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Abstract

Background: The calcium channel has been considered to have great potential as a drug
target for neuroprotective therapy in Parkinson’s disease (PD), but previous studies yielded

inconsistent results.

Objectives: This study aimed to conduct a systematic review and meta-analysis to assess the
relationship between using calcium channel blockers (CCBs) and the risk and progression of

PD.

Data sources and methods: The terms such as ‘Parkinson’s disease’, 'PD’, ‘calcium channel
blockers’, and ‘CCB’ were used to search the literature published before 1 May 2023 in English
databases, including PubMed, Embase, and Cochrane Library, for studies on CCB and PD.
Data analysis was performed using Review Manager 5.3 software.

Results: A total of 190 works of literature were preliminarily retrieved, and 177 works of
literature were excluded by eliminating duplicates, reading abstracts, and reading full texts.
A total of nine studies were finally included in the meta-analysis of the CCB and the risk of
PD, and five studies were included in the systematic review of the CCB and the progression
of PD. A total of 2,961,695 participants were included in the meta-analysis. The random-
effects model was used for analysis due to significant heterogeneity. The main results of the
meta-analysis showed that the use of CCB could reduce the risk of PD (relative risk 0.78, 95%

confidence interval 0.62-0.99).

Conclusion: CCB use was associated with a significantly reduced risk of PD. Whether CCB use
has a disease-modifying effect on PD needs further study.

Registration: PROSPERO: CRD42024508242.
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Introduction

Parkinson’s disease (PD) is one of the most com-
mon neurodegenerative disorders characterized
by progressive degeneration of dopamine-releas-
ing neurons in the substantia nigra (SN), leading
to motor symptoms such as bradykinesia, rigidity,
tremor, and nonmotor symptoms such as auto-
nomic disturbance, sleep disorders, and cognitive
decline.! Up to now, the therapy strategies of PD
are all symptomatic, and disease-modifying ther-
apy is lacking.?

Calcium ion flows, which can modulate neuro-
transmitter release, muscle contraction, hormone

secretion, and gene expression, have been found
to play an essential role in the pathogenesis of
PD.3 The calcium channel has been considered to
have great potential as a drug target for neuropro-
tective therapy in PD,* but previous studies
yielded inconsistent results. Some studies reported
significantly reducing PD risk in individuals using
calcium channel blockers (CCBs).5° However,
other studies failed to establish such a relation-
ship.19-13 One study found that the use of CCB
could reduce the risk of death in patients with
PD.7 Another study found that using CCB was
associated with better long-term cognitive perfor-
mance in patients with PD.'* However, a
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randomized trial failed to identify a significant
treatment effect for the clinical progression of
isradipine in patients with PD.1>

Therefore, we aimed to conduct a systematic
review and meta-analysis to evaluate the associa-
tion between CCB use and the risk and progres-
sion of PD.

Materials and methods

Search strategy

This study followed the Preferred Reporting
Items for Systematic Review and Meta-analysis
guidelines (Supplemental Table 1). The study
was registered on PROSPERO (CRD420245
08242; https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=508242). We
searched PubMed, Embase, and Cochrane
Library for English language manuscripts pub-
lished up to 1 May 2023. The search strategy
included terms for CCB (calcium antagonists,
CCB, calcium channel blocker, and
Ca-antagonist) and PD (Parkinson, Parkinson’s
disease, PD, and Parkinson disease). We also
searched the references of included articles for
potential additional reports.

Eligibility criteria

We included those studies that met all of the fol-
lowing criteria: (1) Either observational (cohort or
case—control) or experimental study; (2) investi-
gate the use of CCB and the risk or progression of
PD; and (3) report at least a risk [relative risk (RR),
odds ratio (OR), or hazard ratio (HR)] and a preci-
sion estimate [95% confidence intervals (CIs)]
relating the use of CCBs and the risk or progres-
sion of PD or enough data to calculate them.

