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Abstract
Background: Alzheimer’s disease (AD) and vascular dementia (VaD) share overlapping pathophysiological characteris-

tics, yet comparative genetic studies are rare. Understanding these overlaps may aid in identifying common diagnostic

markers and therapeutic targets.

Objective: This study identifies shared diagnostic genes and mechanisms linking AD and VaD.

Methods: Datasets GSE5281 and GSE122063 from the GEO database were used to identify differentially expressed genes

(DEGs). Intersection DEGs were analyzed using KEGG and GO enrichment to explore signaling pathways. A PPI network was

constructed, and LASSO and SVM-RFE were applied to identify core genes. CIBERSORT assessed immune cell composition

and their relationship with core genes. Diagnostic efficacy was evaluated using ROC curves, nomogram, and Decision Curve

Analysis (DCA). Core genes were used to identify characteristic genes in various brain regions of AD patients.

Results: The analysis identified 9021 DEGs for AD and 373 DEGs for VaD, with 74 co-expressed genes and 8 core genes.

ROC curves, nomogram, and DCA indicated high diagnostic accuracy. Core gene analysis revealed differential expression

of characteristic genes in various brain regions of AD patients.

Conclusions: This research identified 74 co-expressed genes and 8 pivotal diagnostic genes. These genes likely play roles

in signal transduction, neuroinflammation, and autophagy in both AD and VaD. The findings offer potential targets for

future research and clinical interventions. Further research should use larger, more diverse datasets and incorporate

custom NGS panels to identify novel genetic variants, enhancing precise diagnostic and therapeutic strategies.
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Introduction
Alzheimer’s disease (AD), the predominant cause of
dementia, accounts for 60–80% of cases,1 marked by
senile plaques, amyloid angiopathy, and neurofibrillary
tangles.2,3 While a minority of AD cases are early-onset,4

the majority are late-onset AD (LOAD), influenced by
factors such as diet, physical activity, diabetes, and cerebro-
vascular diseases.5–7

Vascular dementia (VaD), the second most prevalent type
of dementia, accounts for 5–10% of cases and results from
ischemic or hemorrhagic brain damage due to vascular dis-
eases. The primary etiology involves damage to cerebral
blood vessels, leading to insufficient blood supply, oxygen,
or nutrients to the brain tissue, subsequently manifesting as
symptoms of dementia.1 Pathophysiological mechanisms
include hypoperfusion, oxidative stress, and inflammation,
leading to endothelial cell damage, blood-brain barrier disrup-
tion, and subsequent brain cell dysfunction.8 Risk factors for
VaD, such as advanced age, hypertension, type 2 diabetes,
and hypercholesterolemia, significantly overlap with those
for AD.9

Clinically, AD and VaD manifest similarly, with symptoms
like memory loss and personality changes, and both conditions’
incidence rates rise with age, unaffected by gender.10 Recent
studies highlight a pathogenic overlap between AD and VaD,
often linked to cerebrovascular abnormalities. In AD patients:
Firstly, the prevalence of cerebrovascular disease is higher
than in thegeneral population.11Secondly, symptomaticdemen-
tia patients often exhibit bothADandcerebrovascular pathology
in their pathology.12 Similarly, AD patients with stroke and
cerebrovascular-related brain damage are more likely to
present dementia symptoms in clinical settings.13,14 Notably,
research suggests an increased risk of hemorrhagic stroke and
subsequent VaD in AD patients with increased amyloid depos-
ition in cerebrovascular.15 In VaD patients: Firstly, cerebrovas-
cular lesions are prerequisites for diagnosing VaD. Secondly,
compared to elderly individuals without cerebrovascular
disease, as age increases, VaD patients accumulate more
amyloid-β (Aβ) in the cerebral cortex. The reason may be
ischemia-induced cortical arteriole amyloid deposition, the for-
mation of neurofibrillary tangles, induction of disruption in neu-
rovascular coupling, reduced cerebral blood flow, increased
susceptibility of neurons to hypoxia-ischemia, ultimately
leading to neuronal death.16 Additionally, recent studies have
increasingly recognized that sleep disorders may play a signifi-
cant role in the progression of bothVaD andAD. The glympha-
tic system, responsible for facilitating fluid flow in the brain, is
typically suppressed during wakefulness. The glymphatic
system enables fluid and solute exchange between the cerebro-
spinal fluid (CSF) and interstitial compartments, thereby pro-
moting the clearance of waste and metabolites from the brain
parenchyma.17–19 Disruptions in sleep architecture and depth
can markedly impair the clearance of CSF and the subsequent
removal of protein waste, leading to stagnant interstitial flow.

