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Abstract:  

Background. There is growing interest in the association between antiepileptic drugs 

(AEDs) exposure and subsequent Parkinson’s disease (PD).  

Methods. We conducted a literature search in the PubMed, SCOPUS, and Web of Science 

databases. We identified studies using an observational design and performed a meta-

analysis to evaluate the association between AEDs exposure and incident PD. We assessed 

the quality of the studies and identified the pooled odds ratio (OR) for those exposed to 

AEDs compared to those who were not.  

Results. Of the 1,775 unique studies identified, 55 were selected for full-text review. Five 

studies (n = 127,324) were included. Quality assessment revealed moderate-to-high meth-

odological quality in the studies included. The overall OR for a PD was 1.82 (95% CI: 1.35-

2.45) in AEDs recipients. When considering each drug individually, the magnitude of as-

sociation was highest for valproate (OR 3.94, 95% CI: 3.15-4.92) and lowest for carbamaz-

epine (OR 1.32, 95% CI: 1.16-1.49). Further interaction tests revealed higher odds for 

lamotrigine than for carbamazepine and valproate than for carbamazepine and lamotrig-

ine. 

Conclusion. This study revealed potential associations between AEDs and incident PD. 

However, existing evidence remains insufficient, making it premature to draw inferences 

on this matter. 
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Disease  

 

 

 

 

 

 

 

 

 

 

 

 

Received: Oct 10, 2025 

Accepted: Nov 12, 2025 

Corresponding author’s email: 

ruslan.akhmedullin@nu.edu.kz  

 

 

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
mailto:ruslan.akhmedullin@nu.edu.kzm


 Akhmedullin et al.                                               Epidemiol Health Data Insights. 2025;1(6):ehdi021  
 

 

EHDI: https://www.journalehdi.com                                                             

Introduction 

Neurological disorders represent an area of par-

ticular interest, given their pronounced contribution to 

global disability estimates (1, 2). Epilepsy and Parkin-

son’s disease (PD) are among the most prevalent 

chronic conditions and are both associated with an in-

creased disability burden worldwide (3). Despite ad-

vances in treatment and a better understanding of dis-

ease progression, the exact pathophysiological mecha-

nisms remain unclear (4, 5). 

Despite the lack of a genetic correlation between 

epilepsy and PD (6), the existing literature suggests a 

bidirectional association (7) and possible shared mech-

anisms (8). Recent studies have revealed a temporal re-

lationship between these conditions (9, 10); however, it 

is challenging to explore the contribution of antiepilep-

tic drugs (AEDs) to PD due to insufficient data on med-

ication history. Although AEDs are mostly used for sei-

zure treatment, their prescriptions frequently go be-

yond this (11). Hence, AEDs may account for some as-

sociation between epilepsy and PD, highlighting the 

need for further research. 

Studies on PD risk factors have become an im-

portant research topic over the last few decades. De-

spite existing evidence on the temporal relationship be-

tween epilepsy and PD, it remains unclear whether ep-

ilepsy or its treatment contributes to an elevated risk of 

PD. Thus, the relationship between AEDs exposure and 

subsequent diagnosis of PD is of growing interest. Cur-

rently, there is an increasing number of observational 

studies in this field that lack critical summaries. Recog-

nizing the rising interest and existing literature gap, we 

conducted a meta-analysis to evaluate the association 

between AEDs exposure and incident PD. 

Methods 

Overview and outcome measure 

This meta-analysis was conducted following the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines (12) and was reg-

istered with PROSPERO (CRD42024603543). This anal-

ysis focused on studies conducted in diverse clinical 

settings and geographical locations, involving patients 

taking AEDs for various conditions and not limited to 

epilepsy. The outcome of interest was incident PD-spe-

cific symptom episodes confirmed through hospital ep-

isode statistics in patients exposed to AEDs compared 

to those who were not taking AEDs. This association 

was expressed as odds ratios (OR). 

