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Strokes

Abstract: The relationship between diabetes mellitus (DM) and microvascular brain
pathology is complex and not very well debated, especially when referred to lacunar
strokes, a major subset of cerebral small vessel disease (CSVD). Chronic
hyperglvcaemia, insulin resistance, and endothelial dysfunction drive microvascular
injury, often compounded by coexisting hypertension and dyslipidaemia. Imaging
and cohort studies confirm that DM accelerates CSVD progression and increases the
risk of lacunar strokes, while antihvpertensive and lipid-lowering therapies can
modwlate this risk. Nonetheless, a differential diagnosis of demyelinating lesions of
the brain remains complicated, especially in young patients, as DM increases the
likelihood of vascular or infectious mimics, but does not fundamentally influence
diagnostic or pharmacoelogical algorithms for acquired demyelinating syndromes.

The differential diagnosis for Multiple Sclerosis is also essential in voung patients
with an autoimmune background. There is also growing evidence that artificial
intelligence (Al) and computational modelling are increasingly useful when applied
to cerebrovascular disease with DM as a kev risk factor, by providing: risk

stratification, automated neuroimaging analysis and decision-support systems, that
integrate multimodal data to predict risks, classify aetiologies and forecast outcomes
falong with retinal imaging and neuroimaging Al). Al-driven cerebrovascular

morphology analysis, CSVD markers and perfusion imaging analyses are advancing
the ability to predict short-term and longer-term outcomes, including cognitive
impairment. For all that, challenges still arise throughout data standardisation,

generalisability across diabetic subgroups, integration with electronic health recovds
or regulatory considerations that need further prospective multicenter validation.

Although pharmacological management in diabetic patients with lacunar stroke may
not  benefit from a diabetes-specific protocol bevond standard guidelines,

physiotherapy stands as both a rehabilitative and preventive tool, contributing to

microvascular rvisk reduction through exercise, improved metabolic control, and

overall lifestvle modification. While calling for larger, diabetes-stratified studies to

guide future interventions and refine personalised treatment strategies, the following

narrative review, with emphasis on an Al and computational modelling in

diabetes-related cerebrovascular disease, offers a brief insight into the current level

of knowledge and recent updates in the correlations between DM and lacunar
strokes.
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1. Introduction

Diabetes mellitus (DM) is a well-established vascular risk factor that intersects with cerebral
small vessel disease (CSVD), especially in the form of multiple lacunar strokes. Lacunar strokes are
small subcortical infarcts produced by the occlusion of penetrating arterioles and frequently occur
in the setting of CSVD. DM is associated with CSVD markers such as lacunar infarcts, white matter
hyperintensities (WMH), and microvascular dysfunction, within a complex process in which
hyperglycaemia and insulin resistance, as well as endothelial dysfunction, mediate brain
microvascular injury (Staszewski et al., 2017). The spectrum is even wider, as interactions with
other risk factors (e.g., hypertension), neuroimaging biomarkers, and broader vascular health
trajectories, usually influence lacunar stroke risk and CSVD burden. Within this pathophysiological
background, lacunar stroke accounts for roughly a quarter of ischaemic strokes, and are typically
related to other small vessel disease mechanisms, such as lipohyalinosis and microatheroma (Ferri
et al., 2025).

