
www.aging-us.com 1 AGING 

www.aging-us.com AGING 2024, Vol. 16, Advance 

Research Paper 

Causal effects for neurodegenerative diseases on the risk of 
myocardial infarction: a two-sample Mendelian randomization 
study 
 

Jianing Chi1,2,3,4, Jiaman Hu1,2,3,5, Ningxia Wu1,2,3,6, Hua Cai1,2,3,6, Cailong Lin1,2,3,5,  
Yingying Lai1,2,3,5, Jianyu Huang1,2,3, Weihua Li1, Peng Su1, Min Li1,2,3, Lin Xu1,2,3,4 
 
1Department of Geriatric Cardiology, General Hospital of Southern Theater Command, Guangzhou, China 
2Branch of National Clinical Research Center for Geriatric Diseases, Chinese PLA General Hospital, Guangzhou, 
China 
3Guangzhou Key Laboratory of Cardiac Rehabilitation, Guangzhou, China 
4The First School of Clinical Medicine, Southern Medical University, Guangzhou, China 
5School of Public Health, Guangdong Pharmaceutical University, Guangzhou, China 
6Graduate School, Guangzhou University of Chinese Medicine, Guangzhou, China 
 
Correspondence to: Lin Xu; email: xxgnk_xlin@126.com, https://orcid.org/0000-0001-7750-8011 
Keywords: neurodegenerative diseases, Alzheimer’s disease, dementia with Lewy bodies, Parkinson’s disease, multiple 
sclerosis 
Received: November 22, 2023 Accepted: May 3, 2024  Published: June 7, 2024 

 
Copyright: © 2024 Chi et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 

 

ABSTRACT 
 

Several studies have demonstrated a correlation between neurodegenerative diseases (NDDs) and 
myocardial infarction (MI), yet the precise causal relationship between these remains elusive. This study 
aimed to investigate the potential causal associations of genetically predicted Alzheimer’s disease (AD), 
dementia with Lewy bodies (DLB), Parkinson’s disease (PD), and multiple sclerosis (MS) with MI using two-
sample Mendelian randomization (TSMR). Various methods, including inverse variance weighted (IVW), 
weighted median (WM), MR-Egger regression, weighted mode, and simple mode, were employed to 
estimate the effects of genetically predicted NDDs on MI. To validate the analysis, we assessed pleiotropic 
effects, heterogeneity, and conducted leave-one-out sensitivity analysis. We identified that genetic 
predisposition to NDDs was suggestively associated with higher odds of MI (OR_IVW=1.07, OR_MR–
Egger=1.08, OR_WM=1.07, OR_weighted mode=1.07, OR_simple mode=1.10, all P<0.05). Furthermore, we 
observed significant associations of genetically predicted DLB with MI (OR_IVW=1.07, OR_MR–Egger=1.11, 
OR_WM=1.09, OR_weighted mode=1.09, all P<0.05). However, there was no significant causal evidence of 
genetically predicted PD and MS in MI. Across all MR analyses, no horizontal pleiotropy or statistical 
heterogeneity was observed (all P>0.05). Additionally, results from MRPRESSO and leave-one-out sensitivity 
analysis confirmed the robustness of the causal effect estimations for genetically predicted AD, DLB, PD, 
and MS on MI. This study provides further support for the causal effects of AD on MI and, for the first time, 
establishes robust causal evidence for the detrimental effect of DLB on the risk of MI. Our findings 
emphasize the importance of monitoring the cardiovascular function of the elderly experiencing 
neurodegenerative changes. 
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INTRODUCTION 
 

As the #1 cause of mortality and disability globally, 

cardiovascular diseases (CVD) especially myocardial 

infarction (MI), claim an estimated 17.9 million lives 

yearly, which poses an increasing burden on health  

and society [1]. The impact of CVD is predominantly 

observed in the elderly, as evidenced by the landmark 

Framingham Heart Study, revealing an eight-fold 

increase in MI incidence among older individuals 

compared to their younger counterparts [2]. Despite 

advancements in interventional therapies that have 

enhanced the quality of life for elderly MI patients,  

it still constitutes 30% of global mortality [3]. Hence, it 

is crucial to delve into the risk factors and pathogenesis 

of MI to enhance preventive measures and control. 

 

As the world’s population ages, the incidence of 

neurodegenerative diseases (NDDs) is projected to 

surge by over 50% by 2030 [4, 5], resulting in a  

disease burden of 167.9 million disability-adjusted life 

years, second only to CVD [6]. Predominant age-related 

NDDs encompass Alzheimer’s disease (AD), dementia 

with Lewy bodies (DLB), Parkinson’s disease (PD),  

and multiple sclerosis (MS). The neuronal deterioration 

and degeneration associated with these diseases lead to 

motor dysfunction and cognitive decline, imposing a 

substantial burden on individuals, families, and society 

[7]. In recent years, there has been a growing interest in 

researching the association between NDDs and CVD 

[8–10].  

 

The brain and the heart, integral components of the 

organism, share a profound functional connection, 

constantly interacting and mutually influencing each 

other at the pathophysiological level. The intricate brain-

cardiac axis arising from this connection plays a pivotal 

role in the development of numerous neurological and 

cardiovascular diseases. However, the shared risk factors 

between the two complicate and cast controversy on 

studying their causality. Compelling evidence already 

exists that cardiovascular diseases contribute to the 

progression of neurodegenerative diseases. In a study 

involving over 4000 Chinese patients with PD, coronary 

heart disease emerged as one of the most prevalent 

comorbidities contributing to patient mortality [11]. 

Chinese population-based cohort studies suggested an 

association between coronary artery disease and PD 

[12]. Moreover, according to Newman AB and Roberts 

RO, there is a clear correlation between coronary heart 

disease and a heightened risk of AD [13, 14]. The 

Rotterdam Study indicated that unrecognized MI was 

linked to the risk of AD, whereas recognized MI was 

not [15]. Simultaneously, a higher Framingham cardio-

vascular risk score was associated with an increased risk 

of relapses, disability, and disease-modifying therapy 

escalation in patients with MS over a 5-year follow- 

up [16]. Several investigations have also explored the 

reciprocal effects of neurodegenerative alterations on 

cardiovascular disease [17]. Nevertheless, these studies 

were observational, prone to various measurement errors, 

potential biases, and confounders, making it challenging 

to distinguish the true causes and consequences between 

NDDs and MI. 
 

The Two Sample Mendelian Randomization (TSMR), an 

emerging analytical approach, employs genetic variants 

as proxies for exposures to assess the causal impact  

of those exposures on outcomes [18–20]. Grounded  

in Mendel’s law of segregation, which posits that  

allele pairs segregate during gamete formation and 

randomly unite at fertilization [21], TSMR utilizes 

single nucleotide polymorphisms (SNPs) within genes 

as instrumental variables (IVs). This strategic use of  

IVs helps bypass traditional confounding factors and 

mitigates the influence of reverse causality between 

exposures and outcomes [22–25].  
 

Consequently, to investigate the potential causality of 

genetic predisposition to NDDs concerning the risk of 

myocardial infarction, we conducted a TSMR analysis. 

 

MATERIALS AND METHODS 
 

Study design 

 

The current investigation employed a Two-Sample 

Mendelian Randomization (TSMR) study design guided 

by three hypotheses: (1) a strong association exists 

between genetic instrumental variables (IVs) and 

neurodegenerative diseases (NDDs); (2) the genetic IVs 

do not exhibit associations with any known potential 

confounders; (3) the genetic IVs exert influence on 

Myocardial Infarction (MI) solely through their impact 

on NDDs. The conceptual schematic of this MR study  

is depicted in Figure 1. Specifically, genetic variants 

robustly linked to neurodegenerative diseases, including 

Alzheimer’s Disease (AD), Dementia with Lewy Bodies 

(DLB), Parkinson’s Disease (PD), and Multiple Sclerosis 

(MS), were utilized as IVs, with MI considered as  

the outcome. Therefore, TSMR served as the primary 

statistical approach to explore causal associations 

between each IV-exposure (AD, DLB, PD, MS) and IV-

outcome pairing. 

 

Data sources  

 

Summary-level GWAS data for the associations of 

NDDs-associated SNPs with MI were derived from the 
Coronary Artery Disease Genome-Wide Replication 

and Meta-analysis plus The Coronary Artery Disease 

(CARDIoGRAMplusC4D) consortium, which involved 
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43,676 MI cases and 128,199 controls [26]. Meanwhile, 

we analyzed four common neurodegenerative disorders 

as exposures. Genetic variants associated with AD  

were obtained from a FinnGen biobank analysis in a 

total European population of 2,670 AD patients and 

214,871 cognitively normal controls. The genome-wide 

association data for DLB were obtained from publicly 

available GWAS summary statistics, including 2,591 

DLB patients and 4,027 control individuals [27]. The 

most recent and largest GWAS of PD involving 482,730 

European participants, conducted by the International 

Parkinson’s Disease Genomics Consortium (IPDGC), 

was used for the summary statistics for PD outcome. 

