A potentially decreased association was only found for higher cumulative
use of ACEls (HR=0.52 [0.34-0.80]) and ARBs (HR =0.52 [0.33-0.80]).

Conclusions: Our study suggests centrally-acting dihydropyridine CCB use and high cumulative doses of ACEls and ARBs
may associate with a decreased incidence of PD in hypertensive patients. Further long-term follow-up studies are needed to
confirm the potential beneficial effects of antihypertensive agents in PD.
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Introduction central renin-angiotensin system (RAS) in substantia nigra, is a
pro-inflammatory compound that can activate the oxidative
cascades with resulting neuronal death [10]. These i vitro studies
form the bases of hypothesis that antihypertensive agents,

Parkinson’s disease (PD) is a common neurodegenerative
disorder which underlying mechanism leading to dopaminergic
neuron death remains elusive and current therapies remain purely

symptomatic [1-4]. Recent population-based cohort studies angiotensin converting enzyme (ACEIs), and calcium channel

suggest that PD is associated with several cardiovascular risk blockers (CCBs), may have possible neuroprotective effects in PD
factors, such as diabetes mellitus and hypertension [5,6]. Data [11-15].

from one population-based cohort study of Finland shows that, as
compared with normotensive subjects, women with hypertension
are associated with a 60% increased risk of PD [6]. Therefore, the
role of antihypertensive drugs in risk of PD is worth to be explored.

Increasing evidence has suggested that L-type calcium channels
and the central renin-angiotensin system play a role in PD [7-9].
The age-dependent reliance on L-type calcium channel in
dopaminergic neurons contributes to increased intracellular
oxidative stress [7]. Angiotensin II, the effector peptide of the

Few epidemiologic studies have examined the association
between antihypertensive agents use and PD with inconsistent
results [11,17-21]. One recently published cohort study demon-
strated that use of one subclass of CCBs that targets L-type
calcium channels is associated with decreased PD incidence and
mortality [18]._ENREF_11 The possible reasons that studies
comparing the risk of PD between CCB users and non-users have
different results may come from the age of the study participants,
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especially angiotensin receptor blockers (ARBs), inhibitors of

CrossMark

click for updates


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0098961&domain=pdf

definition of drug exposure, and criteria for PD diagnosis.
Furthermore, the effect of other classes of antihypertensive drugs
on the development of PD is largely unknown.

Given that hypertension per se is a possible risk factor for PD
[6], the comparison of antihypertensive drugs users with nonusers
is susceptible to confounding by indication. We therefore restricted
the enrolment to patients with hypertension receiving antihyper-
tensive treatment to increase the homogeneity of our study cohort.
We aim to examine the effects of different classes of antihyper-
tensive agents on the risk of PD as compared to beta-blockers in
hypertensive patients in a population-based cohort. Beta-blockers,
especially Atenolol, were chosen as the reference because they are
one of the commonly used drugs for the treatment of hypertension
in Taiwan and have poor ability to cross the blood-brain-barrier
[22].

Due to Taiwan’s National Health Insurance Reimbursement
Policy request, treatment of hypertension followed the American
Heart Association guidelines; that is the target blood pressure
depends on patients’ risk level. For patients with low (<10%) or
moderate (10-20%) 10-year Framingham risk, the target blood
pressure is <140/90 mmHg. For patients with high Framingham
risk (=20%), such as patients with diabetes, chronic kidney disease,
previous history of stroke, or established heart failure, the target
blood pressure is <130/80 mmHg [23,24].

Methods

Data Source

The enrollment rate in the single-payer, compulsory National
Health Insurance program in Taiwan was 99%. The National
Health Insurance Research Database (NHIRD) stores national
data from demographic and enrollment records, hospital claims,
ambulatory care visits, and pharmacy dispensing claims from
hospitals, outpatient clinics, and community pharmacies. The
Longitudinal Health Insurance Database 2005 comprises a
random sample of one million subjects from the NHIRD.

Study Population

We enrolled patients with hypertension during the recruitment
period of January 1, 2005-December 31, 2006. Patients were
included if they had at least one hospital admission with a
diagnostic code of hypertension (ICD9-CM code 401) or two or
more outpatient visits with a hypertension diagnostic code. The
date of the first recorded code was defined as the index date.
Patients were excluded if they 1) already had a diagnosis of PD,
dementia, or cerebrovascular disease, 2) aged less than 50 years, or
3) did not have continuous insurance coverage during the 12
months before the index date. The study was approved by the
National Taiwan University Hospital Research Ethics Committee.