Across multiple study designs (MRI-based imaging, cohort analyses, and systematic
reviews), DM, especially type 2, consistently emerges as a contributor to CSVD severity and
lacunar stroke phenotype, while antihypertensive management and cardiovascular health strategies
can modulate CSVD progression in diabetes populations. Pure motor lacunar syndrome (PMLS)
due to infarcts in the internal capsule posterior limb or areas supplied by lenticulostriate arteries
usually correspond to small subcortical infarcts (Cheng & Dong, 2012; Norrving, 2015). Pure
sensory lacunar syndrome (PSLS) can be usually found in thalamic or internal capsule thalamic
regions (Norrving, 2015). Besides these particularities, sensorimotor lacunar syndrome (SMLS)
represents involvement of both motor and sensory fibers within deep structures, often in the internal
capsule or thalamocortical pathways (Norrving, 2015). Nonspecific manifestations, such as
dysarthria-clumsy hand syndrome (DCH) is typically associated with infarcts in ventral pons or
internal capsule regions supplied by perforators, while ataxic-hemiparesis (AH) typically appears
due to lacunes in the basis pedunculi/basilar perforators or internal capsule connections with
cerebellar pathways (Travanichakul et al., 2023). MRI scans often reveal a small (<15-20 mm)
subcortical lesion in basal ganglia, thalamus, internal capsule, or brainstem consistent with a single
perforating artery territory infarct. Radiologic criteria define lacunar infarcts <3-20 mm (commonly
3-15 mm in many studies) located in basal ganglia, thalamus, internal/external capsule, or brainstem
(Altmann et al., 2014; Blanco-Rojas et al., 2013). When acute lacunar syndromes co-occur with
multiple small subcortical lesions or white matter disease, imaging may reveal silent lacunes or
more extensive CSVD. In such cases, the radiologic phenotype can shift from a single lacune to a
pattern compatible with CSVD, affecting localization interpretation and prognosis (Norrving, 2015;
Cheng & Dong, 2012; Bilski et al., 2023).

The frequency of lacunar strokes in DM and the related risk factor context do not provide (at
least up to this moment), enough and concise differentiation between lacunar and non-lacunar
strokes. This background is limited by coexisting risk factors and by diagnostic criteria (clinical
plus radiologic versus purely clinical classification). This is also consistent with the contemporary
discussions that emphasize precise MRI-based subtyping and risk-factor-free phenotyping to isolate
stroke mechanisms (Altmann et al., 2014; Cheng & Dong, 2012).

The latest data on this topic, highlights the necessity of pharmacological compliance to
guidelines, along with the utility of physiotherapy in both primary and secondary prevention, and
also indicate a rapidly evolving landscape where Al and computational modelling are increasingly
applied to diabetes-associated cerebrovascular disease.

2. Material and Methods

This narrative review was conducted based on a targeted literature search of major databases
(PubMed, Embase, Scopus, and Web of Science) and relevant peer-reviewed articles published in
English over the past 25 years. Specific eligibility criteria were considered in order to synthesise
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evidence on the association between DM, CSVD, and lacunar strokes, as well as the influence of
physiotherapy and pharmacological interventions in these populations.

Studies were included if they met the following criteria:

e population: adults or children diagnosed with DM (with a focus on type 2 DM);

e intervention/exposure: DM in relation to CSVD, lacunar stroke, thrombophilia,
physiotherapy, or pharmacologic management;

e outcomes: incidence or markers of CSVD (e.g., lacunar infarcts, white matter
hyperintensities), stroke recurrence, cognitive outcomes, and therapeutic effects;

e study types: randomised controlled trials, cohort studies, case-control studies,
systematic reviews, and meta-analyses published in peer-reviewed journals.

e language: publications in English.

e cxclusion criteria: case reports (except for 2 articles, included for clinical relevance),
conference abstracts, animal studies, and studies without clear outcome data.

The search combined keywords such as “diabetes mellitus,” “cerebral small vessel disease,”
“lacunar stroke,” “thrombophilia,” “demyelinating lesions,”, “pharmacology” and “physiotherapy.”
Boolean operators (AND, OR) were used to refine results.

All identified records were imported into a reference manager and duplicates were removed.
Two independent reviewers screened titles and abstracts for relevance. Potentially eligible articles
underwent full-text review. Disagreements were resolved by consensus or by consultation with a
third reviewer.

Data were extracted using a standardised form, including study design, sample size,
population characteristics, exposures/interventions, outcomes, and main findings. Findings were
qualitatively synthesised due to heterogeneity in study designs and outcome measures. Subgroup
and sensitivity analyses were performed as data allowed.

The study selection process is illustrated in the flow chart below (Figure 1).

