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Abstract

Background: Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder. There have been studies showing that hy-
pertension (HTN) has an increased risk for PD as well as numerous 
studies published which show an overall neuroprotective effect on 
the prevention of PD. Although this correlation is established, the po-
tential role of antihypertensives, especially calcium channel blockers 
(CCB), in preventing PD has not been studied extensively in the USA 
with a diverse set of racial groups.

Methods: This study employed a retrospective cohort study using the 
TriNetX database, investigating the incidence of PD in hypertensive 
patients from a wide variety of racial groups prescribed CCBs com-
pared to those receiving beta-blockers (BBs).

Results: In this large cohort study, 364,898 patients were included in 
each group for the final analysis. The analysis revealed that the risk 
of developing PD in the CCB group had a risk ratio of 0.3, while in 
the BB group, it had a risk ratio 0.4. The risk difference between the 
CCB and BB groups was -0.1 (95% confidence interval (CI): -0.001, 
-0.001). This indicates a statistically significant protective effect of 
CCBs on the development of PD.

Conclusion: These results suggest that CCBs provide a slight protec-
tive effect against developing PD. Further research may be warranted 
to explore underlying mechanisms and validate these findings.

Keywords: Retrospective cohort study; Parkinson’s disease; Hyperten-
sion; Calcium channel blockers; Beta-blockers; Neuroprotective effects

Introduction

Parkinson’s disease (PD) is the second most common neu-
rodegenerative disorder, and its prevalence is expected to 
double by 2030 due to the aging global population [1]. PD is 
characterized by destruction of dopaminergic (DA) neurons 
in the substantia nigra pars compacta (SNc) in the brain along 
with the deposition of Lewy bodies in the same region of the 
brain. Various risk factors have been studied that are associ-
ated with the development of PD. A meta-analysis conducted 
by Hou et al concluded that pre-existing hypertension (HTN) 
is a risk factor for development of PD [1]. Additionally, 
studies in Taiwan and Finland have identified a significant 
association between HTN and an increased risk of PD [2]. 
Scientists hypothesize that hypertensive vasculopathy may 
affect connections between the substantia nigra and the puta-
men [3]. An additional etiology that is widely studied for the 
development of PD is calcium hemostasis. Calcium (Ca2+) 
signaling is a fundamental process in biology, and its disrup-
tion is increasingly recognized as a key factor in aging and 
neurodegeneration. What makes PD distinct is that several 
PD-associated genes directly impact calcium homeostasis, 
leading to abnormal Ca2+ flux from both the plasma mem-
brane and intracellular stores [4]. Specifically, the L-type 
calcium channels, which are heterogeneously found in the 
brain, particularly more concentrated in the nigral neurons, 
are implicated in generating generation mitochondrial oxi-
dant stress that contributes to the apoptosis of DA neurons - a 
key component of the PD pathophysiology [5, 6]. Given this 
pathophysiology, there have been several studies undertaken 
to understand the roles of CCBs which can block the calcium 
channels and provide an overall protective effect against PD. 
A retrospective cohort study done in Denmark suggested a 
possible neuroprotective effect with the use of dihydropyri-
dine (DHP) CCBs which specifically target L-type calcium 
channels [7]. Furthermore, DHP CCBs have demonstrated 
the ability to mitigate mitochondrial dysfunction and rescue 
DA neurons in the substantia nigra of PD model mice [8]. 
Despite these promising findings, further prospective studies 
are necessary to clarify the mechanisms by which CCBs may 
evoke their neuroprotective effect.

There are many cohort studies conducted to assess the 
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neuroprotective roles of CCBs, although most of them have 
been done for a small sample size and limited population de-
mographics. For instance, a nationwide cohort study conducted 
by Lee et al previously suggested that the use of centrally act-
ing DHP CCBs may be associated with a reduced incidence of 
PD amongst hypertensive patients only limited to the Taiwan 
population [2]. This limited population diversity is concerning 
as it causes issues with making these study results more biased 
for a certain population as well as having limited generaliz-
ability. Additionally, there can be potential genetic and envi-
ronmental factors contributing to these observed differences in 
the different populations. Thus, there is a need to create studies 
that encompass diverse populations of different races.

