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The causal effects of intelligence
and fluid intelligence on
Parkinson’s disease: a Mendelian
randomization study

Cong Jing", Xiaojiao Zhong?!, XuLi Min' and Hao Xu*

'Departments of Interventional Radiology, Affiliated Hospital of North Sichuan Medical College,
Nanchong, Sichuan, China, ?Yilong County General Hospital (Ma'an Campus), Nanchong, Sichuan,
China

Background: Parkinson’s disease (PD) is a chronic neurodegenerative disease
that affects the central nervous system, primarily the motor nervous system, and
occurs most often in older adults. A large number of studies have shown that
high intelligence leads to an increased risk of PD. However, whether there is a
causal relationship between intelligence on PD has not yet been reported.

Methods: In this study, Mendelian randomization (MR) analysis was performed
with intelligence (ebi-a-GCST006250) and fluid intelligence score (ukb-b-5238)
as exposure factors and PD (ieu-b-7) as an outcome, which the datasets were
mined from the IEU OpenGWAS database. MR analysis was performed through
3 methods [MR Egger, weighted median, inverse variance weighted (IVW)], of
which IVW was the primary method. In addition, the reliability of the results
of the MR analysis was assessed via the heterogeneity test, the horizontal
polytropy test, and Leave-One-Out (LOO). Finally, based on gene ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) databases, the genes
corresponding to intelligence and fluid intelligence score related to SNPs were
enriched for functional features and pathways.

Results: The results of MR analysis suggested that elevated intelligence
indicators can increase the risk of PD [p = 0.015, Odd Ratio (OR) = 1.316].
Meanwhile, fluid intelligence score was causally associated with the PD
(p = 0.035), which was a risk factor (OR = 1.142). The reliability of the
results of MR analysis was demonstrated by sensitivity analysis. Finally, the
results of GO enrichment analysis for 87 genes corresponding to intelligence
related SNPs mainly included regulation of synapse organization, developmental
cell growth, etc. These genes were enriched in the synaptic vessel cycle,
polycomb expressive complex in KEGG. Similarly, 44 genes corresponding to
SNPs associated with fluid intelligence score were used for enrichment analysis.
Based on the GO database, these genes were mainly enriched in regulation of
developmental growth, negative regulation of neuron projection development,
etc. In KEGG, 44 genes corresponding to SNPs associated with fluid intelligence
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score were enriched in signaling pathways including Alzheimer’s disease, the
cellular senescence, etc.

Conclusion: The causal relationships between intelligence and fluid intelligence
scores, and PD were demonstrated through MR analysis, providing an important
reference and evidence for the study of PD.

KEYWORDS

Parkinson'’s disease, intelligence, fluid intelligence scores, Mendelian randomization
(MR) analysis, causal relationship

1 Introduction

(PD) is a
neurodegenerative disease characterized by motor and non-

Parkinson’s  disease chronic, progressive
motor features (Tolosa et al., 2006). PD is the second most
common neurodegenerative disease affecting the health of
middle-aged and elderly people, second only to Alzheimer’s
disease (Paul et al., 2018). The main pathological feature of PD
is the gradual loss of dopaminergic neurons in the substantia
nigra of the midbrain, which leads to a lack of dopamine in the
striatum, causing pathophysiological changes in the downstream
basal ganglia circuits, and then motor dysfunction with resting
tremor, tonus, postural instability, and bradykinesia (Tolosa
et al, 2006; De Virgilio et al.,, 2016). The pathogenesis of PD is
still not fully understood, and genetic, environmental, and age
factors are currently recognized as relevant to the development
of PD (Emamzadeh and Surguchov, 2018). Although the link
between PD and professions is mostly focused on environmental
factors, some professions may increase the risk of PD due to
exposure to environmental factors, such as toxins in agriculture
or infections in the healthcare industry. However, there are still
studies indicating that receiving a high level of education is a risk
factor for Parkinson’s disease (Park et al., 2005). In addition, in
one study, the use of highly complex data was associated with an
increased risk of PD (Valdés et al., 2014). Despite various proposed
mechanistic theories, the pathogenesis of PD remains unclear.
Therefore, understanding the underlying pathogenesis of PD is
essential to facilitate the development of effective treatments and
improve prognosis.

In 1943, Cattell defined intelligence as composed of two factors:
crystalline intelligence and fluid intelligence “(Horn and Cattell,
1967)”. Crystalline intelligence reflects the results of previous
learning, while fluid intelligence is the ability to translate and solve
problems. Fluid intelligence is considered independent of learning,
experience, and education (Ghisletta et al., 2012). Research has
found that fluid intelligence tends to decrease with age (Ghisletta
et al., 2012) and this ability is impaired in dementia patients.
However, there is little direct assessment of the causal effects
of intelligence and fluid intelligence scores on PD. A recent
cohort study based on a large population found that individuals
with higher intelligence and higher education levels are more
likely to develop Parkinson’s disease (Fardell et al., 2020). The
connection between higher intelligence and PD may be due to
higher fluid intelligence scores. However, as fluid intelligence scores
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are a powerful predictor of the combination of intelligence and
education, intelligence may be a partial reason for the connection
between fluid intelligence scores and PD. A previous study
investigated the causal relationship between intelligence and several
diseases in the European population, but did not find any statistical
evidence that had an impact on PD (Shi et al., 2022). Therefore,
we further explore the causal relationship between intelligence and
fluid intelligence scores and PD through MR analysis.