This stagnation fosters the accumulation of Aβ, exacerbating
neuroinflammation and accelerating neurodegeneration.20,21

Moreover, cerebrovascular abnormalities can disrupt the
balance between local metabolic demand and blood supply,
resulting in a reduction of CSF and intracranial fluid matrix,
which further impairs waste clearance within the brain. In
summary, AD andVaD not only sharemany clinical and patho-
physiological features, but also exhibit significant similarities in
their underlying mechanisms, particularly concerning cerebro-
vascular health and glymphatic system. Despite these similar-
ities, there remains a significant gap in our understanding of
their genetic overlaps, highlighting the need for further research
to explore these commonalities and improve our approach to
diagnosis and treatment.

This study aims to elucidate shared diagnostic genes
and potential mechanisms between AD and VaD using
datasets GSE5281 and GSE122063 from the GEO data-
base. We identified differentially expressed genes
(DEGs) and performed biological pathway enrichment
and immune infiltration analyses. Intersection DEGs
were used to construct a protein-protein interaction
(PPI) network, followed by machine learning techniques
to identify core genes. Diagnostic performance was
assessed using ROC curves, nomogram, and decision
curve analysis (DCA). We further analyzed characteristic
genes in different brain regions of AD patients based on
these key genes.

Materials and methods

Data source and study procedures
We obtained gene expression datasets from the GEO
database (https://www.ncbi.nlm.nih.gov/geo/). The
GSE122063 dataset comprises 11 control samples (5
males, 6 females, with an average age of 81.6 years)
and 8 VaD samples (4 males, 4 females, with an
average age of 78.8 years).22 These samples were all
derived from the frontal cortex or temporal cortex. The
GSE5281 dataset includes 74 control samples (43
males, 31 females, with an average age of 83.2 years)
and 87 AD samples (46 males, 41 females, with an
average age of 79.9 years),23 collected from six brain
regions, including the entorhinal cortex, hippocampus,
medial temporal gyrus and more. These datasets were
selected based on their relevance to AD and VaD and
the availability of comprehensive clinical and molecular
data. The research workflow is illustrated in Figure 1.

Differentially expressed gene screening
We analyzed DEGs between the VaD and control groups
using adjusted p-values (padj) < 0.05 and |logFold change
(FC)| > 1 in the GSE122063 dataset. Similarly, DEGs
between AD and control groups were analyzed with padj <
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0.05 and |logFC| > 1 in the GSE5281 dataset. These ana-
lyses were conducted using the Limma package in R,
which applies empirical Bayes methods to estimate gene
expression changes.

Functional enrichment analysis of DEGs
We identified 74 intersecting DEGs. To explore the bio-
logical functions of these genes, we used the DAVID
online database for Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analyses.

The results were visualized using R software, with padj <
0.05 as the threshold for significance.

Protein-protein interaction network analysis
The STRING database (http://string-db.org/) was used to
predict protein functional associations and analyze PPI
information. We constructed a PPI network with the 74
co-expressed genes and visualized it using Cytoscape soft-
ware (http://www.cytoscape.org/), filtering out proteins
with low correlation scores to ensure robustness.

Figure 1. Workflow of the analysis.
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Machine learning
To further investigate potential diagnostic genes for VaD and
AD, we conducted LASSO (Least Absolute Shrinkage and
Selection Operator) and SVM-RFE (Support Vector
Machine-Recursive Feature Elimination) analyses. LASSO
aids in variable selection by shrinking coefficients to zero,
while SVM-RFE is a backward selection method providing
feature ranking based on importance. We used the ‘glmnet’
and ‘e1071’ packages in R, employing cross-validation to
ensure model stability. The intersection of the results from
these two methods identified candidate pivotal genes for
diagnosis.

