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Objective: Several studies have explored the relationship between intracranial
aneurysms and psychiatric disorders; nevertheless, the causal connection
remains ambiguous. This study aimed to evaluate the causal link between
intracranial aneurysms and specific psychiatric disorders.

Methods: A two-sample Mendelian randomization (MR) analysis was
conducted utilizing aggregated genome-wide association study (GWAS) data
from the International Stroke Genetics Association for Intracranial Aneurysms
(IAs), unruptured Intracranial Aneurysm (ulA), and aneurysmal Subarachnoid
Hemorrhage (aSAH). Psychiatric disorder data, encompassing Schizophrenia
(SCZ), Bipolar Disorder (BD), and Panic Disorder (PD), were sourced from the
Psychiatric Genomics Consortium (PGC), while Cognitive Impairment (CI) data,
comprising Cognitive Function (CF) and Cognitive Performance (CP), were
obtained from IEU OpenGWAS publications. Causal effects were evaluated using
inverse variance weighted (IVW), MR-Egger, and weighted median methods,
with the robustness of findings assessed via sensitivity analyses employing
diverse methodological approaches.

Results: Our MR analysis indicated no discernible causal link between intracranial
aneurysm (IA) and an elevated susceptibility to psychiatric disorders. However,
among individuals with genetically predisposed unruptured intracranial
aneurysms (ulA), there was a modest reduction in the risk of SCZ (IVW odds
ratio [OR] = 0.95, 95% confidence interval [Cl] 0.92-0.98, p =0.0002). Similarly,
|As also exhibited a moderate reduction in SCZ risk (OR=0.92, 95% C| 0.86-
0.99, p=0.02). Nevertheless, limited evidence was found to support a causal
association between intracranial aneurysms and the risk of the other three
psychiatric disorders.

Conclusion: Our findings furnish compelling evidence suggesting a causal
influence of intracranial aneurysms on psychiatric disorders, specifically, both
IAs and ulA exhibit a negative causal association with SCZ.
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Introduction

Intracranial aneurysm is characterized by an abnormal protrusion
of the artery wall within the cranial cavity. The global incidence is
approximately 3.2% (1), with subarachnoid hemorrhage (SAH) from
aneurysmal rupture accounting for about 80% of cases (2). Aneurysm
rupture ranks as the second leading cause of cerebrovascular accidents,
following cerebral thrombosis and hypertensive cerebral hemorrhage.
Cerebral aneurysm is associated with high rates of mortality and
disability. Most intracranial aneurysms are asymptomatic before
rupture, though some patients may experience headaches, transient
ischemic attacks, cranial neuropathy, or seizures (3). Research shows a
rising incidence of aneurysmal subarachnoid hemorrhage (aSAH) with
age, particularly among women aged 55 and older (4). As the population
ages, intracranial aneurysms may pose an increasing public health issue
(5). The literature highlights substantial functional impairment following
aSAH (6), resulting in significant societal and familial burdens (7).

Psychiatric disorders include various complex cognitive and
psychological syndromes, such as cognitive impairment (CI), major
depressive disorder (MDD), schizophrenia (SCZ), bipolar disorder
(BD), and panic disorder (PD). These conditions are characterized by
cognitive, emotional, and behavioral changes, often accompanied by
distress and functional impairment. With high morbidity and mortality
rates, psychiatric disorders present a significant public health challenge,
imposing substantial burdens on individuals, society, and the economy
(8). Numerous studies have demonstrated a bidirectional causal
relationship between intracranial aneurysms (IAs) and MDD,
indicating that IA patients have an elevated risk of developing MDD
(9, 10). MR analysis of correlations has further validated this causal
association (11). Additionally, some studies have observed the first
occurrence of intracranial aneurysms presenting as SCZ or BD (12),
and cognitive impairment has been identified as a lasting consequence
in individuals who have experienced aneurysmal subarachnoid
hemorrhage (aSAH) (13). Observational studies may be biased due to
various confounding factors, complicating the establishment of a causal
relationship between intracranial aneurysms and psychiatric disorders.

Mendelian randomization (MR) is an epidemiological approach
that uses genetic variants closely associated with exposure as
instrumental variables (IVs) to assess causal relationships between risk
factors and specific diseases (14). By utilizing genetic variants as IVs
and taking advantage of their consistent, random, and independent
distribution during meiosis, this method effectively avoids
confounding and reverse causality issues (15). This technique increases
the reliability of causal inference, addresses common limitations of
observational studies, and is widely used to validate their results (16).
In this study, MR analysis was used to investigate the potential causal
links between intracranial aneurysms (IAs), unruptured intracranial
aneurysms (ulA), aneurysmal subarachnoid hemorrhage (aSAH), and
psychiatric disorders such as schizophrenia (SCZ), bipolar disorder
(BD), panic disorder (PD), and cognitive impairment (CI).

Methods
Study design

Four psychiatric disorders were chosen as outcome variables, while
single nucleotide polymorphisms (SNPs) strongly associated with 1As,
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ulA, and SAH were selected as instrumental variables. MR analysis was
employed to investigate causal relationships between exposure factors
and outcome variables. To ensure result reliability, heterogeneity tests
and pleiotropy analyses were conducted to mitigate potential biases. To
ensure the reliability of MR (17), three key assumptions were employed:
(1) the association hypothesis, wherein IVs are highly correlated with
exposure factors; (2) the independence hypothesis, where IVs remain
independent of any confounding factors associated with exposure and
outcome variables; and (3) the exclusion hypothesis, positing that IVs
solely influence outcomes via exposure factors. The research design is
depicted in Figure 1.

Date source

The data for IAs, UIA, and aSAH were acquired from the
International Society for Stroke Genetics.' The study performed cross-
ethnic genome-wide association studies (GWAS) involving 10,754
cases and 306,882 controls of European and East Asian descent. To
maintain ethnic consistency, only European samples were utilized for
Mendelian randomization (MR) analysis (18).

The study included data from the Psychiatric Genomics
Consortium (PGC), encompassing 130,644 patients with SCZ
(comprising 53,386 cases and 77,258 controls), 413,466 patients with
BD (comprising 41,917 cases and 371,549 controls), and 10,240
patients with PD (comprising 2,248 cases and 7,992 controls), as
derived from partial GWAS statistics.” Furthermore, two datasets from
the IEU OpenGWAS database were utilized.” The first dataset
comprised aggregated data from 22,593 samples assessing cognitive
function (ieu-b-4838), provided by the Within Family GWAS
Consortium. This dataset employs cognitive function scores as a
measure, where higher scores indicate better cognitive function and
vice versa. The second dataset, Cognitive Performance (ebi-a-
GCST006572), pooled data from 257,841
European ancestry.

samples, all of

The specifics of the genetic instrumental variables utilized in the
study are presented in Table 1.

