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Identifying potential repurposable 
medications for Parkinson’s disease 
through Mendelian randomization 
analysis
Qitong Wang 1,3, Fang Liu 1,3, Xinyu Wang 1,3, Lifan Zhong 1, Benchi Cai 1* & Tao Chen 1,2*

Observational studies have suggested the potential benefits of several medications for Parkinson’s 
disease (PD) and their potential for repurposing. However, the conclusions drawn from these studies 
are not entirely consistent. To address this inconsistency, we used the two-sample Mendelian 
randomization (MR) method to explore the putative causal relationships between 23 medications 
and the risk and progression of PD. We applied inverse-variance weighted meta-analysis (IVW) to 
combine MR estimates. Additionally, sensitivity analyses were conducted to evaluate the robustness 
of the results. Our genetic evidence suggests that thyroid preparations and calcium channel blockers 
reduce the risk of PD, and salicylic acid and derivatives slow the progression of PD motor symptoms. 
Additionally, genetic evidence also suggests that four medications were associated with PD risk or 
progression, but the sensitivity analysis revealed that three of the medications may have interference 
caused by reverse causality. Our findings suggest that there are weak causal relationships between 
several medications and the risk or progression of PD. Though further replication studies are needed 
to verify these findings, these new insights may help in understanding the etiology of the disease, 
generate new clues related to drug discovery, and quantify the risk of future drug intake.
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Parkinson’s disease (PD) is the second most common neurodegenerative disease, and it is characterized by 
the fastest growing prevalence, mortality, and disability-adjusted life expectancy in the neurological disease 
category1. An estimated 6.1 million individuals globally had a PD diagnosis in 2016, which is 2.4 times higher 
than in 19902,3. The course of PD is considered irreversible. Its typical pathophysiology involves the death of 
dopaminergic neurons and the accumulation of Lewy bodies in the cytoplasm of neurons, which is mainly mani-
fested clinically as resting tremor, bradykinesia, rigidity, and postural gait disorders4. In addition to the above 
typical features, some accompanying symptoms can also affect the quality of life of patients with PD and lead to 
faster disease progression, including mild cognitive impairment and autonomic dysfunction (such as urinary 
dysfunction, constipation, and blood pressure dysregulation), among others5. It is now widely believed that in 
addition to traditional therapies, modulation of non-dopaminergic pathways can lead to other treatment options6.

Over the past two decades, there have been significant advancements in the development of new medications 
for the treatment of PD, with several medications aimed at improving symptoms have come to market5. However, 
to date, no drug has been discovered that can truly slow down or stop the progression of PD. This means that, 
due to the lack of effective disease-modifying therapies, once diagnosed, patients with PD ultimately experience 
unbearable disability and premature death7. Consequently, before a cure is found, neuroprotective therapies 
that slow or halt disease progression and prevent the accumulation of disability remain a top priority in drug 
development4,7. The discovery and development of new medications for PD constitute a long, expensive, and 
risky process. Given the number of failures of various novel interventions in disease-modifying clinical trials, 
as well as increasing costs and lengthy drug development processes, attention is shifting to the use of existing 
compounds approved for other indications as novel therapies for PD. This approach, known as drug repurposing, 
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has identified some medications with potential benefits for treating PD and provided a potentially faster route 
to drug discovery8.

Some basic research and clinical trials have attempted to develop potentially therapeutic medications for PD 
using drug repurposing strategies. Notably, some attempts have been successful, such as the United States Food 
and Drug Administration (U.S. FDA) approval of five repurposed medications for PD, including ropinirole 
hydrochloride and rasagiline, which were used as antihypertensive medications; amantadine and memantine, 
which were initially used as antiviral medications; and pimavanserin, which was originally used as an antipsy-
chotic drug9–12. These medications have demonstrated their efficacy in improving motor or non-motor symptoms 
in patients with PD. Furthermore, other medications that are considered promising and are currently being tested 
include the glucagon-like peptide-1 receptor agonists exenatide and lixisenatide, which are commonly used to 
treat diabetes13,14; deferiprone for transfusion-dependent thalassemia15; inosine, a urate precursor and potential 
antioxidant16; the tyrosine kinase inhibitor nilotinib17; the dihydropyridine antihypertensive drug isradipine18; the 
antiepileptic drug levetiracetam19; the bronchodilator ambroxol20; and several non-steroidal anti-inflammatory 
medications, antibiotics, and others21,22. Despite the high quality of these studies, they mainly employ randomized 
controlled trials (RCTs). RCTs are the most widely accepted standard method to determine causal relationships 
associated with drug treatments; however, they are expensive and may not always be feasible.