Immune infiltration analysis
To estimate immune cell infiltration based on gene expres-
sion profiles, we used the ‘preprocessCore’ package and the
leukocyte gene signature set (LM22). We assessed the pro-
portions of 22 immune cell types in both VaD and AD
groups. The proportions were visualized using bar graphs
in R, and the relationships between hub gene expression
and immune cells were depicted through a heatmap.

Diagnosis value evaluation
The machine learning methods identified key diagnostic
genes. We initially used ROC curves to evaluate the diag-
nostic predictive value of the hub genes. Based on the
ROC results, those with poor predictive value were
excluded. We then employed a nomogram using the
‘ggDCA,’ ‘regplot,’ and ‘rmda’ packages in R. DCA and
clinical impact curves (CIC) were used to further assess
the clinical utility and impact of the diagnostic genes.

Significantly characteristic gene analysis
In the GSE5281 dataset, gene samples were collected
from six different brain regions of both AD patients and
normal individuals. To investigate the differential expres-
sion of the core genes across these regions, we used R to
identify significantly differentially expressed genes,
applying appropriate statistical thresholds to ensure
robustness.

Results

Identification of DEGs associated with the
progression of VaD and AD
In the GSE122063 dataset, we identified a total of 373 DEGs,
with a notable number of genes being upregulated (125 genes)
and downregulated (248 genes) in the disease group compared
to controls. Similarly, in the GSE5281 dataset, a substantial
number of DEGs were observed, including 2503 upregulated

and 6518 downregulated genes. These findings, as visualized
in Figures 2A-D, demonstrate the extensive gene expression
changes associated with the progression of VaD and AD, high-
lighting significant molecular alterations between the control
and disease groups. Some genes exhibited very high fold
changes, particularly in Figure 2C, where values reached 500
or even 1000. These large fold changes result from substantial
differences in gene expression between the control and disease
groups, likely reflecting significant alterations in gene activity
that occur during the progressionofVaDandAD.Theheatmaps
revealed substructures, likely due to biological variabilitywithin
the samples. Despite normalization, these patterns suggest that
future studies with more homogeneous samples could further
clarify the molecular mechanisms of VaD and AD.

Functional enrichment analysis in co-DEGs
To investigate the potential mechanisms and commonalities
between VaD and AD, we conducted functional annotation
and enrichment analysis on the intersecting DEGs. After inter-
section, we identified 74 co-expressed genes (Figure 3A) and
performed GO and KEGG analyses on these genes using the
DAVID online database, with the results visualized in R lan-
guage as shown in Figure 3B. The findings indicate that
these 74 genes are involved in several biological processes
(BP), including the cytokine-mediated signaling pathway,
cell surface receptor signaling pathway, response to insulin,
regulation of organ growth, and positive regulation of
protein modification process. In the cellular component (CC)
category, these genes are closely associated with blood micro-
particles; in the molecular function (MF) category, they show
involvement in manganese ion binding. KEGG analysis sug-
gests that these shared genes may be related to Neuroactive
ligand-receptor interaction. Overall, the pathways involving
these shared genes are relatively unified, possibly playing a sig-
nificant role in cell surface receptors, especially about the neu-
roactive ligand-receptor interactions.

Protein–protein intersection network construction
The 74 intersecting genes were input into the STRING data-
base to predict protein-protein interactions, and the results
were visualized using Cytoscape. Geneswith lower connect-
ivity were filtered out, and Betweenness Centrality (BC) was
used for ranking. The most significant protein identified was
Chemokine (C-C motif) ligand 2 (CCL2), a known chemo-
attractant for various immune cells and a potential thera-
peutic target for diseases such as atherosclerosis, multiple
sclerosis, neuropathic pain, and cancer (Figure 4A).24

Identification of candidate hub genes viamachine learning
To identify candidate diagnostic genes,weusedLASSO to iden-
tify 17 important genes in the VaD group (Figures 5A-B).
SVM-RFE analysis identified the top 40 feature genes based

Zheng et al. 1561



on the error rate curve (Figure 5C), with 17 shared genes iden-
tified at the intersection (Table 1). A similar approach in the AD
group identified 18 feature genes (Figures 5D-F). Integrating
results from both algorithms, we identified 8 key diagnostic
genes as consistent feature genes (Table 1).