Literature search  

Two reviewers (RA and DK) examined the titles, 

abstracts, and full texts of all potentially eligible publi-

cations with the assistance of a third reviewer (RK) us-

ing broad criteria to allow the inclusion of any poten-

tially relevant study for further evaluation. The authors 

conducted a comprehensive literature search in three 

bibliographic databases: PubMed (1953–2024), Scopus 

(1987–2024), and Web of Science (1993–2024) on Octo-

ber 23, 2024, using combinations of the terms “antisei-

zure drugs,” “antiepileptic drugs,” “parkinsonism,” 

and “Parkinson’s disease,” without restrictions on lan-

guage or publication date. Eligible studies included 

original research examining the association between 

AEDs exposure and parkinsonism or PD. Full details of 

the search strategy are provided in the Appendix (Sup-

plemental Table 1). Additionally, we manually 

searched the reference lists of the included papers and 

individually identified articles on the topic to identify 

additional eligible studies.  

Table 1. Characteristics of included studies. 

Authors 

(year) 
Study type 

Study 

entry 

period 

Sam

ple 

size 

(tota

l) 

Data 

source 

Coun

try 

Age 

range at 

study 

entry 

AED prescription 

diagnoses (ICD 

codes) 
Out 

come 
Confounders 

Hwang 

et al., 

(2024) 

Matched 

cohort study 

 

2002-

2013 

10,51

0 

National 

Health 

Insurance 

South 

Korea 
 

Between 

the ages 

Epilepsy (G40), 

status epilepticus 

(G41), Landau-

PD 

Age, Sex, economic 

status, residential 

area, body Mass 
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(13) 
 

Service 

Health 

Screening 

Cohort 

 
of 40 and 

79 years 

Kleffner syndrome 

(F803), convulsion 

(R56) 

Index, smoking, 

drinking, 

hypertension, type 2 

diabetes mellitus, 

ischemic heart 

disease, congestive 

heart failure, 

traumatic brain 

injury, central 

nervous system 

 

 

Belete et 

al. (2023) 

(14) 

Nested case-

control 

study 

1990 -

2008 

10,03

1 

UK 

Biobank 

UK 
Between 

the ages 

of 40 and 

69 years 

NA PD 
Epilepsy, race and 

ethnicity  

Kostev et 

al. (2023) 

(15) 

Matched 

case-control 

study 

2010-

2021 

49,90

0 

IQVIA 
Germ

any 

≥18 years 

Epilepsy (G40), 

restless legs 

syndrome (G25.8), 

diabetic/toxic/drug-

induced 

neuropathy (G62, 

E10.4, E11.4, E14.4) 

PD NA Disease 

Analyzer 

database 

 

Zhang et 

al. (2023) 

(16) 

Nested case-

control 

study 

NA 6,174 

Electronic 

health 

primary 

care 

records in 

East 

London 

UK 

NA NA PD 

Age, sex, ethnicity, 

index of multiple 

deprivation, and 

epilepsy diagnosis 
 

Skow et 

al. (2013) 

(17) 

Matched 

case-control 

study 

1990-

2008 

50,70

9 

UK General 

Practice 

Research 

Database 

UK 

NA NA PD 

Body mass index, 

smoking status, 

alcohol 

consumption, use of 

calcium channel 

blockers, annual 

consultation rate 

 

 

Selection of studies  

Full-text articles were assessed for inclusion by 

two reviewers (RA and DK). Studies were included if 

they involved patients exposed to AEDs, reported the 

occurrence of PD, or presented PD-associated symp-

toms confirmed by clinical assessment, medical records, 

or databases with a stated diagnosis following AEDs 

exposure. Articles were excluded if they met any of the 

following criteria: no reports on PD, case series, case re-

ports, brief reports, editorials, letters, reviews, studies 

lacking clear reporting on the outcome of interest, stud-

ies not specifically reporting on exposure, and studies 

performed in animals. Detailed information on the ex-

cluded studies is provided in the Appendix (Supple-

mental Table 2). The quality of the studies was assessed 

using the Newcastle-Ottawa Scale (NOS). All studies 
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were independently rated by DK and DA and checked 

by RK to resolve any disagreements. 

Statistical analysis 

We developed a standardized data extraction 

form using Microsoft Office software. For the full-text 

publications included, two reviewers (RA and DK) sep-

arately retrieved and cross-checked the data, including 

research details, participant characteristics, and data re-

quired to compute pooled ORs. Furthermore, we ex-

tracted data on incident PD and stratified them accord-

ing to AEDs type (if such data were available). A meta-

analysis was performed using random-effects models, 

and 95% confidence intervals (95% CIs) were reported. 