Over the past few decades, methods utilizing genetic information have been developed to overcome the 
limitations of RCTs and to explain the confounding factors stemming from both genetics and environment in 
observational studies. MR is one such method that uses genetic variations associated with exposure as instrumen-
tal variables to study causal relationships with outcomes, and vice versa23. Conceptually, MR is similar to RCTs; 
here, the randomization occurs at meiosis, making MR an important strategy to strengthen causal inference when 
RCTs are impractical or unethical24. The present study aimed to (i) investigate the causal relationship between 
23 medications and the risk and progression of PD, and (ii) elucidate the causal direction of this relationship.

Materials and methods
Study design
This study conducted an MR study to investigate the putative causal effects between 23 medications and the risk 
and progression of PD (Fig. 1). MR is grounded on three key assumptions: (I) the genetic variants chosen as 
instrumental variables exhibiting solid associations with exposure; (II) the genetic variants are independent of 
confounding factors; and (III) the genetic variants influence the outcome exclusively through exposure25. Ethi-
cal approval from an institutional review board was unnecessary, as all the analyses in this study were based on 
publicly available summary-level genome-wide association study (GWAS) data.

To analyze the data, this study used the TwoSampleMR package (version 0.5.6) and MendelianRandomization 
package (version 0.8.0) in R software (version 4.2.2).

Data sources
Summary-level GWAS data for 23 medications were derived from a meta-analysis of GWASs involving partici-
pants from the UK Biobank26. Specifically, Wu, Y. et al. estimated the genetic correlations between 23 medications 
approximately 320,000 individuals from the UK Biobank through a GWAS26. Approximately 54% of the UK 
Biobank study participants were female, with an average (SD) age of 56.5 (8.1) years at the first assessment visit. 
Based on self-reports from the original GWAS participants, only regular medications taken weekly, monthly, 

Fig. 1.   Graphical representation of MR assumptions [(i) relevance; (ii) independence; (iii) exclusion restriction] 
in a two-sample MR design. SNPs, single nucleotide polymorphisms.
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or every 3 months were included. Medication information was obtained through nurse-conducted interviews 
(Supplementary Table 1).

Summary-level data related to PD risk and progression from three large GWAS meta-analyses focused on PD 
diagnosis, age at onset (AAO), Unified Parkinson’s Disease Rating Scale, motor subsection (UPDRS3), Montreal 
Cognitive Assessment (MoCA), and Mini-Mental State Examination (MMSE)27–29. Specifically, we obtained 
genetic data on PD risk from the latest GWAS meta-analysis of 16 cohorts from the International Parkinson’s 
Disease Genomics Consortium (IPDGC) and 23andMe, which included 33,674 cases and 449,056 controls27. 
The identification of patients with PD was based on commonly used outpatient criteria and the UK Brain Bank 
criteria, with modifications for those with a family history of PD. Each included study employed statistical models 
with specific covariates to account for their particularities, thereby generating consistent summary statistics. 
Generally, age, gender, and population stratification were included as covariates. We extracted association esti-
mates from the largest GWAS of AAO of PD conducted by IPDGC and 23andMe, which involved 28,568 PD 
cases28. The definition of AAO was based on patients’ self-report of the first motor symptoms of PD; if specific 
information was lacking, age at diagnosis was used instead. Data on disease progression or severity was obtained 
from a large GWAS of clinical biomarkers (UPDRS3/MoCA/MMSE) in 12 longitudinal PD cohorts (N = 4093)29. 
Higher UPDRS3 scores indicate poorer motor ability, whereas higher MMSE and MoCA scores indicate better 
cognitive ability. Due to data access limitations, this study did not include GWAS statistical summaries of the 
23andMe dataset (Supplementary Table 1).