Mendelian randomization (MR) is a method that has gained
popularity in the medical research field in recent years (Emdin et al.,
2017). It allows for estimating the causal impact of a modifiable
risk factor using genetic variants from observational data. This
method is favored due to its unique advantages and the rapid
development of genomics. MR analysis provides a solution to
the limitations of conventional studies by using single nucleotide
polymorphisms (SNPs) as instrumental variables (IVs) to establish
causality between a risk factor (exposure) and an outcome (Emdin
et al., 2017). The MR method depends on three assumptions: (1)
that the genetic variant is linked with the exposure of interest;
(2) that the genetic variant is not affected by confounding factors;
and (3) that the genetic variant indicators influence the outcome
solely through the exposure (Skrivankova et al., 2021). The IVs
utilized in MR analysis are derived via genome-wide association
studies (GWAS), which are now available due to advancements in
high-throughput genomic technologies. Therefore, in this study,
we examined the causal effects of intelligence and fluid intelligence
score on PD by using both MR and conventional analyses. This
approach can provide estimates of the effects of the trait while
reducing the bias due to confounding and reverse causation.

Therefore, to further understand the pathogenesis of PD, this
study used public database data from IEU OpenGWAS database
and the MR analysis method to explore the causal relationship
between intelligence and fluid intelligence score and PD. This is
crucial for an in-depth study of the basic mechanisms of PD,
providing a new possibility for the treatment and improvement of
the quality of life for PD.

2 Materials and methods

2.1 Data source

Three
intelligence

(ebi-a-GCST006250),
and PD (ieu-b-7),

fluid
were

datasets,
score

intelligence
(ukb-b-5238),
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analysis in this study. The intelligence dataset was comprised N 5 =
- =) N
of 33,674 cases and 449,056 controls, with 17,891,936 S P 3
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The MR estimates of the causal relationship between intelligence and PD. (A) The scatter plot of the association of intelligence on PD. (B) The forest
plot of causal relationship between intelligence on PD. (C) The funnel plot of MR study between intelligence and PD. (D) LOO analysis of the
association of intelligence on PD. MR, Mendelian randomization; PD, Parkinson’s disease; SNP, single-nucleotide polymorphism; LOO,

TABLE 2 Heterogeneity test for intelligence-Parkinson’s disease.

id.exposure

Exposure

ebi-a-
GCST006250

Parkinson’s disease ||
id:ieu-b-7

Intelligence ||
id:ebi-a-
GCST006250

MR Egger

195.3482

135

0.00053

ebi-a-
GCST006250

ieu-b-7

Parkinson’s disease ||
id:ieu-b-7

Intelligence || Inverse variance
id:ebi-a-

GCST006250

weighted

197.5993

136

0.000443
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TABLE 3 Tests of Multiple Validity of Intelligence-Parkinson’s disease Levels.

10.3389/fnagi.2024.1388795

id.exposure id.outcome Outcome Exposure egger_intercept se p-value
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Functional enrichment of genes corresponding to SNPs. (A) GO enrichment analysis. (B) KEGG enrichment analysis. PD, Parkinson's disease; GO,
gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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TABLE 4 MR analysis of fluid intelligence scores and Parkinson’s disease.

or_lci95| or_uci95

id.outcome Outcome Exposure
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2.5 Functional enrichment analysis of
genes corresponding to SNPs

In order to explore the functions and pathways involved
in the genes regulated by the IVs, the genes corresponding to
the SNPs were first identified by the Variation effect predictor
(VEP) of Ensembl website. The genes corresponding to SNP were
included to enrichment analysis based on gene ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) via
the clusterProfiler package in R and the screening condition was
p-value < 0.05.

3 Results

3.1 Intelligence had a significant causal
relationship with PD

In this study, a total of 137 intelligence-related SNPs were
screened out for MR analysis (Supplementary Table 1). IVW
results indicated that there was a significant causal relationship
between intelligence and PD (p = 0.015), and elevated intelligence
indicators would increase the risk of PD [Odd Ratio (OR) = 1.316]
(Table 1). In the scatter plot, the effect of SNPs of intelligence on
PD was positively correlated overall, indicating that the risk of PD
increases with the increase of intelligence indicators (Figure 1A). In
the forest map illustrated that the effect values of exposure factors
on outcome variables were all greater than 0, indicating that the
increase of intelligence index would increase the risk of PD, and
intelligence was the cause and PD was the effect (Figure 1B). The
funnel plot illustrated that MR analysis of intelligence and PD were
consistent with Mendel’s second random law (Figure 1C).