Our study aimed to evaluate the effects of CCBs on the 
risk of PD within North American populations to address the 
gap in knowledge regarding the potential protective effects 
of CCBs against PD in a context that includes varied genetic 
and environmental backgrounds seen in North America. The 
primary reason to use BB as our control is because it was 
one of the common medications used for PD in the market 
until the development of CCBs as well as renin-angiotensin 
agents [9]. Additionally, beta-blockers (BBs) are effective in 
PD management because they compete with norepinephrine at 
receptor sites, thereby reducing its activity in the brain. Since 
norepinephrine system disturbances are believed to contribute 
to both the onset and progression of PD, especially by impact-
ing the dopamine-producing nigrostriatal pathway, BBs help 
by modulating this imbalance. By limiting excessive norepi-
nephrine signaling, BBs may provide neuroprotective effects 
for PD [10]. In summary, the objective of this study was to in-
vestigate the potential protective effects of CCBs on the risk of 
developing PD in North American populations, using BBs as a 
comparative control to better understand how these commonly 
prescribed antihypertensive agents may offer a neuroprotec-
tive role in the development of the disease.

Materials and Methods

Study design

We conducted a retrospective cohort study and included pa-
tients with a diagnosis of essential HTN on or before the date 
of December 31, 2018. De-identified electronic health records 
(EHRs) spanning 20 years (January 1, 1999 to December 31, 
2018) were sourced from the TriNetX database.

The data reviewed are a secondary analysis of existing 
data, do not involve intervention or interaction with human 
subjects, and are de-identified according to the de-identifica-
tion standard defined in the HIPAA Privacy Rule.

Data source

TriNetX is a global health research network that provides re-
searchers with access to clinical data from 95 healthcare or-
ganizations, including diagnoses, procedures, medications, 
laboratory values, and genomic information.

Defining the cohorts

Patients were categorized based on specific query criteria into 
two cohorts. Cohort 1 included patients with a diagnosis of 
essential HTN treated with CCBs. Cohort 2 included patients 
with a diagnosis of essential HTN treated with BBs.

Setting up and running the analysis

This involved defining the index event, the time frame, and 
outcome criteria. Index event: The point in time when each 
patient enters the analysis, defined as the first occurrence of 
the selected cohort criteria. Time window: Outcomes were 
analyzed from the same day as the index event and continued 
for 1 year. Outcome: The primary outcome of interest was the 
occurrence of PD.

Data analysis

In total, there were three different data analyses run: 1) Com-
parison of Cohort 1 (CCBs) vs Cohort 2 (BBs i.e control 
group) in terms of outcome and risk analysis of PD diagnosis 
2) Comparison of cohorts treated with Cohort 3 (dihydropyri-
dines) vs. Cohort 4 (non-dihydropyridines) and the outcome 
and risk analysis of PD diagnosis 3) Comparison of cohorts 
treated with Cohort 5 amlodipine vs. Cohort 6 nifedipine for 
HTN and outcome and risk analysis of PD diagnosis.

The data analysis process included two main steps: 1) 
defining the cohorts through query criteria; 2) setting up 
and running the analysis. There were two main cohorts that 
were defined with certain inclusion and exclusion criteria 
as shown in Figure 1. Both cohorts were patients diagnosed 
with primary (essential) HTN (UMLS: ICD-10-CM: I10). 
Cohort 1 included patients treated with CCBs, and cohort 
2 included patients treated with BBs (control group). More 
details on the query logic as well as the inclusion and ex-
clusion criteria are detailed in the Supplementary Material 1 
(jnr.elmerpub.com).