Additionally, summary statistics data from the IEU Open GWAS Project were incorporated to explore poten-
tial confounding factors for known drug-related diseases (Supplementary Table 1).

Selection of genetic instruments and data harmonization
This study extracted independent genetic instrument variants (IVs) from summary statistics of GWASs using 
several criteria. First, P-values were used with a genome-wide significance threshold (p < 5 × 10−8). When the 
number of single-nucleotide polymorphisms (SNPs) meeting genome-wide significance was limited, a more 
relaxed threshold (p < 5 × 10−6) was used, which was previously employed in MR studies. Second, clustering 
analysis was conducted with an r2 of 0.001 and a window size of 10,000 kb. Third, only IVs with an F-statistic > 10 
were retained, as they were considered to be associated strongly with the phenotype. Fourth, the exposure and 
outcome GWAS datasets were harmonized to ensure that genetic variant association estimates corresponded to 
the exact effects of the alleles. Lastly, SNPs that were closely related to the outcome (p < 5 × 10−8) were removed 
to fulfill the third assumption (Supplementary Table 2–3).

MR analysis
IVW random-effects regression was employed as the primary MR method in the study to estimate the potential 
causal relationship between the 23 medications and the risk and progression of PD. Furthermore, other MR 
analysis methods were employed to ensure the robustness of the results and assess potential horizontal pleiotropy. 
The MR-Egger method detected horizontal pleiotropy through its intercept test and corrected the pleiotropic. 
The weighted median method, which relies on valid SNPs contributing to more than 50% of the weight, provided 
effective MR estimates. Moreover, the MR-PRESSO method was also utilized to detect and correct possible outli-
ers, and the MR-PRESSO global test allowed the evaluation of horizontal pleiotropy arising from heterogeneity 
between SNP estimates. This study considered P-values less than 0.0004 (0.05/115, Bonferroni method) statisti-
cally significant, and meanwhile P < 0.05 was regarded as nominally significant30,31.

In addition, a series of sensitivity analyses were conducted to assess the robustness of the causal estimates. 
First, Cochran’s Q statistic was used to evaluate heterogeneity among variable-specific causal effect estimates. The 
MR-Egger intercept test was conducted to examine directional pleiotropy, with departure from zero (P < 0.05) 
indicating the presence of directional pleiotropy32. A leave-one-out analysis was also performed to assess the 
influence of individual variants on the associations observed. A funnel plot was used to assess the probable pres-
ence of directional pleiotropy. Finally, this study employed the Steiger directional test to determine the direction 
of causality between exposure and outcome endpoints. Additionally, for significant estimates (PIVW < 0.05), We 
further conducted bidirectional MR analysis to confirm the robustness of the results33,34.

We also checked these SNPs in PhenoScanner (www.​pheno​scann​er.​medsc​hl.​cam.​ac.​uk) to determine whether 
they were associated with potential risk factors, including neurotoxins (such as rotenone or paraquat), smoking, 
coffee consumption, anti-inflammatory drug use, and high plasma urea4. We excluded SNPs associated with 
these potential confounding factors at the whole-genome level and subsequently repeated the MR analysis to 
satisfy the second MR hypothesis35,36. This study also calculated statistical power using an online tool at http://​
cnsge​nomics.​com/​shiny/​mRnd/37.