The reliability of the results of the MR analysis of intelligence
and PD was then assessed through sensitivity analysis. The
quantitative results of the Cochran’s Q test for the IVW method
indicated that there was heterogeneity (Q-p-value = 4.435 x 10~%)
(Table 2). The p-value of the MR-Egger test was 0.214 in horizontal
pleiotropy test, indicating that there were no confounding factors
in this MR analysis, which further ensured the reliability of the MR
results (Table 3). Finally, in the forest map, each SNP was gradually
eliminated through LOO analysis, and the effect of the remaining
SNPs on the outcome variable did not change much, indicating that
the results of the MR analysis were reliable and stable (Figure 1D).
Overall, the above results showed that there was a significant causal
relationship between intelligence and PD and that intelligence was
a risk factor for PD.

3.2 Genes corresponding to
intelligence-related to SNPs were mainly
enriched in synaptic vesicle cycle and
polycomb repressive complex, etc.

In this study, a total of 87 genes corresponding to intelligence-
related SNPs were identified (Supplementary Table 2). Based on
the GO database, these genes were enriched in a total of 343 entries,
of which 241 entries were significantly enriched for biological
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FIGURE 3
The MR estimates of the causal relationship between fluid intelligence scores and PD. (A) The scatter plot of the association of fluid intelligence
scores on PD. (B) The forest plot of causal relationship between intelligence scores on PD. (C) The funnel plot of MR study between intelligence
scores and PD. (D) LOO analysis of the association of fluid intelligence scores on PD. MR, Mendelian randomization; PD, Parkinson’s disease; SNP,
single-nucleotide polymorphism; LOO, leave-one-out.

processes (BP), 60 for cellular components (CC), and 42 for as regulation of synapse organization, developmental cell growth
molecular functions (MF) (Supplementary Table 3). Among them,  and so on (Figure 2A). Moreover, a total of two signaling pathways
the most significant enrichment was found in relevant entries such  were significantly included in KEGG enrichment analysis for these
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TABLE 5 Heterogeneity test for fluid intelligence score-Parkinson’s disease.

10.3389/fnagi.2024.1388795

id.exposure | id.outcome ‘ Outcome Exposure Method (@] Q_df Q_p-value
ukb-b-5238 ieu-b-7 Parkinson’s Fluid intelligence MR Egger 121.8352 72 0.000223
disease || score ||
id:ieu-b-7 id:ukb-b-5238
ukb-b-5238 ieu-b-7 Parkinson’s Fluid intelligence Inverse variance 122.4071 73 0.000261
disease || score || weighted
id:ieu-b-7 id:ukb-b-5238

TABLE 6 Multiple validity test for fluid intelligence score-Parkinson’s disease level.

id.exposure

Exposure

egger_intercept

id.outcome ‘

Parkinson’s disease ||

ukb-b-5238 ieu-b-7
id:ieu-b-7

Fluid intelligence score ||
id:ukb-b-5238

—0.00908 0.015615 0.56283

genes, namely synaptic vesicle cycle and polycomb repressive
complex (Figure 2B).

3.3 There was a significant causal
relationship between fluid intelligence
score and PD

First, there were 74 SNPs related to fluid intelligence score
were screened out for MR analysis of fluid intelligence score and
PD (Supplementary Table 4). In MR analysis, the p-value of
IVW algorithm was 0.035 and the OR value was 1.142, indicating
that fluid intelligence score was causally related to PD, and fluid
intelligence score was a risk factor (Table 4). The slope of the
IVW line in the scatter plot was positive and the intercept was
close to 0, indicating that the risk of PD was promoted with the
increase of fluid intelligence score (Figure 3A). The same result
was demonstrated in the forest plot, where the overall effect value
of the fluid intelligence score on the PD variables was greater
than 0 (Figure 3B). Finally, the funnel plot demonstrated that
the Mendelian analysis of fluid intelligence score and PD was in
accordance with the Mendelian law of randomness (Figure 3C).

In the sensitivity analysis, the Q-p-value for IVW by Cochran’s
Q quantification was less than 0.05 (Q-p-value = 2.609 x 1074,
indicating the presence of heterogeneity (Table 5). The p-value
of horizontal pleiotropy test was 0.563, indicating that there was
no horizontal pleiotropy (Table 6). Finally, the reliability of the
MR analysis of fluid intelligence scores with PD was demonstrated
by the LOO method, which illustrated that the results did not
change much after the exclusion of each SNP (Figure 3D). These
analyses indicated that there was a causal relationship between fluid
intelligence scores and PD, and high fluid intelligence score was
associated with an increased risk of PD disease.