Risk analysis for PD development was conducted sepa-
rately in two groups of patients with essential HTN: those 
treated with CCB and those treated with BB. Cohort 1 (CCB) 
vs. cohort 2 (BB) which is the control group were compared 
in terms of outcome and risk analysis of PD diagnosis. Table 
1 indicates the demographics of the study cohorts before and 
after propensity score matching. Figure 2 describes the graph 
before and after propensity score matching. Propensity score 
matching was done using a 1:1 nearest neighbor approach and 
the covariates included were age and sex. These were the only 
confounding variables adjusted for.

For this study we also divided the current participant data 
into different racial groups to understand if our population 
study was diverse in terms of a racial profile. Table 2 depicts 
the segregated racial data for cohort 1 and Table 3 depicts the 
segregated racial data for cohort 2.

The outcome tested was the diagnosis of PD (UMLS: 
ICD-10-CM: G20). Table 4 outlines the definitions for each 
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Table 1.  Demographics of the Participants of Cohort 1 (CCB) and Cohort 2 (BB) Before and After Propensity Score Matching

Demographics Mean ± SD Patients % of 
cohort P-value Std 

diff.
Cohort 1 (N = 385,522) and cohort 2 (N = 750,562) before propensity score matching
    Age at index < 0.001 0.099
        Cohort 1 59.6 ± 16.7 368,234 100%
        Cohort 2 61.2 ± 15.7 718,165 100%
    Female < 0.001 0.037
        Cohort 1 189,836 51.6%
        Cohort 2 356,797 49.7%
    Male 0.001 0.007
        Cohort 1 169,271 46.0%
        Cohort 2 332,589 46.3%
Cohort 1 (N = 364,898) and cohort 2 (N = 364,898) after propensity score matching
    Age at index 0.354 0.002
        Cohort 1 60.1 ± 16.0 364,898 100%
        Cohort 2 60.1 ± 15.9 364,898 100%
    Female 0.001 0.008
        Cohort 1 187,707 51.4%
        Cohort 2 189,173 51.8%
    Male 0.001 0.008
        Cohort 1 168,064 46.1%
        Cohort 2 166,602 45.7%

BB: beta-blocker; CCB: calcium channel blocker; SD: standard deviation.

Figure 1. Cohort definition flowchart for cohort 1 (CCB) and cohort 2 (BB). ACE: angiotensin-converting enzyme; BB: beta-
blocker; CCB: calcium channel blocker.
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Table 3.  Racial Demographics of Participants in Cohort 2 (BB)

Race Patients % of the cohort
White 500,955 69.81%
Black/African American 61,270 13.5%
Asian 31,371 4.37%
Native Hawaiian/other Pacific Islander 4,467 0.62%
American Indian/Alaska Native 1,592 0.22%
Other 13,023 3.63%
Unknown race 96,847 13.5%

Table 4.  Outcome Diagnosis as Parkinson Disease as Well as the Settings Under Which the Different Analyses Are Run

Outcome definition
Diagnosis (UMLS: ICD-10-CM: G20) Parkinson’s disease
Settings for the performed analyses
    Risk analysis Excluding patients with outcome prior to the time window
    Kaplan-Meier survival analysis Excluding patients with outcome prior to the time window
    Number of instances analysis Excluding patients with outcome prior to the time window. Excluding patients with zero outcomes. 

Counts are grouped by visit

Figure 2. Propensity score density function graphs showing cohort 1 (CCB) and cohort 2 (BB). BB: beta-blocker; CCB: calcium 
channel blocker.