We calculated heterogeneity estimates for the pooled 

estimates using the I² statistic and determined their sig-

nificance using the Cochran’s Q test p-value. We pro-

vided funnel plots, and their asymmetry was examined 

using Egger’s regression tests to identify small study bi-

ases. To account for the family wise error, we incorpo-

rated a Bonferroni correction for multiple comparisons 

as α/n, where α and n are the significance level and the 

number of comparisons conducted within a specific 

(subgroup) meta-analysis, respectively. All statistical 

analyses were performed using STATA (V18). 

Results 

The literature search identified 1,775 studies. Af-

ter eliminating duplicates, we examined 1,702 distinct 

citations to determine their eligibility criteria. Of these, 

55 abstracts and full-text publications were examined, 

and five distinct studies (13-17) were found to be suita-

ble for the meta-analysis (Figure 1). 

 

Figure 1. PRISMA (Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses) flow dia-

gram of the systematic search. 

 

These studies included 127,324 participants. All 

studies were registry-based; three were matched case-

control studies, and the remaining two were nested 

case-control studies (Table 1). The publication years 

ranged from 2013 to 2024, and the studies were mostly 

from the UK (n=3), followed by Germany (n=2) and 

South Korea (n=2). In the meta-analyzed literature, rat-

ings for the risk of bias assessment varied from 6 to 9, 

indicating moderate-to-high methodological quality 

(Supplemental Table 3).  

The overall OR for incident PD was 1.82 (95% CI: 

1.35-2.45; p <0.001) (Figure 2, Supplemental Figure 1). 

The pooled ORs indicated substantial variability in the 

effect size (I2 = 94.70%; Q <0.001). However, further ex-

amination of the funnel plot did not suggest a small 

study bias (Egger’s test, p=0.71), which demonstrated a 

symmetrical distribution of studies around the pooled 

OR, suggesting that the effect sizes were not influenced 

by study size or precision. Additional meta-analysis by 

drug types (Figure 3, Supplemental Figure 2) revealed 

the highest association for valproate (OR 3.94, 95% CI: 

3.15-4.92; p <0.001), followed by levetiracetam (OR 2.09, 

95% CI: 1.35-3.24; p <0.001), lamotrigine (OR 2.17, 95% 

CI: 1.61-2.92; p <0.001), and carbamazepine (OR 1.32, 

95% CI: 1.16-1.49; p <0.001). Further pairwise compari-

sons revealed evidence of differences for all compari-

sons except levetiracetam vs. lamotrigine at the conven-

tional significance level. However, when adjusting for 

multiple comparisons, three contrasts were found be-

low the corrected significance level, suggesting higher 

odds for lamotrigine than for carbamazepine and for 

valproate than for carbamazepine and lamotrigine 

(Supplemental Table 4).
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Figure 3. A subgroup meta-analysis of incident PD (by AEDs type). 

 

 
 

One study was published in a conference meeting 

and was not available in full text (16). Although it pro-

vided a sufficient amount of information, we tried to ex-

clude it; however, the estimates remained mostly un-

changed (Supplemental Figures 3 and 4). Neither sub-

group analysis by study design decreased the heteroge-

neity estimates (Supplemental Figure 5). Both these ad-

ditional analyses revealed substantially overlapping es-

timates, with the interaction test revealing p-values of 

0.56 and 0.18, respectively, suggesting homogeneity of 

estimates. 

Discussion 

We conducted a comprehensive literature review 

and meta-analysis of the existing studies to evaluate the 

association between AEDs exposure and incident PD. 

The findings of our study revealed that odds of PD di-

agnosis was 1.82 (95%CI 1.35-2.45) times higher in the 

AEDs population than in those who were not taking 

AEDs. This suggests that patients on AEDs are more 

likely to be diagnosed with PD than their counterparts 

not taking AEDs. Although we were unable to define 

the causal mechanisms, these findings emphasize the 

importance of monitoring neurological symptoms in 

patients undergoing long-term AED therapy. When 

considering each drug individually, lamotrigine 

showed higher odds than carbamazepine, as did 

valproate compared with carbamazepine and lamotrig-

ine. These findings are consistent with those of previous 

studies (18, 19). 

Our final analysis included five distinct publica-

tions in which the sign and magnitude of the associa-

tion between AEDs and PD were consistent across the 

studies. However, we observed large heterogeneity 

(94.7%), which might call into question the reliability of 

the estimand. However, this might be due to a statistical 

artifact: the sample sizes of the included studies were 

notably large, implying that uncertainty decreases as 

the estimate becomes more precise. Hence, I² becomes 

larger, irrespective of the true differences between the 

studies. This is evident in Figure 2, where the individual 

ORs ranged between 1.21 and 2.98, with all studies con-

sistently reporting increased odds.  
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Figure 2. Forest plot of the association between AEDs exposure and risk of incident PD. 