Use of Study Drugs

Four classes of commonly used antihypertensive medications
were studied and identified via anatomical therapeutic chemical
[ATC] codes: 1) beta-blockers (BBs); 2) calcium channel blockers
(CCBs); 3) angiotensin converting enzyme inhibitors (ACEIs); and
4) angiotensin receptor blockers (ARBs). Patients with hyperten-
sion may have received combination anti-hypertensive drug
therapy or switched from one class of drug to another. We
assumed that the patients’ exposure to each class of drugs
independently and continuously contributed to their long-term
PD risk. We also calculated the cumulative use of each class of
medication and assigned the level of use to one of four categories
based on the defined daily dose (DDD), which is the assumed
average maintenance dose per day.
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Diagnosis of PD

The outcome of interest was defined as an outpatient visit or
hospitalization involving a diagnosis of PD made by a neurologist
(ICD-9-CM code 332). In a validation study examining 1985 PD
patients in the National Taiwan University Hospital, a movement
disorder specialist (CHL) evaluated the medical records of these
patients and found a 94.8% of diagnostic accuracy.

Covariate Ascertainment and Adjustment

We used inpatient and outpatient diagnosis and prescription
files during the 12-month period before the index date to ascertain
the patients’ medical histories and medication use (ICD-9-CM
codes and ATC codes are provided in Table S1 in File S2).

Statistical Analysis

The crude incidence rates of PD and their 95% confidence
intervals (Cls) were estimated based on a Poisson distribution. A
Cox regression model with time-varying use of antihypertensive
agents was used to calculate the hazard ratios (HR) using BBs as
the reference group. We also examined potential dose-response
relationships of antihypertensive use on the incidence of PD.

Because the number of PD cases was small in comparison to the
number of covariates reflecting participants’ baseline characteris-
tics, we included disease risk score quintiles as summary measures
of all these covariates to deal with baseline imbalance among
different anti-hypertensive users. Using a logistic regression model,
we estimated the disease risk score using indicators for antihyper-
tensive use by group, age, sex, underlying diseases, and
concomitant medications during the 12 months before the index
date [22]. Additionally, time-varying use of medications including
statins, anti-diabetics, anti-platelets, NSAIDs, and anti-psychotics
after the index date was also adjusted in the outcome model.

We conducted sensitivity analyses using three different defini-
tions of PD: first, including subjects with any inpatient/outpatient
diagnosis of PD as well as those receiving anti-Parkinson drugs
(levodopa, bromocriptine mesylate, pergolide mesylate, amanta-
dine, selegiline, cabergoline, ropinirole, or pramipexole); second,
excluding subjects with PD occurring within one year after cohort
entry. Given that PD may have a prodromal period, we therefore
conducted a third sensitivity analysis that included a lag-time by
excluding all participants’ antihypertensive drugs exposure 1.5
years before the diagnosis of PD to avoid protopathic bias.

Participants were further stratified for subgroup analysis
according to 1) age (<635, =65 years), and 2) sex. Analysis of
possible interactions was performed using the likelihood ratio test.
Two-sided p values <0.05 were considered to be statistically
significant. All statistical analyses were performed using SAS 9.2

(SAS Institute, Cary, NC).

Results

A total of 65,001 patients with hypertension were included in
the analysis (Figure 1). Several baseline characteristics and
medications were associated with an increased risk of PD
(Table 1). The number of patients in each category of
antihypertensive drug use and combination therapies was shown
in table S2 in File S1. The average follow-up duration was 4.6
years. The crude incidence rate for PD was 8.09 per 1,000,000
person-days for the overall hypertensive population, and 8.50,
7.85, 7.81, and 9.56 per 1,000,000 person-days for BBs, CCBs,
ACElIs, and ARBs use, respectively. Compared with BBs, the use
of CCBs was associated with a significantly reduced risk of PD
(adjusted HR, 0.75; 95% CI, 0.59-0.96). This decreased
association between CCBs and PD was most obviously observed
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Patients identified from inpatient
and outpatient databases with
diagnostic codes of hypertension
during recruitment period
(2005-2006) (N=96,130)