Instrument variables selection

To fulfill the primary MR hypothesis asserting a robust
association between single nucleotide polymorphisms (SNPs) and
intracranial aneurysms (IAs), unruptured intracranial aneurysms
(uIA), and aneurysmal subarachnoid hemorrhage (aSAH), we faced
a scarcity of SNP-IA associations meeting the stringent
genome-wide association threshold (p<5.00E—8) within the
aggregated GWAS dataset. Consequently, we resorted to utilizing
significance levels (p<5x107°) for the identification of IVs.
Subsequently, we established the linkage disequilibrium coefficient
at r’<0.001 and confined the region width to 10,000 kb to minimize
potential pleiotropic effects on the outcomes. Additionally,

1 https://figshare.com/articles/dataset/Intracranial_aneurysm_genome-
wide_association_study_summary_statistics_2020/11303372

2 https://pgc.unc.edu/

3 https://gwas.mrcieu.ac.uk/
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Cochran's Q test
Exposure date Threshold of association: P< 5E-6 Leave-one-out test
(ulA aSAH IAs) Clump: 1’< 0.001; Distance = 10,000kb MR-Egger intercept test
MR-PRESSO test
Sensitivity |analysis
Outcome date . Harmonise date Vw
Extracted SNPs contrast with exposure TR oatre MR-Egger
nalysi . .
(SCZ BD PD CF CP) analysis Weighted median
FIGURE 1
The flowchart of Mendelian randomization study design in this study. IAs, intracranial aneurysms; ulA, unruptured intracranial aneurysm; aSAH,
aneurysmal subarachnoid hemorrhage; SCZ, schizophrenia; BD, bipolar disorder; PD, panic disorder; CF, cognitive function; CP, cognitive
performance.

TABLE 1 The GWAS data source details.

Phenotype Data source Consortium Sample size Ancestry PMID

1As ISGC Bakker et al. 79,429 European 33,199,917
ulA ISGC Bakker et al. 74,004 European 33,199,918
aSAH ISGC Bakker et al. 77,074 European 33,199,919
Schizophrenia PGC Trubetskoy et al. 130,644 European 35,396,580
Bipolar disorder PGC Mullins et al. 413,466 European 34,002,096
Panic disorder PGC Forstner et al. 10,240 European 31,712,720
Cognitive performance | IEU OpenGWAS SSGAC 257,841 European 30,038,396
Cognitive function IEU OpenGWAS Within family GWAS consortium 22,593 European 35,534,559

IAs, intracranial aneurysms; ulA, unruptured intracranial aneurysm; aSAH, aneurysmal subarachnoid hemorrhage; ISGC, International Stroke Genetics Consortium; PGC, Psychiatric

Genomics Consortium.

palindrome SNPs were manually removed from consideration. The
SNPs that persisted after these procedures were then designated as
instrumental variables. To mitigate any potential weak instrumental
bias, we employed the F statistic (F=p2/se2) to evaluate the
statistical power of the SNPs (19). Notably, an F value exceeding 10
signifies the absence of weak instrumental bias for the chosen
instrumental variable.

Mendelian randomization analysis

In this study, we employed the inverse-variance weighted (IVW),
MR-Egger, and Weighted median (WM) methods to investigate the
presence of a causal relationship between the exposure and outcome
variables (20). The IVW method integrates Wald estimates of genetic
causality for each SNP to evaluate the influence of exposure on
outcomes, presupposing the validity of all chosen SNPs as instrumental
variables. This method offers the most precise estimate and serves as
the principal statistical approach for evaluating causal effects (21).
Moreover, the weighted median method is capable of providing a
dependable estimate of the causal effect, even when as much as 50%
of the data utilized in the analysis stems from genetic variants that
might not qualify as valid instrumental variables (22). MR-Egger
permits genetic instrumental variables to exhibit pleiotropic effects
but mandates that these effects remain independent of the associations
between variations and exposures (23). The MR-Egger and weighted
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median methods were supplemented to provide a more robust and
extensive assessment.

Sensitive analysis

To ensure the reliability of the study outcomes, a comprehensive
set of sensitivity analyses and quality controls were executed. The
heterogeneity among genetic variants employed as instrumental
variables was evaluated employing Cochran’s Q test. Significant
outcomes from the Q test (p <0.05) denote heterogeneity among IVs
(24), with the results being visually presented through funnel plots.
Pleiotropy was investigated through MR-Egger regression, which
estimated the intercept term, referred to as the pleiotropic intercept,
encapsulating the average pleiotropic impact of all genetic variations.
A p value for the intercept exceeding 0.05 disregards the presence of
pleiotropy (25).

Statistical analysis

Statistical analysis was conducted using “TwoSampleMR;
“MR-PRESSO” and “forestplot” (26) in R version 4.3.1. Results were
presented as odds ratios (ORs) along with their corresponding 95%
confidence intervals (CIs). A significance level of p <0.05 denoted a
statistically significant difference between the two groups.
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Results
Selection of IVs

Following meticulous screening, the number of SNPs utilized for
each exposure and outcome risk varied from 9 to 23. The F statistics
associated with the SNPs encompassed in the study all exceeded 10,
affirming the absence of weak bias in the study results and thereby
validating their reliability. The findings are illustrated in the
Supplementary Tables S1-S3.

Causal association of ulA with SCZ

MR analysis revealed that in the inverse-variance weighted (IVW)
model, unruptured intracranial aneurysm (ulA) exhibited a causal
association with schizophrenia (SCZ) (OR=0.95, 95% CI 0.92-0.98,
p=0.0002), indicating a negative association between ulA and SCZ
(Figure 2). The weighted median method yielded similar causal
estimations (OR=0.95, 95% CI 0.91-0.98, p=0.005) (Figure 2).
Despite providing consistent estimates, the MR-Egger methods did
not attain statistical significance. To ensure the stability of the above
findings, sensitivity analysis was conducted on the included single
nucleotide polymorphisms (SNPs). Cochran’s Q test revealed no
evidence of heterogeneity (p=0.705), while the MR-Egger intercept
(p=0.448)
Supplementary Figure S1A). Funnel plots displayed general symmetry

indicated no significant pleiotropy (Table 2;
across all SNPs, indicating that causal associations are less likely to
be affected by potential bias (Supplementary Figure S1B). No SNPs of
significance were identified to exert a notable impact on the causal
association estimate following exclusion via the leave-one-out method

(Supplementary Figure S1C).