 

 
 

On the other hand, although it is encouraging to 

highlight these findings, it is worth noting that all stud-

ies were registry-based and lacked data on temporality. 

Additionally, the underlying reasons for prescribing 

AEDs in the study population were diverse in nature. 

Furthermore, participants in the comparison group 

(those who were unexposed to AEDs) were not neces-

sarily drug naïve; they may have been taking other 

medications to manage various neurological disorders. 

This means that even though we compared those ex-

posed to AEDs with those who were unexposed, this 

does not necessarily mean that the unexposed group 

did not take other drugs. This complicates our under-

standing of the role of AEDs in the development of PD. 

Finally, the accuracy of PD diagnosis remains a chal-

lenge, particularly during the early stages of PD (20), 

and may contribute to the discrepancies observed in ef-

fect size and heterogeneity. 

To date, most studies analyzing the impact of 

AEDs on the onset of PD have focused on structural and 

biochemical processes (21, 22). These findings suggest 

that AEDs exert their effects by suppressing dopamine 

receptors and pathways. For example, certain AEDs, 

particularly valproic acid, enhance the inhibition of 

GABA activity in the brain (23). However, in the patho-

physiology of PD, activation of the GABAergic system 

in the primary motor cortex may play a neuroprotective 

role and improve disease (24). Nevertheless, a more in-

depth explanation of the association between AEDs and 

PD is required. A known hereditary predisposition to 

PD suggests a panel of genes associated with a high risk 

of PD, including LRRK2, GBA1, PRKN, SNCA, PINK1, 

PARK7, and VPS35(25). Additionally, genetic factors 

influence the development of PD, and epigenetic modi-

fications regulate gene expression (26). A recent study 

demonstrated the role of epigenetic involvement in PD 

pathogenesis (27). These epigenetic changes (methyla-

tion, histone acetylation, and non-coding RNAs) occur 

because of environmental factors (28). Drugs can also be 

considered as external factors that influence gene ex-

pression as part of epigenetic mechanisms (29). Some 

studies have suggested that drug-induced PD is associ-

ated with hereditary predispositions (30). Although ex-

isting evidence remains scarce, we speculate that these 

processes may contribute to the association between 

AEDs and PD development. 

In contrast, one study focused on the potential of 

carbamazepine to reduce the risk of PD (17). This idea 

came from studies that showed that carbamazepine can 

help initiate intracellular disposal pathways, which 

then cause misfolded proteins to be broken down by au-

tophagy (19). Misfolded α-synuclein protein is also in-

volved in the pathophysiology of PD (31). Some studies 

have speculated on the potential neuroprotective effects 

of carbamazepine in an ischemic/hypoxic model of neu-

ronal injury (32). 

The duration of AEDs exposure, its combination, 

and dosage may be correlated with the onset of PD. 

However, one study (17) showed little evidence of a 

dose- and duration-dependent association between 

AEDs and PD. Longitudinal studies observing patients 

over prolonged periods could reveal whether chronic 
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exposure to AEDs increases the risk of developing PD. 

Acknowledging the role of genetic factors in the associ-

ation between AEDs and PD, future research should 

consider Mendelian randomization to fully understand 

the relationship between AEDs and PD. Further re-

search could prove or disprove the association between 

prescription AEDs and the development of PD by ex-

amining more closely the ways in which AEDs may af-

fect dopaminergic pathways and cause PD. Addition-

ally, examining genetic predispositions and epigenetic 

modifications in patients using AEDs can aid in identi-

fying biomarkers that can potentially predict suscepti-

bility to PD. Considering that some studies in this meta-

analysis did not include AEDs prescription diagnoses, 

it is important to examine how these conditions (epi-

lepsy, neuralgia, bipolar disorder, and so forth) interact 

with AEDs exposure to influence the risk of developing 

PD. 

 

 

Limitations 

Our study had several limitations. The findings of 

this meta-analysis were based on observational studies. 