Excluded due to

Age <50 years or undetermined
gender (N=19,317)

Those who did not have continuous
insurance coverage 12 months
before index date (N=1,062)
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Potential study participants
(N=75,851)

Excluded due to:

Patients had diagnoses of
Parkinson’s disease, dementia or
cerebrovascular disease at or before
the index date (N =10,850)

Patients included in the analysis
(65,001)

Figure 1. Flowchart of study cohort assembly from the National Taiwan Insurance Database.

doi:10.1371/journal.pone.0098961.g001

in those with highest cumulative dosages (Table 2). Similar results
with a trend of decreased risk were found in the sensitivity analyses
using different outcome definitions, although risk estimates
became non-significant due to smaller numbers of events
occurring (Table 2). In addition, although there was no association
between PD and the use of ACEIs or ARBs, a decreased
association was observed in those with highest cumulative dosages
of ACEIs (adjusted HR, 0.52; 95% CI 0.34-0.80) and ARBs
(adjusted HR 0.52; 95% CI, 0.33-0.80) in the dose-response
analysis (Table 2). The results remained similar after stratifying the
hypertensive population according to age (= 65 or <65years) and
gender (Table S3 in File S1). The potential protective effect of a
higher cumulative dose of CCBs was only significant in women
and elderly patients. The highest cumulative doses of ACEIs and
ARBs were also associated with a significantly lower risk of PD in
women and elderly patients (table S3 in File S1).

While we divided CCBs into dihydropyridine and non-
dihydropyridine agents, any use of dihydropyridine CCBs, rather
than non-dihydropyridine, was associated with a decreased risk of
PD (adjusted HR, 0.71; 95% CI, 0.57-0.90). A further decreased
risk was found for higher cumulative use, suggesting a potential
dose-response effect of dihydropyridine CCBs in PD (Table 3).
Due to the differences in lipophilic properties, we further
distinguished CCBs into the central-acting ones that could cross
the blood-brain barrier (felodipine, nifedipine, lercanidipine,
nitrendipine and lacidipine) and the peripheral-acting ones that
are thought to not cross blood-brain barrier as readily (amlodipine,
verapamil, and diltiazem). We found any use of central-acting
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CCBs, rather than peripheral-acting ones, was associated with a
decreased risk of PD (adjusted HR, 0.69; 95% CI, 0.55-0.87, table
S4). Among the individual dihydropyridine CCB, the use of
felodipine was found to have a reduced association with PD, with a
potential dose-response relationship (HR, 0.72; 95% CI, 0.54-0.95
for any use; HR, 0.54; 95% CI, 0.36-0.80 for higher cumulative
use). There was also a decreased association between higher
cumulative use of amlodipine and risk of PD (Table 4).

Discussion

Our study showed that use of CCBs in hypertensive patients has
a dose-dependent decreased association with PD compared to use
of BBs. This potentially beneficial effect was most obvious with the
use of central-acting dihydropyridine CCBs. Additionally, al-
though there was no association between the use of ACEIs or
ARBs with risk of PD, a potentially decreased association was
found for high cumulative use of these two classes of antihyper-
tensive agents.

Although i witro evidence has suggested that the increased
reliance on L-type Cavl.3-calcium channels in dopaminergic
neurons with advanced age accelerate the degeneration process,
studies related to use of CCBs on reducing the incidence of PD are
inconsistent. Three studies comparing the risk of PD between
CCBs users and non-users showed that current long term use of
dihydropyridine CCBs, especially central-acting ones, was associ-
ated with a reduced risk of PD (summarized in Table 5). However,
another study demonstrated that current, but not past, dihydro-
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Table 1. Demographic data, comorbidities, medication use, and resource utilization in the study population and risk factors
associated with Parkinson’s disease.