Because known drug-related diseases can increase drug use, relief after treatment may mediate the association 
between medications and PD-related phenotypes. Thus, further exploration of the relationships among these 
five phenotypes is necessary. The Multivariable MR (MVMR) method was employed, which estimates the causal 
relationships between each risk factor and the outcome using multiple genetic variants associated with various 
measured risk factors38. Given that the MVMR model is suitable for exploring the association between known 
drug-related diseases, drug usage, and PD-related phenotypes simultaneously and acts as a mediator by estab-
lishing drug-related diseases, this study designed MVMR analyses to correct known drug-related phenotypes, 
which had been reported in other literature39,40. Specifically, this study combined SNPs related to drug usage 
with known drug-related diseases from relevant GWAS. To ensure data quality, duplicated and correlated SNPs 
(within 10,000 base pairs; R2 ≥ 0.001) were excluded, and SNP effects and corresponding standard errors were 
extracted from exposure and outcome GWAS.

http://www.phenoscanner.medschl.cam.ac.uk
http://cnsgenomics.com/shiny/mRnd/
http://cnsgenomics.com/shiny/mRnd/
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Results
Association of genetically predicted 23 medications with Parkinson’s disease
The main MR analysis utilizing IVW estimates indicates potential causal relationships between several medica-
tions and PD-derived phenotypes (shown in Table 1, Supplementary Tables 4–8, and Fig. 2). Specifically, geneti-
cally predicted thyroid preparations were associated with a nominally significant association with a decreased 
risk of PD (IVW: OR = 0.95; 95% CI 0.91, 1.00; P = 0.032) (Fig. 3). Salicylic acid and derivatives have shown a 
nominally significant association with improvement in of PD motor symptoms (as indicated by the UPDRS3 
score). (IVW: β = − 0.42; 95% CI − 0.78, − 0.06; P = 0.023) (Supplementary Fig. 1). Furthermore, calcium channel 

Table 1.   Significant and nominally significant MR estimates from 23 medication-use on genetically 
predicted phenotypes related to PD. N SNPs, number of single nucleotide polymorphisms in the instrument; 
IVW, Inverse variance weighted; MR, Mendelian randomization; MR-PRESSO, Mendelian Randomization 
Pleiotropy RESidual Sum and Outlier; OR, Odds ratio; CI, confidence interval; Beta, MR effect estimate; Se, 
standard error of MR effect estimate; P, P-value; MR-Egger pleiotropy Test, Egger intercept, the intercept 
(bias); P, P-value for Egger’s test; Heterogeneity Test, Q P-value Cochran Q statistic P-value; MR PRESSO test, 
P-value of the global test; Directionality test, P, Steiger P-value, the strength of evidence against null hypotheses 
in favor of the alternative direction of causality TRUE; Power, Calculated statistical power assuming the true 
OR of exposure; PD, Parkinson’s disease; UPDRS3, Unified Parkinson’s Disease Rating Scale part III; MMSE, 
Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; Describing PD risk results using OR 
(95% CI) and UPDRS3/MMSE/MOCA results using Bete ± se.

Exposure Outcome
P value 
exposure

N
SNVs

MR analysis
MR-Egger 
pleiotropy test

Heterogeneity 
test

MR 
PRESSO 
test Directionality test

PowerMethod
Estimate 
(95% CI) P

Egger 
intercept P Q value P P

Correct 
directionality P

Thyroid 
prepara-
tions

PD risk 5E−8 94

IVW 0.95(0.91, 
1.00) 0.032

− 0.003 0.573 107.909 0.138 0.147 True 0 0.29MR_Egger 0.97(0.88, 
1.08) 0.625

Weighted_
median

0.97(0.90, 
1.04) 0.365

Antidepres-
sants PD risk 5E−6 28

IVW 1.26(1.04, 
1.52) 0.018

0.004 0.787 21.329 0.771 0.775 True 1.15E−64 0.99MR_Egger 1.17(0.68, 
2.02) 0.576

