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Background: The association between bipolar disorder (BD) and Parkinson'’s
disease (PD) has been examined in several cohort studies, but existing evidence
is limited by potential confounding and outcome misclassification. This meta-
analysis aims to systematically evaluate this association while appraising the
certainty of the evidence.

Methods: A comprehensive literature search was conducted in PubMed, Web
of Science, Embase and the Cochrane Library from database inception to April
2026. Cohort studies reporting PD risk in individuals with BD were eligible for
inclusion. The outcome was the incidence of PD, with hazard ratios (HRs) and
95% confidence intervals (95% Cls) as effect measures. Random-effects models
were employed and 95% prediction intervals (95% Pls) were calculated to reflect
the expected range of true effects across studies. Effect estimates were extracted
as reported, with varying degrees of adjustment across studies.

Results: Six cohort studies fulfilled the predefined inclusion criteria. Pooled
analysis demonstrated extreme heterogeneity (12 = 92.7%, P < 0.001), with an
HR of 3.65 (95% Cl2.16-6.17, P < 0.001, 95% PI, 0.67—-20.00). Subgroup analyses
were exploratory. Any observed differences by geographic region likely reflect
variation in healthcare systems rather than biological effects. These findings
are drawn from a limited number of observational studies with high risk of
confounding and should be interpreted with caution.

Conclusion: This meta-analysis suggests an association between BD and
subsequent PD diagnosis, with very low certainty of evidence. The pooled
estimate should not be interpreted as representing a single underlying effect,
and a causal interpretation is not warranted due to uncontrolled medication
exposure, outcome misclassification, and extreme heterogeneity.

KEYWORDS
bipolar disorder, eastern, incidence, meta-analysis, Parkinson’s disease

Introduction

Parkinson’s disease (PD), the second most prevalent neurodegenerative disorder
globally, affects over 6 million individuals worldwide, with its incidence and prevalence
projected to rise dramatically-an estimated 25.2 million cases are expected by 2050 (1, 2).
The mortality rate of PD has also increased substantially, from 1.76 per 100,000 people
in 1994 to 5.67 per 100,000 in 2019 (3). Despite its significant public health burden,
the etiopathogenesis of PD remains incompletely understood, and effective preventive
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strategies are lacking. Established risk factors for PD include genetic
predisposition, environmental factors (lifestyle, diet, medication
use) (4), type 2 diabetes (5), and mental disorders (6) such as bipolar
disorder (BD).

BD is a chronic psychiatric condition characterized by
recurrent episodes of mania/hypomania and depression,
accompanied by profound alterations in cognition, behavior, and
energy levels. The etiology of BD remains unclear, but genetic and
environmental factors play pivotal roles in its pathogenesis (7). BD
and PD share neurochemical and inflammatory pathophysiological
pathways, including dopaminergic imbalance (8), immune
dysregulation, and neurodegeneration (9, 10). Patients with
BD display long-term disruption of dopaminergic homeostasis
(11), which may gradually exhaust the compensatory capacity
of dopaminergic neurons and progressively impair neuronal
function. Furthermore, chronic low-grade inflammation in the
brains of BD patients can lead to the loss of dopaminergic neurons
(12, 13) and the pathological aggregation of a-synuclein (14),
both of which result in neurodegeneration and eventually trigger
the development of PD. A prior meta-analysis by Faustino et al.
reported that BD increased the risk of subsequent PD (6). However,
the meta-analysis by Faustino et al. contained three cross-sectional
studies and lacked comprehensive subgroup analyses. Therefore,
to further clarify the association between BD and PD, a systematic
review and meta-analysis of cohort studies was conducted to
evaluate the association between BD and subsequent PD incidence,

informing clinical practice and early intervention.

Methods

Research registration

This research protocol had been registered on PROSPERO
(CRD420251089392) and it was publicly accessible, conducted in
conformity with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (15).

Retrieval strategy

A systematic literature retrieval was carried out in several
databases including PubMed, Web of Science, Embase and the
Cochrane Library from the database inception to April 2026.
Medical Subject Headings (MeSH) terms for “Parkinson Disease”
and “Bipolar Disorder” were used as core search terms, with the
full search strategy presented in the Supplementary Search Strategy.