Studies were excluded if they were any of the fol-
lowing: (1) case reports, review articles, editori-
als, and clinical guidelines; (2) studies that did
not provide effect estimates in RR, OR, or HR or
did not allow the computation of such effect esti-
mates, as well as only provide an effect estimate
with no means to calculate a CI; and (3) studies
that were not published in the English language.

Data extraction and quality assessment
Eligible articles were screened and reviewed inde-
pendently by two investigators (JL and DP), and

any discrepancies were resolved by discussion or
by a senior investigator (JL). The following items
were extracted for each study: first author, publi-
cation year, research country, study design, sam-
ple size, risk estimates, and 95% CI. The authors
of the investigators were also contacted for fur-
ther information as necessary.

The quality of the included studies was assessed
independently using the Newcastle-Ottawa Scale
(NOS) by two investigators (JL. and DP). The
NOS contained eight items that were categorized
into three major components, including selection
(0—4 stars), comparability (0-2 stars), and expo-
sure (case—control studies) or outcome (cohort
studies) (0-3 stars). The NOS scores of 1-3, 4-6,
and 7-9 indicated low, medium, and high quality
of studies, respectively.

Statistical analysis

We pooled all included studies’ HR, RR, or OR
to get an overall effect estimate with 95% CI.
Potential sources of heterogeneity between stud-
ies were assessed using Cochran’s Q and I? statis-
tics. 2>50% or p<<0.1 represented significant
heterogeneity, and a random-effects model was
chosen under this circumstance. Otherwise, a
fixed-effects model was utilized. We also con-
ducted sensitivity analysis by excluding one study
at a time, reanalyzing the remaining studies to
examine whether the results were altered substan-
tially by any individual study. Forrest plots were
used to summarize results, and funnel plots were
used to assess publication bias. Subgroup analysis
was conducted to evaluate a specific type of CCB
and the risk of PD. All analyses were performed
using Review Manager (version 5.3, Copenhagen:
The Nordic Cochrane Centre, The Cochrane
Collaboration), establishing the significance level
at a two-tailed p value of <0.05.

Results

Research results, study characteristics,

and quality assessment

The literature search yielded 190 citations, of
which nine studies that met the eligibility criteria
were finally included in the present meta-analysis
of the use of CCB and the risk of PD (Table 1).
Five studies were finally included in the current
systematic review of the use of CCB and the
progression of PD (Table 2, Figure 1). Among
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Table 2. List and features of the studies included in the systematic review for CCB use and PD progression.

Author Year Journal Area Study design Type of CCB Participants (No.) Results
Jung et al. 2023 Mov Disord ~ South Retrospective Dihydropyridine 476 Dihydropyridine may be
Korea cohort study associated with better long-

term cognitive outcomes in
hypertensive patients with PD

Parkinson 2020 Ann Intern USA Multi-center, Isradipine 336 Long-term treatment with

Study Group Med RCT immediate-release isradipine

STEADY-PD IlI did not slow the clinical

Investigators progression of early-stage PD

Laudisio et al. 2017 Gait Italy Cross-sectional CCB 194 CCBs intake was not associated

Marras et al.

Pasternak et al.

Posture study

2012 Ann Neurol  Canada Retrospective Dihydropyridine 4733
cohort study
2012 AmJ Denmark Historical Dihydropyridine 173
Epidemiol cohort study

with a reduced probability or
number of falls in PD

CCBs did not have a clinically
significant effect on the course
of PD in the antihypertensive
doses.

Among patients with PD,
CCB use was associated with
reduced risk of death but no
dementia.

CCB, calcium channel blockers; PD, Parkinson’s disease; RCT, Randomized Controlled Trial.

the nine studies included in the meta-analysis,
four were cohort studies,> 719 and five were case—
control studies,?%11-13 yielding a total sample size
of 2,961,695 participants. All nine studies were of
high quality as assessed by the NOS score
(Supplemental Table 2).