Causal association of other models

Moreover, IAs were causally linked with SCZ (OR=0.92, 95% CI
0.86-0.99, p=0.028), with IAs exhibiting a negative association with
SCZ (Figure 2). However, no significant disparity was observed
between MR-Egger and weighted median methods. Although
Cochrans Q test indicated heterogeneity, the MR-Egger intercept
(p=0.849) demonstrated no significant pleiotropic effect (Table 2;
Supplementary Figure S2).

Additionally, no noteworthy distinction was noted between other
models (p>0.05). Comprehensive results for other models,
encompassing outcomes from the three causal estimation methods,
pleiotropy tests, and heterogeneity assessments, are presented in
Table 2 and Supplementary Figures S1-S15.

Discussion

We used Mendelian randomization to systematically assess the
causal relationship between genetic susceptibility to intracranial
aneurysms and the risk of four psychiatric disorders. Gene prediction
results indicated that ulA and IAs were linked to a reduced risk of
SCZ, a finding further supported by sensitivity analysis. However,
genetically predicted ulA, aSAH, and IAs showed no connection to
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the risk of BD, PD, and cognitive impairment (CI). These results
improve the understanding of the etiological basis of these four
psychiatric disorders.

Epidemiological studies have shown that the prevalence of
unruptured aneurysms is uncertain, with approximately one in four
individuals experiencing ruptures in their lifetime, leading to severe
consequences (27). The potential susceptibility of individuals with
intracranial aneurysms to psychiatric disorders has been a topic of
ongoing debate. MR analysis has demonstrated a positive causal link
between intracranial aneurysms and major depressive disorder (MDD)
(9). However, our MR analysis aligned with previous studies and did
not identify a positive causal association between patients with
intracranial aneurysms and SCZ or BD (28). Interestingly, our findings
suggest that IA acts as a protective factor against schizophrenia SCZ.

Regarding the negative causal relationship between IA and SCZ,
we propose the following possibilities. Firstly, existing research has
highlighted the significant involvement of the renin-angiotensin-
aldosterone system (RAAS) in both SCZ pathogenesis and IA
development. Specifically, a strong correlation has been established
between angiotensin-converting enzyme (ACE) expression and SCZ
(29). Continuous administration of angiotensin receptor blockers
(ARBs) has shown effectiveness in reducing SCZ symptoms (30), a
finding supported by animal model studies (31). The involvement of
the RAAS in IA pathogenesis remains debated. Studies suggest that
downregulation of local RAAS activity may influence vascular
remodeling, potentially contributing to brain aneurysm formation and
rupture (32). Conversely, research using mouse models of IA has
demonstrated high expression of angiotensin II and angiotensin type
1 receptors within these aneurysms, with inhibition of local RAAS
activity showing promise in preventing aneurysm rupture (33).
Additionally, among hypertensive patients with IA, the use of RAAS
inhibitors has been linked with a significant reduction in rupture risk
(34). Consequently, further research is needed to determine whether
RAAS plays a role in the protective effect of IA against SCZ. Moreover,
studies have highlighted the correlation between SCZ severity and
distinct patterns of cerebral hemodynamics (35, 36). Prefrontal blood
volume decreases in SCZ but not in MDD, suggesting that a positive
causal relationship between IA and MDD may be related to prefrontal
blood volume changes (37). A systematic review and meta-analysis
revealed that negative symptoms of SCZ are linked with cortical
frontolimbic hypoperfusion, while positive symptoms are associated
with
schizophrenia exhibit increased blood-oxygen-level-dependent

with  hyperperfusion. Furthermore, male individuals
(BOLD) activation in the cerebellum, temporal gyrus, and right
precuneus cortex. Notably, there is an increased incidence of
low-frequency fluctuation in cerebral blood flow within the frontal and
parietal lobes, as well as the insular cortex among male patients, and in
the hippocampus, parahippocampus, and lentiform nucleus among
female patients (38). Hemodynamic alterations also play a crucial role
in the initiation, progression, and rupture of IA (39). In patients with
UIA, a significant decrease in the local gyrations index (LGI) has been
observed in brain regions including the posterior cingulate gyrus,
retrospenial cortex, cuneiform gyrus, and lingual gyrus of the right
hemisphere (40), areas overlapping with those implicated in
SCZ. Additionally, variations in local biosignatures of IA, leading to
changes in the local microenvironment (41, 42), may serve as potential
contributing factors, necessitating further investigations to validate

this hypothesis.
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exposure outcome Method nSNPs OR(95%Cl) P.value
ulA SCcz VW 10 == 0.95(0.92 to 0.98) 0.0003***