Abbreviations: BD, bipolar disorder; PD, Parkinson’'s disease; HR, hazard
ratio; 95% Cl, 95% confidence interval; 95% PI, 95% prediction interval;
ROBINS-I, risk of bias in non-randomized studies of interventions; ICEMAN,
instrument for assessing the credibility of effect modification analyses;
DIP, drug-induced parkinsonism; PRISMA, preferred reporting items for
systematic review and meta-analysis; MeSH, medical subject headings;
NOS, Newcastle-Ottawa assessment scale; UK, United Kingdom; ICD,
international statistical classification of diseases and related health problems;
CM, clinical modification

Frontiersin Neurology

10.3389/fneur.2026.1825046

We included studies that investigated the risk of PD in patients
with BD. To avoid missing relevant studies, we manually reviewed
reference lists of eligible articles and relevant published systematic
reviews. Literature screening was independently performed by
two researchers to minimize the risk of selection bias. In case
of disagreement regarding screening results, the third author was
consulted to resolve the controversy.

Inclusion and exclusion criteria

In accordance with the PICOS principle (16) (participants,
interventions, comparisons, outcomes, and study design), the
inclusion criteria were as follows: (a) participants: individuals
without PD at the enrollment; (b) exposure: the diagnosis of BD;
(c) comparison: no diagnosis of BD; (d) outcomes: the incidence
of PD; (e) study design: cohort studies, including prospective
and retrospective.

Studies with the following characteristics were excluded: (a)
the articles not written in English; (b) not statistical data; (c) no
interesting results; (d) the articles not published in full form (e.g.,
extraction, conference report); (e) updated research.

Data extraction

The articles included in the meta-analysis had the data sorted
and extracted according to the prepared table. The data included
authors, year of publication, countries, the sources of data, the basic
information of the participants (age and gender), the diagnostic
bases of BD and PD, the numbers of subjects, follow-up times,
the exclusion criteria and the adjusted factors. Data extraction was
independently conducted by the same two researchers to minimize
the risk of data extraction bias. In case of disagreement in the
result of data extraction, the third author was consulted to resolve
the controversy.

Quality assessment

Risk of bias in the included non-randomized cohort studies
was assessed primarily using the (ROBINS-I) (17), which is the
current Cochrane-recommended instrument for this study design.
The ROBINS-I evaluation covers seven domains: (1) bias due to
confounding, (2) bias in selection of participants into the study,
(3) bias in classification of interventions, (4) bias due to deviations
from intended interventions, (5) bias due to missing data, (6) bias in
measurement of outcomes, and (7) bias in selection of the reported
result. Two researchers independently performed the ROBINS-I
assessments. Any disagreements were resolved through discussion
or, when necessary, by arbitration with a third author.

For transparency, the Newcastle-Ottawa Quality Assessment
Scale (NOS) (18) was retained as a secondary quality assessment
tool. The NOS checklist (18) evaluates three domains: selection,
comparability, and outcomes. A maximum of nine points can be
awarded (two points for comparability and one point for each
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remaining item). Studies scoring >7 points were classified as
superior-quality research. The NOS was also applied independently
by two researchers, with discrepancies resolved by the third author.

The certainty of evidence was assessed using the GRADE
framework (19), risk of bias,

considering inconsistency,

indirectness, imprecision, and publication bias.

Statistical analyses

Primary meta-analyses, subgroup interaction analyses, and
forest plots were generated using the meta package (version
7.0-0) in R (version 4.5.3). Sensitivity analyses and funnel
plots were conducted using STATA 12.0. The hazard ratios
(HRs), 95% confidence intervals (95% Cls) and 95% prediction
intervals (95% PIs) were employed to assess the association
between BD and the incidence of PD. All results were analyzed
using two-tailed tests, with P < 0.05 considered statistically
significant. A lag analysis excluding PD events within 2-5
years after BD diagnosis was attempted. However, this was
infeasible as none of the included studies applied a >2-year
lag design.

Heterogeneity was assessed using the I? statistic and Cochran’s
Q-test. An I> < 25% corresponded to low heterogeneity, 25-50% to
moderate heterogeneity, and >50% to high heterogeneity (20). Due
to the inherent heterogeneity among the studies, random-effects
models were adopted.

STATA 12.0 was employed for sensitivity analyses, including:
(1) leave-one-out analysis for the main pooled estimate;
(2) comparison of studies with vs. without adjustments for
antipsychotic or mood stabilizer exposure to assess confounding
by drug-induced parkinsonism (DIP); (3) leave-one-out analyses
within subgroups.