Weighted_
median

1.27(0.98, 
1.64) 0.068

Calcium 
channel 
blockers

PD risk 5E−8 82

IVW 0.92(0.85, 
1.00) 0.055

− 0.003 0.776 97.539 0.102 0.090 True 0 0.81MR_Egger 0.96(0.72, 
1.29) 0.794

Weighted_
median

0.94(0.84, 
1.05) 0.293

Diuretics UPDRS3 5E−8 47

IVW 0.15(0.01, 
0.29) 0.040

0.005 0.783 50.719 0.293 0.304 False 0.560 1.00MR_Egger 0.08(− 0.42, 
0.58) 0.751

Weighted_
median

0.19(− 0.00, 
0.39) 0.054

Salicylic 
acid and 
derivatives

UPDRS3 5E−8 6

IVW − 0.42(− 0.78, 
− 0.06) 0.023

0.022 0.613 2.426 0.788 0.793 True 0.756 1.00MR_Egger − 0.67(− 1.63, 
0.30) 0.248

Weighted_
median

− 0.44(− 0.88, 
0.00) 0.051

Antimi-
graine 
prepara-
tions

UPDRS3 5E−8 8

IVW 0.15(0.02, 
0.29) 0.027

0.142 0.159 5.153 0.641 0.670 True 0.647 0.40MR_Egger − 0.72(− 1.79, 
0.35) 0.237

Weighted_
median

0.14(− 0.04, 
0.32) 0.115

Drugs 
affecting 
bone
structure 
and miner-
alization

MOCA 5E−8 6

IVW − 1.22(− 2.25, 
− 0.18) 0.021

− 0.360 0.449 1.918 0.860 0.884 False 0.574 1.00MR_Egger 1.72(− 5.23, 
8.67) 0.653

Weighted_
median

− 1.04(− 2.34, 
0.25) 0.114
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blockers tended to reduce the risk of PD (IVW: OR = 0.92; 95% CI 0.85, 1.00; P = 0.055) (Supplementary Fig. 2). 
Sensitivity analyses were conducted, excluding SNPs with issues of potential pleiotropy (rs3184504 for serum 
urate, rs215619 for smoking, and rs2471960 for paracetamol) and showed that the estimated effect of thyroid 
preparations remained consistent with initial findings (IVW: OR = 0.94; 95% CI 0.90, 0.99; P = 0.020) (Sup-
plementary Table 9–10). Similarly, after removing SNPs such as (rs3184504 for serum urate and smoking, and 
rs7412 for aspirin), the estimated effect of calcium channel blockers on reducing PD risk remained essentially 
consistent with the original study results (IVW: OR = 0.92; 95% CI 0.85, 1.00; P = 0.046). No SNPs relating to 
confounding factors were identified for salicylic acid and derivatives. MR-Egger intercept analysis did not reveal 
any horizontal pleiotropy, and Cochran’s Q test did not detect any heterogeneity effects. The directionality check 
by the Steiger analysis did not indicate a significant causal relationship. Furthermore, because the MR analysis was 
removed and repeated after detecting outliers in the MR-PRESSO analysis, no potentially instrumental outliers 
were detected for SNPs included in the final analysis. Moreover, no SNPs with high influence were identified 
using leave-one-out analysis. Finally, no evidence of reverse causality was detected by MR Steiger test.

In addition, some medications have been found to potentially increase the risk of PD or accelerate its progres-
sion (Table 1, Supplementary Table 4–8, Supplementary Fig. 3–6). These medications included antidepressants 
(IVW: OR = 1.26; 95% CI 1.04, 1.52; P = 0.018; PD risk), diuretics (IVW: β = 0.15; 95% CI 0.01, 0.29; P = 0.040; 
UPDRS3), antimigraine preparations (IVW: β = 0.15; 95% CI 0.02, 0.29; P = 0.027; UPDRS3), and drugs affecting 
bone structure and mineralization (IVW: β = − 1.22; 95% CI − 2.25, − 0.18; P = 0.021; UPDRS3). The analyses 
in this study detected no heterogeneity, pleiotropy, or outliers for the SNPs included in the analysis using the 
aforementioned sensitivity testing methods. However, Steiger’s analysis found that the effects of diuretics and 
drugs on bone structure and mineralization may be affected by reverse causality interference.