Although the association between AEDs and subse-

quent PD was consistent across studies, variability in 

follow-up, comorbidity load, medication adherence, 

duration of AEDs exposure, environmental factors, and 

genetic predispositions may have affected the outcome 

of interest. Co-occurring neuropsychiatric conditions 

are common in patients with epilepsy. Such interplay 

warrants clinical attention and etiological investiga-

tions to uncover the shared underpinnings and sources 

of vulnerability associated with AEDs and PD. Im-

proved consistency in reporting illness loads and pat-

terns of co-occurrence in future primary studies will 

provide further insights. Finally, although we at-

tempted to encompass all existing evidence, our find-

ings are exploratory and require further confirmation. 

Alternative approaches could be applied to include ad-

ditional predictors to estimate this associations.

 

Conclusion
This study provides a critical summary of studies 

exploring the association between AEDs and incident 

PD. Our meta-analysis revealed 1.82 times increased 

odds of PD in AEDs recipients. However, the existing 

evidence is insufficient to definitively establish this as-

sociation. Further research is required to investigate 

this relationship in a more rigorously controlled envi-

ronment.  

Supplementary Materials 

Supplementary file available via: 

Acknowledgments

Author Contributions: Conceptualization: A.SS., R.A., 

and G.K.; methodology and data curation: D.K., D.A., 

R.A.; formal analysis: D.K. and D.A.; writing – original 

draft preparation: R.A., G.K.; writing – review and ed-

iting; A.SS., R.K., and D.K.; and supervision: A.SS.. 

Data availability statement: Data sharing not applica-

ble to this article as no datasets were generated or ana-

lyzed during the current study. 

Statement of Ethics: The study approval was not re-

quired, since this was a meta-analysis of published 

studies.  

Conflict of Interest Statement: The authors declare that 

they have no competing interests.  

Funding Sources: This work did not receive any spe-

cific grants from funding agencies in the public, com-

mercial, or not-for-profit sectors. 

References 

1. Feigin VL, Vos T, Nichols E, Owolabi MO, 

Carroll WM, Dichgans M, et al. The global 

burden of neurological disorders: translating 

evidence into policy. Lancet Neurol. 

2020;19(3):255-65. doi: 10.1016/S1474-

4422(19)30411-9 

2. Dorsey ER, Sherer T, Okun MS, Bloem BR. The 

Emerging Evidence of the Parkinson 

Pandemic. J Parkinsons Dis. 2018;8(s1):S3-s8. 

doi: 10.3233/JPD-181474 

3. Ding C, Wu Y, Chen X, Chen Y, Wu Z, Lin Z, 

et al. Global, regional, and national burden 

and attributable risk factors of neurological 

disorders: The Global Burden of Disease study 

1990-2019. Front Public Health. 

2022;10:952161. doi: 10.3389/fpubh.2022.952161 

https://doi.org/10.1016/S1474-4422(19)30411-9
https://doi.org/10.1016/S1474-4422(19)30411-9
https://doi.org/10.3233/JPD-181474
https://doi.org/10.3389/fpubh.2022.952161


 Akhmedullin et al.                                               Epidemiol Health Data Insights. 2025;1(6):ehdi021  
 

 

EHDI: https://www.journalehdi.com                                                             

4. Sumadewi KT, Harkitasari S, Tjandra DC. 

Biomolecular mechanisms of epileptic seizures 

and epilepsy: a review. Acta Epileptologica. 

2023;5(1):28. doi: 10.1186/s42494-023-00141-4 

5. Müller-Nedebock AC, Dekker MCJ, Farrer MJ, 

Hattori N, Lim SY, Mellick GD, et al. Different 

pieces of the same puzzle: a multifaceted 

perspective on the complex biological basis of 

Parkinson's disease. NPJ Parkinsons Dis. 

2023;9(1):110. doi: 10.1038/s41531-023-00526-9 

6. Anttila V, Bulik-Sullivan B, Finucane HK, 

Walters RK, Bras J, Duncan L, et al. Analysis of 

shared heritability in common disorders of the 

brain. Science. 2018;360(6395). 

doi: 10.1126/science.aap8757 

7. Soliman Y, Mouffokes A. Parkinson's disease 

and epilepsy: A bidirectional relationship and 

potential risks of antiepileptic drugs - a meta-

analysis. Journal of the Neurological Sciences. 

2023;455. doi: 10.1016/j.jns.2023.120787 

8. Cano A, Fonseca E, Ettcheto M, Sanchez-

Lopez E, de Rojas I, Alonso-Lana S, et al. 