Table 2.  Racial Demographics of Participants in Cohort 1 (CCB)

Race Patients % of the cohort
White 195,442 53.69%
Black/African American 71,559 19.66%
Asian 27,086 7.44%
Native Hawaiian/other Pacific Islander 1,488 0.41%
American Indian/Alaska Native 784 0.22%
Other 13,023 3.63%
Unknown race 54,422 14.95%
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outcome and the analysis specifications.
The TriNetX database includes several tools for data anal-

ysis, one of which is the “Measure of Association Analysis.” 
This tool calculates and compares the fraction of patients with 
the selected outcome. The output summary includes patients in 
each cohort (count of patients meeting query criteria); patients 
with outcome in each cohort (of the patients in the cohort, 
count of patients that had the outcome in the time window); 
and risk (the fraction of patients in the cohort that have the out-
come in the time window, i.e. patients with outcome/patients 
in cohort). In addition, risk difference (the difference in the 
risks in cohort 1 and cohort 2), risk ratio (the ratio of the risks 
in cohort 1 and cohort 2), and odds ratio (the ratio of the odds 
in cohort 1 and cohort 2).

Results

CCB vs. BB

The first set of analyses were run to compare the outcomes 
of cohort 1 (CCB) vs. cohort 2 (BB). After propensity score 
matching, there were a total of 364,898 patients from cohort 
1 (CCB) and 364,898 patients from cohort 2 as listed in Ta-
ble 1. However, 1,965 patients in cohort 1 and 2,473 patients 
in cohort 2 were excluded from results because they had the 
outcome of PD prior to the time window, which started 1 day 
after the diagnosis of essential HTN. The risk analysis values 
are shown in Table 5. In cohort 1, there were 1,043 patients 
with an outcome of PD, which gave a risk of 0.003. In cohort 2 
(BB), there were 1,420 patients with an outcome of PD, which 
gave a risk of 0.004. This led to a risk difference of -0.001 
(95% confidence interval (CI): -0.001 to -0.001) and a P value 
< 0.001. The risk ratio, which is a measure of the risk of a cer-
tain event happening in one group compared to the risk of the 

same event happening in another group, was 0.733 (95% CI: 
0.677 - 0.794) for these two cohorts. This was a statistically 
significant finding as there was no value of 1 in the CI. Since 
the risk ratio was < 1, the risk of developing PD in CCB was 
moderately lower than BB. Additionally, the odds ratio for this 
analysis was 0.733 (95% CI: 0.676 - 0.794). Once again this 
was a statistically significant finding as there was no value of 1 
in the CI. The odds ratio also came to < 1, meaning that people 
with PD had more exposure to BB (control group) compared 
to CCB (experimental group). The hazard ratio was also cal-
culated to compare both cohorts, which was calculated to be 
0.776 (95% CI: 0.716 - 0.840). Given that there was no value 
of 1 value in the CI and the fact that the hazard ratio value 
was < 1, there was statistical significance showing an overall 
protective effect of CCBs over BBs in the development of PD. 
These results are summarized in Table 6.

The Kaplan-Meier survival analysis values for CCB (co-
hort 1) and BB (cohort 2) were 96.86% and 98.27%, with PD 
used as the survival measure in our analysis. A log-rank test 
demonstrated a statistically significant difference between the 
survival measures of the cohorts (P < 0.001), suggesting that 
patients taking CCB may have a better prognosis regarding 
PD development. These results are summarized in Table 6 and 
Figure 3.

DHP vs. non-DHP

The second set of analyses were run to compare the risk of 
developing PD in patients treated with DHP (cohort 3) vs. non-
DHP (cohort 4). The two cohorts were defined with certain 
inclusion and exclusion criteria as shown in Figure 4. The pa-
tient demographics before and after propensity score matching 
for each group are shown in Table 7. The propensity matching 
curves for the cohorts are shown in Figure 5.

Table 5.  Risk Analysis Comparing CCB (Cohort 1) vs. BB (Cohort 2 Which Is the Control)

Cohort Patients in cohort Patients with outcome Risk
1 362,933 1,043 0.003
2 362,425 1,420 0.004
Risk analysis 95% CI
Risk difference -0.001 (-0.001 to -0.001)
Risk ratio 0.733 (0.677 - 0.794)
Odds ratio 0.733 (0.676 - 0.794)
Hazard ratio 0.776 (0.716 - 0.840)

Risk analysis excluding patients with outcome prior to the time window. BB: beta-blocker; CCB: calcium channel blocker; CI: confidence interval.