Association between genetically predicted Parkinson’s disease and 23 medications
To further address concerns about reverse causality and validate the stability of the findings in this study, bidi-
rectional MR analyses were performed on the results of the Forward MR analysis (PIVW < 0.05) to examine the 
causal effects of different PD phenotypes on drug use (Supplementary Table 11). Specifically, the MR estimates 
for PD and various medications were as follows: PD risk (IVW: OR = 0.97; 95% CI 0.93, 1.00; P = 0.074; thyroid 
preparations); PD risk (IVW: OR = 0.97; 95% CI 0.95, 1.00; P = 0.091, antidepressants); PD risk (IVW: OR = 1.00; 
95% CI 0.97, 1.03; P = 0.918, calcium channel blockers); UPDRS3 (IVW: OR = 1.00; 95% CI 0.95, 1.04; P = 0.848, 
diuretics); UPDRS3 (IVW: OR = 0.97; 95% CI 0.92, 1.02; P = 0.248, salicylic acid and derivatives); UPDRS3 (IVW: 

Fig. 2.   IVW estimates from 23 medications on PD phenotypes. The color of each block represents the IVW-
derived P-values for each MR analysis, examining the association between medications and PD phenotypes. Red 
indicates a positive association, and blue indicates a negative association. PD refers to Parkinson’s disease, AAO 
stands for age at onset, UPDRS3 stands for Unified Parkinson’s Disease Rating Scale part III, MMSEstands for 
Mini-Mental State Examination, and MoCA stands for Montreal Cognitive Assessment.
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OR = 0.99; 95% CI 0.84, 1.17; P = 0.904, antimigraine preparations). Notably, there was a significant trend in the 
increase in PD risk and antidepressant use.

Sensitivity and Steiger analyses did not find any evidence of heterogeneity, multiple effects, or reverse causality.

Multivariable MR
In multivariable MR analyses, after correction for known drug-related diseases, only calcium channel blockers 
(IVW: OR = 0.90; 95% CI 0.85, 0.96; P = 0.002, Angina pectoris) retained significance among the three potential 
PD-protective medications. In contrast, the remaining results showed no significant relationship between other 
medications and PD-related phenotypes. Among the potential PD risk medications, significant associations were 
observed with diuretics (IVW: β = 0.99; 95% CI 0.89, 1.08; P = 0.001, Heart failure), diuretics (IVW: β = 0.17; 95% 
CI 0.16, 0.18; P = 0.001, Hypertension), antimigraine preparations (IVW: β = 0.03; 95% CI 0.02, 0.03; P = 0.001, 
Migraine), and drugs affecting bone structure and mineralization (IVW: β = 0.02; 95% CI 0.02, 0.03; P = 0.001, 
Osteoporosis). Notably, the correction for osteoporosis transformed the role of drugs affecting bone structure 
and mineralization from a risk factor to a protective one. One possible explanation is the presence of multicol-
linearity issues in the study. Despite heterogeneity in some analyses, the IVW method was employed as a primary 
analytical approach, which was minimally affected by heterogeneity (Supplementary Table 12).