Total population (N=65,001) Odds ratio (95% Cl)
Patient characteristics
Age at diagnosis, mean (SD) 65.9 (9.94) 1.07 (1.06-1.08)
Male (%) 46.1 1.15 (0.99-1.34)
Index year of hypertension diagnosis (%) 0.91 (0.77-1.09)
2005 75.2
2006 24.8
Cormorbidities (%)
Diabetes mellitus 25.2 1.43 (1.23-1.68)
Ischemic heart disease 15.0 1.65 (1.38-1.97)
Myocardial infarction 0.79 1.99 (1.09-3.64)
Angina 5.88 1.29 (0.97-1.71)
Heart failure 3.64 1.21 (0.84-1.73)
Migraine 1.58 1.43 (0.87-2.36)
Gout 126 1.24 (1.01-1.53)
Peripheral vascular disease 1.57 1.54 (0.95-2.50)
Chronic liver disease 11.0 0.96 (0.76-1.22)
Chronic obstructive pulmonary disease 14.9 1.54 (1.29-1.85)
Chronic kidney disease 7.89 1.46 (1.15-1.85)
Seizure 0.55 1.82 (0.86-3.86)
Rheumatoid arthritis 3.36 1.18 (0.80-1.72)
Osteoarthritis 22.6 1.76 (1.51-2.06)
Osteoporosis 6.90 1.47 (1.15-1.89)
Depression 353 2.17 (1.63-2.89)
Anxiety disorder 12.7 1.77 (1.48-2.13)
Bipolar disorder 0.34 2.93 (1.37-6.24)
Psychotic disorder 0.60 2.89 (1.62-5.17)
Peptic ulcer disease 17.4 1.87 (1.58-2.20)
Thyroid disease 0.38 1.42 (0.86-2.35)
Cancer 439 1.16 (0.83-1.62)
Medication use (%)
COX-2 non-selective NSAIDs 74.9 1.25 (1.05-1.50)
COX-2 selective NSAIDs 9.35 1.70 (1.38-2.10)
Anti-platelet agents 30.9 1.28 (1.10-1.50)
Warfarin 0.61 2.09 (1.08-4.06)
Statins 14.5 1.02 (0.83-1.26)
Nitrates 11.1 1.74 (1.43-2.11)
Anti-diabetic agents 21.7 1.44 (1.22-1.70)
Insulin 275 1.95 (1.40-2.72)
Fibrates 6.42 0.91 (0.67-1.25)
Diuretics 27.2 1.55 (1.33-1.81)
Anti-arrhythmic agents 2.02 2.08 (1.43-3.03)
Estrogen 3.55 0.66 (0.41-1.07)
Digoxin 2.56 1.63 (1.12-2.36)
Anti-psychotics 10.0 1.57 (1.28-1.94)
Anti-depressants 839 1.73 (1.40-2.15)
Anti-epileptics 5.39 2.38 (1.89-2.99)
Thyroid therapy 1.59 1.42 (0.86-2.35)
Anti-gout preparations 13.9 1.24 (1.02-1.52)
Resource utilization (median = SD)
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Total population (N=65,001)

Odds ratio (95% Cl)

Total number of outpatient visits
Mean cost per outpatient visit (NTD)
Number of different specialists visit
Total number of Hospitalization
Mean cost per hospitalization (NTD)

Mean days per hospitalization

27 (22.4) 1.01 (1.01-1.02)
766 (1,531) 1.00 (1.00-1.00)
6 (2.79) 1.11 (1.08-1.14)
0.23 (0.72) 1.11 (1.04-1.18)
6,781 (26,199) 1.00 (1.00-1.00)
1.22 (9.73) 1.00 (1.00-1.01)

doi:10.1371/journal.pone.0098961.t001

pyridine CCBs use was associated with a reduced risk of PD, even
including peripherally-acting amlodipine and non-dihydropyridine
CCBs [25]. Our study, which compared the risk of PD between
difference classes of antihypertensive drugs and non-brain
penetrating beta-blockers, reinforced the role of centrally acting
dihydropyridine CCBs, especially Felodipine, in decreasing the
incidence of PD in hypertensive patients. The potential beneficial
effects of central-acting dihydropyridine CCBs in PD may come
from the unique property of this class of CCBs specifically target
Cavl.3 L-type calcium channels and have a much higher
concentration in the brain than peripheral acting ones [7-9].
Although the non-dihydropyridine CCBs verapamil and diltiazem
can also transverse the blood-brain barrier, neither is known to
bind to the Cavl.3 L-type Ca+2 channels.6 Further studies are
needed to explore the potential disease-modifying effect of CCBs
in PD disease course. These observations form a basis of studies to
test whether central-acting dihydropyridine CCBs would slow
down disease progression or even neuroprotection in susceptible
subjects. However, one recent trial failed to show isradipine, a
central-acting dihydropyridine CCB, in delaying parkinsonism
progression [25]. In addition to felodipine, our results showed that
among dihydropyrine CCB, a further decreased association was