Immune infiltration analysis
We used the CIBERSORT algorithm to assess immune cell
infiltration levels in VaD and AD. In VaD patients, higher

proportions of B cells naive, T cells CD4 memory resting,
and monocytes were observed, while AD patients exhibited
higher proportions of B cells, CD4 cells, and T cells regulatory
(Tregs) (Figures 6A-B). Correlation analysis revealed strong
associations between the 8 key genes and immune cells in
both diseases (Figures 6C-D). In VaD, these genes were asso-
ciated with B cells naive and Tregs, while in AD, they corre-
lated with B cells naive, T cells CD4 memory activated, and
dendritic cells resting. These findings suggest that variations
in immune cell infiltration may offer potential therapeutic

Figure 2. Identification of DEGs associated with the progression of Vad and AD. (A) Volcano plot showing DEGs in VaD patients, with

red indicating higher expression and blue indicating lower expression. (B) Heatmap of DEGs in VaD versus control groups. (C) Volcano

plot showing DEGs in AD patients, with red indicating higher expression and blue indicating lower expression. (D) Heatmap of DEGs in

AD versus control groups.

1562 Journal of Alzheimer’s Disease Reports



Figure 3. (A) Venn diagram showing the overlap of DEGs between two GEO datasets. (B) GO and KEGG enrichment analysis results

using the DAVID online database, with different colors representing different functional categories such as biological processes,

molecular functions, and cellular components.
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targets, with overlapping roles of Tregs, B cells naive, and
macrophages M2 in both diseases.

Assess the diagnostic predictive value of core genes
The ROC curves (Figure 7A-B) demonstrated high predictive
accuracy for the 8-gene combinations in both VaD and AD.
However, the perfect AUC value in the VaD group suggests
the possibility of overfitting, despite efforts to mitigate this
through regularization and cross-validation. This highlights
the need for further validation with larger and more diverse

datasets to ensure the model’s robustness. The DCA and
CIC further supported the clinical utility of these findings
(Figure 7C-J), but caution is warranted given the potential
overfitting, underscoring the importance of additional studies
to confirm these diagnostic markers’ reliability.

Significantly characteristic gene analysis of brain
tissues in different parts of AD patients
In the GSE5281 dataset, samples were collected from six
distinct brain regions of AD patients: entorhinal cortex,

Figure 4. Protein-protein interaction network constructed with co-expressed DEGs. Darker colors and larger bubbles indicate higher

node importance based on network centrality measures.
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Figure 5. Identification of candidate diagnostic genes for VaD and AD using machine learning algorithms. (A,B) LASSO coefficient

curves and optimal parameter selection plots identifying 17 crucial genes for VaD. (C) SVM-RFE algorithm selected 40 crosstalk genes

for VaD. (D-F) LASSO and SVM-RFE algorithms applied to the AD group.
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hippocampus, medial temporal gyrus, posterior cingulate,
superior frontal gyrus, and primary visual cortex.
Differential analysis between AD and control groups for
each region identified significantly differentially expressed
genes (padj < 0.01). The results, shown in Table 2, indicate
that characteristic gene expression varies across different
brain regions, suggesting that future studies should consider
regional differences when comparing gene expression
in AD.