Fig. 3.   MR analysis results for thyroid preparation use and its impact on PD risk. (A) Scatter plot illustrating 
potential effects of SNPs on Thyroid preparation use and PD risk using IVW, MR-Egger, and weighted median 
methods. The slope of fitted lines represents the estimated MR effect per method. At the same time, the 95% 
confidence interval (CI) for the impact of size on thyroid preparation use and PD risk is shown as vertical and 
horizontal lines, respectively. (B) Funnel plot for thyroid preparation use, showing estimation using the inverse 
of the standard error of causal estimate with each SNP as a tool. The vertical line depicts the estimated causal 
effect obtained using IVW and MR-Egger methods. (C) Forest plot demonstrating the impact of each SNP in 
the MR analysis. (D) Forest plot presenting the leave-one-out sensitivity analysis results, where each SNP in the 
instrument is iteratively removed to check the result’s stability.
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Discussion
Using data from large-scale GWASs, we applied MR analyses to test whether 23 unconventional anti-Parkinson 
medications were causally related to the risk of PD (PD diagnosis/AAO) and the progression of PD (UPDRS3/
MMSE/MOCA). The results of the two-sample MR analysis suggest the potential protective effects of thyroid 
preparations, salicylic acid and derivatives, and calcium channel blockers against PD. There was a positive causal 
relationship between antidepressants, diuretics, antimigraine preparations, and drugs affecting bone structure 
and mineralization and the risk or progression of PD (Fig. 4). Furthermore, sensitivity analyses and directional 
tests showed that the association between drugs affecting bone structure and mineralization, antidepressants, 
and diuretics with PD may be influenced by reverse causality, requiring cautious interpretation of these causal 
relationships. Moreover, MVMR analysis revealed that potential primary diseases may drive the observed causal 
relationships, and the presence of these diseases can complicate the association between medications and the 
potential PD phenotype. This may also be one of the reasons for some epidemiological studies reaching incon-
sistent conclusions. However, these findings are worth further investigation.

The basic principles of medical treatment for PD have been established for decades, including medication 
therapy (usually levodopa preparations or combination medications) and non-pharmacological treatments (such 
as exercise and physical, occupational, and speech therapies)3. Approaches such as deep brain stimulation and 
treatment with levodopa-carbidopa enteral suspension can help individuals with medication-resistant tremors, 
worsening symptoms when the medication wears off, and dyskinesias3. For most patients with PD, levodopa 
therapy is required within 2 years after symptom onset, and it remains the most effective medication for early-
stage PD. However, PD becomes more complex in advanced stages due to additional functional impairment of 
nondopaminergic neuronal networks41,42. Consequently, patients require higher doses of levodopa and more 
frequent dosing intervals every 2–3 h. With disease progression, long- and short-term responses to dopaminergic 
medications decrease due to disease-related cerebral pathophysiological changes43. Given the adverse reactions 
and limitations of existing treatment options, there is an urgent need to improve drug selection. Currently, a 
growing number of therapies are being developed based on hypotheses about the pathogenesis of the disease44. 
Researchers are dedicated to exploring new medications, such as innovative treatment approaches targeting 
α-synuclein, including active/passive immunotherapies and induced pluripotent stem cell technologies45,46. In 

Fig. 4.   The two-sample MR framework showed that 23 medications potentially cause changes in Parkinson-
derived phenotypes.
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particular, there have been advancements in monoclonal antibody therapy. However, recent reports from phase 2 
trials have not demonstrated benefits in terms of primary or secondary outcomes47,48. Given the history of failed 
“neuroprotection trials,” expectations should be lowered for the approval of safe and effective disease-modifying 
medications in the near future. The enormous cost of developing new medications has recently led to interest 
in repurposing previously used medications from other fields. Drug repurposing has more advantages than 
traditional approaches, as it can overcome significant drug discovery challenges with novel methods49. Survey 
studies have shown that developing a new drug costs approximately US$1 billion, whereas drug repurposing 
takes 60% less time and is more cost-effective50. Furthermore, the success rate of drug repurposing is higher than 
traditional approaches, as the characteristics of these compounds have already been established and they have 
undergone various tests for toxicity and side effects51.