3.4 Genes corresponding to fluid
intelligence score-related to SNPs played
important roles in developmental growth
and Alzheimer’s disease, etc.

Functional enrichment analysis was performed on 44 genes
corresponding to 74 fluid intelligence score related to SNPs
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(Supplementary Table 5). Firstly, a total of 454 items were
enriched in GO enrichment analysis, among which 299 items
were significantly enriched in BP, 67 items were significantly
enriched in CC and 39 items were significantly enriched in MF
(Supplementary Table 6). The main enriched entries of these
genes included regulation of developmental growth, negative
regulation of neuron projection development, etc (Figure 4A). In
addition, these genes are mainly enriched in KEGG to 8 signaling
pathways such as Alzheimer’s disease, cellular senescence and so on
(Figure 4B).

4 Discussion

With the improvement of medical level and technological
progress, the average life expectancy of humans is increasingly
extended. Therefore, the so-called “aging-related disorders”
(such as related cardiovascular diseases, central nervous system
degenerative diseases, and malignant diseases) have gradually
attracted the attention of the medical community (Roth et al., 2018;
Jani¢ et al, 2019). Neurodegenerative diseases have become an
important research topic for scientists. PD is a neurodegenerative
disease characterized by decreased motor function, but the
etiology of PD remains largely unknown, making it considered
an incurable chronic neurological disease. However, researchers
are still committed to seeking potential disease improvement
treatments. Many studies have attempted to demonstrate the
relationship between cognition, intellectual development, and PD.
Establishing associations using clinical trial design is indeed prone
to various biases due to limited sample size and ethical and financial
challenges. In order to strengthen causal inference, we conducted
an MR study. In this study, based on the large-scale GWAS data
from Europe, we evaluated the possible causal relationship between
intelligence, fluid intelligence scores and the risk of developing PD
using multiple MR methods. According to our research, higher
intelligence and fluid intelligence scores were positively correlated
with the risk of developing PD in the European population.

In general, low levels of education, intelligence, and socio-
economic status are closely related to Alzheimer’s disease risk.
According to the hypothesis that high intelligence affects health
outcomes through the excellent ability to prevent and manage
diseases, individuals with higher scores of intelligence and fluid
intelligence should be at lower risk of illness (Fardell et al., 2020).
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FIGURE 4
Functional enrichment of genes corresponding to SNPs. (A) GO enrichment analysis. (B) KEGG enrichment analysis. PD, Parkinson's disease; GO,
gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

However, in PD, we obtained the opposite situation. Our research
results are consistent with previous case-control studies (Fardell
et al, 2020). So we need to determine the link between high
intelligence and the risk of PD, although there is currently
little knowledge of the underlying mechanisms, the link between
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intelligence and PD is reasonable. Firstly, research has shown that
intelligence is not only determined by genetic factors, but also
by environmental factors such as infections, toxins, trauma, etc.
All of these environmental factors are considered closely related
to the etiology of PD (Wirdefeldt et al., 2011). Secondly, the
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relationship between higher intelligence and higher risk of PD
may be related to lifestyle. Studies have shown that individuals
with higher intelligence or education levels have lower cholesterol
levels (Lara and Amigo, 2018), which is associated with increased
PD risk (Huang et al, 2015), People with high intelligence and
fluid intelligence may be able to resist high cholesterol intake
through learning. Smoking cessation is a known protective factor
for PD (Breckenridge et al., 2016; Delamarre and Meissner, 2017),
and individuals with high intelligence and fluid intelligence are
less likely to smoke or have increased resistance to smoking.
Adults with lower levels of education are more likely to smoke
due to psychological factors such as inferiority and stress, or due
to tobacco advertising. The main reason for their difficulty in
quitting smoking may be their lack of motivation, social support,
and sufficient resources to purchase nicotine replacement products
(Hiscock et al., 2012). The mediating role of these factors in
the relationship between intelligence (IQ) and PD cannot be
completely denied, and further research is needed.

Secondly, people with higher scores in intelligence and fluid
intelligence are mostly engaged in advanced management, teaching,
or other complex tasks with high difficulty and pressure. Studies
have shown that people who engage in more complex tasks such
as data analysis and processing, especially men, are at higher risk
of developing PD (Zhang and Lang, 2023). Jobs involving higher
occupational complexity, such as senior management and professor
roles, require more mental activity and may also involve higher
levels of stress (Wood et al., 2004). Work pressure can lead to an
increase in glutamate levels (Wood et al., 2004), which is related
to PD (Mitchell et al., 1989). Some cognitive symptoms of PD may
be related to primary neurodegeneration in the cortex and higher
cognitive regions, or may be mediated by abnormal neural activity
(McGregor and Nelson, 2019). So, a person’s intelligence and fluid
intelligence scores may affect their profession, lifestyle, income,
living environment, etc. Anyway, as intelligence is a complex
quantification method and may be influenced by other factors not
considered or discussed in this study, future research is needed
to validate this finding. If confirmed, further efforts are needed to
investigate the potential mechanisms linking intelligence and PD.