Table 6.  Kaplan-Meier Survival Analysis Comparing Cohort 1 (CCB) vs. Cohort 2 (BB)

Cohort Patients in cohort Patients with outcome Median survival (days) Survival probability at end of time window
1 362,933 1,043 - 96.86%
2 362,425 1,420 - 98.27%

Kaplan-Meier survival analysis excluding patients with outcome prior to the time window. BB: beta-blocker; CCB: calcium channel blocker; CI: con-
fidence interval.
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After propensity score matching, there were a total of 
60,212 patients from cohort 3 (DHP) and 60,212 patients 
from cohort 4 (non-DHP). However, 377 patients in cohort 
3 (DHP) and 404 patients in cohort 4 (non-DHP) were ex-
cluded from results because they had the outcome prior to 
the time window. In cohort 3 (DHP), there were 203 patients 
with an outcome of PD out of a patient population of 59,835, 
which led to a risk of 0.00339. In cohort 4 (non-DHP), there 
were 199 patients with an outcome of PD out of a patient 
population of 59,808, which led to a risk of 0.00333. This 
gave a risk difference of 0.00006 (95% CI: -0.001 to 0.001). 
Since the CI had a null value, the absolute risk was not sta-
tistically significant. The risk ratio for these two cohorts was 
1.020 (95% CI: 0.839 - 1.239). Since this CI included 1, this 
result was not statistically significant. The odds ratio for this 

analysis was 1.020 (95% CI: 0.838 - 1.240). Once again this 
was not a statistically significant finding as the CI included 1. 
The hazard ratio was also calculated to compare both cohorts, 
and this was calculated to be 0.982 (95% CI: 0.808 - 1.194). 
Given that there was the value of 1 in the CI, this value was 
not statistically significant and thus we cannot make any 
conclusions about the overall protective effect of DHPs vs. 
non-DHPs in the development of PD. These results are sum-
marized in Table 8.

The Kaplan-Meier survival analysis values for cohort 3 
(DHP) and cohort 4 (non-DHP) were 98.30% and 98.69%, 
with PD used as the survival measure in our analysis. How-
ever, a log-rank test demonstrated that the difference between 
the survival measures of the cohorts 3 + 4 (P = 0.856) was not 
statistically significant, suggesting that no conclusion can be 

Figure 4. Cohort definition flowchart for cohort 3 (dihydropyridine) and cohort 4 (non-dihydropyridine).

Figure 3. Kaplan-Meier survival graph comparing cohort 1 (CCB) vs. cohort 2 (BB). BB: beta-blocker; CCB: calcium channel 
blocker.
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made about the use of DHP regarding PD development. These 
results are summarized in Table 9 and Figure 6.

Nifedipine vs. amlodipine

The third set of analyses were run to compare the effects of the 
centrally acting DHPs which cross the blood-brain barrier such 

as nifedipine vs. the peripherally acting DHP CCB such as am-
lodipine [2]. This required us to define a new set of cohorts 
which are outlined below in Figure 7. The patient demograph-
ics in each cohort before and after propensity score matching 
are given in Table 10 and the propensity score density function 
graphs are shown in Figure 8.