The study detected and reported more than 15 million 

SNPs in 33,674 PD patients and 449,056 controls [28]. 

Genetic instrumental variables for MS were extracted 

from the International Multiple Sclerosis Genetics 

Consortium (IMSGC), covered 14,498 MS cases and 

24,091 control, all of whom were of European ancestry 

[29]. All datasets included in the current study are 

summarized in Table 1. 

 

Selection of instrumental variables (IVs) 

 

To ensure the quality of genetic instruments, we 

implemented a rigorous series of quality control 

techniques. Firstly, we selected Single Nucleotide 

Polymorphisms (SNPs) strongly associated with AD, 

DLB, PD, and MS (P < 5×10^-8) at the genome-wide 

significance level. Secondly, to ensure the independence 

of each SNP and exclude variants in strong Linkage 

Disequilibrium (LD), we performed a clumping 

procedure with standard parameters (R^2 < 0.001, 

window size = 10,000 kb). Thirdly, SNPs associated 

with MI (P < 5×10^-8) were excluded using the GWAS 

Catalog. SNPs with a minor allele frequency < 0.01 

were also eliminated. To harmonize exposure and 

outcome datasets, palindromic SNPs and ambiguous 

SNPs with non-concordant alleles were excluded [30]. 

Before MR analysis, F statistics of AD, DLB, PD,  

and MS were calculated to assess the strength of the 

IVs, with a threshold of F statistics > 10 indicating 

relatively strong estimated effects in the MR analyses 

[31, 32]. 

 

Statistical analysis 

 

We employed multiple methods, including Inverse 

Variance Weighted (IVW), MR-Egger regression, 

Weighted Median (WM), Weighted Mode, and Simple 

Mode, to estimate the impact of neurodegenerative 

diseases (NDDs) on myocardial infarction (MI) 

susceptibility. The IVW method, a primary and widely 

utilized approach in Mendelian Randomization (MR) 

 

 
 

Figure 1. Diagram of the TSMR study for the association between NDDs (AD, DLB, PD, MS) and the risk of MI. (1), (2) and (3) 

are the research hypotheses. TSMR, two sample Mendelian randomization; NDDs, neurodegenerative diseases; AD, Alzheimer’s disease; PD, 
Parkinson’s disease; DLB, dementia with Lewy bodies; MS, multiple sclerosis; MI, myocardial infarction. 
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Table 1. Detailed information of the studies and datasets used for 
Mendelian randomization analyses. 

Phenotypes Sample size SNP Consortium of study 

Myocardial infarction 171,875 9,289,492 CARDIoGRAMplusC4D 

Alzheimer’s disease 27,541 16,380,466 FinnGen 

Dementia with Lewy bodies 6,618 7,593,175 Chia R, ect. 

Parkinson’s disease 482,730 17,891,936 IPDGC 

Multiple sclerosis 38,589 156,632 IMSGC 

CARDIoGRAMplusC4D, Coronary Artery Disease Genome-Wide Replication and Meta-
analysis plus The Coronary Artery Disease; IPDGC, International Parkinson’s Disease 
Genomics Consortium; IMSGC, International Multiple Sclerosis Genetics Consortium; 
SNP, single nucleotide polymorphism. 

 

analysis, summarized the weighted average of  

Wald ratio estimates of causal effects for each  

genetic variant. This method showcased the impact  

of each Single Nucleotide Polymorphism (SNP)  

at a standardized log-transformed exposure level, 

providing robust causal estimates [21]. In instances  

of weak instrumental variables (IVs), the MR– 

Egger method was employed to obtain less biased 

causal estimations. We further corroborated the 

results using the WM, which calculates the causal 

estimate by utilizing the reciprocal of its variance  

and generally exhibits greater power with a positive 

causal effect [33]. The Weighted Mode assigned 

causal estimates for each genetic variation based  

on the reciprocal of its variance, while the Simple 

Mode estimated the causal effect considering each 

genetic variant individually. Subsequently, causal 

effect estimates were calculated and converted to odds 

ratios (ORs).  

 
Following the MR analysis, a series of sensitivity 

analyses, including assessments of heterogeneity, 

pleiotropy, and leave-one-out analysis, were conducted 

to evaluate the validity and robustness of the outcomes. 

Cochran’s Q statistic assessed the heterogeneity of the 

IVs, MR-Egger regression evaluated the directional 

pleiotropy of instrumental variables by comparing  

the deviation of the MR-Egger intercept from zero 

[34]. Additionally, the MR-PRESSO global test was 

performed to evaluate the existence of horizontal 

pleiotropy, and outlier IVs were identified through  

the MR-PRESSO outlier test [35]. Finally, a leave-

one-out analysis was executed for each SNP to identify 

potential MI-associated SNPs that might influence  

the causal effect and to detect outliers [35].  

 
All statistical analyses were performed using the 

“TwoSampleMR” and “MR-PRESSO” package in R 

software (version 4.2.2). A P-value less than 0.05 was 

considered statistically significant.  

Data availability statement 

 

Publicly available datasets were analyzed in this 

study. This data can be found here: website of the ieu 

open gwas project (https://gwas.mrcieu.ac.uk/). The 

datasets generated during and/or analysed during the 

current study are available from the corresponding 

author on reasonable request. 

 

RESULTS 
 

IVs selection 

 

Through the aforementioned series of selecting  

for SNPs associated with exposure and removing  

LD processes, 6, 6, 23 and 49 SNPs associated with 

AD, DLB, PD and MS were obtained, respectively. 

We further identified 6 SNPs shared by AD and MI, 

there were no SNPs associated with AS, the 6 SNPs 

were used as IVs, and there were no palindromic 

SNPs. There were also no SNPs associated with  

MI in 6 SNPs shared by DLB and MI, the 6 SNPs 

were used as IVs, and there were no palindromic 

SNPs. Meanwhile, we identified 23 SNPs shared  

by PD and MI, there were one SNPs associated  

with MI (rs144814361), the 22 SNPs were used  

as IVs, and there were six palindromic SNPs 

(rs10451230, rs12934900, rs329647, rs35265698, 

rs4613239, rs823106). In the 49 SNPs shared by  

MS and MI, there were four SNPs associated with  

AS (rs12210359, rs9277535, rs9277535, rs2857700, 

rs9263823), the 45 SNPs were used as IVs, and there 

was six palindromic SNP (rs1131265, rs12296430, 

rs1359062, rs212405, rs9736016, rs9989735). The  

F-statistics were all >10 in the analyses of this  

study, indicating no evidence of weak IV bias was 
found. Thus, these IVs are proven appropriate 

estimates of the normal impact of exposure and 

outcome. Detailed information about all the IVs is 

provided in Supplementary Table 1. 
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AD do have causal effects on MI 

 

Random effects IVW results showed that genetically 

predicted AD occurrence was significantly associated 

with a higher incidence of MI (OR: 1.07, 95% CI: 1.03-

1.10, P < 0.001). Likewise, results from all of the MR–

Egger (OR: 1.08, 95% CI: 1.04-1.13, P = 0.039), WM 

(OR: 1.07, 95% CI: 1.05-1.10, P < 0.001), weighted 

model (OR: 1.07, 95% CI: 1.05-1.10, P = 0.004)  

and simple mode (OR: 1.10, 95% CI: 1.04-1.17, P = 

0.028) demonstrated a significant relationship between 

the two (Figures 2A, 3). Cochran’s Q statistic (MR-

IVW) and Rucker’s Q statistic (MR–Egger) showed  

no heterogeneity in the MR analysis of AD versus MI 

(PIVW =0.052, PMR-Egger =0.077). Similarly, the 

MR-Egger intercept (P = 0.367) and MR-PRESSO global 

test (P = 0.363) showed a low likelihood of horizontal 

pleiotropy (Table 2). The leave-one-out analysis and 

MR PRESSO outlier test revealed no apparent outliers 

among the SNPs (Table 2 and Figure 4A). 