Heterogeneity sources were explored by subgroup analyses.
Pre-specified subgroups included geographic region and age
at initial BD diagnosis. Post-hoc analyses included a 50-year
age cutoff, NOS dichotomization (7 vs. 8-9), and follow-
up duration (7-year cutoff: exploratory, supplementary). All
subgroup analyses used random-effects models. Between-subgroup
heterogeneity was assessed via Cochran’s Q-test (meta package,
version 7.0-0; R version 4.5.3), with P < 0.05 considered
significant. Most subgroups contained only 2-3 studies, limiting
credibility. Subgroup credibility was assessed using the Instrument
for assessing the Credibility of Effect Modification Analyses
(ICEMAN) (21) (Supplementary Table 4). For the geographic
region subgroup, “Eastern” countries were defined as East Asian
study sites (Taiwan, China and South Korea) and “Western”
countries as Northern European and North American study sites
(Denmark, the United Kingdom, and Canada). This classification
was based on the locations of the included cohorts and was
intended to reflect differences in healthcare systems, diagnostic
coding practices, and antipsychotic prescribing patterns rather than
biological or ethnic differences between populations.

With only six included studies, statistical power to detect
publication bias was insufficient. A funnel plot is provided in the
Supplementary Materials for descriptive purposes only (drawn by
STATA 12.0).
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Results

Study selection

Based on the search strategy, 3,777 studies were obtained from
the PubMed, Web of Science, Embase and Cochrane Library, of
which 689 were excluded due to duplication, and 2,887 studies were
reserved. After reading the title and abstract, 16 articles were kept
up for full-text assessment. Finally, six studies met all inclusion
criteria and were included in this analysis (22-27), 10 articles being
excluded due to non-cohort studies (n = 4), no data available
studies (n = 5) and an updated study (n = 1; Figure 1).

Characteristics of the included study

Table 1 and Supplementary Table 1 showed characteristics of
all the studies included in the meta-analysis containing four
retrospective and two prospective studies. The publication years
of the six articles ranged from 2001 to 2024. Geographically,
these studies were distributed across different regions, with two
conducted in Taiwan, China, one in Denmark, one in the UK, one in
Korea and one in Canada, three from Eastern countries and three
from Western countries. Regarding the sample sizes of the study
groups, the number of diagnosed cases of BD was 44,714, while
the number of participants in the control group was 9,979,654. For
the diagnosis of BD, it was based on medical records, International
Statistical Classification of Diseases and Related Health Problems-
9-Clinical Modification (ICD-9-CM) codes, lithium medication
use, International Statistical Classification of Diseases and Related
Health Problems-10 (ICD-10) codes and symptoms assessed via
the Structured Clinical Interview for DSM-IV Axis I Disorders.
Meanwhile, the diagnosis of PD hinged primarily on record linkage
diagnosis, ICD-9-CM codes, antiparkinsonian medication use,
ICD-10 code (G20) and rare intractable diseases (V124). Table 1
also summarizes the handling of antipsychotic, mood stabilizer, and
valproate exposure, washout periods, and PD diagnosis validation:
most studies did not exclude or adjust for psychotropic drug
exposure; PD ascertainment relied on administrative codes without
specialist validation, and only one study applied a washout period.
Additionally, there was variation in follow-up time across the
studies, with durations spanning from 2 years to 17 years. Across
these included studies, common adjustment factors contained age,
gender, income, level of urbanization, smoking, alcohol, Charlson
score, diabetes and hypertension. Of the six included studies, one
(26) additionally reported stratified effect estimates by BD subtype.
The adjusted HR for BD-I was 2.05 (95% CI 1.02-4.11) and for other
BD was 3.33 (95%CI 2.22-4.11). As only a single study provided BD
subtype-specific data, these estimates were not subjected to pooled
meta-analysis.

Quality assessment

Risk of bias in the six included cohort studies was assessed
Three
serious overall risk of bias and three as moderate overall risk

primarily using ROBINS-I. studies were rated as
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
[ Identification of studies via databases and registers ]
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FIGURE 1
Flow diagram illustrating the study selection process. “Consider, if feasible to do so, reporting the number of records identified from each database or
register searched (rather than the total number across all database/registers). ~*If automation tools were used, indicated how many were excluded by
automation tools

of bias. Detailed assessments for each study are presented
in Supplementary Table2 and Supplementary Figure 1. For
transparency, the NOS was retained as a secondary tool and all
studies scored >7 points (Supplementary Table 3).

The results of GRADE showed very low certainty of
evidence for the association between BD and PD due to serious
risk of bias (uncontrolled antipsychotic exposure and outcome
misclassification), extreme inconsistency, serious imprecision
(Supplementary Table 5).

Analysis of main outcome

Pooled analysis showed BD was associated with an increased
incidence of subsequent PD [HR = 3.65, 95% CI, 2.16-6.17, P
< 0.001, 95% PI, 0.67-20.00 (I* = 92.7%, P < 0.001); Figure 2].
The wide PI and extreme heterogeneity indicate this estimate
should not be interpreted as a single uniform underlying effect.
The large magnitude likely reflects uncontrolled confounding by
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antipsychotic and mood stabilizer exposure, which can cause drug-
induced parkinsonism indistinguishable from idiopathic PD in
administrative databases.