Weighted median 10 == : 0.95(0.91 to 0.98) 0.0053**
MR-egger 10 ——— 0.90(0.76 to 1.04) 0.1832
BD VW 10 ’—’—:‘ 0.97(0.93 to 1.02) 0.2190
Weighted median 10 '—’—i 0.95(0.91 to 1.00) 0.0451*
MR-egger 10 s 0.85(0.67 to 1.08) 0.2296
PD VW 10 —o—i— 0.93(0.83 to 1.05) 0.2474
Weighted median 10 ————p— 0.92(0.79 to 1.08) 0.3035
|
MR-egger 10 0 > 1.18(0.64 to 2.20) 0.6044
CF VW 9 ‘—*:—‘ 0.98(0.95 to 1.02) 0.3460
Weighted median ’—0—:—* 0.97(0.93 to 1.02) 0.2237
MR-egger 9 ' > 1.02(0.74 to 1.41) 0.9027
CP VW 10 ™ 1.00(0.99 to 1.01) 0.7205
Weighted median 10 > 1.00(0.99 to 1.01) 0.6472
MR-egger 10 '—:0—* 1.01(0.95 to 1.07) 0.8367
aSAH SCzZ VW 23 ’—0—:—‘ 0.95(0.89 to 1.02) 0.1718
Weighted median 23 '—’—:‘ 0.97(0.94 to 1.02) 0.3374
MR-egger 23 y 0.98(0.80 to 1.22) 0.9160
BD VW 23 *—0:—‘ 0.98(0.95 to 1.02) 0.4934
Weighted median 23 >—:’—‘ 1.02(0.98 to 1.06) 0.3171
MR-egger 23 e 0.99(0.88 to 1.11) 0.9153
PD VW 22 '—'i—< 0.99(0.85 to 1.14) 0.8882
Weighted median 22 T 0.99(0.83 to 1.17) 0.8830
1
MR-egger 22 1 > 1.42(0.88 t0 2.29) 0.1605
|
CF VW 20 '—0:—* 0.99(0.95 to 1.02) 0.5249
Weighted median 20 *—‘:—' 0.99(0.95 to 1.03) 0.6683
MR-egger 20 e 0.98(0.86 to 1.10) 0.6563
CP VW 22 o 0.99(0.99 to 1.00) 0.2417
Weighted median 22 ~: 0.99(0.98 to 1.00) 0.0989
MR-egger 22 H-: 0.98(0.95 to 1.00) 0.1012
IAs SCz VW 23 ——! 0.93(0.86 to 0.99) 0.0276*
Weighted median 23 —e—h 0.96(0.91 to 1.01) 0.0873
MR-egger 23 : 0.90(0.68 to 1.19) 0.4733
BD VW 23 >—*:—* 0.98(0.94 to 1.02) 0.3931
Weighted median 23 e 1.02(0.98 to 1.07) 0.2906
MR-egger 23 '—0:—‘ 0.97(0.83 to 1.14) 0.7827
PD VW 23 '—?—< 1.00(0.86 to 1.18) 0.9199
Weighted median 23 o 0.99(0.83 to 1.17) 0.8696
MR-egger 23 : > 1.42(0.75 to 2.70) 0.2905
]
CF VW 21 ’—‘—: 0.97(0.94 to 1.00) 0.1321
Weighted median 21 h.T 0.98(0.93 to 1.01) 0.2553
MR-egger 21 e 0.94(0.81 to 1.09) 0.4106
CP VW 22 oy 0.99(0.98 to 1.01) 0.3704
Weighted median 22 '-0" 0.99(0.97 to 1.00) 0.0811
MR-egger 22 = 0.95(0.92 to 0.99) 0.0266
T T T T
0.9 1 1.1 1.2
FIGURE 2
Mendelian randomized forest plot of causal effects between intracranial aneurysms, unruptured intracranial aneurysm and aneurysmal subarachnoid
hemorrhage. *p <0.05; **p <0.01; ***p <0.001.

Cognitive impairment is often considered a long-term outcome of
aneurysmal subarachnoid hemorrhage (aSAH) (13). However, the
effect of unruptured intracranial aneurysms (ulA) on cognitive
function has been debated in previous studies. Some research suggests
that treatment of ulA may impact cognitive function (43), with post-
treatment cognitive impairment observed in ulA patients without a
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history of aSAH (44). On the other hand, other studies indicate that
ulA treatment does not significantly affect overall neuropsychological
function (45, 46). A prior study reported declines in word fluency,
verbal recall, and executive function among individuals with both
ruptured and unruptured aneurysms (47). Nevertheless, our study did
not find direct evidence supporting a causal link between ulA, IAs,
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TABLE 2 Heterogeneity and pleiotropy tests for the associations between IA and psychiatric disorders.

Exposure Outcome Heterogeneity test Pleiotropy test
(@] Q-pval MR-Egger intercept Se
ulA SCZ 10 6.345 0.705 0.014 0.018 0.448
BD 10 17.267 0.045 0.030 0.028 0.305
PD 10 3.127 0.959 —0.056 0.072 0.458
CF 9 9.726 0.285 —0.008 0.036 0.826
CP 10 9.899 0.359 —0.001 0.007 0.878
aSAH SCZ 23 149.857 <0.001 —0.007 0.019 0.729
BD 23 36.688 0.026 —0.001 0.010 0.908
PD 22 37.321 0.015 —0.065 0.042 0.130
CF 20 25.938 0.132 0.003 0.010 0.785
CP 20 23.127 0.337 0.003 0.002 0.176
1As SCZ 23 130.743 <0.001 0.004 0.022 0.849
BD 23 35.382 0.035 0.001 0.013 0.944
PD 23 37.100 0.023 —0.056 0.051 0.287
CF 21 24.809 0.209 0.006 0.012 0.619
CP 22 28.233 0.134 0.007 0.003 0.038

IAs, intracranial aneurysms; ulA, unruptured intracranial aneurysm; aSAH, aneurysmal subarachnoid hemorrhage; SCZ, schizophrenia; BD, bipolar disorder; PD, panic disorder; CF,

cognitive function; CP, cognitive performance.

aSAH, and cognitive impairment (CI). Consequently, cognitive
impairment following treatment in patients with intracranial
aneurysms may result from indirect effects of other factors. Research
has shown that cognitive and functional impairments in patients with
aSAH could be related to diffuse brain injury and specific complications
like vasospasm and increased intracranial pressure (48, 49). Moreover,
the choice of various anesthetics might influence post-surgery cognitive
function (50). The underlying mechanism could be associated with
inflammation in the central nervous system following aSAH (51, 52).
There is a general consensus that inflammation plays a role in the
formation, progression, and rupture of intracranial aneurysms (53). A
recent study reveals that CNS-associated macrophages are believed to
significantly contribute to aneurysm progression, yet their influence on
cognitive function in patients after aSAH requires further exploration
(54). Therefore, we speculate that the impact of intracranial aneurysms
on cognitive function may stem from multiple factors, including
underlying disease, aneurysm location, anesthetic drugs, and surgical
techniques, rather than being solely attributed to the aneurysm itself.
Further investigation is necessary to validate these specific reasons.

This study presents several notable strengths. Firstly, it employs a
two-sample MR analysis, using genotype randomization to determine
the causal relationship between IA and select psychiatric disorders.
Secondly, this design reduces potential biases from reverse causality
and confounding factors present in conventional studies, thus
facilitating causal inference. Thirdly, the F-statistic for each exposure
exceeds 10, indicating the absence of weak instrument bias.
Additionally, we conducted comprehensive sensitivity analyses to
evaluate the robustness of the MR model hypotheses.