COX, cyclooxygenase; NSAID, non-steroid anti-inflammatory drugs; SD, standard deviation

also observed for higher cumulative doses of amlodipine. Similar
to our findings, one recent nationwide cohort study also found that
the beneficial effects of dihydropyridine CCB on the risk of PD
were most obvious for amlodipine and felodipine [16]. Given that
amlodipine dose not cross blood-brain barrier as readily as
telodipine [19], we believe that amlodipine may have some other
effects, rather than antagonist effects on calcium channels in the
central nervous system. Further studies are needed to confirm the
disease-modifying effect of central-acting CCBs in PD disease
course.

In our study, we also observed that high cumulative doses of
ACEIs and ARBs were also associated with a decreased incidence
of PD compared to beta-blockers, which beneficial effects was not
present at low cumulative doses. Previous animal studies have
suggested that ACEIs and ARBs may be neuroprotective due to
their antioxidant properties [13-15]. Supportively, one double-
blind placebo-controlled trial have shown that four weeks of
treatment of perindopril, an ACEIL, produced an improvement in
the motor response to levodopa among patients with moderately
severe PD [13]. Our results further support the notion that the
dopaminergic systems interact with RAS in nigral-basal ganglia
circuits [10].

Table 2. Hazard ratios for Parkinson’s disease associated with calcium channel blockers, angiotensin converting enzyme inhibitors,
and angiotensin receptor blockers as compared with beta blockers in hypertension population.

Calcium channel blockers

ACE inhibitors

Angiotensin receptor blockers

Crude HR Adjusted HR? Crude HR Adjusted HR? Crude HR Adjusted HR?
Main analysisb 0.89 (0.70-1.14) 0.75 (0.59-0.96) 0.79 (0.63-1.00) 0.80 (0.64-1.00) 0.93 (0.72-1.16) 0.86 (0.69-1.08)
Sensitivity analysis® 0.92 (0.71-1.19) 0.78 (0.61-1.01) 0.77 (0.61-0.97) 0.79 (0.62-1.00) 0.90 (0.72-1.14) 0.87 (0.69-1.10)
Sensitivity analysiscI 1.03 (0.78-1.38) 0.83 (0.62-1.10) 0.87 (0.67-1.13) 0.84 (0.65-1.09) 1.02 (0.79-1.31) 0.92 (0.71-1.19)
Sensitivity analysis® 1.03 (0.79-1.33) 0.86 (0.66-1.12) 0.96 (0.74-1.23) 0.92 (0.71-1.19) 0.89(0.69-1.15) 0.82 (0.63-1.02)
Dose effect’
1°* (Lowest quartile) 0.73 (0.54-1.00) 0.79 (0.58-1.07) 1.12 (0.78-1.62) 1.11 (0.77-1.61) 0.98 (0.67-1.45) 1.00 (0.68-1.48)
ond 0.85 (0.65-1.11) 0.92 (0.70-1.21) 0.70 (0.45-1.08) 0.73 (0.47-1.13) 0.75 (0.49-1.16) 0.78 (0.51-1.20)
3rd 0.51 (0.37-0.70) 0.53 (0.38-0.73) 0.75 (0.51-1.12) 0.82 (0.55-1.21) 0.77 (0.52-1.14) 0.78 (0.53-1.16)
4t (Highest quartile) 0.66 (0.50-0.87) 0.61 (0.46-0.81) 0.49 (0.32-0.75) 0.52 (0.34-0.80) 0.54 (0.35-0.83) 0.52 (0.33-0.80)

4Parkinson’s disease defined as diagnosis made after one year of follow-up.
®Exposure defined by 1.5 years of lag time.

ACE, angiotensin converting enzyme; HR, hazard ratio.
doi:10.1371/journal.pone.0098961.t002
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?Stratified by baseline disease risk score deciles and adjusted for time-varying co-morbidities and medications use (statins, anti-diabetes, anti-platelets, non-steroidal
anti-inflammatory drugs, anti-psychotics, ischemic heart disease, heart failure, chronic kidney disease, and chronic obstructive pulmonary disease).