Discussion
Dementia ranks as the seventh leading cause of mortality
globally, with AD and VaD being the most prevalent
forms. These conditions often manifest with overlapping
clinical features, making differential diagnosis challenging.
Our investigation revealed 74 genes shared by AD and VaD
and identified eight key diagnostic genes: SLC5A3,
RPS16P5, PEX6, MYL5, WDTC1, MILR1, DDIT4L, and
MAEL. We delved into the regulatory pathways and poten-
tial mechanisms underpinning these diseases, utilizing GO,
KEGG enrichment analyses, and PPI networks, providing
valuable insights into their complex biological landscapes.

However, the ROC curve analysis for the GSE122063
group suggests a potential issue of overfitting, despite imple-
menting strategies like regularization and cross-validation.
The limited availability of VaD-specific gene sets constrained
our ability to expand the dataset and fully validate our find-
ings. While overfitting may indicate an artificially high
model performance, it highlights the importance of

developing and validating predictive models with broader
datasets. The current model provides a valuable foundation
for future research, indicating that with expanded datasets,
these core genes may play a crucial role in the accurate diag-
nosis and understanding of VaD. Additionally, incorporating
custom next-generation sequencing (NGS) panels in future
research could enhance the identification of novel gene var-
iants associated with dementia.25 Custom NGS panels
enable targeted sequencing of specific genes, providing high
sensitivity for detecting rare or novel variants. When com-
bined with the bioinformatics and machine learning
approaches used in this study, this technology could not
only validate the core genes identified here but also uncover
additional genetic factors contributing to the pathogenesis of
VaD and AD. Leveraging these advanced tools could allow
future studies to develop more precise diagnostic and thera-
peutic strategies.

In the GO/KEGG enrichment analysis, the 74 co-expressed
genes were primarily associated with the “neuroactive
ligand-receptor interaction signaling pathway,” a network of
receptors and ligands on the cell membrane that are involved
in intracellular and extracellular signaling pathways.26

Neuronal signaling and communication in the neurodegenera-
tive changes are important in dementia. It was found that the
accumulation ofAβ plaques in dementia patients disrupts com-
munication between synaptic neurons, while tau tangles
obstruct the transport of essential nutrients and molecules crit-
ical for the normal function and survival of neurons.27,28

The PPI network analysis highlighted CCL2, Albumin
(ALB), and Cluster of Differentiation 163 (CD163) as
central nodes within the intricate web of protein interactions,
with each protein intimately associated with the inflamma-
tory response. Emerging evidence underscores the signifi-
cant contribution of neuroinflammation to the pathogenesis
of neurodegenerative changes. Neuroinflammation is
known to compromise the blood-brain barrier’s integrity,
induce damage to vascular tissues, and precipitate neurode-
generative processes through various pathways, including
glial cell activation and the elevation of pro-inflammatory
cytokines.21,29 Moreover, it plays a crucial role in perpetuat-
ing a detrimental cycle involving amyloid deposition, neur-
onal injury, tangle formation, and subsequent neuronal
death.30

The investigation into shared genetic markers underscored
potential commonalities betweenAD andVaD in neurosignal-
ing and inflammatory responses. To further dissect the diag-
nostic markers and underlying pathogenesis of these
disorders, we pinpointed 8 core genes. Notably, DDIT4L,
PEX6, and MAEL emerged as intimately linked to the autop-
hagy system, albeit through distinct mechanisms. DDIT4L
plays a pivotal role in modulating mitochondrial function
and fosters mitochondrial autophagy by suppressing the mam-
malian target of rapamycin (mTOR) signaling pathway,
thereby enhancing the expression of autophagy-related
genes31,32; PEX6, categorized within the AAA (ATPases

Table 1. Intersection of key diagnostic genes for AD and VaD,

identified based on their significance in multiple datasets and

machine learning analyses.