Another prominent research direction for PD is to evaluate
genetic changes, including single gene mutations and single
nucleotide polymorphisms (SNPs). Many single gene mutations
have been identified that lead to or increase the risk of PD, including
coding a- Genes of synaptic nucleoprotein, leucine rich repeat
kinase 2 (LRRK2) (Bardai et al., 2018), glucose cerebrosidase,
parkin, and PTEN induced putative kinase 1 (PINK-1) (Yang et al.,
2022). The Whole Genome GWAS has also identified many SNPs
that increase the risk of PD, which have been combined with
smaller disease association studies to form a meta-analysis database
(Nalls et al., 2019). To explore the potential relationship between
intelligence and fluid intelligence score related genes associated
with SNP and SNP in PD, we analyzed multiple genes and signaling
pathways through GO and KEGG analysis, among which synaptic
vesicle function is particularly important. Synaptic dysfunction
has been identified as an early neuropathological event in PD.
Synapses mainly rely on adhesion between neurons, glial cells, and
extracellular matrix (Cingolani et al., 2008). The pathway analysis
of PD has identified frequent SNPs in cell adhesion pathways,
indicating that cell adhesion dysfunction may play a role in disease
pathology (Nalls et al., 2019). And our study also obtained similar
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results. Synapse loss is strongly associated with cognitive decline
in human and animal models of AD (TZzioras et al., 2023). Studies
have shown that homeostatic control of synaptic connections plays
a central role in the etiology and treatment of depression (Duman
and Aghajanian, 2012). Through GO enrichment analysis, we
found that synapses play an important role in intelligence and fluid
intelligence scores. The human brain contains trillions of synapses,
but synaptic density and plasticity decrease with age, leading to a
slowing down of human responses, which has been demonstrated
in AD mouse models (Aguado et al., 2024; Richardson et al,
2024). Which may be our future research direction, such as the
development of new synaptic biomarkers to diagnose PD early.

This study was the first to use MR analysis to examine the
causal relationship between intelligence, fluid intelligence scores
and PD. However, this study still had certain limitations. Firstly,
this study cannot completely exclude other potential factors, such
as occupation and family income, family social status, and lifestyle.
Therefore, more MR tools were needed to rule out the potential role
of these factors in the causal relationship between intelligence level,
fluid intelligence score, and PD. Secondly, this study only covered
the European population and still requires updated MR analysis
based on large-scale GWAS aggregated data from other races and
more genetic tools to validate.

5 Conclusion

In this study, we demonstrated by MR analysis that increased
intelligence increases the risk of developing PD, while fluid
intelligence score is an important risk factor for the development of
PD, providing important genetic support for the causal relationship
between PD and intelligence, fluid intelligence score. In addition,
gene enrichment analysis revealed that synaptic vesicles had an
important role between the two, providing new references and
evidence for the study and treatment of PD.

Data availability statement

Raw data for the MR analysis in this study can be found online
in the OpenGWAS databasel. Other data used in this study can
be found in this article/Supplementary material. Further inquiries
can be directed to the corresponding author/s.

Author contributions

CJ: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Validation,
Writing - original draft, Writing - review & editing. XZ:

Resources, Software, Supervision, Visualization,
Conceptualization, Data curation, Formal analysis, Investigation,
Resources, Supervision, Validation, Writing - original draft,
Writing - review & editing. XM: Conceptualization, Investigation,
Project administration, Supervision, Validation, Visualization,
Writing - review & editing. HX: Formal analysis, Funding

acquisition, Validation, Visualization, Writing — review & editing.

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1388795
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

Jing et al.

Funding

The authors declare that financial support was received for
the research, authorship, and/or publication of this article. This
work was supported by Research and Development Programme of
North Sichuan Medical College-Youth Project (CBY22-QNA19),
Research Development Programme of Affiliated Hospital of North
Sichuan Medical College (2023JC005), and Sichuan Provincial
Medical Association (HENGRUI) Scientific Research Fund Special
Scientific Research Project (2021HR19).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

Aguado, C., Badesso, S., Martinez-Hernéndez, J., Martin-Belmonte, A., Alfaro-Ruiz,
R., Ferndndez, M., et al. (2024). Resilience to structural and molecular changes in
excitatory synapses in the hippocampus contributes to cognitive function recovery in
Tg2576 mice. Neural Regen. Res. 19, 2068-2074. doi: 10.4103/1673-5374.390963

Bardai, F. H., Ordonez, D. G., Bailey, R. M., Hamm, M., Lewis, J., and Feany,
M. B. (2018). Lrrk promotes tau neurotoxicity through dysregulation of actin and
mitochondrial dynamics. PLoS Biol. 16:€2006265. doi: 10.1371/journal.pbio.2006265