Additional records identified through other sources (n = 25)

Records excluded (n = 862)

Full-text articles assessed for eligibility (n =219)

Full-text articles - Not meeting - Insufficient i Non-peer Other reasons
excluded inclusion criteria data/outcomes revu;tw/ed/f:asel - o= 15)
B B - reports/anima n=
(n=78) (n=16) (n=12) studies (n = 25)

Figure 1. Flowchart of the literature research and selection algorithm
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3. The Metabolic Background as a Contributor to Cerebral Small Vessel Disease

In diabetic populations, a higher prevalence and burden of CSVD markers, particularly
lacunar infarcts and WMH, are repeatedly reported. DM tends to be associated with CSVD,
especially lacunar stroke, according to imagistic correlations, in patients with associated
hypertension and poor lipid control (Shindo et al., 2020). Various imaging/cerebrovascular reviews
admit lacunar infarcts as being a central CSVD manifestation in diabetes contexts (Tang et al.,
2021; Tang et al., 2020; Cui et al., 2024). DM alone is described as a risk factor for intracranial
arterial disease and lacunar stroke phenotypes, suggesting patterns that align with DM’s promotion
of small-vessel pathology. Even cases of intracranial vessel stenosis, supporting a diabetes-small
vessel disease, link to lacunar phenotypes (Zhang et al., 2022).

Also, in clinical Australian stroke populations, diabetes is reported as a significant risk
factor for ischaemic stroke, with a substantial fraction of patients having DM. In spite of the fact
that no stroke location mechanism shows a clear DM-specific association in that regional cohort,
the broader literature still supports DM as a contributor to microvascular cerebral injury in diabetes
patients presenting with stroke, based on common encountered factors, such as: endothelial
dysfunction and arterial stiffness, therefore an overall negative impact upon microvascular health
(Hu et al., 2022). Very often, links between DM and CSVD centre on these, with association from
oxidative stress. Shan et al. (2016) (in a study based on DM type 2 patients) demonstrate that aortic
arch pulse wave velocity (an index of arterial stiffness) and brachial-flow-mediated dilation (for
endothelial function) correlate with lacunar infarcts and periventricular WMH, respectively, on
high-resolution MRI. These data support DM-associated systemic vascular pathology as a driver of
CSVD features (lacunar lesions and WMH) (Shan et al., 2016).

More than that, endothelial dysfunction is repeatedly highlighted as a key mediator of
CSVD in diabetic patients, as endothelium-related mechanisms in lipohyalinosis and
arteriolosclerosis are important within lacunar pathophysiology and microvascular disease severity
(Norrving, 2008). Almost two decades ago, Greer et al. (2007) presented the case of a 58-year-old
woman with type 1 DM, experiencing headaches, weakness, and episodes resembling a stroke,
providing insight into serious diagnostic challenges and clinical considerations. The article, carrying
the same relevance today, documents the physiopathological aspects of microangiopathy and
inflammation, as main determinants in stroke-like recurrent events. The case raises awareness on
increasing frequency of vascular events and mild residual motor deficits, within a clinical
background dominated by complex microvascular and autonomic complications (Greer et al.,
2007).

Hypertension is a very well-known, central, modifiable driver of CSVD. Both hypertensive
control and the interaction with DM shape the lacunar risk. Meta-analytic syntheses indicate that
antihypertensive therapy slows WMH progression in CSVD (with blood pressure (BP) targets
around 110-129 mmHg, providing more robust WMH attenuation), but also shows fewer clear
effects on brain atrophy or on lacunar incidence in some cohorts, underscoring that BP control in
DM may reduce progression of certain CSVD markers rather than completely preventing lacunar
events in all patients (Su et al.,, 2021). This combination of DM with hypertension compounds
microvascular injury, and several studies note that both conditions are prevalent together in
lacunar-stroke populations, supporting a synergistic impairment of small vessel health in diabetes
(Shindo et al., 2020; Su et al., 2021).

DM is further associated with cognitive implications through increasing the risk for
cognitive impairment. Fan et al. (2021) report that total CSVD burden correlates with medial
temporal atrophy (MTA) and cognitive performance in memory-clinic patients, with WMH
specifically correlating with MTA, and both CSVD burden and MTA acting as predictors of lower
cognitive scores on the Mini-Mental State Examination (MMSE) and the Montreal Cognitive
Assessment (MoCA). This links diabetic CSVD pathology to cognitive outcomes through imaging
biomarkers (Fan et al., 2021). Systemic biomarkers linked to WMH and CSVD (endothelial
integrity, angiogenesis and related pathways), while not DM-specific, are compatible with
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diabetes-driven endothelial dysfunction as a driver of CSVD and later cognitive decline. The
retina-brain microvascular axis literature also supports diabetes-related microvascular pathology as
a fingerprint of broader CSVD burden with cognitive consequences (retinal microvascular signs
correlate with CSVD MRI markers) (Kwapong et al., 2022; Cabrera DeBuc et al., 2017).