However, there are some limitations to consider. Firstly, our
findings are derived solely from populations of European descent, thus
caution must be exercised when generalizing these results to
non-European populations, as contextual factors and ethnicity may
influence outcomes. Secondly, larger and more comprehensive
datasets may be necessary for studying intracranial aneurysms, as well
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as for addressing data limitations, such as those encountered in reverse
Mendelian randomization analysis due to excessive SNP losses. While
we employed methods to detect and adjust for pleiotropy, some
unmeasured confounding may still influence our results. Additional
sensitivity analyses, including methods to account for horizontal
pleiotropy, would strengthen causal inference. In addition, Our MR
analysis may not capture the full genetic architecture and multifactorial
etiology of psychiatric disorders. Future research should consider
polygenic risk scores and integrate multi-omic data to better
understand the genetic underpinnings of these conditions. Finally, our
analysis does not account for the dynamic progression of psychiatric
disorders. Longitudinal studies and repeated measures MR approaches
are needed to explore how genetic predispositions influence disease
trajectories over time. MR studies primarily focus on genetic variants
and do not account for environmental and epigenetic factors that play
significant roles in psychiatric disorders. Future studies should
integrate environmental exposures and epigenetic modifications to
provide a more comprehensive understanding of disease etiology.

Conclusion

In conclusion, our findings suggest that both ulA and IAs
might serve as protective factors against SCZ. However,
comprehensive validation studies are warranted to substantiate
these findings and elucidate the underlying molecular
mechanisms comprehensively.
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SUPPLEMENTARY FIGURE S1

Supplementary figures for ulA on SCZ. ulA, unruptured intracranial aneurysm:;
SCZ, schizophrenia; MR, Mendelian randomization; 1V, instrumental variable;
SE, standard error. (A) Scatter plot for ulA on SCZ; (B) funnel plot for ulA on
SCZ; (C) leave-one-out graph for ulA on SCZ; (D) forest plot for ulA on SCZ.

SUPPLEMENTARY FIGURE S2

Supplementary figures for ulA on BD. ulA, unruptured intracranial aneurysm;
BD, bipolar disorder; MR, Mendelian randomization; IV, instrumental variable;
SE, standard error. (A) Scatter plot for ulA on BD; (B) funnel plot for ulA on
BD; (C) leave-one-out graph for ulA on BD; (D) forest plot for ulA on BD.

SUPPLEMENTARY FIGURE S3

Supplementary figures for ulA on PD. ulA, unruptured intracranial aneurysm;
PD, panic disorder; MR, Mendelian randomization; 1V, instrumental variable;
SE, standard error. (A) Scatter plot for ulA on PD; (B) funnel plot for ulA on
PD; (C) leave-one-out graph for ulA on PD; (D) forest plot for ulA on PD.

SUPPLEMENTARY FIGURE S4

Supplementary figures for ulA on CF. ulA, unruptured intracranial aneurysm;
CF, cognitive function; MR, Mendelian randomization; IV, instrumental
variable; SE, standard error. (A) Scatter plot for ulA on CF; (B) Funnel plot for
ulA on CF; (C) Leave-one-out graph for ulA on CF;

(D) Forest plot for ulA on CF.

SUPPLEMENTARY FIGURE S5

Supplementary figures for ulA on CP. ulA, unruptured intracranial aneurysm;
CP, cognitive performance; MR, Mendelian randomization; IV, instrumental

variable; SE, standard error. (A) Scatter plot for ulA on CP; (B) funnel plot for
ulA on CP; (C) leave-one-out graph for ulA on CP;

(D) forest plot for ulA on CP.

SUPPLEMENTARY FIGURE S6

Supplementary figures for aSAH on SCZ. aSAH, aneurysmal subarachnoid
hemorrhage; SCZ, schizophrenia; MR, Mendelian randomization; 1V,
instrumental variable; SE, standard error. (A) Scatter plot for SAH on SCZ;
(B) funnel plot for SAH on SCZ; (C) leave-one-out graph for SAH on SCZ;
(D) forest plot for SAH on SCZ.

SUPPLEMENTARY FIGURE S7

Supplementary figures for aSAH on BD. aSAH, aneurysmal subarachnoid
hemorrhage; BD, bipolar disorder; MR, Mendelian randomization; IV,
instrumental variable; SE, standard error. (A) Scatter plot for SAH on BD;
(B) funnel plot for ulA on BD; (C) leave-one-out graph for SAH on BD;
(D) forest plot for SAH on BD.

SUPPLEMENTARY FIGURE S8

Supplementary figures for aSAH on PD. aSAH, aneurysmal subarachnoid
hemorrhage; PD, panic disorder; MR, Mendelian randomization; 1V,
instrumental variable; SE, standard error. (A) Scatter plot for SAH on PD;
(B) funnel plot for SAH on PD; (C) leave-one-out graph for SAH on PD;
(D) forest plot for SAH on PD.

SUPPLEMENTARY FIGURE S9

Supplementary figures for aSAH on CF. aSAH, aneurysmal subarachnoid
hemorrhage; CF, cognitive function; MR, Mendelian randomization; IV,
instrumental variable; SE, standard error. (A) Scatter plot for SAH on CF;
(B) funnel plot for SAH on CF; (C) leave-one-out graph for SAH on CF;
(D) forest plot for SAH on CF.

SUPPLEMENTARY FIGURE S10

Supplementary figures for aSAH on CP. aSAH, aneurysmal subarachnoid
hemorrhage; CP, cognitive performance; MR, Mendelian randomization; IV,
instrumental variable; SE, standard error. (A) Scatter plot for SAH on CP;

(B) funnel plot for SAH on CP; (C) leave-one-out graph for SAH on CP;

(D) forest plot for SAH on CP.

SUPPLEMENTARY FIGURE S11

Supplementary figures for IAs on SCZ. |As, intracranial aneurysms; SCZ,
schizophrenia; MR, Mendelian randomization; IV, instrumental variable; SE,
standard error. (A) Scatter plot for IAs on SCZ; (B) funnel plot for IAs on SCZ;
(C) leave-one-out graph for IAs on SCZ; (D) forest plot for IAs on SCZ.
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SUPPLEMENTARY FIGURE S12

Supplementary figures for IAs on BD. IAs, intracranial aneurysms; BD, bipolar
disorder; MR, Mendelian randomization; IV, instrumental variable; SE,
standard error. (A) Scatter plot for IAs on BD; (B) funnel plot for IAs on BD;
(C) leave-one-out graph for IAs on BD; (D) forest plot for |As on BD.

SUPPLEMENTARY FIGURE S13

Supplementary figures for |IAs on PD. IAs, intracranial aneurysms; PD, panic
disorder; MR, Mendelian randomization; IV, instrumental variable; SE,
standard error. (A) Scatter plot for IAs on PD; (B) funnel plot for IAs on PD;
(C) leave-one-out graph for IAs on PD; (D) forest plot for IAs on PD.