Epilepsy in Neurodegenerative Diseases: 

Related Drugs and Molecular Pathways. 

PHARMACEUTICALS. 2021;14. 

doi: 10.3390/ph14111057 

9. Simonet C, Bestwick J, Jitlal M, Waters S, Ben-

Joseph A, Marshall CR, et al. Assessment of 

Risk Factors and Early Presentations of 

Parkinson Disease in Primary Care in a 

Diverse UK Population. JAMA Neurol. 

2022;79(4):359-69. 

doi: 10.1001/jamaneurol.2021.4996 

10. Jacobs BM, Belete D, Bestwick J, Blauwendraat 

C, Bandres-Ciga S, Heilbron K, et al. 

Parkinson's disease determinants, prediction 

and gene-environment interactions in the UK 

Biobank. J Neurol Neurosurg Psychiatry. 

2020;91(10):1046-54. doi: 10.1136/jnnp-2019-

322646 

11. Spina E, Perugi G. Antiepileptic drugs: 

indications other than epilepsy. Epileptic 

Disord. 2004;6(2):57-75. 

12. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, 

Hoffmann TC, Mulrow CD, et al. The PRISMA 

2020 statement: an updated guideline for 

reporting systematic reviews. BMJ. 

2021;372:n71. doi: 10.1136/bmj.n71 

13. Hwang YS, Kang MG, Yeom SW, Jeong CY, 

Shin BS, Koh J, et al. Increasing incidence of 

Parkinson's disease in patients with epilepsy: 

A Nationwide cohort study. J Neurol Sci. 

2024;458:122891. doi: 10.1016/j.jns.2024.122891 

14. Belete D, Jacobs BM, Simonet C, Bestwick JP, 

Waters S, Marshall CR, et al. Association 

Between Antiepileptic Drugs and Incident 

Parkinson Disease. JAMA Neurol. 

2023;80(2):183-7. 

doi: 10.1001/jamaneurol.2022.4199 

15. Kostev K, Doege C, Jacob L, Smith L, 

Koyanagi A, Gollop C, et al. Association 

between Antiepileptic Drugs and Incident 

Parkinson's Disease among Patients Followed 

in German Primary Care Practices. Brain Sci. 

2023;13(3). doi: 10.3390/brainsci13030415 

16. Zhang Q, Bestwick J, Dobson R, Marshall C, 

Noyce A. Association between Antiepileptic 

Drugs and Subsequent Parkinson's Disease in 

East London. MOVEMENT DISORDERS. 

2023;38:S276-S7. 

17. Skow A, Douglas I, Smeeth L. The association 

between Parkinson's disease and anti-epilepsy 

drug carbamazepine: a case-control study 

using the UK General Practice Research 

Database. Br J Clin Pharmacol. 2013;76(5):816-

22. doi: 10.1111/bcp.12109 

18. Zadikoff C, Munhoz RP, Asante AN, Politzer 

N, Wennberg R, Carlen P, et al. Movement 

disorders in patients taking anticonvulsants. J 

Neurol Neurosurg Psychiatry. 2007;78(2):147-

51. doi: 10.1136/jnnp.2006.100222 

19. Hidvegi T, Ewing M, Hale P, Dippold C, 

Beckett C, Kemp C, et al. An autophagy-

enhancing drug promotes degradation of 

mutant alpha1-antitrypsin Z and reduces 

hepatic fibrosis. Science. 2010;329(5988):229-32. 

doi: 10.1126/science.1190354 

20. Rizzo G, Copetti M, Arcuti S, Martino D, 

Fontana A, Logroscino G. Accuracy of clinical 

diagnosis of Parkinson disease: A systematic 

review and meta-analysis. Neurology. 

2016;86(6):566-76. 

doi: 10.1212/WNL.0000000000002350 

21. Basselin M, Chang L, Chen M, Bell JM, 

Rapoport SI. Chronic carbamazepine 

administration attenuates dopamine D2-like 

receptor-initiated signaling via arachidonic 

acid in rat brain. Neurochem Res. 