 

Causal effects of DLB on MI 

 

It’s worth noting that we found evidence of a positive 

association between DLB and MI based on the  

IVW method (OR: 1.07, 95% CI: 1.04-1.10, P < 0.001), 

indicating that a genetically determined increased DLB 

engagement could increase the risk of MI. Besides,  

the results of the MR-Egger (OR: 1.11, 95% CI: 1.06-

1.17, P = 0.016), WM (OR: 1.07, 95% CI: 1.04-1.12,  

P < 0.001) and weighted model (OR: 1.09, 95% CI: 

1.05-1.14, P = 0.005) all demonstrated a significant 

 

 
 

Figure 2. Scatter plots for MR analyses of the causal effect of NDDs phenotypes on MI. The vertical axis is the effect of SNP on MI 
and the horizontal axis is the effect of SNP on NDDs phenotypes. (A) AD-MI. (B) DLB-MI. (C) PD-MI. (D) MS-MI. Analyses were conducted 
using the conventional IVW, WM, MR-Egger, simple mode and weighted mode methods. The slope of each line corresponds to the estimated 
MR effect per method. MR, Mendelian randomization; IVW, inverse variance weighted; WM, weighted median. 
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relationship between the two. In addition, the simple 

mode results (OR: 1.04, 95% CI: 0.96-1.12, P = 0.416) 

shared similar patterns of effect, although the statistical 

significance was absent (Figures 2B, 3). The P-values 

for the IVW-Q test and the MR–Egger-Q test were 

0.402 and 0.772, respectively, suggesting a lack of 

horizontal pleiotropy among the SNPs, thus providing 

robust results. Meanwhile, no directional pleiotropy was 

suggested by the MR–Egger intercept with an intercept 

value of -0.017 and p-value of 0.143. The leave-one-out 

and MR-PRESSO analysis (global test: P = 0.376)  

also indicated that there was no horizontal pleiotropy, 

so there were no outliers for any IVs (Table 2 and 

Figure 4B). 

 

No causal relationship is observed between MS and 

PD and MI 

 

For the MS, there was no evidence of heterogeneity  

as measured by the Q statistics (Q_IVW = 46.36,  

P = 0.139; Q_MR–Egger = 46.45, P = 0.163).  

MR–Egger intercept analyses and MR-PRESSO  

global test found no evidence for any pleiotropy in  

the MS-MI associations (P_MR-Egger intercept = 

0.786, P_MR-PRESSO = 0.089), indicating the stability  

of our analysis (Table 2). Additionally, through the  

leave-one-out sensitivity analysis, we observed minimal 

alterations in the overall results upon systematically 

excluding each SNP, which reinforces the robustness 

and reliability of our findings (Figure 4C). Multiple MR 

methods, including the IVW method (OR: 1.03, 95% 

CI: 0.99-1.06, P = 0.105), showed that the trend of the 

effect of MS on MI risk was consistent that the risk of 

MI tended to increase when the genetically determined 

PD engagement increased despite the association was 

nonsignificant (Figures 2C, 3). Similar findings were  

also observed in the causal effect estimation between 

PD and MI. There was no evidence of heterogeneity 

(P_IVW = 0.364, P_MR–Egger = 0.407) and any 

pleiotropy (P_MR-Egger intercept = 0.534, P_MR- 

 

 
 

Figure 3. Forest plot for MR analysis causal effect of NDDs phenotypes on MI. Five methods: random-effects IVW, MR–Egger, WM, 

simple mode and weighted mode. IVW was used as the main method to analyze the causal relationship. OR are scaled to per genetically 
predicted 1 log-odds unit increase in the liability to NDDs. The standard line is the “X = 1” dotted line. P-value less than 0.05 is considered 
statistically significant. SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; Error bars represent the 95% CI for the 
estimates. 
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Table 2. Sensitivity test of the Mendelian randomization analysis between NDDs phenotypes and MI. 

NDDs 

phenotypes 
Methods 

Heterogeneity test Horizontal pleiotropy MR-PRESSO 

Cochran’s Q p Egger_intercept p p of global test p of Outlier test 

AD    -0.015 0.299 0.363 NA 

 IVW 7.762 0.101     

 MR-Egger 10.520 0.062     

DLB    -0.017 0.143 0.376 NA 

 IVW 1.801 0.772     

 MR-Egger 5.107 0.403     

PD    -0.005 0.534 0.502 NA 

 IVW 15.195 0.365     

 MR-Egger 15.636 0.407     

MS    0.002 0.786 0.089 NA 

 IVW 46.362 0.139     

 MR-Egger 46.456 0.163     

p-value less than 0.05 is considered statistically significant. NDDs, neurodegenerative diseases; AD, Alzheimer’s 
disease; DLB, dementia with Lewy bodies; PD, Parkinson’s disease; MS, multiple sclerosis; IVW, Inverse variance 
weighted. 

 

PRESSO = 0.502) in the PD-MI relationship (Table 2). 

Besides, there were no outliers for any IVs by the  

leave-one-out analysis (Figure 4D). The results of  

the IVW, MR–Egger, median-based and maximum 

likelihood methods demonstrated in Figures 2D, 3 were 

implied that there was no significant causal association, 

and the effect pattern varied for the different methods 

(OR_IVW: 0.98, 95% CI: 0.94– 1.02, P = 0.357; 

OR_MR Egger: 1.01, 95% CI: 0.91–1.12, P = 0.815; 

OR_WM: 1.02, 95% CI: 0.96–1.07, P = 0.603; 

OR_weighted mode: 1.02, 95% CI: 0.95–1.10, P = 

0.566; OR_simple median: 1.02, 95% CI: 0.91–1.11;  

P = 0.847). 

 

DISCUSSION 
 

In the current study, we utilized large GWAS datasets  

to investigate the causality between NDDs (AD, DLB, 

PD, MS) and MI. We discovered suggestive genetic 

evidence supporting the causal associations of genetic 

liability to AD and DLB with an elevated risk of MI. 

Although the relative risk increase may not appear 

substantial, it still holds significant epidemiological and 

clinical implications. However, our results indicated 

that PD and MS were not genetically correlated with 

MI. It cannot be ruled out, though, that they may be 

related at other levels beyond genetics. 
 

For Alzheimer’s Disease (AD) and Myocardial 

Infarction (MI), we have identified a causal relationship 

between them, aligning with the findings of previous 

studies [36]. AD, the most prevalent irreversible 

neurodegenerative diseases (NDDs), is characterized 

by neuronal degeneration, loss of neurons, brain 

atrophy, senile plaques (SP), and neurofibrillary tangles 

(NFT) [37]. The pathogenesis of AD is multifactorial 

and involves complex interactions among various 

environmental and genetic factors. The currently 

recognized theories include the genetic, beta-amyloid 

(Aβ), tau, and neuroinflammatory theories [38]. As a 

primary pathological hallmark of AD, the deposition 

of Aβ and tau can promote vascular dysfunction 

through oxidative stress-mediated eNOS interactions 

and agonist-mediated disruption of Akt activation, 

which are involved in atherosclerosis formation and 

the development of MI [39]. Additionally, Aβ acts as 

an inflammatory stimulus, activating complement, 

inducing changes in glial cell responses, and releasing 

inflammatory proteins such as cytokines, chemokines, 

and adhesion molecules, all of which play a role in the 

development of MI [40]. Furthermore, NFT, caused by 

the aggregation of abnormally phosphorylated tau 

proteins, represents another significant injury in AD. 

This interference with cardiac neuromodulation and 

vascular function contributes to coronary artery spasm 

or constriction, thereby increasing the risk of MI [41, 

42]. Moreover, a previous meta-analysis of cytokines 

in AD revealed significantly increased levels of 

inflammatory factors such as TNF-α, IL-1β, NF-κB, 

and TLR2 in AD patients [43, 44]. Numerous studies 

have suggested that inflammatory responses constitute a 

primary pathogenic factor in MI [45–47]. Additionally, 

AD and MI share common risk factors, including 

hypercholesterolemia, hypertension, diabetes mellitus, 

obesity, smoking, and physical inactivity [48]. These 

factors induce oxidative stress, vascular endothelial 
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dysfunction, and inflammatory responses, collectively 

leading to MI [49]. Most importantly, genetically, the 

apolipoprotein E (apoE) 4 gene is involved in the 

development of cognitive impairment by regulating 

interferon-related gene expression in the choroid 

plexus [50]. Meanwhile, it has been reported to have a 

significant effect on cholesterol metabolism and lipid 

transport, thus becoming one of the risk factors for MI 

[51]. In addition, TREM2, which is associated with 

AD, Clusterin (CLU, also known as apolipoprotein  

J, ApoJ), which is associated with the complement 

signaling pathway, and complement receptor 1 (CR1) 

genes are also involved in the modulation of the 

inflammatory response [52], further increasing the risk 

of MI. However, the specific mechanisms underlying 

the causal relationship between AD and the risk of MI 

are still in the preliminary stages and require further 

exploration through larger clinical studies and basic 

experiments. 