A formal lag analysis excluding the first 2-5 years was infeasible
due to lack of studies with >2-year lag design. Only Yoon 2024
applied a 1-year lag, reporting an HR of 6.05 (95% CI 2.19-16.72).
Notably, this estimate was higher than the primary pooled estimate
(HR 3.65), suggesting that a 1-year lag is insufficient to exclude
drug-induced parkinsonism or that other methodological factors
may contribute to the observed association. This is based on a single
study and should be interpreted with caution.

Sensitivity analyses and publication bias

A sensitivity analysis was conducted to carry out detailed
examination of each study one by one. Removing each individual
study one by one, the results remained stable (Figure 3).
Estimates were comparable between the two studies that adjusted
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TABLE 1 Characteristics of the studies included in the meta-analysis.

Author  Year Country Data sources Antipsychotic Mood Valproate = Washout The diagnosis  The diagnosis  PD diagnosis Follow
exposure stabilizer exposure period validation
exposure (year)
Nilsson, F. 2001 Denmark Denmark public NA NA NA No Medical records Record linkage Administrative codes 17
M. hospital registration diagnosis only
system
Lin, H. L. 2014 Taiwan Longitudinal health NA NA NA No Record linkage Medical records At least two 6
insurance database diagnosis using using ICD-9-CM concordant PD
2000 of Taiwan ICD-9-CM codes code: 332.0 diagnoses
296.0, 296.4, 296.5,
296.6, 296.8
Mao- 2024 Taiwan Taiwan National Analyzed in Excluded in Analyzed in No Record linkage Medical records Administrative codes 2-10
Hsuan Health Insurance subgroup analysis sensitivity and subgroup diagnosis using using ICD-9-CM confirmed by two
Huang Research database analyzed in analysis ICD-9-CM codes: code: 332.0 physicians
subgroup 296.0,296.1, 296 4,
analysis 296.5,296.6, 296.7,
296.80, 296.81,
296.89
Marras, C. 2016 Canada Ontario Excluded in main Analyzed in Analyzed in No Medical records via Record linkage Administrative codes 2
administrative health | analysis subgroup subgroup lithium medication diagnosis via anti only
care databases analysis analysis parkinsonian
medication
Xu, X. 2024 United UK biobank Analyzed in Analyzed in NA No Record linkage Medical records Administrative codes 13.8
Kingdom subgroup analysis subgroup diagnosis using only
analysis ICD-10 and
symptoms within the
SCID-1
Yoon, S. Y. 2024 Korea Korean National NA NA NA Yes (1) Medical records Medical records Administrative codes 9
Health Insurance using ICD-10 code only
Service and National (G20) and
Health Screening registration code for
databases RIDs (V124)

BD, bipolar disorder; PD, Parkinson’s disease; ICD, international statistical classification of diseases and related health problems; CM, clinical modification; SCID, structured clinical interview for DSM IV axis I disorders; RIDs, rare intractable diseases; NA, not

available; UK, United Kingdom.
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Study InHR SE(InHR) Hazard Ratio HR 95%-Cl Weight
Nilsson FM. - 2001 0.7885 0.1309 = 2.20 [1.70; 2.84] 18.2%
Lin, H. L. - 2014 1.6134 0.1356 h ¢ 5.02 [3.85; 6.55] 18.2%
Mao-Hsuan Huang - 2024 2.1552 0.1563 V- 8.63 [6.35; 11.72] 17.9%
Marras, C. - 2016 0.5188 0.2005 - 1.68 [1.13; 2.49] 17.2%
Xu, X. - 2024 1.0578 0.1781 — 2.88 [2.03; 4.08] 17.6%
Yoon, S. Y. -2024 1.8001 0.5185 — 6.05 [2.19; 16.72] 11.0%
Random effects model - 3.65 [2.17; 6.13] 100.0%
Prediction interval ——— [0.67; 20.00]
T T T ]
0.1 05 1 2 10

Heterogeneity: I° = 92.7%, 1° = 0.3676, y2 = 68.46 (p < 0.0001)

FIGURE 2

Forest plot of PD incidence in BD patients (P < 0.001)

Meta-analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit

Nilsson FM. (2001)

Lin, H. L. (2014)

Mao—Hsuan Huang (2024)

Marras, C. (2016)

Xu, X. (2024)

Yoon, S. Y. (2024)
1.80 231 3.67 5.02 6.39

FIGURE 3
Sensitivity analysis to explore the risk of developing PD in patients
with BD.

for antipsychotic or mood stabilizer exposure and those with
uncontrolled exposure. However, with only two studies in the
adjusted group, this comparison is exploratory and cannot exclude
drug-induced parkinsonism as a major confounder. Sensitivity
analyses omitting one study at a time within subgroups yielded
no substantial changes in direction; however, given that most
subgroups comprised only 2-3 studies, these observations do not
establish robust or credible subgroup effects.