2008;33(7):1373-83. doi: 10.1007/s11064-008-

9595-y 

https://doi.org/10.1186/s42494-023-00141-4
https://doi.org/10.1038/s41531-023-00526-9
https://doi.org/10.1126/science.aap8757
https://doi.org/10.1016/j.jns.2023.120787
https://doi.org/10.3390/ph14111057
https://doi.org/10.1001/jamaneurol.2021.4996
https://doi.org/10.1136/jnnp-2019-322646
https://doi.org/10.1136/jnnp-2019-322646
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.jns.2024.122891
https://doi.org/10.1001/jamaneurol.2022.4199
https://doi.org/10.3390/brainsci13030415
https://doi.org/10.1111/bcp.12109
https://doi.org/10.1136/jnnp.2006.100222
https://doi.org/10.1126/science.1190354
https://doi.org/10.1212/WNL.0000000000002350
https://doi.org/10.1007/s11064-008-9595-y
https://doi.org/10.1007/s11064-008-9595-y


 Akhmedullin et al.                                               Epidemiol Health Data Insights. 2025;1(6):ehdi021  
 

 

EHDI: https://www.journalehdi.com                                                             

22. López-Sendón J, Mena MA, de Yébenes JG. 

Drug-induced parkinsonism. Expert Opin 

Drug Saf. 2013;12(4):487-96. 

doi: 10.1517/14740338.2013.787065 

23. Johannessen CU, Johannessen SI. Valproate: 

past, present, and future. CNS Drug Rev. 

2003;9(2):199-216. doi: 10.1111/j.1527-

3458.2003.tb00249.x 

24. van Nuland AJM, den Ouden HEM, Zach H, 

Dirkx MFM, van Asten JJA, Scheenen TWJ, et 

al. GABAergic changes in the thalamocortical 

circuit in Parkinson's disease. Hum Brain 

Mapp. 2020;41(4):1017-29. 

doi: 10.1002/hbm.24857 

25. Cook L, Verbrugge J, Schwantes-An TH, 

Schulze J, Foroud T, Hall A, et al. Parkinson's 

disease variant detection and disclosure: PD 

GENEration, a North American study. Brain. 

2024;147(8):2668-79. 

doi: 10.1093/brain/awae177 

26. Sharma A, Osato N, Liu H, Asthana S, Dakal 

TC, Ambrosini G, et al. Common genetic 

variants associated with Parkinson's disease 

display widespread signature of epigenetic 

plasticity. Sci Rep. 2019;9(1):18464. 

doi: 10.1038/s41598-019-54865-w 

27. Song H, Chen J, Huang J, Sun P, Liu Y, Xu L, 

et al. Epigenetic modification in Parkinson's 

disease. Front Cell Dev Biol. 2023;11:1123621. 

doi: 10.3389/fcell.2023.1123621 

28. Cavalli G, Heard E. Advances in epigenetics 

link genetics to the environment and disease. 

Nature. 2019;571(7766):489-99. 

doi: 10.1038/s41586-019-1411-0 

29. Toth M. Epigenetic Neuropharmacology: 

Drugs Affecting the Epigenome in the Brain. 

Annu Rev Pharmacol Toxicol. 2021;61:181-201. 

doi: 10.1146/annurev-pharmtox-030220-023841 

30. Myrianthopoulos NC, Kurland AA, Kurland 

LT. Hereditary predisposition in drug-induced 

parkinsonism. Arch Neurol. 1962;6:5-9. 

doi: 10.1001/archneur.1962.00450210007001 

31. Schapira AH. Neurobiology and treatment of 

Parkinson's disease. Trends Pharmacol Sci. 

2009;30(1):41-7. doi: 10.1016/j.tips.2008.10.005 

32. Willmore LJ. Antiepileptic drugs and 

neuroprotection: Current status and future 

roles. Epilepsy & Behavior. 2005;7:25-8. 

doi: 10.1016/j.yebeh.2005.04.007 

 

 

https://doi.org/10.1517/14740338.2013.787065
https://doi.org/10.1111/j.1527-3458.2003.tb00249.x
https://doi.org/10.1111/j.1527-3458.2003.tb00249.x
https://doi.org/10.1002/hbm.24857
https://doi.org/10.1093/brain/awae177
https://doi.org/10.1038/s41598-019-54865-w
https://doi.org/10.3389/fcell.2023.1123621
https://doi.org/10.1038/s41586-019-1411-0
https://doi.org/10.1146/annurev-pharmtox-030220-023841
https://doi.org/10.1001/archneur.1962.00450210007001
https://doi.org/10.1016/j.tips.2008.10.005
https://doi.org/10.1016/j.yebeh.2005.04.007