At the intersection with computational modelling in diabetes-associated CSVD, it is
noteworthy to add that beyond systems biology that conceptualises the metabolic—vascular—neural
axis as an integrated network, alterations in one domain (e.g., chronic hyperglycaemia) propagate
through endothelial dysfunction and microvascular injury, ultimately affecting neural health.
Computational models, such as agent-based simulations and network analyses, have successfully
mapped these interactions and can predict the impact of interventions at various points along the
evolution. Network medicine further highlights the importance of central nodes, such as endothelial
health and inflammation, as both biomarkers and therapeutic targets (Barabasi et al., 2011).

4. Specific Lacunar Stroke Phenotypes and Diabetes

Lacunar strokes represent a major CSVD manifestation, with a primary vascular risk profile
suggesting that DM is more strongly linked with etiologies such as intracranial atherosclerosis, and
in some MCA disease studies, also implying DM’s predilection for small-vessel intracranial disease
that yields lacunar syndromes. Nevertheless, the classic risk factor profile for lacunar stroke is also
shared with other stroke subtypes, as not all lacunar patients have DM (Zhang et al., 2022;
Norrving, 2008).

In lacunar stroke cohorts, markers of endothelial dysfunction (brachial flow-mediated
dilation, cerebrovascular reactivity) and higher ambulatory blood pressure values have been
observed in CSVD patients, and these findings align with the DM-associated vascular phenotype
that predisposes to lacunar infarcts through microvascular injury and impaired cerebral
autoregulation (Knottnerus et al., 2009; Klarenbeek et al., 2013). While DM strongly associates
with CSVD and lacunar infarcts, the strength and specificity of associations vary by cohort and
imaging phenotype, especially since DM prevalence among stroke patients does not consistently tie
DM to a particular stroke mechanism. This usually suggests heterogeneity or sample size
limitations (Hu et al., 2022).

The exact causal chain from hyperglycaemia and insulin resistance to lacunar infarcts
remains incompletely defined up to this day. Proposed mediators include: oxidative stress, Protein
Kinase C (PKC) activation, and Receptor for Advanced Glycation Endproducts (RAGE) signalling,
plus hyperglycaemia-related endothelial dysfunction. Involvement of specific proteins related to
endothelial integrity and angiogenesis as mediators, are also considered, but causal inference further
requires longitudinal validation. So far, trials of antihypertensive therapy in lacunar stroke show
mixed effects on recurrence and progression of CSVD markers, thus, while BP lowering helps
WMH progression in some contexts, it does not universally translate to lower lacunar incidence in
all lacunar cohorts. This underscores the need for DM-specific CSVD trials with ideal standardised
imaging endpoints, and projects implications for clinical practice and research (Su et al., 2021; Tang
et al., 2020).

In people with DM, aggressive management of vascular risk factors (BP, lipids, glycaemic
control) remains essential to limit CSVD progression and lacunar risk. Lowering BP to 110-129
mm Hg yields more pronounced WMH attenuation, with broader benefits on CSVD burden when
combined with diabetes care (Su et al., 2021). Endothelial health assessment and vascular stiffness
metrics may inform risk stratification for CSVD and lacunar risk in DM patients, particularly when
imaging shows lacunar or WMH. Such noninvasive measures could be integrated into DM
management pathways to identify individuals at higher lacunar risk for closer monitoring or
targeted interventions (Shan et al.,, 2016). Imagistics plays a crucial role here, as multimodal
imaging approaches that combine MRI CSVD markers with retinal microvascular imaging and
plasma biomarker panels, could enhance detection of DM-related microvascular brain injury and
help track therapeutic responses (Cabrera DeBuc et al., 2017).
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When lacunar strokes contribute to a discrete syndrome or accompany broader CSVD
manifestations, they can even present as vascular parkinsonism (VaP) or as part of the broader
spectrum of parkinsonian signs in elderly or vascular-risk populations. VaP is a recognised clinical
entity within the CSVD spectrum, characterised by lower-body parkinsonism, gait disturbance,
pyramidal signs, urinary symptoms, and poor response to levodopa, typically in the context of
evident cerebrovascular disease and MRI-detected white matter lesions or lacunes (Staszewski et
al., 2017; Cannistraro et al., 2019; Hatate et al., 2016). Population- and clinic-based studies
converge on VaP as an atypical parkinsonism with strong vascular associations, particularly with
extensive CSVD burden (WMH, lacunes, and other markers) rather than classical nigrostriatal
dopaminergic degeneration seen in idiopathic PD (Staszewski et al., 2017; Che Mohd Nassir et al.,
2021; Hatate et al., 2016).