Publication bias could not be reliably assessed due to the
small number of included studies (n = 6), which is below the
minimum of 10 studies recommended by Cochrane for meaningful
funnel plot asymmetry assessment. The funnel plot is provided
in the Supplementary Materials for descriptive purposes only
(Supplementary Figure 2).

Subgroup analyses

Given the high heterogeneity observed in the pooled analysis
(> = 92.7%), subgroup analyses were conducted to explore
potential sources of heterogeneity. Pre-specified subgroups
included geographic region and age at initial BD diagnosis.
Post-hoc analyses included gender, NOS score dichotomization,
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and follow-up duration (exploratory, supplementary only). All
subgroup interaction tests were interpreted with caution: most
subgroups contained only 2-3 studies, and formal ICEMAN
assessment rated the credibility of all proposed effect modifications
as very low credibility (Supplementary Table 4).

Geographic region

The incidence of PD was significantly higher in the BD group
than in the control group in both Eastern and Western countries
[Eastern: HR = 6.47, 95% CI 4.18-10.00, P < 0.001, 95% PI
1.27-32.87 (I> = 70.9%, P = 0.0323); Western: HR = 2.22,
95% CI 1.70-2.91, P < 0.001, 95% PI 0.86-5.71 (I*> = 50.8%,
P = 0.1308)]. A statistically significant subgroup interaction was
observed (P < 0.001). However, because geographic region is
completely confounded with healthcare system, diagnostic coding
practice, and antipsychotic prescribing patterns, this interaction
should not be interpreted as evidence of a true biological difference
between populations (Figure 4).

Gender

The incidence of PD was higher in the BD group compared to
the control group in both sexes [males: HR = 9.71, 95%CI 5.65-
16.70, P < 0.001, 95% PI 0.29-326.18 (I> = 0%, P = 0.5552);
females: HR = 6.01, 95% CI 3.51-10.28, P < 0.001, 95% PI 0.05-
787.55 (I> = 46.8%, P = 0.1703)], but no statistically significant
difference was found between the two subgroups (P = 0.1320). The
PIs for both sexes are extraordinarily wide and cross 1. This analysis
was based on within-trial subgroup data from only two studies
and was rated as having very low credibility by ICEMAN. The
numerical difference in point estimates does not establish credible
effect modification by gender (Figure 5).

Age at initial BD diagnosis

A significant increased risk of PD was observed in both
subgroups [age >50 years: HR = 5.62, 95% CI 2.43-12.98, P <

frontiersin.org


https://doi.org/10.3389/fneur.2026.1825046
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Su et al. 10.3389/fneur.2026.1825046
Study InHR SE(InHR) Hazard Ratio HR 95%-Cl Weight
Lin, H. L. - 2014 1.6134 0.1356 5.02 [3.85; 6.55] 44.3%
Mao-Hsuan Huang - 2024 2.1552 0.1563 8.63 [6.35; 11.72] 42.0%
Yoon, S. Y. - 2024 1.8001 0.5185 6.05 [2.19; 16.72] 13.7%
Random effects model 6.47 [4.18; 10.00] 100.0%
Prediction interval [1.27; 32.87]
Heterogeneity: 12 = 70.9%, t° = 0.0933, y2 = 6.86 (p = 0.0323)
Study InHR SE(InHR) Hazard Ratio HR 95%-Cl Weight
Nilsson FM. - 2001 0.7885 0.1309 = 2.20 [1.70; 2.84] 41.2%
Marras, C. - 2016 0.5188 0.2005 —_— 1.68 [1.13; 2.49] 27.5%
Xu, X. - 2024 1.0578 0.1781 - 2.88 [2.03; 4.08] 31.3%
Random effects model ‘ 2.22 [1.70; 2.91] 100.0%
Prediction interval e — [0.86; 5.71]
I T T 1
0.2 0.5 1 2 5
Heterogeneity: /> = 50.8%, 1% = 0.0291, 72 = 4.07 (p = 0.1308)
FIGURE 4
Forest plot of subgroup analysis of PD incidence in BD patients based on geographic region (a: Eastern countries: P < 0.001; b: Western countries: P
< 0.001).
Study InHR SE(InHR) Hazard Ratio HR 95%-Cl Weight
Mao-Hsuan Huang - 2024 2.3561 0.3101 - 10.55 [5.75; 19.37] 79.5%
Yoon, S.Y.-2024 1.9516 0.6115 —— 7.04 [2.12; 23.34] 20.5%
Random effects model <> 9.71 [5.65; 16.70] 100.0%
Prediction interval = [0.29; 326.18]
r T T 1
0.01 0.1 1 10 100
Heterogeneity: 1 = 0.0%, = 0, 3% = 0.35 (p = 0.5552)
Study InHR SE(InHR) Hazard Ratio HR 95%-Cl Weight
Mao-Hsuan Huang - 2024 2.0255 0.2385 ™= 7.58 [4.75; 12.10] 58.1%
Yoon, S.Y.-2024 1.4702 0.3273 - 4.35 [2.29; 8.26] 41.9%
Random effects model 0 6.01 [3.51; 10.28] 100.0%
Prediction interval — [0.05; 787.55]
rr t 1 1
0.01 0.1 1 10 100
Heterogeneity: /% = 46.8%, t* = 0.0722, %% = 1.88 (p = 0.1703)
FIGURE 5
Forest plot of subgroup analysis of PD incidence in BD patients based on gender [(a): female: P < 0.001; (b): male: P < 0.001].