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with
invalid instruments: Effect estimation and bias detection through Egger regression.
Int. J. Epidemiol. 44, 512-525. doi: 10.1093/ije/dyv080

Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent
estimation in Mendelian randomization with some invalid instruments using a
weighted median estimator. Genet. Epidemiol. 40, 304-314. doi: 10.1002/gepi.21965

Breckenridge, C. B., Berry, C., Chang, E. T., Sielken, R. L. Jr., and Mandel, J. S.
(2016). Association between Parkinson’s disease and cigarette smoking, rural living,
well-water consumption, farming and pesticide use: Systematic review and meta-
analysis. PLoS One 11:¢0151841. doi: 10.1371/journal.pone.0151841

Burgess, S., Scott, R. A., Timpson, N. J., Davey Smith, G., and Thompson, S. G.
(2015). Using published data in Mendelian randomization: A blueprint for efficient
identification of causal risk factors. Eur. J. Epidemiol. 30, 543-552. doi: 10.1007/
$10654-015-0011-z

Cingolani, L. A, Thalhammer, A., Yu, L. M. Y., Catalano, M., Ramos, T., Colicos,
M. A, et al. (2008). Activity-dependent regulation of synaptic AMPA receptor
composition an d abundance by B3 integrins. Neuron 58, 749-762. doi: 10.1016/j.
neuron.2008.04.011

Cui, Z., Feng, H., He, B., He, J., and Tian, Y. (2021). Relationship between serum
amino acid levels and bone mineral density: A Mendelian randomization study. Front.
Endocrinol. 12:763538. doi: 10.3389/fendo.2021.763538

De Virgilio, A., Greco, A., Fabbrini, G., Inghilleri, M., Rizzo, M. I, Gallo, A., et al.
(2016). Parkinson’s disease: Autoimmunity and neuroinflammation. Autoimmun. Rev.
15, 1005-1011. doi: 10.1016/j.autrev.2016.07.022

Delamarre, A., and Meissner, W. G. (2017). Epidemiology, environmental risk
factors and genetics of Parkinson’s disease. La Presse Méd. 46, 175-181. doi: 10.1016/j.
1pm.2017.01.001

Duman, R. S., and Aghajanian, G. K. (2012). Synaptic dysfunction in depression:
Potential therapeutic targets. Science 338, 68-72. doi: 10.1126/science.1222939

Emamzadeh, F. N., and Surguchov, A. (2018). Parkinson’s disease: Biomarkers,
treatment, and risk factors. Front. Neurosci. 12:612. doi: 10.3389/fnins.2018.00612

Emdin, C. A, Khera, A. V., and Kathiresan, S. (2017). Mendelian randomization.
JAMA 318, 1925-1926. doi: 10.1001/jama.2017.17219

Fardell, C., Torén, K., Schiéler, L., Nissbrandt, H., and Aberg, M. (2020). High
1Q in early adulthood is associated with Parkinson’s disease. J. Parkinsons Dis. 10,
1649-1656. doi: 10.3233/jpd-202050

Ghisletta, P., Rabbitt, P., Lunn, M., and Lindenberger, U. (2012). Two thirds of the

age-based changes in fluid and crystallized intelligence, perceptual speed, and memory
in adulthood are shared. Intelligence 40, 260-268. doi: 10.1016/j.intell.2012.02.008

Frontiers in Aging Neuroscience

11

10.3389/fnagi.2024.1388795

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnagi.2024.
1388795/full#supplementary-material

Hiscock, R., Bauld, L., Amos, A., Fidler, J. A., and Munafo, M. (2012).
Socioeconomic status and smoking: A review. Ann. N. Y. Acad. Sci. 1248, 107-123.
doi: 10.1111/j.1749-6632.2011.06202.x

Horn, J. L, and Cattell, R. B. (1967). Age differences in fluid and crystallized
intelligence. Acta Psychol. 26, 107-129. doi: 10.1016/0001-6918(67)90011-X

Huang, X., Alonso, A., Guo, X., Umbach, D. M., Lichtenstein, M. L., Ballantyne,
C. M,, et al. (2015). Statins, plasma cholesterol, and risk of Parkinson’s disease: A
prospective study. Mov. Disord. 30, 552-559. doi: 10.1002/mds.26152

Jani¢, M., Lunder, M., Novakovi¢, S., Skerl, P., and Sabovi¢, M. (2019). Expression
of longevity genes induced by a low-dose fluvastatin and valsartan combination with
the potential to prevent/treat aging-related disorders. Int. J. Mol. Sci. 20:1844. doi:
10.3390/ijms20081844

Lara, M., and Amigo, H. (2018). Association between education and blood lipid
levels as income increases over a decade: A cohort study. BMC Public Health 18:286.
doi: 10.1186/s12889-018-5185-3