References

1. Vlak MH, Algra A, Brandenburg R, Rinkel GJ. Prevalence of unruptured
intracranial aneurysms, with emphasis on sex, age, comorbidity, country, and time
period: a systematic review and meta-analysis. Lancet Neurol. (2011) 10:626-36. doi:
10.1016/S1474-4422(11)70109-0

2. Suarez JI, Tarr RW, Selman WR. Aneurysmal subarachnoid hemorrhage. N Engl |
Med. (2006) 354:387-96. doi: 10.1056/NEJMra052732

3. Thompson BG, Brown RD Jr, Amin-Hanjani S, Broderick JP, Cockroft KM,
Connolly ES Jr, et al. Guidelines for the Management of patients with unruptured
intracranial aneurysms: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. (2015) 46:2368-400. doi:
10.1161/STR.0000000000000070

4. Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MDI, Rinkel GJE,
et al. Worldwide incidence of aneurysmal subarachnoid hemorrhage according to
region, time period, blood pressure, and smoking prevalence in the population: a
systematic review and meta-analysis. JAMA Neurol. (2019) 76:588-97. doi: 10.1001/
jamaneurol.2019.0006

5. Inagawa T, Hirano A. Autopsy study of unruptured incidental intracranial
aneurysms. Surg Neurol. (1990) 34:361-5. doi: 10.1016/0090-3019(90)90237-]

6. Rollnik JD, Adner A. Neuropsychologische Langzeitfolgen und Teilhabestorungen
nach aneurysmatischer Subarachnoidalblutung (aSAB). Fortschr Neurol Psychiatr.
(2020) 88:33-9. doi: 10.1055/a-1003-6756

7. Thompson JC, Chalet FX, Manalastas EJ, Hawkins N, Sarri G, Talbot DA. Economic
and humanistic burden of cerebral vasospasm and its related complications after
aneurysmal subarachnoid hemorrhage: a systematic literature review. Neurol Ther.
(2022) 11:597-620. doi: 10.1007/s40120-022-00348-6

8. GBD 2019 Mental Disorders Collaborators. Global, regional, and national
burden of 12 mental disorders in 204 countries and territories, 1990-2019: a
systematic analysis for the global burden of disease study 2019. Lancet Psychiatry.
(2022) 9:137-50. doi: 10.1016/52215-0366(21)00395-3

9. Lim YC, Lee E, Song J. Depression or anxiety according to management modalities
in patients with Unruptured intracranial aneurysms. Stroke. (2022) 53:3662-70. doi:
10.1161/STROKEAHA.122.040330

10. Marijnissen RM, Wouts L, Schoevers RA, Bremmer MA, Beekman ATE, Comijs
HG, et al. Depression in context of low neuroticism is a risk factor for stroke: a 9-year
cohort study. Neurology. (2014) 83:1692-8. doi: 10.1212/WNL.0000000000000955

11. Wu J, Sun H, Ma J. Causal association between depression and intracranial
aneurysms: a bidirectional two-sample Mendelian randomization study. Front Neurol.
(2024) 15:1346703. doi: 10.3389/fneur.2024.1346703

12. Shi Y, Tang Y, Wu Z, Chen ], Huang J, Fang Y. Schizophrenia, bipolar disorder, or
intracranial aneurysm? A case report. Brain Behav. (2021) 11:e2245. doi: 10.1002/
brb3.2245

13. Alfonso M, Aftab S, Hamadneh T, Sherali N, Tsouklidis N. Understanding
cognitive deficit after subarachnoid hemorrhage: a memory focused approach. Cureus.
(2020) 12:e11513. doi: 10.7759/cureus.11513

14. Swanson SA, Tiemeier H, Ikram MA, Hernin MA. Nature as a Trialist?:
deconstructing the analogy between Mendelian randomization and randomized trials.
Epidemiology. (2017) 28:653-9. doi: 10.1097/EDE.0000000000000699

15. Emdin CA, Khera AV, Kathiresan S. Mendelian Randomization. JAMA. (2017)
318:1925-6. doi: 10.1001/jama.2017.17219

16. Davies NM, Holmes MV, Davey SG. Reading Mendelian randomisation studies: a
guide, glossary, and checklist for clinicians. BMJ. (2018) 362:k601. doi: 10.1136/bmj.
k601

17. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swanson
SA, et al. Strengthening the reporting of observational studies in epidemiology using
Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614-21. doi:
10.1001/jama.2021.18236

18. Bakker MK, van der Spek RAA, van Rheenen W, Morel S, Bourcier R, Hostettler
IC, et al. Genome-wide association study of intracranial aneurysms identifies 17 risk loci
and genetic overlap with clinical risk factors. Nat Genet. (2020) 52:1303-13. doi:
10.1038/s41588-020-00725-7

Frontiers in Neurology

10.3389/fneur.2024.1422984

SUPPLEMENTARY FIGURE 514

Supplementary figures for IAs on CF. |As, intracranial aneurysms; CF,
cognitive function; MR, Mendelian randomization; IV, instrumental variable;
SE, standard error. (A) Scatter plot for IAs on CF; (B) funnel plot for IAs on CF;
(C) leave-one-out graph for IAs on CF; (D) forest plot for IAs on CF.

SUPPLEMENTARY FIGURE S15

Supplementary figures for IAs on CP. |As, intracranial aneurysms; CP, cognitive
performance; MR, Mendelian randomization; IV, instrumental variable; SE,
standard error. (A) Scatter plot for IAs on CP; (B) funnel plot for IAs on CP;

(C) leave-one-out graph for IAs on CP; (D) forest plot for IAs on CP.

19. Burgess S, Thompson SG. CRP CHD genetics collaboration. Avoiding bias from
weak instruments in Mendelian randomization studies. Int J Epidemiol. (2011)
40:755-64. doi: 10.1093/ije/dyr036

20. Burgess S, Davey Smith G, Davies NM, Dudbridge E, Gill D, Glymour MM, et al.
Guidelines for performing Mendelian randomization investigations: update for summer
2023. Wellcome Open Res. (2023) 4:186. doi: 10.12688/wellcomeopenres.15555.3

21. Burgess S, Dudbridge F, Thompson SG. Combining information on multiple
instrumental variables in Mendelian randomization: comparison of allele score and
summarized data methods. Stat Med. (2016) 35:1880-906. doi: 10.1002/sim.6835

22.Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in
Mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol. (2016) 40:304—14. doi: 10.1002/gepi.21965

23.Bowden ], Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through Egger regression. Int J
Epidemiol. (2015) 44:512-25. doi: 10.1093/ije/dyv080