0.001, 95% PI 0.00-57,156.96 (I> = 94.2%, P < 0.001); age <50
years: HR = 10.56, 95%CI 6.29-17.74, P < 0.001, 95% PI 0.37-
304.09 (I> = 0%, P = 0.9892)], with no statistically significant
difference between them (P = 0.140). Both PIs cross 1 and span
several orders of magnitude, reflecting extreme uncertainty. This
comparison was based on within-trial data from only two studies
and was rated as very low credibility by ICEMAN. It cannot reliably
assess whether age at BD onset modifies the association (Figure 6).
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Study quality (NOS score)

Studies were dichotomized at NOS = 7 vs. 8-9 based on the
median score across included studies. The incidence of PD was
higher in the BD group than in the control group in both quality
subgroups [NOS = 7: HR = 2.93, 95% CI 1.00-8.57, P = 0.049, 95%
PI10.00-409,516.93 (I2 =95.1%, P < 0.001); NOS = 8/9: HR = 4.13,
95% CI 1.97-8.68, P < 0.001, 95% PI 0.32-53.49 (12 =93.7%, P <
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FIGURE 6
Forest plot of subgroup analysis of PD incidence in BD patients based on the initial diagnosis age of BD [(a): <50 years old: P < 0.001; (b): >50 years
old: P < 0.001].

0.001)], with no statistically significant difference between them (P
= 0.597). The extremely wide PIs that cross 1 indicate that these
quality-stratified estimates are not reliable summaries of a common
underlying effect (Figure 7).

Discussion

This meta-analysis identified a statistical association between
BD and subsequent PD diagnosis in cohort studies. However,
this estimate is affected by extreme heterogeneity and a high risk
of confounding. The pooled HR should not be interpreted as
an estimate of a single underlying effect. The wide PI reflects
that the true association may vary substantially across healthcare
settings and study designs. The discussion below first considers
the most likely sources of bias and misclassification, before turning
to-admittedly speculative-biological hypotheses.

The observed association may be largely explained by drug-
induced parkinsonism (DIP) misclassified as idiopathic PD rather
than by a true neurodegenerative causal pathway. Patients with BD
are chronically exposed to antipsychotics, lithium, and valproate-
all documented causes of DIP, which is clinically indistinguishable
from idiopathic PD in administrative databases. Four of the six
included studies did not adjust for these medications. The finding
from the 2016 study by Marras et al. of increased anti-parkinsonian
drug dispensing after lithium is most parsimoniously explained
by lithium-associated tremor and diagnostic misclassification, not
a-synucleinopathy. We therefore interpret the pooled estimate
as reflecting measurement bias and confounding by indication
rather than a causal effect. This interpretation does not exclude
the existence of a true biological link, but testing such a
hypothesis would require studies with validated diagnoses and
controlled drug exposure—standards not met by the current
evidence base.
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Mechanistic pathways (speculative)