Within this background, VaP stands out as one of the most discussed overlapping clinical
presentations, alongside vascular dementia and other CSVD phenotypes (Staszewski et al., 2017;
Cannistraro et al., 2019; Staszewski et al., 2017; Hatate et al., 2016). For all that, the general
context gets more complicated once we also relate to the DM. The aetiologic link between DM,
lacunar stroke, and VaP is supported by population-based and cohort data, that indicates that
individuals with DM carry elevated risk for lacunar-type events and for parkinsonian signs
associated with vascular pathology in ageing populations (van Norden et al., 2011; Cannistraro et
al., 2019; Staszewski et al., 2017; Hatate et al., 2016).

In studies that stratify CSVD manifestations, VaP and vascular dementia share substantial
imaging burden (white matter hyperintensities, lacunes), and diabetes tends to co-occur with the
CSVD phenotype that predisposes to VaP. This aligns with findings showing that the presence of
WMH and lacunar lesions predicts adverse vascular outcomes and may parallel the emergence of
parkinsonian signs in CSVD, particularly in older adults with DM (Staszewski et al., 2017; van
Norden et al., 2011; Hatate et al., 2016).

Given the cognitive implications, DM patients with CSVD markers warrant cognitive
monitoring and early interventions for vascular cognitive impairment and dementia risk, with
attention to total CSVD burden rather than single markers alone (Fan et al., 2021).

Moreover, data integration in contemporary neuroscience is an ongoing phenomenon.
Modern neuroscience leverages multi-modal data integration, combining genomics, proteomics, and
neuroimaging, aiming to unravel the complex pathophysiology of CSVD in DM. Advanced
workflows nowadays use machine learning to link multiple profiles with imaging-detectable brain
changes, refining risk prediction and enabling personalised care strategies. These integrative
approaches move beyond traditional descriptive studies, providing a platform for hypothesis-driven
research and further model-based clinical applications (O’Connor & Price, 2018; Barabasi et al.,
2011).

5. Artificial Intelligence and Computational Modelling in Diabetes-Related

Cerebrovascular Disease

Al and machine learning (ML) methods are increasingly being used to analyse large,
multimodal datasets (clinical, laboratory, imaging, and retinal data), in order to predict stroke risk
and guide management in diabetes populations (Nur et al., 2025; Medina et al., 2025; Kumar et al.,
2023). This includes risk stratification models, imaging-based lesion detection and segmentation, as
well as outcome prediction (e.g., functional status at the 90-day endpoint) especially by using
features derived from MRI, CT and vascular imaging, often with DM as a modifier or covariate in
predictive models (Medina et al., 2025; Chen et al., 2020; Chlorogiannis et al., 2023).

Computational modelling of cerebrovascular morphology, vessel geometry, and small vessel
disease markers are being used to improve triage, detect occlusions, and estimate collateral status,
with Al integrating convolutional neural networks (CNNs) and probabilistic atlases to automate
image processing and feature extraction from angiography and CT perfusion data (Deshpande et al.,
2023).
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Al-assisted imaging is complemented by Al-based clinical decision support systems
(AI-CDSS) designed to improve stroke care quality and outcomes. Cluster-randomised trials in
large populations (e.g., in China) are assessing reductions in recurrent vascular events when
AI-CDSS is used to guide imaging analysis, aetiologic assessment, and guideline-concordant
treatment recommendations (Li et al., 2024).