After propensity score matching, there were a total of 
18,918 patients from cohort 5 (amlodipine) and 18,918 pa-

Table 7.  Demographics of the Participants of Cohort 3 (Dihydropyridine) and Cohort 4 (Non-Dihydropyridine) Before and After Pro-
pensity Score Matching

Demographics Mean ± SD Patients % of 
cohort P-value Std 

diff.
Cohort 3 (N = 323,884) and cohort 4 (N = 63,745) before propensity score matching
    Age at index < 0.001 0.241
        Cohort 3 59.1 ± 16.4 310,581 100%
        Cohort 4 63.0 ± 16.5 60,212 100%
    Female < 0.001 0.091
        Cohort 3 157,695 50.8%
        Cohort 4 33,296 55.3%
    Male < 0.001 0.103
        Cohort 3 145,692 46.9%
        Cohort 4 25,182 41.8%
Cohort 3 (N = 60,212) and cohort 4 (N = 60,212) after propensity score matching
    Age at Index 0.994 < 0.001
        Cohort 3 63.0 ± 16.5 60,212 100%
        Cohort 4 63.0 ± 16.5 60,212 100%
    Female 1 < 0.001
        Cohort 3 33,296 55.3%
        Cohort 4 33,296 55.3%
    Male 0.991 < 0.001
        Cohort 3 25,184 41.8%
        Cohort 4 25,182 41.8%

SD: standard deviation.

Figure 5. Propensity score density function graphs showing cohort 3 (dihydropyridine) and cohort 4 (non-dihydropyridine).



Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   https://jnr.elmerpub.com112

Neuroprotective Effects of CCBs on PD J Neurol Res. 2025;15(3):105-116

tients from cohort 6 (nifedipine) as seen in Figure 7. How-
ever, 87 patients in cohort 5 and 92 patients in cohort 6 were 
excluded from results because they had the outcome prior to 
the time window, which started 1 day after the diagnosis of 
essential HTN. The risk analysis values are shown in Table 
11. In cohort 5 (amlodipine), there were 36 patients with an 
outcome of PD out of a patient population of 18,831, which 
gave a risk of 0.0019. In cohort 6 (nifedipine), there were 31 
patients with an outcome of PD out of a patient population of 
18,826, which gave a risk of 0.0016. This gave a risk differ-
ence of 0.0003 (95% CI: -0.001 to 0.001). Unfortunately, since 
our numbers were very small, we could not yield a statistically 
significant ratio. The risk ratio for this was 1.161 (95% CI: 
0.719 - 1.876). This is not a statistically significant finding as 
there was a value of 1 in the CI. Since the risk ratio was > 1, the 
risk of developing PD in patients taking nifedipine was slightly 
higher than amlodipine, but due to the statistical insignificance 
we cannot conclude this. The odds ratio for this analysis was 
1.161 (95% CI: 0.718 - 1.878). Once again this was not a sta-
tistically significant finding as there was a value of 1 in the CI. 
The odds ratio also came to > 1, meaning that people with PD 
had more exposure to amlodipine compared to nifedipine, but 

due to the statistical insignificance we cannot conclude this. 
The hazard ratio was also calculated to compare both cohorts 
which was calculated to be 1.109 (95% CI: 0.686 - 1.793). As 
expected, this ratio was not statistically significant as the CI 
included value of 1. These results are summarized in Table 11.

The Kaplan-Meier survival analysis values for cohort 
5 (amlodipine) and cohort 6 (nifedipine) were 99.71% and 
98.74%, with PD used as the survival measure in our analysis. 
However, a log-rank test demonstrated that the difference be-
tween the survival measures of the cohorts 5 and 6 (P = 0.672) 
was not statistically significant, indicating that neither group 
provides a significant benefit over the other in terms of de-
veloping PD. These results are summarized in Table 12 and 
Figure 9.

Discussion

The findings from this study suggest that the risk of develop-
ing PD is lower in patients treated with CCBs compared to 
those treated with BBs. Although no significant differences 

Figure 6. Kaplan-Meier survival graph comparing cohort 3 (dihydropyridine) vs. cohort 4 (non-dihydropyridine).