PParkinson’s disease defined as outpatient visit diagnosis of Parkinson’s disease made by neurologists or any hospitalization diagnosis of Parkinson’s disease.
“Parkinson’s disease defined as inpatient or outpatient diagnosis of Parkinson’s disease as well as receiving anti-Parkinson drugs.

fCalculated as quartiles of cumulative defined daily dose (DDD) of the drug class category.
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Table 3. Hazard ratios for Parkinson’s disease associated with dihydropyridine and non-dihydropyridine calcium channel blockers,

Dihydropyridine

Non-dihydropyridine

Crude HR

Adjusted HR?

Crude HR Adjusted HR®

Main analysis 0.79 (0.63-0.99)
Dose effect®

1% (Lowest quartile) 0.69 (0.50-0.95)
2 0.83 (0.63-1.11)
3 0.58 (0.43-0.80)

4™ (Highest quartile) 0.61 (0.46-0.82)

0.71 (0.57-0.90)

0.73 (0.53-1.01)
0.93 (0.70-1.24)
0.62 (0.45-0.85)
0.57 (0.42-0.76)

0.95 (0.67-1.34) 0.73 (0.52-1.04)
0.87 (0.41-1.83)
1.02 (0.53-1.97)
0.88 (0.44-1.77)
0.71 (0.39-1.30)

0.71 (0.34-1.50)
0.87 (0.45-1.68)
0.72 (0.36-1.45)
0.57 (0.31-1.03)

ACE, angiotensin converting enzyme; HR, hazard ratio.
doi:10.1371/journal.pone.0098961.t003

The strength of our study was its relatively homogeneous
population and the comparison of PD risk between different
classes of antihypertensive medications. This nationally represen-
tative cohort involved a large sample size. Data collection from the
NHI pharmacy database rather than self-reported questionnaires
reduced the misclassification of exposure. Furthermore, covariates
including underlying diseases, especially diabetes mellitus [26],
medication use, and healthcare utilization prior to initiation of
antihypertensives were taken into consideration. We made
adjustments for the use of medications potentially affecting PD
risk, such as NSAIDs [27], anti-diabetic agents [28], statins
[29,30], and neuroleptic agents.

However, our study has several limitations. First, the informa-
tion regarding the blood pressure levels, which have been shown to
be associated with risk of PD [6], was not available in the claims
dataset. Further longitudinal study including serial measures of
blood pressures over time is needed to clarify the interrelated roles
of blood pressure level, use of anti-hypertensive agents, and PD.
Second, vascular parkinsonism is a potential co-morbidity in
patients with hypertension. Nonetheless, we tried to validate our
diagnosis by excluding participants who had cerebrovascular
diseases before PD diagnosis to avoid including vascular

with beta blockers in hypertension population.

2Stratified by baseline disease risk score deciles and adjusted for time varying co-morbidities and medications use (statins, anti-diabetes, anti-platelets, non-steroidal
anti-inflammatory drugs, anti-psychotics, ischemic heart disease, heart failure, chronic kidney disease, and chronic obstructive pulmonary disease).
€Calculated as quartiles of cumulative defined daily dose (DDD) of the drug class category.

parkinsonism. We also attempted to validate our findings by using
more stringent diagnostic criteria in the sensitivity analysis. Third,
we could not exclude the possibility that some hypertensive
patients already had subclinical or early PD at study entry.
However, misclassification of the non-differential outcome in all
antihypertensive agent groups would bias the study results toward
the null hypothesis. In addition, the results were similar when we
excluded patients who were diagnosed with PD within one year of
study entry. In addition, smoking is known to decrease risk of PD.
We were unable to directly control for smoking due to lack of data.
Instead, we adjusted for COPD, since it may serve as a proxy for
heavy smoking. Other confounding factors, such as the consump-
tion of tea or coffee, other lifestyle-related factors and parameters
of vascular function, such as brachial-ankle pulse wave velocity
and extent of carotid artery atherosclerosis were not included in
the study. Finally, PD patients with hand tremor could possibly be
misdiagnosed with essential tremor and treated with beta-blockers.
However, it is unlikely that the observed association between
antihypertensives and PD was due to the use of beta-blockers as a
reference group, as the reverse association was observed for
dihydropyridine but not non-dihydropyridine CCBs in our
population.