Li, F.F.,, Wang, Y., Chen, L., Chen, C.,, Chen, Q., Xiang, L., et al. (2023). Causal effects
of serum lipid biomarkers on early age-related macular degeneration using Mendelian
randomization. Genes Nutr. 18:11. doi: 10.1186/s12263-023-00730-5

Luo, P, Yuan, Q., Wan, X,, Yang, M., and Xu, P. (2023). A two-sample Mendelian
randomization study of circulating lipids and deep venous thrombosis. Sci. Rep.
13:7432. doi: 10.1038/s41598-023-34726-3

McGregor, M. M., and Nelson, A. B. (2019). Circuit mechanisms of Parkinson’s
disease. Neuron 101, 1042-1056. doi: 10.1016/j.neuron.2019.03.004

Mitchell, I. J., Clarke, C. E., Boyce, S., Robertson, R. G., Peggs, D., Sambrook, M. A,
et al. (1989). Neural mechanisms underlying Parkinsonian symptoms based upon
regional uptake of 2-deoxyglucose in monkeys exposed to 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine. Neuroscience 32, 213-226. doi: 10.1016/0306-4522(89)90120-6

Nalls, M. A, Blauwendraat, C., Vallerga, C. L., Heilbron, K., Bandres-Ciga, S., Chang,
D., et al. (2019). Identification of novel risk loci, causal insights, and heritable risk
for Parkinson’s disease: A meta-analysis of genome-wide association studies. Lancet
Neurol. 18,1091-1102. doi: 10.1016/s1474-4422(19)30320-5

Park, J., Yoo, C. I, Sim, C. S, Kim, H. K, Kim, J. W,, Jeon, B. S., et al.
(2005). Occupations and Parkinson’s disease: A multi-center case-control study in
South Korea. Neurotoxicology 26, 99-105. doi: 10.1016/j.neuro.2004.07.001

Paul, K. C,, Schulz, J., Bronstein, J. M., Lill, C. M., and Ritz, B. R. (2018). Association
of polygenic risk score with cognitive decline and motor progression in Parkinson
disease. JAMA Neurol. 75, 360-366. doi: 10.1001/jamaneurol.2017.4206

Richardson, B., Goedert, T., Quraishe, S., Deinhardt, K., and Mudher, A. (2024).
How do neurons age? A focused review on the aging of the microtubular cytoskeleton.
Neural Regen. Res. 19, 1899-1907. doi: 10.4103/1673-5374.390974

Roth, G. A, Johnson, C. O., Abate, K. H., Abd-Allah, F., Ahmed, M., Alam, K., et al.
(2018). The burden of cardiovascular diseases among US States, 1990-2016. JAMA
Cardiol. 3, 375-389. doi: 10.1001/jamacardio.2018.0385

Shi, J., Tian, J., Fan, Y., Hao, X, Li, M., Li, J, et al. (2022). Intelligence,
education level, and risk of Parkinson’s disease in European populations: A Mendelian
randomization study. Front. Genet. 13:963163. doi: 10.3389/fgene.2022.963163

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1388795
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1388795/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1388795/full#supplementary-material
https://doi.org/10.4103/1673-5374.390963
https://doi.org/10.1371/journal.pbio.2006265
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1371/journal.pone.0151841
https://doi.org/10.1007/s10654-015-0011-z
https://doi.org/10.1007/s10654-015-0011-z
https://doi.org/10.1016/j.neuron.2008.04.011
https://doi.org/10.1016/j.neuron.2008.04.011
https://doi.org/10.3389/fendo.2021.763538
https://doi.org/10.1016/j.autrev.2016.07.022
https://doi.org/10.1016/j.lpm.2017.01.001
https://doi.org/10.1016/j.lpm.2017.01.001
https://doi.org/10.1126/science.1222939
https://doi.org/10.3389/fnins.2018.00612
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.3233/jpd-202050
https://doi.org/10.1016/j.intell.2012.02.008
https://doi.org/10.1111/j.1749-6632.2011.06202.x
https://doi.org/10.1016/0001-6918(67)90011-X
https://doi.org/10.1002/mds.26152
https://doi.org/10.3390/ijms20081844
https://doi.org/10.3390/ijms20081844
https://doi.org/10.1186/s12889-018-5185-3
https://doi.org/10.1186/s12263-023-00730-5
https://doi.org/10.1038/s41598-023-34726-3
https://doi.org/10.1016/j.neuron.2019.03.004
https://doi.org/10.1016/0306-4522(89)90120-6
https://doi.org/10.1016/s1474-4422(19)30320-5
https://doi.org/10.1016/j.neuro.2004.07.001
https://doi.org/10.1001/jamaneurol.2017.4206
https://doi.org/10.4103/1673-5374.390974
https://doi.org/10.1001/jamacardio.2018.0385
https://doi.org/10.3389/fgene.2022.963163
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

Jing et al.