Meta-analysis of CCB and the risk of PD

Since significant heterogeneity was observed in
the included nine studies (?=93%), a random-
effects model was performed. The primary meta-
analysis showed that the pooled effect estimate
was RR 0.78, 95% CI 0.62-0.99 (Figure 2). The
results confirmed a reduction effect of CCB use
for PD risk. Sensitivity analyses showed that the
main results remained robust. Inspection of the
funnel plot did not suggest the presence of publi-
cation bias (Figure 3). Subgroup analysis showed
that the pooled effect estimate for dihydropyri-
dines (DHPs) use was RR 0.61, 95% CI 0.57—
0.66 (Supplemental Figure 1), suggesting a
reduction effect of DHP use for PD risk.

Systematic review of CCB and the disease
progression of PD

Due to data limitations, we could not conduct
a meta-analysis on the CCB wuse and the

progression of PD. We have conducted a system-
atic review instead. As shown in Table 2, one
study detected a protective role of CCB use on
long-term cognitive outcomes of PD.!* One study
found an effect of CCB use on reducing the death
risk of PD.” However, the other three studies
failed to detect any impact of CCB use on the
progression of PD.15-17

Discussion

By conducting a systematic review and meta-
analysis, we found that CCB use could signifi-
cantly reduce the risk of PD. However, whether
CCB wuse could slow the progression of PD
remains unclear.

The etiology of PD needs to be clarified.!®
Pathways such as mitochondrial dysfunction, oxi-
dative stress, kinase pathways, calcium dysregula-
tion, inflammation, protein handling, and
prion-like processes have been considered to be
implicated in PD so far.!9 The role of calcium in
dopaminergic cell death associated with PD has
broad experimental evidence. Neurons of the SN
differ from other neurons in that they maintain
autonomous electrical activity and, therefore, are
exposed to increased calcium ion influx, which
may increase Substantia nigrazona compacta
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Figure 1. Flowchart representing the selection process.
Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE _Weight IV, Random, 95% Cl IV, Random, 95% CI
Becker 2008 -0.2614 01072 12.7% 0.77 [0.62, 0.95) ==
Lee 2014 -0.3425 0121 12.4% 0.71 [0.56, 0.90] =
Louis 2009 01222 03329 6.8% 1.13[0.59,2.17) =
Pasternak 2012 -0.3425 00735 13.4% 0.71 [0.61, 0.82) -
Ritz 2010 -0.3147 0145 11.7% 0.73[0.55, 0.97) =
Simon 2010 0.1655 0.2484 8.8% 1.18[0.73,1.92) &
Ton 2007 -0.1625 0.3415 6.6% 0.85 [0.44, 1.66) =
Tseng 2021 -0.6931 0.0538 13.7% 0.50 [0.45, 0.56) -
Warda 2019 -0.0202 0.0378 13.9% 0.98 [0.91, 1.06) .
Total (95% Cl) 100.0%  0.78[0.62,0.99] L 2
Heterogeneity: Tau®*= 0.10; Chi*=111.23, df= 8 (P < 0.00001); F=93% b.01 0f1 1-0 100'

Test for overall effect: Z= 2.04 (P = 0.04)

Figure 2. Forrest plots of the main results.

(SNc) susceptibility to perturbations of calcium
homeostasis.?? CCBs may inhibit the Ca?*-
dependent process of apoptosis. Based on such an
antiapoptotic model, CCBs were subsequently
hypothesized to be neuroprotective in PD and
other conditions in which apoptosis contributes
substantially to cell death.2! The reduced risk of
CCB use on the development of PD established
in our meta-analysis was supported by most pre-
viously published studies.>?