Table 4. Hazard ratios for Parkinson’s disease associated with individual dihydropyridine calcium channel blockers, as compared

Any use Low dose® High dose®

Crude HR Adjusted HR? Crude HR Adjusted HR? Crude HR Adjusted HR?
Amlodipine 0.87 (0.70-1.08) 0.83 (0.67-1.03) 0.92 (0.71-1.19) 0.95 (0.73-1.23) 0.60 (0.45-0.79) 0.60 (0.45-0.79)
Felodipine 0.69 (0.52-0.91) 0.72 (0.54-0.95) 0.89 (0.62-1.27) 0.95 (0.66-1.36) 0.51 (0.34-0.77) 0.54 (0.36-0.80)
Nifedipine 0.93 (0.71-1.23) 0.80 (0.61-1.06) 0.75 (0.50-1.10) 0.70 (0.47-1.04) 0.85 (0.60-1.21) 0.77 (0.54-1.10)
Lercanidipine  0.70 (0.36-1.35) 0.63 (0.33-1.22) 0.84 (0.35-2.03) 0.77 (0.32-1.85) 0.55 (0.21-1.49) 0.50 (0.19-1.34)
Nitrendipine 0.53 (0.26-1.05) 0.57 (0.28-1.14) 0.76 (0.32-1.84) 0.82 (0.34-1.98) 0.34 (0.11-1.07) 0.37 (0.12-1.17)
Lacidipine 1.05 (0.43-2.52) 0.99 (0.41-2.38) 0.44 (0.06-3.11) 0.39 (0.05-2.75) 1.59 (0.59-4.24) 1.60 (0.60-4.29)

HR, hazard ratio.
doi:10.1371/journal.pone.0098961.t004

PLOS ONE | www.plosone.org 6

2Stratified by baseline disease risk score deciles and adjusted for time varying co-morbidities and medications use (statins, anti-diabetes, anti-platelets, non-steroidal
anti-inflammatory drugs, anti-psychotics, ischemic heart disease, heart failure, chronic kidney disease, and chronic obstructive pulmonary disease).
bCalculated as quartiles of cumulative defined daily dose (DDD) of the drug class category.

June 2014 | Volume 9 | Issue 6 | €98961



Antihypertensive Agents and Parkinson’s Disease

S00¥ 1968600"9u0d"[eWINOf/L LE|"0L:10P
‘[BAIDIUI DDUSPLUOD 9%G6 SIUdsAIdaL sasaylualed sy 's19xd0|q J01dadal || uisuslolbuy ‘gyy ‘49d0|q
|]2uueyd WiNPIed ‘gD 49Y0|q-e19q ‘gg ‘Apn1s dn-mojjo4 S|euoISSaj0Id Y1edH ‘SddH ‘ApniS yljeaH ,sasinN ‘SHN ‘Olles 91el ‘Yy ‘olel Sppo ‘YO ‘9seasip s,uosunjied ‘ad ‘wopbury pauun ‘yn ‘sa1eis pauun ‘sn ‘o|qejieAe 1ou ‘YN

"D auipuAdoipAyip
-uou 104 (96'0~¢0) £9'0 pue ‘asn 1sed
10} (#2°L-£8°0) ¥0'L ‘gDD duipuAdoipAyip