 

What is noteworthy is that our study, for the first time, 

provides robust causal evidence of the detrimental 

effect of DLB on the risk of MI. DLB is a type of 

neurodegenerative diseases (NDDs) with a prevalence 

second only to Alzheimer’s Disease (AD), stemming 

from the formation of Lewy bodies and manifesting 

primarily in a wide range of cognitive, neuropsychiatric, 

sleep, motor, and autonomic symptoms, often with a 

poor prognosis [53, 54]. To the best of our knowledge, 

the mechanism between DLB and MI has not been 

studied. One possibility is that the accumulation of 

Lewy bodies leads to mitochondrial damage and 

 

 
 

Figure 4. Leave one out sensitivity analysis between NDDs phenotypes and MI. The results revealed no apparent outliers among all 

the SNPs. (A) AD-MI. (B) DLB-MI. (C) PD-MI. (D) MS-MI. NDDs, neurodegenerative diseases; AD, Alzheimer’s disease; MS, multiple sclerosis; 
PD, Parkinson’s disease; DLB, dementia with Lewy bodies; IVW, Inverse variance weighted; PD, Parkinson’s disease; AD, Alzheimer’s disease. 
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fragmentation, ultimately inciting the cascade of 

cellular apoptosis and death, which may cause MI [55, 

56]. Additionally, the largest risk factor for developing 

DLB is age, with most cases becoming clinically 

evident at approximately 70 years of age. The risk of 

developing DLB is higher in men than in women, 

which is consistent with the trend observed in MI. 

Another possible mechanism is that DLB exhibits  

the same accelerated deposition of extracellular Aβ 

peptide aggregated plaques as AD [57], causing 

microangiopathy such as vessel wall rupture and 

cortical microinfarcts, which in turn increases the  

risk of MI. Moreover, genetic alterations are observed  

in the microtubule-associated protein tau, scavenger 

receptor class B (SR-BI), and apoE genes of DLB  

[58, 59]. Studies show that abnormally phosphorylated 

and aggregated tau proteins are associated with 

cardiomyocyte dysfunction and cell death, leading to a 

high risk of MI. Genetic variations in SR-BI and apoE, 

which are lipoprotein receptors, significantly impact 

lipid levels, thereby contributing to the development of 

coronary artery disease and even MI. Both Zhang et al. 

and Mark Fuller et al. conducted animal experiments 

demonstrating that the deletion of SR-BI in apoE 

knockout or hypomorphic mice resulted in occlusive 

coronary atherosclerosis, spontaneous myocardial 

infarction, cardiac dysfunction, and premature death 

[60, 61]. Besides, genetic studies have revealed that 

some patients with DLB have mutations in the α-

synuclein gene (SNCA), which acts as a lipid-binding 

protein that interacts with phospholipids and fatty 

acids to participate in the process of lipophagy, 

impairing a variety of subcellular functions and 

leading to dysregulation of lipid metabolism, which in 

turn may contribute to the development of MI [62]. 

Most importantly, there is growing evidence of an 

inflammatory response in the blood of DLB patients, 

such as elevated expression of chronic inflammatory 

factors such as Tumor Necrosis Factor-α (TNF-α), 

Interleukin-1β (IL-1β), and Interleukin-6 (IL-6) 

compared to controls [63]. While MI is usually caused 

by coronary artery obstruction, chronic inflammation 

is associated with the development of atherosclerosis 

and plaque destabilization [64], which may be one of 

the mechanisms by which genetically predicted DLB 

increases the risk of MI. The correlation between DLB 

and MI risk is intriguing, and further investigation is 

required to pinpoint these plausible confounding factors 

and clarify the complex association among them. 

 

For MS and PD, the results reported by several  

previous observational epidemiological studies on the 

associations between them and MI were inconsistent 
and mixed. A Canadian study tracked 44,452 MS 

patients and 220,849 age-, sex-, and geographically 

matched controls for a decade, which reported a reduced 

incidence of ischemic heart disease in the MS 

population, particularly among those aged 60 years and 

older [65]. Another community-based study found 

lower ischemic heart disease-related mortality in PD 

patients [66]. However, a recent study using data from 

the National Health Insurance database in Taiwan 

suggested that newly diagnosed PD patients may face  

a statistically significant increased risk of subsequent 

MI [17]. Additionally, a multi-database study indicated 

an elevated risk of MI among female MS patients [67]. 

The hypothesized possibility that immobilization and 

physical inactivity in MS patients increases the risk  

of MI [68]. Besides, immunomodulatory treatments 

such as interferon β have been found to be associated 

with the risk of CVD in MS patients [69]. In genetic 

terms, the causality found may be due to alterations  

in Human Leukocyte Antigen (HLA), CD40, and 

PINK1/Parkin genes in patients with MS and PD, which 

modulate the body’s immune-inflammatory response 

and mitochondrial autophagy, thereby influencing  

the occurrence of myocardial infarction [70–73]. It’s 

essential to acknowledge potential biases in these 

observational studies, such as confounding variables 

and subjective viewpoints. To more accurately establish 

causal associations between PD, MS, and MI, our study 

employed the TSMR approach, enhancing internal 

validity by using robust instrumental variables. Despite 

the strength of our TSMR design and the precision 

achieved through diverse analytical techniques, the 

study has limitations. The non-causal relationship we 

derived between MS, PD and MI may be due to the 

relatively small sample size, which affected the stability 

of the results. It is therefore necessary to conduct further 

studies using larger datasets to improve the validity of 

the study. 

 

Our study’s primary strength lies in the TSMR design, 

which utilizes robust IVs to mitigate confounding and 

bias associated with reverse causality in observational 

research. Simultaneously, the precision and repeatability 

of the findings are enhanced by the variety of analytical 

techniques employed in this investigation. Additionally, 

the analysis demonstrates the robustness of our results, 

with no significant evidence of heterogeneity and 

pleiotropy. However, our study has several limitations. 

Firstly, the dataset exclusively represents European 

populations, potentially limiting the generalizability of 

our findings to other ancestral groups. Also, a stratified 

discussion of the important factor of gender is not 

possible due to the lack of gender-related variables in the 

dataset. Thirdly, due to the small size of the screened 

sample in this study, it may lead to lower statistical 

validity and the risk of false-negative results. Besides, 
our results show that multiple SNPs in each phenotype 

of NDDs are associated with myocardial infarction. 

Nevertheless, the proteins involved in these SNPs were 
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not further explored in this study and need to be 

investigated in future. Moreover, for the causal 

relationship between NDDs and MI, genetic variation 

can only explain part of it, and more fundamental 

experiments are needed to verify and explore the 

specific related mechanisms. 

 

CONCLUSIONS 
 

Our study provides further support for the causal effects 

of AD on MI and, for the first time, establishes robust 

causal evidence for the detrimental effect of DLB on the 

risk of MI. Our findings emphasize the importance of 

monitoring the cardiovascular function of the elderly 

experiencing neurodegenerative changes. 

 

AUTHOR CONTRIBUTIONS 
 
JC and NW conceived the project; HC, JH, and ML 

assisted in the preparation of the manuscript and 

performed the analysis; YL, CL, WL, and PS extracted 

data; LX administrated the project. Each author on  

the list has contributed significantly, directly, and 

intellectually to the work. 

 

ACKNOWLEDGMENTS 
 
We are grateful to all the patients and researchers 

involved in the included GWAS studies.  

 

CONFLICTS 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. 

 

FUNDING 
 
This research was funded by the National Natural 

Science Foundation of China (U21A20522), the National 

Clinical Research Center for Geriatrics (NCRCG-

PLAGH-2023006), and the Guangzhou Science and 

Technology Program Project (No. 2023A03J0170, No. 

202102021264). 