Should a true causal link between BD and PD be established
in future studies with validated diagnoses and controlled drug
exposure, several biological hypotheses have been proposed.
Central to these is dopaminergic system dysregulation: recurrent
hyperdopaminergia during manic episodes and compensatory
alterations during depressive phases could theoretically impair
long-term neuronal resilience (11). Hypothesized molecular
pathways include altered dopamine catabolism (e.g., catechol-
O-methyltransferase variants) (28, 29) and dopamine receptor
subtype 2 polymorphisms (30-34); immune dysfunction, chronic
inflammation (12, 13, 35-41), and oxidative stress (42) have also
been proposed. Inflammatory processes may further regulate a-
synuclein metabolism (14). However, no immunological, oxidative,
genetic, or biomarker data were analyzed in the present
meta-analysis, and these mechanistic interpretations remain
entirely hypothetical. A critical distinction must be made
between two drug-related mechanisms: antipsychotics, lithium,
and valproate can induce DIP, which is misclassified as idiopathic
PD (a measurement bias); alternatively, these medications may
theoretically contribute to genuine neurodegeneration through
dopamine receptor blockade and mitochondrial impairment (42—
45). The present data cannot distinguish between these pathways.

Subgroup analyses
Geographic region

The subgroup analysis by geographic region showed higher
observed effect estimates in studies from Eastern countries than in

those from Western countries (subgroup interaction P < 0.001).
However, this difference likely reflects variation in healthcare
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FIGURE 7
Forest plot of subgroup analysis of PD incidence in BD patients based on study quality [(@): moderate-quality (NOS = 7): P = 0.049; (b): high-quality
(NOS = 8/9): P < 0.001]

systems, diagnostic coding practices, and antipsychotic prescribing
patterns rather than biological differences between populations
(46, 47). The Eastern subgroup comprised administrative database
studies from Taiwan and South Korea, while the Western subgroup
included studies from Denmark, the UK, and Canada; these regions
differ in case ascertainment methods, medication reimbursement
policies, specialist referral pathways, and diagnostic cultures. We
explicitly caution that this subgroup interaction test should not be
interpreted as evidence of a true biological effect modifier.

Gender

The incidence of PD was higher in the BD group than in
the control group in both sexes, but no statistically significant
subgroup interaction was detected (P = 0.132). This analysis
was based on within-trial subgroup data from only two studies
and was rated as having very low credibility by ICEMAN; the
numerical difference in point estimates does not establish credible
effect modification by gender. Should a true difference exist, one
speculative hypothesis is that estrogen may exert neuroprotective
effects (48-50), although clinical trials of estrogen replacement in
PD have yielded mixed or negative results, and the present analysis
contains no hormonal data. Higher comorbidity burdens (51, 52)
and potentially different medication dosing in male patients are
alternative speculative explanations, but these were not directly
measured in the included studies.

Initial diagnosis age of BD

A significantly increased risk of PD was observed in both
age subgroups, with no statistically significant difference between
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groups (P = 0.140). This comparison was rated as having very
low credibility by ICEMAN, owing to the inclusion of only
two studies; therefore, it cannot reliably assess whether age at
BD onset modifies the association. One speculative hypothesis
is that younger BD patients may require longer durations of
pharmacotherapy, resulting in greater cumulative antipsychotic
exposure (53). However, this hypothesis was not examined in the
present analysis.

Study quality (NOS score)

Studies were dichotomized by NOS score (7 vs. 8-9) based on
the median value across included studies. Although the direction
of association remained consistent across quality subgroups, the
lack of significant subgroup interaction (P = 0.597), wide ClIs,
small study count, and post-hoc cutoft definition indicate that this
consistency cannot confirm the robustness of the main findings.

Follow-up duration (exploratory)

This analysis was exploratory and is presented in the
Supplementary Materials (Supplementary Figure 3). No significant
subgroup interaction was identified (P = 0.889). These findings
should be interpreted with caution, owing to the arbitrary post-hoc
cutoff and very low credibility per the ICEMAN framework.

Consideration of the unusually high effect size

The pooled HR of 3.65 and subgroup HRs of up to 9.71 in males,
10.56 in early-onset BD patients, and 6.47 in Eastern populations
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are markedly larger than effect sizes for any established non-
genetic risk factor for PD. For context, type 2 diabetes is associated
with an HR of approximately 1.2-1.4 (54), and pesticide exposure
confers an odds ratio of approximately 1.5-2.0 (55). An HR near
10 is comparable to or even greater than the effect size associated
with major pathogenic mutations such as Leucine-Rich Repeat
Kinase 2, Glycine 2019 Serine (56). In observational research, effect
sizes of this magnitude most commonly arise from uncontrolled
confounding, selection bias, and outcome misclassification rather
than true causal effects. Accordingly, our findings require extremely
cautious interpretation, and we have deliberately tempered causal
inferences throughout the manuscript. These strong associations
should be regarded as epidemiological links rather than definitive
proof of causality.