sunels
pue sbnip aaisuauadAynue
13410 JO 3sn pue ‘3100s

40D Jo siasn

Apnmis

[9L] zL0T

4O 35N UBLND 104 (Z8'0-09°0) L0 HY Ausuadoud “1eak xas ‘9by OoN suosiad |87'€/ST J3ASU 'SA S19SN MIN Sy < paby jlewusg  1oyod 9AIdadsold “le 13 yeulalsed
oyeiul Abisua SddH
|e301 pue ‘joyod|e ‘auisjjed woJj usw szg8'os (S4dH
‘saAIsuaLRdAynue J1aylo Jo ‘gl Jo asn ‘Riande [esisAyd ‘Jng pue SHN wuoy gDD JO s1asn Jansu (S4dH)SZ-0t pue SHN) Apnis [oZ] 0102
auldseq pue gd Udam1aq uolieosse oN  ‘uoisuanadAy ‘bunjows 96y oN USWOM O£S'0ZL 1O SI9SNUOU 'SA SIdS()  pue (SHN) SS—-0€ paby SN Moyod dAdadsold “le 19 uowlis
'gyV 104 (61°L-£°0) ¥6°0 ‘[ADV 10} (ZE'L
—-€6'0) LL'L ‘a9 10} (8¥'L-€L°L) 6T’ L O
‘asuodsaJ-uoljeinp Io 3sop INoYUM gdD sbnip aAisuauadAynue o1ep S|0JIU0D 1596
aulpuAdoipAyip bunoe Ajjenusd ‘adAy 13430 ‘xapul Xdpul 8y} 01 pue sjuaned gd |oJ3U0D-35B) [61]1 0L0OT
-7J0 95N JSAS IO} (#6'0-7S0) 0L°0 SeM YO s,uosjieyd ‘qdod ‘xes ‘aby Joud sieak z  |eudsoy mau |€6°L S19SN-UOU 'SA SI19SM Ge<Z paby sjlewusqg ‘aAI1D9ds0.19Y “le 19 zuy
dn mojjoy
J0} syuedpiyed
ad uapidul Jo jusjerard IP6E ‘s|oau0d sisk[eue 10yod
YUM paileldosse Jou sem gdD buipnpul swoldwAs aaissaidap €99t pue sased aAadsoid [6] 600T
9sn uonedipaw aAlsusadAynuY ‘uonjednpa ‘xas ‘aby OoN ad wseaard |1g S19SN-UOU 'SA 195 G9< paby uleds pue [011u0-ase) “le 19 sINo7
'gDD Jo asn 1sed
104 uopneidosse oN ‘g9 40} (Ly'L-56°0) 9L°L
'gdV 40} (00°C-L¥0) L6°0 13DV 404 (LE'L 9sessIp sulispun S|0J3u0d
—S8'0) 80°L ‘92D 10} (S9'0-€9'0) ££'0 Sem ‘INg ‘Bupjows quswijoIus L€9'E pue sjudied (@ydD) |o1uod-3sed [S1] 800T
suondudsaid o€ < Jo Isn 1udALND 10) YO JO uoneinp ‘4o ‘xas ‘9by OoN dd Mau /£9°E S19SN-UOU 'SA SI195M or< paby N ‘aAIDads0.19Y “le 19 Jdag
‘uoljeinp/asop 01 RIVITP) o1ep S]0J3U0D
uoiejal oN 'gg 104 (€0'Z-1£0) 0T'L 'dDD ‘JuswWi|oius Jo uopeinp Xdpul ay3 03 €8¢ pue sjuaijed |0J3u0D>-358) [1e]
JO 95N JAAD 10} (99'L-€H°0) §8°0 Sem YO ‘bupjows ‘xas ‘aby Joud sieak g ad mau 90z $19SN-UOU 'SA S9SN 68-5€ paby sn ‘aA11d9ds0.19Y £00T “|e 13 uo|
'(08'0-8%°0) £9'0 YO Uonedipsw S|043U0D OZET pue |0J3U0>-358) [€2] LooT
ainssaid poo|q yum dd 4o s paseasdag 21ep Yuiq ‘xS OoN syuaned Qd se6€ $19SN-UOU 'SA SI9SM VN sn ‘aAIDRds0aRY  “|e 19 ||IH-luluebeq
s3|nsay siojdey buipunojuod awn syuedpnied dnoab aanesedwod uone|ndod Apnis Anuno) ubisap Apnis ERTEYETEN]
be| asn bnug Jo JaquinN

‘9SeISIP S,uosunjied Yum syusbe aalsusuadAy-1iue ussmiaq suoneposse bujuiwexs spodas paysijgnd Joy Alewwns g ajqel

June 2014 | Volume 9 | Issue 6 | €98961

PLOS ONE | www.plosone.org



Conclusions

We observed that use of centrally-acting dihydropyridine CCBs
and higher doses of ACEIs and ARBs had a decreased association
with PD compared to that of beta-blockers in hypertensive
patients. Further long-term follow up studies are needed to
confirm the potential use of antihypertensive agents in PD
management.
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