 

REFERENCES 
 
1. World Health Organization: WHO. Cardiovascular 

diseases [Internet]. Who.int. World Health 
Organization: WHO. 2019. 

 https://www.who.int/health-topics/cardiovascular-
diseases/#tab=tab_1 

2. Kannel WB, Abbott RD. Incidence and prognosis of 
unrecognized myocardial infarction. An update on the 
Framingham study. N Engl J Med. 1984; 311:1144–47. 

 https://doi.org/10.1056/NEJM198411013111802 
PMID:6482932 

3. Chang J, Liu X, Sun Y. Mortality due to acute myocardial 
infarction in China from 1987 to 2014: Secular trends 
and age-period-cohort effects. Int J Cardiol. 2017; 
227:229–38. 

 https://doi.org/10.1016/j.ijcard.2016.11.130 
PMID:27839815 

4. Kalia LV, Lang AE. Parkinson’s disease. Lancet. 2015; 
386:896–912. 

 https://doi.org/10.1016/S0140-6736(14)61393-3 
PMID:25904081 

5. Dorsey ER, Constantinescu R, Thompson JP, Biglan KM, 
Holloway RG, Kieburtz K, Marshall FJ, Ravina BM, 
Schifitto G, Siderowf A, Tanner CM. Projected number 
of people with Parkinson disease in the most populous 
nations, 2005 through 2030. Neurology. 2007;  
68:384–86. 

 https://doi.org/10.1212/01.wnl.0000247740.47667.03 
PMID:17082464 

6. Wang Y, Liang J, Fang Y, Yao D, Zhang L, Zhou Y, Wang 
Y, Hu L, Lu Z, Wang Y, Xiao Z. Burden of Common 
Neurologic Diseases in Asian Countries, 1990-2019: An 
Analysis for the Global Burden of Disease Study 2019. 
Neurology. 2023; 100:e2141–54. 

 https://doi.org/10.1212/WNL.0000000000207218 
PMID:37015823 

7. Knopman DS, Amieva H, Petersen RC, Chételat G, 
Holtzman DM, Hyman BT, Nixon RA, Jones DT. 
Alzheimer disease. Nat Rev Dis Primers. 2021; 7:33. 

 https://doi.org/10.1038/s41572-021-00269-y 
PMID:33986301 

8. Scorza FA, Fiorini AC, Scorza CA, Finsterer J. Cardiac 
abnormalities in Parkinson’s disease and Parkinsonism. 
J Clin Neurosci. 2018; 53:1–5. 

 https://doi.org/10.1016/j.jocn.2018.04.031 
PMID:29706419 

9. Potashkin J, Huang X, Becker C, Chen H, Foltynie T, 
Marras C. Understanding the links between 
cardiovascular disease and Parkinson’s disease. Mov 
Disord. 2020; 35:55–74. 

 https://doi.org/10.1002/mds.27836  
PMID:31483535 

10. Leszek J, Mikhaylenko EV, Belousov DM, Koutsouraki E, 
Szczechowiak K, Kobusiak-Prokopowicz M, Mysiak A, 
Diniz BS, Somasundaram SG, Kirkland CE, Aliev G. The 
Links between Cardiovascular Diseases and Alzheimer’s 
Disease. Curr Neuropharmacol. 2021; 19:152–69. 

 https://doi.org/10.2174/1570159X1866620072909372
4 PMID:32727331 

11. Liu H, Xie YM, Yi DH, Wang YY. [Clinical and medicine 
characteristics of patients with Parkinson’s syndrome]. 

9953

https://www.who.int/health-topics/cardiovascular-diseases/#tab=tab_1
https://www.who.int/health-topics/cardiovascular-diseases/#tab=tab_1
https://doi.org/10.1056/NEJM198411013111802
https://pubmed.ncbi.nlm.nih.gov/6482932
https://doi.org/10.1016/j.ijcard.2016.11.130
https://pubmed.ncbi.nlm.nih.gov/27839815
https://doi.org/10.1016/S0140-6736(14)61393-3
https://pubmed.ncbi.nlm.nih.gov/25904081
https://doi.org/10.1212/01.wnl.0000247740.47667.03
https://pubmed.ncbi.nlm.nih.gov/17082464
https://doi.org/10.1212/WNL.0000000000207218
https://pubmed.ncbi.nlm.nih.gov/37015823
https://doi.org/10.1038/s41572-021-00269-y
https://pubmed.ncbi.nlm.nih.gov/33986301
https://doi.org/10.1016/j.jocn.2018.04.031
https://pubmed.ncbi.nlm.nih.gov/29706419
https://doi.org/10.1002/mds.27836
https://pubmed.ncbi.nlm.nih.gov/31483535
https://doi.org/10.2174/1570159X18666200729093724
https://doi.org/10.2174/1570159X18666200729093724
https://pubmed.ncbi.nlm.nih.gov/32727331


www.aging-us.com 11 AGING 

Zhongguo Zhong Yao Za Zhi. 2014; 39:3493–98. 
 PMID:25532383 

12. Li Q, Wang C, Tang H, Chen S, Ma J. Stroke and 
Coronary Artery Disease Are Associated With 
Parkinson’s Disease. Can J Neurol Sci. 2018; 45:559–65. 

 https://doi.org/10.1017/cjn.2018.56 PMID:30001757 

13. Newman AB, Fitzpatrick AL, Lopez O, Jackson S, 
Lyketsos C, Jagust W, Ives D, Dekosky ST, Kuller LH. 
Dementia and Alzheimer’s disease incidence in 
relationship to cardiovascular disease in the 
Cardiovascular Health Study cohort. J Am Geriatr Soc. 
2005; 53:1101–07. 

 https://doi.org/10.1111/j.1532-5415.2005.53360.x 
PMID:16108925 

14. Roberts RO, Knopman DS, Geda YE, Cha RH, Roger VL, 
Petersen RC. Coronary heart disease is associated with 
non-amnestic mild cognitive impairment. Neurobiol 
Aging. 2010; 31:1894–902. 

 https://doi.org/10.1016/j.neurobiolaging.2008.10.018 
PMID:19091445 

15. Ikram MA, van Oijen M, de Jong FJ, Kors JA, Koudstaal 
PJ, Hofman A, Witteman JC, Breteler MM. 
Unrecognized myocardial infarction in relation to risk 
of dementia and cerebral small vessel disease. Stroke. 
2008; 39:1421–26. 

 https://doi.org/10.1161/STROKEAHA.107.501106 
PMID:18323497 

16. Petruzzo M, Reia A, Maniscalco GT, Luiso F, Lanzillo R, 
Russo CV, Carotenuto A, Allegorico L, Palladino R, 
Brescia Morra V, Moccia M. The Framingham 
cardiovascular risk score and 5-year progression of 
multiple sclerosis. Eur J Neurol. 2021; 28:893–900. 

 https://doi.org/10.1111/ene.14608 PMID:33091222 

17. Liang HW, Huang YP, Pan SL. Parkinson disease and risk 
of acute myocardial infarction: A population-based, 
propensity score-matched, longitudinal follow-up 
study. Am Heart J. 2015; 169:508–14. 

 https://doi.org/10.1016/j.ahj.2014.11.018 
PMID:25819857 

18. Davey Smith G, Hemani G. Mendelian randomization: 
genetic anchors for causal inference in epidemiological 
studies. Hum Mol Genet. 2014; 23:R89–98. 

 https://doi.org/10.1093/hmg/ddu328 PMID:25064373 

19. Burgess S, Foley CN, Zuber V. Inferring Causal 
Relationships Between Risk Factors and Outcomes 
from Genome-Wide Association Study Data. Annu Rev 
Genomics Hum Genet. 2018; 19:303–27. 

 https://doi.org/10.1146/annurev-genom-083117-
021731 PMID:29709202 

20. Smith GD, Ebrahim S. ‘Mendelian randomization’: can 
genetic epidemiology contribute to understanding 

environmental determinants of disease? Int J 
Epidemiol. 2003; 32:1–22. 

 https://doi.org/10.1093/ije/dyg070 PMID:12689998 

21. Burgess S, Butterworth A, Thompson SG. Mendelian 
randomization analysis with multiple genetic variants 
using summarized data. Genet Epidemiol. 2013; 
37:658–65. 

 https://doi.org/10.1002/gepi.21758 PMID:24114802 

22. Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, 
Baird D, Laurin C, Burgess S, Bowden J, Langdon R, Tan 
VY, Yarmolinsky J, Shihab HA, et al. The MR-Base 
platform supports systematic causal inference across 
the human phenome. Elife. 2018; 7:e34408. 

 https://doi.org/10.7554/eLife.34408 PMID:29846171 

23. Nattel S. Canadian Journal of Cardiology January 2013: 
genetics and more. Can J Cardiol. 2013; 29:1–2. 

 https://doi.org/10.1016/j.cjca.2012.11.015 
PMID:23261318 

24. Zheng J, Baird D, Borges MC, Bowden J, Hemani G, 
Haycock P, Evans DM, Smith GD. Recent Developments 
in Mendelian Randomization Studies. Curr Epidemiol 
Rep. 2017; 4:330–45. 

 https://doi.org/10.1007/s40471-017-0128-6 
PMID:29226067 

25. Lawlor DA, Harbord RM, Sterne JA, Timpson N, Davey 
Smith G. Mendelian randomization: using genes as 
instruments for making causal inferences in 
epidemiology. Stat Med. 2008; 27:1133–63. 