Table 8.  Risk Analysis Numbers of Analysis Set 2 Which Included People Treated With Cohort 3 (Dihydropyridine) and Cohort 4 
(Non-Dihydropyridine)

Cohort Patients in cohort Patients with outcome Risk
3 59,835 203 0.003
4 59,808 199 0.003
Risk analysis 95% CI
Risk difference 0.00006 (-0.001 to 0.001)
Risk ratio 1.020 (0.839 - 1.239)
Odds ratio 1.020 (0.838 - 1.240)
Hazard ratio 0.982 (0.808 - 1.194)

Risk analysis excluding patients with outcome prior to the time window. CI: confidence interval.

Table 9.  Kaplan-Meier Survival Analysis Comparing Cohort 3 (Dihydropyridine) vs. Cohort 4 (Non-Dihydropyridine)

Cohort Patients in cohort Patients with outcome Median survival (days) Survival probability at end of time window
3 59,835 203 - 98.30%
4 59,808 199 - 98.69%

Kaplan-Meier survival analysis excluding patients with outcome prior to the time window.
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Figure 7. Cohort definition with the participant numbers and inclusion and exclusion criteria for cohort 5 (amlodipine) vs. cohort 
6 (nifedipine).

Table 10.  Demographics of the Participants of Cohort 5 (Amlodipine) and Cohort 6 (Nifedipine) Before and After Propensity Score 
Matching

Demographics Mean ± SD Patients % of 
cohort P-value Std diff.

Cohort 5 (N = 288,980) and cohort 6 (N = 19,882) before propensity score matching
    Age at index < 0.001 0.338
        Cohort 5 59.6 ± 15.8 277,109 100%
        Cohort 6 53.7 ± 19.1 18,918 100%
    Female < 0.001 0.310
        Cohort 5 137,633 49.7%
        Cohort 6 12,259 64.8%
    Male < 0.001 0.295
        Cohort 5 132,714 47.9%
        Cohort 6 6,347 33.6%
Cohort 5 (N = 18,918) and cohort 6 (N = 18,918) after propensity score matching
    Age at index 0.999 < 0.001
        Cohort 5 53.7 ± 19.1 18,918 100%
        Cohort 6 53.7 ± 19.1 18,918 100%
    Female 1 < 0.001
        Cohort 5 12,259 64.8%
        Cohort 6 12,259 64.8%
    Male 0.991 < 0.001
        Cohort 5 6,348 33.6%
        Cohort 6 6,347 33.6%
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were observed between treatment with DHPs and non-DHPs, 
or between specific drugs such as amlodipine and nifedipine, 
this suggests that the subclass or specific agent within the CCB 
class may not significantly alter the risk of PD in patients with 
HTN. This finding implies that the overall class effect of CCBs 
may be more relevant than the choice of a particular CCB.

While the exact mechanisms underlying the potential neu-
roprotective effects of CCBs remain unclear, a plausible theory 
involves a two-fold action: controlling HTN and preventing 
calcium ion-induced cytotoxicity to DA neurons. As discussed 
earlier, persistent HTN may contribute to infarcts in critical 
regions like the basal ganglia, disrupting DA cells and neu-

Table 11.  Risk Analysis Numbers of Analysis Set 2 Which Included People Treated With Cohort 5 (Amlodipine) vs. Cohort 6 (Nifedi-
pine)

Cohort Patients in cohort Patients with outcome Risk
5 18,831 36 0.002
6 18,826 31 0.002
Risk analysis 95% CI
Risk difference 0.0003 (-0.001 to 0.001)
Risk ratio 1.161 (0.719 - 1.876)
Odds ratio 1.161 (0.718 - 1.878)
Hazard ratio 1.109 (0.686 - 1.793)

Risk analysis excluding patients with outcome prior to the time window. CI: confidence interval.

Table 12.  Kaplan-Meier Survival Analysis Comparing Cohort 5 (Amlodipine) vs. Cohort 6 (Nifedipine)

Cohort Patients in cohort Patients with outcome Median survival (days) Survival probability at end of time window
5 18,831 36 - 99.71%
6 18,826 31 - 99.74%

Kaplan-Meier survival analysis excluding patients with outcome prior to the time window.