24. Hemani G, Bowden J, Davey SG. Evaluating the potential role of pleiotropy in
Mendelian randomization studies. Hum Mol Genet. (2018) 27:R195-208. doi: 10.1093/
hmg/ddy163

25. Tin A, Kottgen A. Mendelian randomization analysis as a tool to gain insights into
causes of diseases: a primer. ] Am Soc Nephrol. (2021) 32:2400-7. doi: 10.1681/
ASN.2020121760

26. Yavorska OO, Burgess S. Mendelian randomization: an R package for performing
Mendelian randomization analyses using summarized data. Int ] Epidemiol. (2017)
46:1734-9. doi: 10.1093/ije/dyx034

27. Korja M, Kaprio J. Controversies in epidemiology of intracranial aneurysms and
SAH. Nat Rev Neurol. (2016) 12:50-5. doi: 10.1038/nrneurol.2015.228

28.Peng P, Chen Z, Zhang X, Guo Z, Dong E, Xu Y, et al. Investigating causal
relationships between psychiatric traits and intracranial aneurysms: a bi-directional
two-sample Mendelian randomization study. Front Genet. (2021) 12:741429. doi:
10.3389/fgene.2021.741429

29. Chauquet S, Zhu Z, O'Donovan MC, Walters JTR, Wray NR, Shah S. Association
of Antihypertensive Drug Target Genes with Psychiatric Disorders: a Mendelian
randomization study. JAMA Psychiatry. (2021) 78:623-31. doi: 10.1001/
jamapsychiatry.2021.0005

30. Fan X, Song X, Zhao M, Jarskog LF, Natarajan R, Shukair N, et al. The effect of
adjunctive telmisartan treatment on psychopathology and cognition in patients with
schizophrenia. Acta Psychiatr Scand. (2017) 136:465-72. doi: 10.1111/acps.12799

31. Vasconcelos GS, Dos Santos Junior MA, Monte AS, da Silva FER, de Carvalho
Lima CN, Neto ABML, et al. Low-dose candesartan prevents schizophrenia-like
behavioral alterations in a neurodevelopmental two-hit model of schizophrenia. Prog
Neuro-Psychopharmacol  Biol ~Psychiatry. (2021) 111:110348. doi: 10.1016/j.
pnpbp.2021.110348

32. Griessenauer CJ, Tubbs RS, Foreman PM, Chua MH, Vyas NA, Lipsky RH, et al.
Association of renin-angiotensin system genetic polymorphisms and aneurysmal
subarachnoid ~ hemorrhage. ]  Neurosurg. (2018) 128:86-93. doi:
10.3171/2016.9.JNS161593

33.Tada Y, Wada K, Shimada K, Makino H, Liang EI, Murakami S, et al. Roles of
hypertension in the rupture of intracranial aneurysms. Stroke. (2014) 45:579-86. doi:
10.1161/STROKEAHA.113.003072

34.Zhong P, Lu Z, Li Z, Li T, Lan Q, Liu J, et al. Effect of renin-angiotensin-
aldosterone system inhibitors on the rupture risk among hypertensive patients with
intracranial aneurysms. Hypertension. (2022) 79:1475-86. doi: 10.1161/
HYPERTENSIONAHA.122.18970

35.Egger ST, Bobes ], Rauen K, Seifritz E, Vetter S, Schuepbach D.
Psychopathological symptom load and distinguishable cerebral blood flow velocity
patterns in patients with schizophrenia and healthy controls: a functional
transcranial Doppler study. Front Psych. (2021) 12:679021. doi: 10.3389/
fpsyt.2021.679021

36. Yan W, Palaniyappan L, Liddle PE, Rangaprakash D, Wei W, Deshpande G.
Characterization of hemodynamic alterations in schizophrenia and bipolar disorder and

frontiersin.org


https://doi.org/10.3389/fneur.2024.1422984
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/S1474-4422(11)70109-0
https://doi.org/10.1056/NEJMra052732
https://doi.org/10.1161/STR.0000000000000070
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.1001/jamaneurol.2019.0006
https://doi.org/10.1016/0090-3019(90)90237-J
https://doi.org/10.1055/a-1003-6756
https://doi.org/10.1007/s40120-022-00348-6
https://doi.org/10.1016/S2215-0366(21)00395-3
https://doi.org/10.1161/STROKEAHA.122.040330
https://doi.org/10.1212/WNL.0000000000000955
https://doi.org/10.3389/fneur.2024.1346703
https://doi.org/10.1002/brb3.2245
https://doi.org/10.1002/brb3.2245
https://doi.org/10.7759/cureus.11513
https://doi.org/10.1097/EDE.0000000000000699
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1038/s41588-020-00725-7
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.12688/wellcomeopenres.15555.3
https://doi.org/10.1002/sim.6835
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1093/hmg/ddy163
https://doi.org/10.1093/hmg/ddy163
https://doi.org/10.1681/ASN.2020121760
https://doi.org/10.1681/ASN.2020121760
https://doi.org/10.1093/ije/dyx034
https://doi.org/10.1038/nrneurol.2015.228
https://doi.org/10.3389/fgene.2021.741429
https://doi.org/10.1001/jamapsychiatry.2021.0005
https://doi.org/10.1001/jamapsychiatry.2021.0005
https://doi.org/10.1111/acps.12799
https://doi.org/10.1016/j.pnpbp.2021.110348
https://doi.org/10.1016/j.pnpbp.2021.110348
https://doi.org/10.3171/2016.9.JNS161593
https://doi.org/10.1161/STROKEAHA.113.003072
https://doi.org/10.1161/HYPERTENSIONAHA.122.18970
https://doi.org/10.1161/HYPERTENSIONAHA.122.18970
https://doi.org/10.3389/fpsyt.2021.679021
https://doi.org/10.3389/fpsyt.2021.679021

Baoetal.

their effect on resting-state fMRI functional connectivity. Schizophr Bull. (2022)
48:695-711. doi: 10.1093/schbul/sbab140

37. Percie du Sert O, Unrau ], Gauthier CJ, Chakravarty M, Malla A, Lepage M, et al.
Cerebral blood flow in schizophrenia: a systematic review and meta-analysis of MRI-
based studies. Prog Neuro-Psychopharmacol Biol Psychiatry. (2023) 121:110669. doi:
10.1016/j.pnpbp.2022.110669

38. Salehi MA, Zafari R, Mohammadi S, Shahrabi Farahani M, Dolatshahi M, Harandi
H, et al. Brain-based sex differences in schizophrenia: a systematic review of fMRI
studies. Hum Brain Mapp. (2024) 45:€26664. doi: 10.1002/hbm.26664