 https://doi.org/10.1002/sim.3034 PMID:17886233 

26. Nikpay M, Goel A, Won HH, Hall LM, Willenborg C, 
Kanoni S, Saleheen D, Kyriakou T, Nelson CP, Hopewell 
JC, Webb TR, Zeng L, Dehghan A, et al. A 
comprehensive 1,000 Genomes-based genome-wide 
association meta-analysis of coronary artery disease. 
Nat Genet. 2015; 47:1121–30. 

 https://doi.org/10.1038/ng.3396 PMID:26343387 

27. Chia R, Sabir MS, Bandres-Ciga S, Saez-Atienzar S, 
Reynolds RH, Gustavsson E, Walton RL, Ahmed S, 
Viollet C, Ding J, Makarious MB, Diez-Fairen M, Portley 
MK, et al, and American Genome Center. Genome 
sequencing analysis identifies new loci associated with 
Lewy body dementia and provides insights into its 
genetic architecture. Nat Genet. 2021; 53:294–303. 

 https://doi.org/10.1038/s41588-021-00785-3 
PMID:33589841 

28. Nalls MA, Blauwendraat C, Vallerga CL, Heilbron K, 
Bandres-Ciga S, Chang D, Tan M, Kia DA, Noyce AJ, Xue 
A, Bras J, Young E, von Coelln R, et al, 23andMe 
Research Team, System Genomics of Parkinson’s 
Disease Consortium, and International Parkinson’s 
Disease Genomics Consortium. Identification of novel 
risk loci, causal insights, and heritable risk for 

9954

https://pubmed.ncbi.nlm.nih.gov/25532383
https://doi.org/10.1017/cjn.2018.56
https://pubmed.ncbi.nlm.nih.gov/30001757
https://doi.org/10.1111/j.1532-5415.2005.53360.x
https://pubmed.ncbi.nlm.nih.gov/16108925
https://doi.org/10.1016/j.neurobiolaging.2008.10.018
https://pubmed.ncbi.nlm.nih.gov/19091445
https://doi.org/10.1161/STROKEAHA.107.501106
https://pubmed.ncbi.nlm.nih.gov/18323497
https://doi.org/10.1111/ene.14608
https://pubmed.ncbi.nlm.nih.gov/33091222
https://doi.org/10.1016/j.ahj.2014.11.018
https://pubmed.ncbi.nlm.nih.gov/25819857
https://doi.org/10.1093/hmg/ddu328
https://pubmed.ncbi.nlm.nih.gov/25064373
https://doi.org/10.1146/annurev-genom-083117-021731
https://doi.org/10.1146/annurev-genom-083117-021731
https://pubmed.ncbi.nlm.nih.gov/29709202
https://doi.org/10.1093/ije/dyg070
https://pubmed.ncbi.nlm.nih.gov/12689998
https://doi.org/10.1002/gepi.21758
https://pubmed.ncbi.nlm.nih.gov/24114802
https://doi.org/10.7554/eLife.34408
https://pubmed.ncbi.nlm.nih.gov/29846171
https://doi.org/10.1016/j.cjca.2012.11.015
https://pubmed.ncbi.nlm.nih.gov/23261318
https://doi.org/10.1007/s40471-017-0128-6
https://pubmed.ncbi.nlm.nih.gov/29226067
https://doi.org/10.1002/sim.3034
https://pubmed.ncbi.nlm.nih.gov/17886233
https://doi.org/10.1038/ng.3396
https://pubmed.ncbi.nlm.nih.gov/26343387
https://doi.org/10.1038/s41588-021-00785-3
https://pubmed.ncbi.nlm.nih.gov/33589841


www.aging-us.com 12 AGING 

Parkinson’s disease: a meta-analysis of genome-wide 
association studies. Lancet Neurol. 2019; 18:1091–102. 

 https://doi.org/10.1016/S1474-4422(19)30320-5 
PMID:31701892 

29. Beecham AH, Patsopoulos NA, Xifara DK, Davis MF, 
Kemppinen A, Cotsapas C, Shah TS, Spencer C, Booth 
D, Goris A, Oturai A, Saarela J, Fontaine B, et al, 
International Multiple Sclerosis Genetics Consortium 
(IMSGC), Wellcome Trust Case Control Consortium 2 
(WTCCC2), and International IBD Genetics Consortium 
(IIBDGC). Analysis of immune-related loci identifies 48 
new susceptibility variants for multiple sclerosis. Nat 
Genet. 2013; 45:1353–60. 

 https://doi.org/10.1038/ng.2770 PMID:24076602 

30. Cao Z, Wu Y, Li Q, Li Y, Wu J. A causal relationship 
between childhood obesity and risk of osteoarthritis: 
results from a two-sample Mendelian randomization 
analysis. Ann Med. 2022; 54:1636–45. 

 https://doi.org/10.1080/07853890.2022.2085883 
PMID:35703935 

31. Staiger D, Stock J. Instrumental Variables Regression 
with Weak Instruments. Econometrica. 1994; 
65:557–86. 

 https://doi.org/10.2307/2171753 

32. Li B, Martin EB. An approximation to the F distribution 
using the chi-square distribution. Computational 
Statistics and Data Analysis. 2002; 40:21–26. 

 https://doi.org/10.1016/S0167-9473(01)00097-4 

33. 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. 

 https://doi.org/10.1002/gepi.21965 PMID:27061298 

34. Burgess S, Thompson SG. Interpreting findings from 
Mendelian randomization using the MR-Egger method. 
Eur J Epidemiol. 2017; 32:377–89. 

 https://doi.org/10.1007/s10654-017-0255-x 
PMID:28527048 

35. Verbanck M, Chen CY, Neale B, Do R. Detection of 
widespread horizontal pleiotropy in causal 
relationships inferred from Mendelian randomization 
between complex traits and diseases. Nat Genet. 2018; 
50:693–98. 

 https://doi.org/10.1038/s41588-018-0099-7 
PMID:29686387 

36. Zhang F, Xian D, Feng J, Ning L, Jiang T, Xu W, Liu Y, Zhao 
Q, Peng M. Causal relationship between Alzheimer's 
disease and cardiovascular disease: a bidirectional 
Mendelian randomization analysis. Aging (Albany NY). 
2023; 15:9022–40.  

 https://doi.org/10.18632/aging.205013 
PMID:37665672 

37. Scheltens P, Blennow K, Breteler MM, de Strooper B, 
Frisoni GB, Salloway S, Van der Flier WM. Alzheimer’s 
disease. Lancet. 2016; 388:505–17. 

 https://doi.org/10.1016/S0140-6736(15)01124-1 
PMID:26921134 

38. Calsolaro V, Edison P. Neuroinflammation in 
Alzheimer’s disease: Current evidence and future 
directions. Alzheimers Dement. 2016; 12:719–32. 

 https://doi.org/10.1016/j.jalz.2016.02.010 
PMID:27179961 

39. Kapasi A, Leurgans SE, Arvanitakis Z, Barnes LL, Bennett 
DA, Schneider JA. Aβ (Amyloid Beta) and Tau Tangle 
Pathology Modifies the Association Between Small 
Vessel Disease and Cortical Microinfarcts. Stroke. 2021; 
52:1012–21. 

 https://doi.org/10.1161/STROKEAHA.120.031073 
PMID:33567873 

40. Thackeray JT, Hupe HC, Wang Y, Bankstahl JP, Berding 
G, Ross TL, Bauersachs J, Wollert KC, Bengel FM. 
Myocardial Inflammation Predicts Remodeling and 
Neuroinflammation After Myocardial Infarction. J Am 
Coll Cardiol. 2018; 71:263–75. 

 https://doi.org/10.1016/j.jacc.2017.11.024 
PMID:29348018 

41. Herring N, Kalla M, Paterson DJ. The autonomic 
nervous system and cardiac arrhythmias: current 
concepts and emerging therapies. Nat Rev Cardiol. 
2019; 16:707–26. 

 https://doi.org/10.1038/s41569-019-0221-2 
PMID:31197232 

42. Dusi V, Zhu C, Ajijola OA. Neuromodulation 
Approaches for Cardiac Arrhythmias: Recent Advances. 
Curr Cardiol Rep. 2019; 21:32. 

 https://doi.org/10.1007/s11886-019-1120-1 
PMID:30887264 

43. Novoa C, Salazar P, Cisternas P, Gherardelli C, Vera-
Salazar R, Zolezzi JM, Inestrosa NC. Inflammation 
context in Alzheimer’s disease, a relationship intricate 
to define. Biol Res. 2022; 55:39. 