intersection genes of the two machine

learning methods

key diagnostic

markers

AD VaD 1 PEX6

1 KCNE4 1 SUN3 2 RPS16P5

2 SLC5A3 2 PEX6 3 MAEL

3 GYPA 3 RPS16P5 4 DDIT4L

4 RPS16P5 4 CCT6B 5 WDTC1

5 PEX6 5 KRBOX1 6 MYL5

6 MYL5 6 GLP2R 7 SLC5A3

7 VGF 7 PMM2 8 MILR1

8 STAT4 8 AHSA2

9 PPEF1 9 MAEL

10 WDTC1 10 EIF2A

11 MILR1 11 MIA

12 NEUROD6 12 DDIT4L

13 LOC202181 13 WDTC1

14 DDIT4L 14 MYL5

15 MAEL 15 SLC5A3

16 HRASLS5 16 MILR1

17 LOC221814 17 PP12719

18 FLJ32255
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Associated with various cellular Activities) ATPase family, is
instrumental in the peroxisomal import system and is impli-
cated in pexophagy.33,34 Meanwhile, MAEL is posited to act

either upstream or within various cellular processes and is sug-
gested to facilitate metabolic reprogramming via chaperone-
mediated autophagy (CMA).35

Figure 6. Results of immune infiltration analysis. (A,B) CIBERSORTanalysis and visualization of immune cell infiltration levels in DEGs

from VaD and AD patients. (C,D) Correlation analysis of the 8 core genes with immune cell infiltration levels. (A,C) Results for the

VaD group; (B,D) Results for the AD group.
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Figure 7. Receiver operating characteristic (ROC) curves and dynamic nomograms for predicting VaD and AD. (A) ROC curves for

the 8-gene combinations in predicting VaD. (B) ROC curves for the 8-gene combinations in predicting AD. (C,E) Dynamic nomograms

and calibration curves for VaD diagnosis. (D,F) Dynamic nomograms and calibration curves for AD diagnosis. (G,H) Decision Curve

Analysis (DCA) and Clinical Impact Curve (CIC) for VaD. (I,J) DCA and CIC for AD, demonstrating high prediction efficiency.
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Autophagy, a fundamental cellular mechanism, mediates
the lysosomal degradation of cellular components, playing
a pivotal role in the elimination of misfolded proteins,
protein aggregates, and damaged organelles. This self-
digestive process is broadly classified into three primary
forms: macroautophagy, microautophagy, and CMA.
Additionally, autophagy can exhibit substrate specificity,
leading to the categorization into various selective types,
such as mitophagy, reticulophagy, ribophagy, and pexo-
phagy, among others.

Alterations in autophagy pathways and autophagy-related
genes are implicated in a wide array of human pathologies,
including neurodegenerative diseases and various cancers. In
AD, aberrations in autophagic processes are frequently
observed, notably the proliferation of mitochondria with com-
promised structural integrity.36 Research indicates that deficits
in mitochondrial autophagy, driven by augmented oxidative
damage and cellular energy deficits, contribute to the accumu-
lation of Aβ and tau proteins. This accumulation is linked to
synaptic dysfunction and cognitive impairments, which
further exacerbate mitochondrial autophagy dysfunction.37

Interestingly, enhancing autophagic activity is considered
advantageous in AD management. For example, activation
of the peroxisome proliferator-activated receptor alpha
(PPARA) has been demonstrated to regulate pexophagy in
the nervous system, yielding cognitive improvements in AD
mouse models.38 Moreover, stimulation of CMA has proven
effective in diminishing Aβ plaque burden in the brain, ameli-
orating AD manifestations.39 However, the impact of autop-
hagy on VaD remains ambiguous. Autophagy is associated
with microvascular lesions, diminished synaptic plasticity,
and neuronal degeneration in VaD, suggesting that autophagy
inhibition may represent a therapeutic avenue.40 Nonetheless,
VaD frequently encompasses chronic cerebral hypoperfusion
(CCH),41 a condition under which autophagy may contribute
to the accrual of misfolded proteins and dysfunctional orga-
nelles, leading to cellular apoptosis. On the other hand, as
the ischemic process continues, autophagy activity is eventu-
ally over-regulated, exacerbating ischemic damage and indu-
cing neuronal apoptosis.42