Skrivankova, V. W., Richmond, R. C., Woolf, B. A. R., Yarmolinsky, J., Davies, N. M.,
Swanson, S. A, et al. (2021). Strengthening the reporting of observational studies in
epidemiology using Mendelian randomization: The STROBE-MR statement. JAMA
326, 1614-1621. doi: 10.1001/jama.2021.18236

Tolosa, E., Wenning, G., and Poewe, W. (2006). The diagnosis of Parkinson’s disease.
Lancet Neurol. 5, 75-86. doi: 10.1016/s1474-4422(05)70285-4

Tzioras, M., McGeachan, R. L, Durrant, C. S., and Spires-Jones, T. L. (2023). Synaptic
degeneration in Alzheimer disease. Nat. Rev. Neurol. 19, 19-38. doi: 10.1038/s41582-
022-00749-z

Valdés, E. G., Andel, R,, Sieurin, J., Feldman, A. L., Edwards, J. D., Lingstrom,
N., et al. (2014). Occupational complexity and risk of Parkinson’s disease. PLoS One
9:¢106676. doi: 10.1371/journal.pone.0106676

Wirdefeldt, K., Adami, H. O., Cole, P., Trichopoulos, D., and Mandel, J. (2011).
Epidemiology and etiology of Parkinson’s disease: A review of the evidence. Eur. J.
Epidemiol. 26, S1-S58. doi: 10.1007/s10654-011-9581-6

Wood, G. E,, Young, L. T., Reagan, L. P., Chen, B., and McEwen, B. S. (2004). Stress-
induced structural remodeling in hippocampus: Prevention by lithium treatment.
Proc. Natl. Acad. Sci. U.S.A. 101, 3973-3978. doi: 10.1073/pnas.0400208101

Frontiers in Aging Neuroscience

12

10.3389/fnagi.2024.1388795

Xu, W., Zhang, F., Shi, Y., Chen, Y., Shi, B., and Yu, G. (2022). Causal association
of epigenetic aging and COVID-19 severity and susceptibility: A bidirectional
Mendelian randomization study. Front. Med. 9:989950. doi: 10.3389/fmed.2022.98
9950

Yang, W., Guo, X, Tu, Z.,, Chen, X,, Han, R, Liu, Y., et al. (2022). PINK1
kinase dysfunction triggers neurodegeneration in the primate brain without impacting
mitochondrial homeostasis. Protein Cell 13, 26-46. doi: 10.1007/s13238-021-
00888-x

Zhang, W., and Lang, R. (2023). Genetic link between primary sclerosing cholangitis
and thyroid dysfunction: A bidirectional two-sample Mendelian randomization study.
Front. Immunol. 14:1276459. doi: 10.3389/fimmu.2023.1276459

Zhao, Z. H., Zou, J., Huang, X,, Fan, Y. C., and Wang, K. (2022). Assessing causal
relationships between sarcopenia and nonalcoholic fatty liver disease: A bidirectional
Mendelian randomization study. Front. Nutr. 9:971913. doi: 10.3389/fnut.2022.97
1913

Zhu, X., Hong, X., Wu, J., Zhao, F., Wang, W., Huang, L., et al. (2023). The
association between circulating lipids and female infertility risk: A univariable and
multivariable Mendelian randomization analysis. Nutrients 15:3130. doi: 10.3390/
nul5143130

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1388795
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1016/s1474-4422(05)70285-4
https://doi.org/10.1038/s41582-022-00749-z
https://doi.org/10.1038/s41582-022-00749-z
https://doi.org/10.1371/journal.pone.0106676
https://doi.org/10.1007/s10654-011-9581-6
https://doi.org/10.1073/pnas.0400208101
https://doi.org/10.3389/fmed.2022.989950
https://doi.org/10.3389/fmed.2022.989950
https://doi.org/10.1007/s13238-021-00888-x
https://doi.org/10.1007/s13238-021-00888-x
https://doi.org/10.3389/fimmu.2023.1276459
https://doi.org/10.3389/fnut.2022.971913
https://doi.org/10.3389/fnut.2022.971913
https://doi.org/10.3390/nu15143130
https://doi.org/10.3390/nu15143130
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	The causal effects of intelligence and fluid intelligence on Parkinson's disease: a Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 Data preprocessing
	2.3 MR analysis
	2.4 Sensitivity analysis
	2.5 Functional enrichment analysis of genes corresponding to SNPs

	3 Results
	3.1 Intelligence had a significant causal relationship with PD
	3.2 Genes corresponding to intelligence-related to SNPs were mainly enriched in synaptic vesicle cycle and polycomb repressive complex, etc.
	3.3 There was a significant causal relationship between fluid intelligence score and PD
	3.4 Genes corresponding to fluid intelligence score-related to SNPs played important roles in developmental growth and Alzheimer's disease, etc.

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