 https://doi.org/10.1186/s40659-022-00404-3 
PMID:36550479 

44. Swardfager W, Lanctôt K, Rothenburg L, Wong A, 
Cappell J, Herrmann N. A meta-analysis of cytokines 
in Alzheimer’s disease. Biol Psychiatry. 2010;  
68:930–41. 

 https://doi.org/10.1016/j.biopsych.2010.06.012 
PMID:20692646 

45. Frangogiannis NG, Smith CW, Entman ML. The 
inflammatory response in myocardial infarction. 
Cardiovasc Res. 2002; 53:31–47. 

 https://doi.org/10.1016/s0008-6363(01)00434-5 
PMID:11744011 

9955

https://doi.org/10.1016/S1474-4422(19)30320-5
https://pubmed.ncbi.nlm.nih.gov/31701892
https://doi.org/10.1038/ng.2770
https://pubmed.ncbi.nlm.nih.gov/24076602
https://doi.org/10.1080/07853890.2022.2085883
https://pubmed.ncbi.nlm.nih.gov/35703935
https://doi.org/10.2307/2171753
https://doi.org/10.1016/S0167-9473(01)00097-4
https://doi.org/10.1002/gepi.21965
https://pubmed.ncbi.nlm.nih.gov/27061298
https://doi.org/10.1007/s10654-017-0255-x
https://pubmed.ncbi.nlm.nih.gov/28527048
https://doi.org/10.1038/s41588-018-0099-7
https://pubmed.ncbi.nlm.nih.gov/29686387
https://doi.org/10.18632/aging.205013
https://pubmed.ncbi.nlm.nih.gov/37665672/
https://doi.org/10.1016/S0140-6736(15)01124-1
https://pubmed.ncbi.nlm.nih.gov/26921134
https://doi.org/10.1016/j.jalz.2016.02.010
https://pubmed.ncbi.nlm.nih.gov/27179961
https://doi.org/10.1161/STROKEAHA.120.031073
https://pubmed.ncbi.nlm.nih.gov/33567873
https://doi.org/10.1016/j.jacc.2017.11.024
https://pubmed.ncbi.nlm.nih.gov/29348018
https://doi.org/10.1038/s41569-019-0221-2
https://pubmed.ncbi.nlm.nih.gov/31197232
https://doi.org/10.1007/s11886-019-1120-1
https://pubmed.ncbi.nlm.nih.gov/30887264
https://doi.org/10.1186/s40659-022-00404-3
https://pubmed.ncbi.nlm.nih.gov/36550479
https://doi.org/10.1016/j.biopsych.2010.06.012
https://pubmed.ncbi.nlm.nih.gov/20692646
https://doi.org/10.1016/s0008-6363(01)00434-5
https://pubmed.ncbi.nlm.nih.gov/11744011


www.aging-us.com 13 AGING 

46. Ren G, Dewald O, Frangogiannis NG. Inflammatory 
mechanisms in myocardial infarction. Curr Drug 
Targets Inflamm Allergy. 2003; 2:242–56. 

 https://doi.org/10.2174/1568010033484098 
PMID:14561159 

47. Shao L, Shen Y, Ren C, Kobayashi S, Asahara T, Yang J. 
Inflammation in myocardial infarction: roles of 
mesenchymal stem cells and their secretome. Cell 
Death Discov. 2022; 8:452. 

 https://doi.org/10.1038/s41420-022-01235-7 
PMID:36351896 

48. Arntzen KA, Schirmer H, Wilsgaard T, Mathiesen EB. 
Impact of cardiovascular risk factors on cognitive 
function: the Tromsø study. Eur J Neurol. 2011; 
18:737–43. 

 https://doi.org/10.1111/j.1468-1331.2010.03263.x 
PMID:21143340 

49. Dede DS, Yavuz B, Yavuz BB, Cankurtaran M, Halil M, 
Ulger Z, Cankurtaran ES, Aytemir K, Kabakci G, Ariogul 
S. Assessment of endothelial function in Alzheimer’s 
disease: is Alzheimer’s disease a vascular disease? J Am 
Geriatr Soc. 2007; 55:1613–17. 

 https://doi.org/10.1111/j.1532-5415.2007.01378.x 
PMID:17711428 

50. Yin C, Ackermann S, Ma Z, Mohanta SK, Zhang C, Li Y, 
Nietzsche S, Westermann M, Peng L, Hu D, Bontha SV, 
Srikakulapu P, Beer M, et al. ApoE attenuates 
unresolvable inflammation by complex formation with 
activated C1q. Nat Med. 2019; 25:496–506. 

 https://doi.org/10.1038/s41591-018-0336-8 
PMID:30692699 

51. Corder EH, Saunders AM, Risch NJ, Strittmatter WJ, 
Schmechel DE, Gaskell PC Jr, Rimmler JB, Locke PA, 
Conneally PM, Schmader KE. Protective effect of 
apolipoprotein E type 2 allele for late onset Alzheimer 
disease. Nat Genet. 1994; 7:180–84. 

 https://doi.org/10.1038/ng0694-180  
PMID:7920638 

52. Hampel H, Caraci F, Cuello AC, Caruso G, Nisticò R, 
Corbo M, Baldacci F, Toschi N, Garaci F, Chiesa PA, 
Verdooner SR, Akman-Anderson L, Hernández F, et al. 
A Path Toward Precision Medicine for 
Neuroinflammatory Mechanisms in Alzheimer’s 
Disease. Front Immunol. 2020; 11:456. 

 https://doi.org/10.3389/fimmu.2020.00456 
PMID:32296418 

53. Taylor JP, McKeith IG, Burn DJ, Boeve BF, Weintraub D, 
Bamford C, Allan LM, Thomas AJ, O’Brien JT. New 
evidence on the management of Lewy body dementia. 
Lancet Neurol. 2020; 19:157–69. 

 https://doi.org/10.1016/S1474-4422(19)30153-X 
PMID:31519472 

54. Mueller C, Ballard C, Corbett A, Aarsland D. The 
prognosis of dementia with Lewy bodies. Lancet 
Neurol. 2017; 16:390–98. 

 https://doi.org/10.1016/S1474-4422(17)30074-1 
PMID:28342649 

55. Stefanis L. α-Synuclein in Parkinson’s disease. Cold 
Spring Harb Perspect Med. 2012; 2:a009399. 

 https://doi.org/10.1101/cshperspect.a009399 
PMID:22355802 

56. Anversa P, Cheng W, Liu Y, Leri A, Redaelli G, Kajstura J. 
Apoptosis and myocardial infarction. Basic Res Cardiol. 
1998; 93 Suppl 3:8–12. 

 https://doi.org/10.1007/s003950050195 
PMID:9879436 

57. Ahlemeyer B, Halupczok S, Rodenberg-Frank E, 
Valerius KP, Baumgart-Vogt E. Endogenous Murine 
Amyloid-β Peptide Assembles into Aggregates in the 
Aged C57BL/6J Mouse Suggesting These Animals as a 
Model to Study Pathogenesis of Amyloid-β Plaque 
Formation. J Alzheimers Dis. 2018; 61:1425–50. 

 https://doi.org/10.3233/JAD-170923 PMID:29376876 

58. Bras J, Guerreiro R, Darwent L, Parkkinen L, Ansorge O, 
Escott-Price V, Hernandez DG, Nalls MA, Clark LN, 
Honig LS, Marder K, Van Der Flier WM, Lemstra A, et al. 
Genetic analysis implicates APOE, SNCA and suggests 
lysosomal dysfunction in the etiology of dementia with 
Lewy bodies. Hum Mol Genet. 2014; 23:6139–46. 

 https://doi.org/10.1093/hmg/ddu334 PMID:24973356 

59. Tanskanen M, Peuralinna T, Polvikoski T, Notkola IL, 
Sulkava R, Hardy J, Singleton A, Kiuru-Enari S, Paetau A, 
Tienari PJ, Myllykangas L. Senile systemic amyloidosis 
affects 25% of the very aged and associates with 
genetic variation in alpha2-macroglobulin and tau: a 
population-based autopsy study. Ann Med. 2008; 
40:232–39. 

 https://doi.org/10.1080/07853890701842988 
PMID:18382889 

60. Zhang S, Picard MH, Vasile E, Zhu Y, Raffai RL, 
Weisgraber KH, Krieger M. Diet-induced occlusive 
coronary atherosclerosis, myocardial infarction, cardiac 
dysfunction, and premature death in scavenger 
receptor class B type I-deficient, hypomorphic 
apolipoprotein ER61 mice. Circulation. 2005; 
111:3457–64. 

 https://doi.org/10.1161/CIRCULATIONAHA.104.52356
3 PMID:15967843 

61. Fuller M, Dadoo O, Serkis V, Abutouk D, MacDonald M, 
Dhingani N, Macri J, Igdoura SA, Trigatti BL. The effects 
of diet on occlusive coronary artery atherosclerosis and 
myocardial infarction in scavenger receptor class B, 
type 1/low-density lipoprotein receptor double 
knockout mice. Arterioscler Thromb Vasc Biol. 2014; 
34:2394–403. 