Comparison with previous studies

Consistent with previous research, our findings align with
a prior meta-analysis by Faustino et al., who first reported an
elevated PD risk among patients with BD. However, several
notable differences exist between the two studies. Importantly, the
earlier meta-analysis incorporated three cross-sectional studies,
which restrict causal inference and prevent clear clarification of
the temporal relationship between BD and PD. Furthermore,
that study lacked comprehensive subgroup analyses to explore
potential effect modifiers. In contrast, the present meta-analysis
exclusively included cohort studies with adjusted HRs and
performed subgroup analyses, alongside formal interaction
tests and ICEMAN-based credibility evaluation. Although these
methodological improvements enhance analytical transparency,
key limitations of the current evidence base remain unresolved,
including extreme heterogeneity (95% PI: 0.67-20.00), substantial
confounding related to psychotropic medication exposure, and
a limited number of eligible studies. Overall, the present results
support a temporal association between BD and subsequent PD
onset, but cannot confirm a causal relationship.

Limitations

Our study has several limitations. First, the number of included
studies was relatively limited (n = 6), which restricted statistical
power, precluded meta-regression, and rendered most subgroup
analyses unreliable, as the majority were based on only 2-3
studies. Second, considerable heterogeneity was identified across
included studies (I> = 92.7%), and the 95% PI (0.67-20.00)
indicated that the true effect may range from protective to
strongly harmful across different settings. Third, stratified data
on BD subtypes (BD-I vs. other BD) were available from only
one included study (27), precluding pooled subtype-specific risk
analyses. BD-I and BD-II differ in pharmacotherapy regimens
and may carry distinct risks of drug-induced parkinsonism.
Detailed data on PD subtypes (idiopathic vs. drug-induced)
were unavailable across all studies, preventing further subtype-
specific risk analyses. Fourth, the 95%PIs for the sex, age-at-
onset of BD, and NOS = 7 subgroups were extremely wide
and crossed the null value of 1 (ranging from 0.05 to 787.55,
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0.00 to 57,156.96, and 0.00 to 409,516.93, respectively), indicating
severe imprecision because each subgroup included only two
studies. Accordingly, these estimates are not robust enough to
support credible effect modification and should be interpreted
with great caution to avoid overinterpretation. Fifth, a formal lag
analysis excluding the initial 2-5 years following BD diagnosis was
infeasible, since no included study adopted a lag period of >2
years by design. The single study with a 1-year lag (27) reported
an HR of 6.05 (95% CI: 2.19-16.72). This point estimate was
elevated, rather than attenuated, relative to the primary pooled
result, suggesting that a 1-year lag is inadequate to eliminate
persistent drug effects or that unmeasured confounding operates
throughout the entire follow-up duration. Reverse causation
represents an additional key concern: prodromal PD may manifest
with psychiatric symptoms that are misdiagnosed as BD, especially
among older adults, and the absence of an adequate lag period
cannot rule out this scenario. Accordingly, the observed BD-PD
association may be bidirectional and requires clarification through
future studies with validated diagnostic criteria and extended
washout periods. Finally, protopathic bias, surveillance bias, and
residual confounding by unmeasured psychotropic medication
exposure remain important unresolved alternative explanations.
Collectively, these shortcomings may weaken the robustness of our
pooled estimates, which necessitates highly cautious interpretation.
Further large-scale, methodologically rigorous, multi-ethnic studies
are warranted to verify these findings.

Conclusion

In summary, this meta-analysis of six cohort studies identified
an association between BD and subsequent PD diagnosis. However,
the overall certainty of this evidence is very low. The wide PI
suggests substantial variability in the true effect across different
clinical and healthcare settings, and the pooled HR should not
be regarded as a uniform underlying effect size. The observed
association is largely driven by uncontrolled confounding related
to antipsychotic and mood stabilizer use, as well as frequent
misclassification of drug-induced parkinsonism as idiopathic PD
within administrative healthcare databases. Although subgroup
analyses showed consistent directional trends, each comparison
relied on merely 2-3 studies and was graded as very low
credibility per the ICEMAN framework. Geographic disparities
in effect estimates most likely stem from differences in healthcare
delivery and prescribing practices, rather than inherent biological
disparities across populations. Given prominent heterogeneity
and methodological limitations, the true magnitude of the
BD-PD association remains unclear, and causal inference is
not justified based on the current evidence base. Future well-
designed prospective cohort studies with validated diagnostic
ascertainment, comprehensive adjustment for psychotropic
medication exposure, and structured lag analyses are essential
before deriving any clinical or public health recommendations.
Proposed biological mechanisms underlying this relationship
remain speculative. Large-scale, multi-ethnic collaborative
research is also required to enhance the generalizability of

relevant findings.
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