Our study provides some new clues for drug repurposing in PD. First, numerous studies have shown a cor-
relation between thyroid function and PD52,53. Interaction between the hypothalamic-pituitary-thyroid axis and 
dopaminergic system, epidemiological evidence of thyroid dysfunction with PD, and the presence of shared genes 
regulating PD and the dopaminergic system suggest a potential common pathophysiological basis between these 
two diseases52,54. In fact, thyroid hormones and the peroxisome proliferator-activated receptor (PPARα) signal-
ing directly or indirectly act on neurons, producing neuroprotective effects55. Additionally, administration of 
thyroid hormones can protect dopaminergic neurons, derived from rat or human neural progenitor cells against 
neurotoxin-induced damage55. A possible mechanism involves inducing the differentiation and maturation of 
dopaminergic (DA) neurons by upregulating nuclear receptor-related 1 protein (NURR1)55. Therefore, given 
the neuroprotective effects of thyroid hormones, levothyroxine is a potential candidate for future PD therapy54. 
Second, due to the crucial role of inflammation in brain degeneration, anti-inflammatory medications are con-
sidered potential therapeutic agents that reduce central nervous system degeneration and potentially delay or 
prevent the onset of PD. Animal experiments have demonstrated that non-steroidal anti-inflammatory drugs 
(NSAIDs) and aspirin can prevent neuronal cell death56,57. Clinical evidence also suggests that non-aspirin and 
non-steroidal anti-inflammatory medications, especially ibuprofen, may reduce the risk of developing PD58. 
Moreover, recent research has found that regular use of NSAIDs may decrease the penetrance of leucine rich 
repeat kinase 2 (LRRK2) mutations associated with PD59. These findings provide a straightforward therapeutic 
approach to modify disease progression in individuals with LRRK2 variants and highlight the potential benefits 
of anti-inflammatory medications in PD management59,60. Our study is consistent with these findings. Never-
theless, these associations are not always consistent, and several studies have found no evidence that the use of 
Salicylic acid and derivatives reduces the risk of PD57,61. Given the inconsistency in studies evaluating salicylic 
acid and its derivatives as neuroprotective agents, further research is needed to confirm or refute this hypothesis. 
Such studies should consider the standard indications, contraindications, and side effects of these compound 
and carefully assess the timing between use and disease onset. Third, calcium homeostasis, receptor activity, and 
calcium-induced oxidative stress are potential factors in PD’s pathogenesis and potential targets for therapeutic 
interventions62. Moreover, evidence suggests that over time, the firing of substantia nigra dopamine neurons 
shifts from being dependent on sodium channels to being dependent on L-type calcium channels (Cav1.3) for 
maintaining autonomous activity63. In this regard, blocking these channels with calcium channel blockers, such 
as isradipine, can reverse this dependency and prevent toxin-induced damage. Furthermore, during autono-
mous activity, Cav1.3 channels generate mitochondria-mediated oxidative stress, which induces mitochondrial 
uncoupling as a protective mechanism64. Recently, selective Cav1.3 channel inhibitors have been developed as a 
novel approach for treating PD65.

This study has several strengths. One major advantage is the MR study design, which helps mitigate con-
founding and reverse causation biases. Additionally, these associations were estimated from independent data 
sources and combined through meta-analysis, ensuring sufficient statistical power and robustness of the findings. 
However, we acknowledge that this study has some limitations. First, due to the limited number of SNPs reaching 
genome-wide significance, the thresholding of P-values was relaxed in line with common practice. Notably, we 
tested the strength of the instruments and found that the F-statistics for all instruments exceeded 10, which is the 
traditional threshold for solid instruments. Second, the possibility that the 23 drug-related SNPs may influence 
PD through other causal pathways can not be fully ruled out. Third, as this study is based solely on individuals 
of European ancestry, caution should be exercised when extrapolating the results to other populations. Fourth, 
the results showed were only borderline significant, with a weak effect size. These findings did not reach the 
significant threshold after the Bonferroni correction. Therefore, the significance of this study lies in its suggestive 
and supplementary evidence. Finally, associations from MR do not provide information about temporal patterns 
and should be interpreted as the lifetime effects of the liability to a particular risk factor.

Conclusion
The development of neuroprotective strategies has always been challenging. Thus, drug repurposing may be a 
good strategy for addressing the current challenges of PD treatment. This study has provided new insights for 
drug repurposing from a genetic perspective, which may accelerate drug discovery and application.

Data availability
The summary statistics analyzed in the study are included in the article. Further inquiries can be directed to the 
corresponding author to make it accurate.
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