9956

https://doi.org/10.2174/1568010033484098
https://pubmed.ncbi.nlm.nih.gov/14561159
https://doi.org/10.1038/s41420-022-01235-7
https://pubmed.ncbi.nlm.nih.gov/36351896
https://doi.org/10.1111/j.1468-1331.2010.03263.x
https://pubmed.ncbi.nlm.nih.gov/21143340
https://doi.org/10.1111/j.1532-5415.2007.01378.x
https://pubmed.ncbi.nlm.nih.gov/17711428
https://doi.org/10.1038/s41591-018-0336-8
https://pubmed.ncbi.nlm.nih.gov/30692699
https://doi.org/10.1038/ng0694-180
https://pubmed.ncbi.nlm.nih.gov/7920638
https://doi.org/10.3389/fimmu.2020.00456
https://pubmed.ncbi.nlm.nih.gov/32296418
https://doi.org/10.1016/S1474-4422(19)30153-X
https://pubmed.ncbi.nlm.nih.gov/31519472
https://doi.org/10.1016/S1474-4422(17)30074-1
https://pubmed.ncbi.nlm.nih.gov/28342649
https://doi.org/10.1101/cshperspect.a009399
https://pubmed.ncbi.nlm.nih.gov/22355802
https://doi.org/10.1007/s003950050195
https://pubmed.ncbi.nlm.nih.gov/9879436
https://doi.org/10.3233/JAD-170923
https://pubmed.ncbi.nlm.nih.gov/29376876
https://doi.org/10.1093/hmg/ddu334
https://pubmed.ncbi.nlm.nih.gov/24973356
https://doi.org/10.1080/07853890701842988
https://pubmed.ncbi.nlm.nih.gov/18382889
https://doi.org/10.1161/CIRCULATIONAHA.104.523563
https://doi.org/10.1161/CIRCULATIONAHA.104.523563
https://pubmed.ncbi.nlm.nih.gov/15967843


www.aging-us.com 14 AGING 

 https://doi.org/10.1161/ATVBAHA.114.304200 
PMID:25212235 

62. Lan ZQ, Ge ZY, Lv SK, Zhao B, Li CX. The regulatory role 
of lipophagy in central nervous system diseases. Cell 
Death Discov. 2023; 9:229. 

 https://doi.org/10.1038/s41420-023-01504-z 
PMID:37414782 

63. Amin J, Erskine D, Donaghy PC, Surendranathan A, 
Swann P, Kunicki AP, Boche D, Holmes C, McKeith IG, 
O’Brien JT, Teeling JL, Thomas AJ. Inflammation in 
dementia with Lewy bodies. Neurobiol Dis. 2022; 
168:105698. 

 https://doi.org/10.1016/j.nbd.2022.105698 
PMID:35314318 

64. Frangogiannis NG. The inflammatory response in 
myocardial injury, repair, and remodelling. Nat Rev 
Cardiol. 2014; 11:255–65. 

 https://doi.org/10.1038/nrcardio.2014.28 
PMID:24663091 

65. Marrie RA, Fisk J, Tremlett H, Wolfson C, Warren S, 
Blanchard J, Patten SB, and CIHR Team in the 
Epidemiology and Impact of Comorbidity on Multiple 
Sclerosis. Differing trends in the incidence of vascular 
comorbidity in MS and the general population. Neurol 
Clin Pract. 2016; 6:120–28. 

 https://doi.org/10.1212/CPJ.0000000000000230 
PMID:27104065 

66. Beyer MK, Herlofson K, Arsland D, Larsen JP. Causes of 
death in a community-based study of Parkinson’s 
disease. Acta Neurol Scand. 2001; 103:7–11. 

 https://doi.org/10.1034/j.1600-0404.2001.00191.x 
PMID:11153892 

67. Persson R, Lee S, Yood MU, Wagner M, Minton N, 
Niemcryk S, Lindholm A, Evans A, Jick S. Incident 
cardiovascular disease in patients diagnosed with 
multiple sclerosis: A multi-database study. Mult Scler 
Relat Disord. 2020; 37:101423. 

 https://doi.org/10.1016/j.msard.2019.101423 
PMID:32172996 

68. Ewanchuk BW, Gharagozloo M, Peelen E, Pilutti LA. 
Exploring the role of physical activity and exercise for 
managing vascular comorbidities in people with 
multiple sclerosis: A scoping review. Mult Scler Relat 
Disord. 2018; 19–32. 

 https://doi.org/10.1016/j.msard.2018.08.022 
PMID:30216755 

69. McLaren JE, Michael DR, Ashlin TG, Ramji DP. 
Cytokines, macrophage lipid metabolism and foam 
cells: implications for cardiovascular disease therapy. 
Prog Lipid Res. 2011; 50:331–47. 

 https://doi.org/10.1016/j.plipres.2011.04.002 
PMID:21601592 

70. Frischer JM, Reindl M, Künz B, Berger T, Schmidt S, 
Milford EL, Knosp E, Lassmann H, Utku N. TIRC7 and 
HLA-DR axis contributes to inflammation in multiple 
sclerosis. Mult Scler. 2014; 20:1171–81. 

 https://doi.org/10.1177/1352458514521516 
PMID:24526664 

71. Fraccarollo D, Neuser J, Möller J, Riehle C, Galuppo P, 
Bauersachs J. Expansion of CD10neg neutrophils and 
CD14+HLA-DRneg/low monocytes driving proinflammatory 
responses in patients with acute myocardial infarction. 
Elife. 2021; 10:e66808. 

 https://doi.org/10.7554/eLife.66808  
PMID:34289931 

72. Wang L, Cho YL, Tang Y, Wang J, Park JE, Wu Y, Wang 
C, Tong Y, Chawla R, Zhang J, Shi Y, Deng S, Lu G, et al. 
PTEN-L is a novel protein phosphatase for ubiquitin 
dephosphorylation to inhibit PINK1-Parkin-mediated 
mitophagy. Cell Res. 2018; 28:787–802. 

 https://doi.org/10.1038/s41422-018-0056-0 
PMID:29934616 

73. Hristov M, Weber C. Myocardial infarction and 
inflammation: lost in the biomarker labyrinth. Circ Res. 
2015; 116:781–83. 

 https://doi.org/10.1161/CIRCRESAHA.115.305919 
PMID:25722440 

  

9957

https://doi.org/10.1161/ATVBAHA.114.304200
https://pubmed.ncbi.nlm.nih.gov/25212235
https://doi.org/10.1038/s41420-023-01504-z
https://pubmed.ncbi.nlm.nih.gov/37414782
https://doi.org/10.1016/j.nbd.2022.105698
https://pubmed.ncbi.nlm.nih.gov/35314318
https://doi.org/10.1038/nrcardio.2014.28
https://pubmed.ncbi.nlm.nih.gov/24663091
https://doi.org/10.1212/CPJ.0000000000000230
https://pubmed.ncbi.nlm.nih.gov/27104065
https://doi.org/10.1034/j.1600-0404.2001.00191.x
https://pubmed.ncbi.nlm.nih.gov/11153892
https://doi.org/10.1016/j.msard.2019.101423
https://pubmed.ncbi.nlm.nih.gov/32172996
https://doi.org/10.1016/j.msard.2018.08.022
https://pubmed.ncbi.nlm.nih.gov/30216755
https://doi.org/10.1016/j.plipres.2011.04.002
https://pubmed.ncbi.nlm.nih.gov/21601592
https://doi.org/10.1177/1352458514521516
https://pubmed.ncbi.nlm.nih.gov/24526664
https://doi.org/10.7554/eLife.66808
https://pubmed.ncbi.nlm.nih.gov/34289931/
https://doi.org/10.1038/s41422-018-0056-0
https://pubmed.ncbi.nlm.nih.gov/29934616
https://doi.org/10.1161/CIRCRESAHA.115.305919
https://pubmed.ncbi.nlm.nih.gov/25722440


www.aging-us.com 15 AGING 

SUPPLEMENTARY TABLE 
 

Please browse Full Text version to see the data of Supplementary Table 1. 

 

Supplementary Table 1. Summary characteristics of selected genetic variants associated with neurodegenerative 
diseases phenotypes used as instrumental variables. 
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