Favours [experimental] Favours [control]

The L-type calcium channel with a pore-forming
Cavl subunit is the calcium channel that is widely
targeted clinically, especially in cardiovascular dis-
ease. DHPs are negative allosteric modulators of
these channels commonly used to treat hyperten-
sion because they can relax vascular smooth mus-
cle. The Ca?* channels underlying autonomous
activity in dopaminergic neurons are closely related
to the L-type channels found in the heart and
smooth muscle.?® The subgroup analysis of our
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Figure 3. Funnel plots of the meta-analysis.

study showed a reduction effect of DHP use for PD
risk. Many experimental studies suggested a poten-
tial protective role of DHPs in PD. In neuronal cell
culture, the DHP nimodipine significantly inhib-
ited B-amyloid apoptotic neuronal injury.?? In ani-
mal models of PD, nimodipine also prevented
neurotoxicity induced by 1-methyl-4 phenyl-
1,2,3,6-tetrahydropyridine (MPTDP) in nonhuman
primates?> and mice.?* One study found that
nimodipine could attenuate mitochondrial dys-
function and rescue the loss of dopaminergic tyros-
ine hydroxylase positive neurons in the SN against
MPTP-induced parkinsonism in mice.2> Another
study revealed that nimodipine is protective against
dopaminergic neurons’ neurodegeneration via
inhibiting the microglial-mediated oxidative stress
and inflammatory response.2® Another DHP felodi-
pine had been found to have the ability to induce
autophagy and clear diverse aggregate-prone, neu-
rodegenerative disease-associated proteins and can
clear mutant o-synuclein in mouse brains.??
Another DHP, isradipine, can reduce dopaminer-
gic cell damage from 6-Hydroxydopamine
(6-OHDA) injection or MPTP administration in
mice and suggested that using CCBs may confer
protection against PD.28

Multiple studies found that the use of central-
acting DHPs, rather than peripheral-acting ones,
was associated with a decreased risk of PD.%8 A
potential dose effect could also exist. One study
found that DHPs reduced the risk of PD in a
dose-dependent manner.> Another study found
further decreased association for higher cumula-
tive doses of DHPs (felodipine and amlodipine).®
However, we could not conduct subgroup analy-
sis on specific types or doses of DHP use due to
the limited data. In addition, due to the limita-
tions of the epidemiological database, most of the

included studies were case—control studies or ret-
rospective cohort studies. Further prospective
studies with comprehensive information are
needed to validate the hypothesis.

We identified two studies reporting a positive effect
of CCB use on the progression of PD.714 Calcium
interacts with a-synuclein and was a potential tar-
get for treating PD.?%30 A study indicated that
CCB could potentially prevent spine enlargement
by inhibiting the hypersensitivity of the synapse to
excitatory inputs in PD and, therefore, could be a
candidate for treating levodopa-induced complica-
tions in PD.3! A phase III randomized trial failed
to detect any effect on PD progression by using
immediate-release isradipine.!> However, another
phase II randomized trial using controlled-release
isradipine did show a significant disease-modifying
impact with a smaller cohort of early-stage PD
patients.32 One possible explanation is that disease
staging may affect the drug response. More studies
are needed to identify whether CCB use has a
treatment effect on PD in the future.

Our study has some strengths. First, we con-
ducted a comprehensive systematic review and
meta-analysis of the association between CCB
and PD and provided evidence for the treatment
potential of CCB on PD. Second, our subgroup
analysis revealed that DHP could reduce the risk
of PD. However, some limitations should also be
acknowledged. First, there needs to be more data
on the dose and duration relationship, which
restrains us from conducting subgroup analysis
on the dose and duration of CCB use. Second, we
pooled the OR and RR values together due to the
limited studies. Third, due to the data limitation,
we could not conduct a quantified meta-analysis
of CCB use and disease progression in PD.
Finally, nonincluding articles published in other
languages besides English might cause bias.

Conclusion

In conclusion, CCB use was associated with a sig-
nificantly reduced risk of PD. Whether CCB use
has a disease-modifying effect on PD needs fur-
ther study.
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