Figure 9. Kaplan-Meier survival graph comparing cohort 5 (amlodipine) vs. cohort 6 (nifedipine).

Figure 8. Propensity score density function graphs showing cohort 5 (amlodipine) and cohort 6 (nifedipine).
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ral networks, and ultimately leading to cerebrovascular dys-
function [11]. Furthermore, pre-existing HTN itself has been 
identified as a risk factor for PD diagnosis, as shown in the 
meta-analysis by Hou et al [1]. In addition, in vitro evidence 
suggests that with advanced age, DA neurons increasingly rely 
on L-type Cav1.3 calcium channels, which may accelerate 
neurodegeneration [11].

Despite these theories, studies examining the relationship 
between CCB use and PD incidence have produced inconsist-
ent results [4, 8]. While researches by Ritz et al and Lee et al 
suggested that long-term use of centrally acting DHP CCBs 
may lower the risk of developing PD, Marras et al found no ev-
idence that brain-penetrant DHPs significantly impact PD pro-
gression at standard antihypertensive doses [2, 7, 12]. These 
contrasting findings underscore the need for further research 
to clarify the neuroprotective potential of CCBs, particularly 
regarding their effects on both the incidence and progression 
of PD. Ultimately, the mechanisms behind these observations 
remain speculative and warrant further investigation through 
in vitro and animal studies.

Given that chronic conditions such as HTN disproportion-
ately affect racial and ethnic groups like African American and 
Latino populations compared to Caucasians [13], it is crucial to 
consider racial disparities when discussing HTN-related long-
term outcomes. Previous studies examining the link between 
ethnicity and PD development in individuals with a history of 
HTN have identified a significantly increased risk of PD in 
Asians compared to Caucasians [1]. While the exact reasons 
for this association remain unclear, they may involve genetic 
and environmental factors that predispose certain populations 
to HTN. However, research exploring the relationship between 
HTN and PD risk in African American and Hispanic/Latino 
populations remains limited [14], highlighting the need for fur-
ther studies in these groups. A major strength of our study is 
that it is the first in the United States to examine the potential 
neuroprotective effects of CCBs against PD. This work lays 
the foundation for future research exploring how these effects 
may vary across different racial and ethnic groups, consider-
ing the influence of diverse genetic and environmental factors.

Limitations

There are several limitations to our study, primarily due to its 
retrospective cohort design and reliance on an EHR database. 
While the TriNetX platform provides access to a large, diverse, 
real-world dataset, it has inherent challenges. Data quality de-
pends on routine clinical documentation, which can lead to in-
complete, inaccurate, or inconsistent information. Additional-
ly, key confounding variables, such as lifestyle factors, disease 
severity, medication adherence, and family history, are often 
missing or underreported. The lack of access to individual-
level data also limits our ability to perform detailed analyses, 
confirm findings, or adjust for unmeasured confounders. An-
other limitation is the unequal distribution of racial groups in 
our study population, which reflects disparities in healthcare 
access and trust among minority populations, leading to under-
representation in datasets like TriNetX.

Furthermore, we could not reliably monitor medication 
adherence, nor exclude the possibility that some patients may 
have had subclinical PD prior to the study period, which could 
result in misclassification. Other potential confounders, such 
as smoking, substance use, diet, physical activity, and genetic 
factors, were not controlled for during propensity score match-
ing, which may have led to an over- or underestimation of the 
treatment effect depending on the direction and magnitude of 
residual confounding.

In conclusion, while our findings suggest a potential neu-
roprotective effect of CCBs against PD, further long-term, 
population-based studies are necessary to confirm these results 
and to explore the complex interplay of additional risk factors 
in PD development.

Supplementary Material

Suppl 1. TriNetX Query Logic as Well as the Analysis Basics 
With Specified Cohort Data for Each Set of Analyses.
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