In our analysis, DDIT4L expression was elevated in both
AD and VaD, indicating that mitochondrial autophagy may
play a role in the progression of both diseases. Mitochondrial
autophagy is a critical aspect of mitochondrial abnormalities,
and the connection between mitochondrial dysfunction and
various forms of dementia is increasingly being recognized,

supporting the concept of a shared pathophysiological platform
between VaD and AD. In AD, several hypotheses, including
the amyloid cascade hypothesis and the mitochondrial
cascade hypothesis, propose that mitochondrial dysfunction
is central to disease progression.43,44 Key features of this dys-
function include abnormalities in mitochondrial fission and
fusion, impaired function of mitochondria-associated mem-
branes, insufficient mitophagy, and disrupted protein homeo-
stasis.45 Even in “pure” VaD, where vascular factors are
predominant, mitochondria are affected by ischemic and
hypoxic conditions, leading to uncoupling of oxidative phos-
phorylation and reduced ATP synthesis. These disruptions
result in energy deficits, disturbances in mitochondrial
calcium homeostasis, and impaired autophagy, ultimately
leading to neuronal dysfunction and cell death.46,47 This
further supports the idea of a shared pathophysiological plat-
form between VaD and AD and underscores the critical role
of autophagy in these diseases.

In addition to the autophagy-related genes previously
mentioned, MYL5 and WDTC1 might work together syner-
gistically. MYL5, associated with muscle functions and sig-
naling, and WDTC1, linked to metabolic responses, could
influence muscle mass and metabolic processes. Research
suggests that maintaining muscle mass could help prevent
neurodegenerative conditions, while obesity and diabetes
increase their risk.48–53 Moreover, other genes like
SLC5A3 and MILR1 play roles in inositol metabolism and
mast cell activation, respectively, further connecting meta-
bolic and immune pathways to the development of neurode-
generative diseases.54–56 This broadens our understanding
of the molecular dynamics involved in these conditions,
offering new avenues for therapeutic approaches.

In conclusion, the 8 genes identified in our study could
have significant implications for the progression of both
AD and VaD. While existing literature often explores the
parallels between AD and VaD, with a particular focus on
cerebrovascular alterations and Aβ aggregation, our find-
ings propose that a shared mechanism involving the activa-
tion of mitochondrial autophagy might also play a crucial
role. However, empirical studies specifically addressing
this potential commonality are notably scarce, underlining
the pressing need for further experimental investigations
to elucidate these mechanisms.

Nevertheless, our study faces certain limitations that
should be acknowledged. The availability of datasets for
each condition was restricted, with our analysis limited to

Table 2. Reanalysis of 8 core diagnostic genes across 6 different brain regions, with significant genes identified at p adj < 0.01.

Entorhinal cortex Hippocampus Medial temporal gyrus Posterior cingulate Superior frontal gyrus Primary visual cortex

PEX6 SLC5A3 RPS16P5 SLC5A3 MAEL SLC5A3

MYL5 RPS16P5 DDIT4L RPS16P5 MAEL

DDIT4L WDTC1 MAEL WDTC1
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just two datasets per disease. This limitation is especially
significant for VaD, where we could only include 8
disease samples and 11 control samples. The scarcity of
VaD-specific gene sets and research further constrained
our ability to validate the findings and establish clear
causal links between the identified genes and the disease.
Despite these challenges, the advanced predictive tools
used in our study provide valuable insights, allowing clini-
cians and researchers to critically assess the potential roles
of these genes in clinical practice. This underscores the need
for further research with more extensive datasets to corrob-
orate and expand upon our findings.

Conclusion
Through an integrated approach combining bioinformatics
analysis and machine learning algorithms, our study suc-
cessfully identified 74 co-expressed genes and 8 key diag-
nostic genes: SLC5A3, RPS16P5, PEX6, MYL5, WDTC1,
MILR1, DDIT4L, and MAEL. These genes may play roles
in regulating signal transduction, neuroinflammation, and
the autophagy system, suggesting a potential shared mech-
anism in mitochondrial autophagy activation across AD and
VaD. However, given the small sample size and the prelim-
inary nature of our findings, these results should be inter-
preted with caution. Further research with larger, more
diverse datasets is necessary to validate the clinical rele-
vance and utility of these genes in diagnosing and treating
AD and VaD.
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