39.Chen B, Huang S, Zhang L, Yang L, Liu Y, Li C. Global tendencies and frontier
topics in hemodynamics research of intracranial aneurysms: a bibliometric analysis
from 1999 to 2022. Front Physiol. (2023) 14:1157787. doi: 10.3389/
fphys.2023.1157787

40.LiJ, Tan Z,Yi X, Fu Y, Zhu L, Zeng F, et al. Association of brain morphology and
phenotypic profile in patients with unruptured intracranial aneurysm. Front Aging
Neurosci. (2023) 15:1202699. doi: 10.3389/fnagi.2023.1202699

41. Chen B, Xie K, Zhang ], Yang L, Zhou H, Zhang L, et al. Comprehensive analysis
of mitochondrial dysfunction and necroptosis in intracranial aneurysms from the
perspective of predictive, preventative, and personalized medicine. Apoptosis. (2023)
28:1452-68. doi: 10.1007/510495-023-01865-x

42. Chen B, Zhou H, Zhou X, Yang L, Xiong Y, Zhang L. Comprehensive analysis of
endoplasmic reticulum stress in intracranial aneurysm. Front Cell Neurosci. (2022)
16:865005. doi: 10.3389/fncel.2022.865005

43.Towgood K, Ogden JA, Mee E. Neurological, neuropsychological, and
psychosocial outcome following treatment of unruptured intracranial aneurysms: a
review and commentary. J Int Neuropsychol Soc. (2004) 10:114-34. doi: 10.1017/
§1355617704101136

44. International Study of Unruptured Intracranial Aneurysms Investigators.
Unruptured intracranial aneurysms — risk of rupture and risks of surgical intervention.
N Engl ] Med. (1998) 339:1725-33. doi: 10.1056/NEJM199812103392401

Frontiers in Neurology

09

10.3389/fneur.2024.1422984

45. Briindl E, Bohm C, Liirding R, Schédel P, Bele S, Hochreiter A, et al. Treatment of
Unruptured intracranial aneurysms and cognitive performance: preliminary results of a
prospective clinical trial. World Neurosurg. (2016) 94:145-56. doi: 10.1016/j.wneu.2016.06.112

46. Caveney AF, Langenecker SA, Pandey AS, Farah LB, Ortiz JA, Huq N, et al.
Neuropsychological changes in patients undergoing treatment of Unruptured
intracranial aneurysms. Neurosurgery. (2019) 84:581-7. doi: 10.1093/neuros/nyy077

47. Hillis AE, Anderson N, Sampath P, Rigamonti D. Cognitive impairments after
surgical repair of ruptured and unruptured aneurysms. J Neurol Neurosurg Psychiatry.
(2000) 69:608-15. doi: 10.1136/jnnp.69.5.608

48. Al-Khindi T, Macdonald RL, Schweizer TA. Cognitive and functional outcome
after aneurysmal subarachnoid hemorrhage. Stroke. (2010) 41:¢519-36. doi: 10.1161/
STROKEAHA.110.581975

49. Kreiter KT, Copeland D, Bernardini GL, Bates JE, Peery S, Claassen J, et al.
Predictors of cognitive dysfunction after subarachnoid hemorrhage. Stroke. (2002)
33:200-9. doi: 10.1161/hs0102.101080

50. Li Z, Liu Q, Yao ], Zhang X. Effects of supplemental Dexmedetomidine anesthesia
on intracranial aneurysm patients undergoing intracranial interventional embolization.
World Neurosurg. (2022) 168:¢570-7. doi: 10.1016/j.wneu.2022.10.041

51. Prunell GE, Svendgaard NA, Alkass K, Mathiesen T. Inflammation in the brain
after experimental subarachnoid hemorrhage. Neurosurgery. (2005) 56:1082-92. doi:
10.1227/01.NEU.0000157966.76590.39

52. Watson E, Ding D, Khattar NK, Everhart DE, James RF. Neurocognitive outcomes
after aneurysmal subarachnoid hemorrhage: identifying inflammatory biomarkers. J
Neurol Sci. (2018) 394:84-93. doi: 10.1016/j.jns.2018.06.021

53. Tulamo R, Frésen J, Hernesniemi J, Niemeld M. Inflammatory changes in the
aneurysm wall: a review. ] Neurointerv Surg. (2018) 10:i58-67. doi: 10.1136/
jnis.2009.002055.rep

54. Glavan M, Jelic A, Levard D, Frosen |, Kerdanen S, Franx BAA, et al. CNS-associated
macrophages contribute to intracerebral aneurysm pathophysiology. Acta Neuropathol
Commun. (2024) 12:43. doi: 10.1186/s40478-024-01756-5

frontiersin.org


https://doi.org/10.3389/fneur.2024.1422984
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1093/schbul/sbab140
https://doi.org/10.1016/j.pnpbp.2022.110669
https://doi.org/10.1002/hbm.26664
https://doi.org/10.3389/fphys.2023.1157787
https://doi.org/10.3389/fphys.2023.1157787
https://doi.org/10.3389/fnagi.2023.1202699
https://doi.org/10.1007/s10495-023-01865-x
https://doi.org/10.3389/fncel.2022.865005
https://doi.org/10.1017/S1355617704101136
https://doi.org/10.1017/S1355617704101136
https://doi.org/10.1056/NEJM199812103392401
https://doi.org/10.1016/j.wneu.2016.06.112
https://doi.org/10.1093/neuros/nyy077
https://doi.org/10.1136/jnnp.69.5.608
https://doi.org/10.1161/STROKEAHA.110.581975
https://doi.org/10.1161/STROKEAHA.110.581975
https://doi.org/10.1161/hs0102.101080
https://doi.org/10.1016/j.wneu.2022.10.041
https://doi.org/10.1227/01.NEU.0000157966.76590.39
https://doi.org/10.1016/j.jns.2018.06.021
https://doi.org/10.1136/jnis.2009.002055.rep
https://doi.org/10.1136/jnis.2009.002055.rep
https://doi.org/10.1186/s40478-024-01756-5

	Association between psychiatric disorders and intracranial aneurysms: evidence from Mendelian randomization analysis
	Introduction
	Methods
	Study design
	Date source
	Instrument variables selection
	Mendelian randomization analysis
	Sensitive analysis
	Statistical analysis

	Results
	Selection of IVs
	Causal association of uIA with SCZ
	Causal association of other models

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