Retinal imaging as a surrogate for cerebrovascular risk in DM proposes Al models applied
to retinal fundus imaging and optical coherence tomography (OCT). These can predict stroke risk
and provide prognostic information, having the advantage of being noninvasive imaging
approaches, hence particularly attractive in DM due to the microvascular complications and the
retinal-cerebrovascular health links. Al methods (e.g., CNNs architectures) have been reported to
perform comparably to traditional stroke risk scores in correlating retinal vasculature with stroke
risk and may enable scalable screening in diabetes populations (Khalafi et al., 2025). Al in stroke
risk assessment uses retinal imaging and its potential to be integrated into care pathways. While
focused on stroke, the retinal changes (arteriovenous ratio, tortuosity) are relevant to
diabetes-related microvascular disease (Khalafi et al., 2025).

Novel neuroimaging and Al-assisted interpretation for CSVD and stroke in DM promote Al
approaches for automated detection and quantification of CSVD features on MRI (e.g., white matter
hyperintensities, lacunes, microbleeds). This supports risk stratification and outcome predictions. In
DM cohorts, where CSVD burden is elevated, Al-enabled metrics can improve prognostication
beyond conventional scales (Hu et al., 2024).

In terms of supporting evidence, Hu et al. (2024) summarise Al-based MRI applications to
CSVD and discuss their potential to quantify atrophy, small vessel pathology, and related
biomarkers. In this given context, Al stands out as a tool to augment radiologic assessment in
CSVD (Hu et al., 2024). Al-enabled segmentation of cerebrovascular networks from baseline
angiography and automatic extraction of vascular features (e.g., vessel density, branching) also
improves occlusion detection, collateral grading, and prediction of 90-day outcomes. These enhance
triage efficiency and prognostication in AIS, with potential applicability to diabetic patients who
often present with more complex vascular anatomy or collateral status (Deshpande et al., 2023).
High segmentation accuracy and improved outcome prediction when incorporating automated
vascular features promote the idea that the methodology can be extended to diabetic subgroups
where vascular remodelling and microvascular disease usually affect outcomes (Deshpande et al.,
2023).

Large-scale trials of AI-CDSS in cerebrovascular disease also show promise for improving
care quality and reducing recurrent vascular events, as diabetes often coexists with cerebrovascular
disease, indicating potential additive benefits of AI-CDSS in diabetic populations by standardising
imaging interpretation and guideline-based therapy decisions (Li et al., 2024). GOLDEN BRIDGE
II, an AI-CDSS trial designed to improve stroke outcomes and care quality, while not
diabetes-specific, is a framework directly relevant to diabetes-related cerebrovascular care (Li et al.,
2024).

6. Lacunar Strokes in Relation to Thrombophilic Mutations

The context for lacunar strokes goes beyond mechanisms such as lipohyalinosis and
microatheroma, when thrombophilia is added to the equation (Ferri et al., 2025). This
pathophysiology is distinct from cardioembolic and large-artery atherosclerotic aetiologies. More
than that, the contribution of thrombophilia to lacunar stroke risk is less well established than for
venous thromboembolism or non-lacunar arterial strokes (Ferri et al., 2025; Dziedzic et al., 2023).

Protein C deficiency, protein S deficiency, and antithrombin deficiency show stronger
associations with venous thromboembolism. Their associations with arterial strokes are rare and
predominantly supported by case reports or small studies, while large population-level data are
limited or inconclusive for stroke risk, and deficits are generally considered less impactful on
arterial events than on venous thromboembolism (Middeldorp & van Hylckama Vlieg, 2008;
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Arachchillage et al., 2022; Milgrom et al., 2018). Some studies in younger adults have explored
associations between thrombophilic mutations and small-vessel or lacunar phenotypes, with mixed
results. Some reports of associations exist in selected cohorts, but overall evidence is inconsistent
and often confounded by coexisting vascular risk factors (hypertension, DM, dyslipidaemia) and
small-sample designs. This leads to cautious interpretation and typically no standardised clinical
recommendation to test routinely for thrombophilia in lacunar stroke without other suggestive
features (Liu et al., 2024; Milgrom et al., 2018).

DM is a major driver of small-vessel cerebrovascular disease and lacunar stroke risk, often
through mechanisms of microvascular damage, advanced glycation end-products, and
inflammation. Several large datasets show DM as a key risk factor for lacunar strokes, sometimes
with worse prognosis and higher incidence of small-vessel disease features compared with
non-diabetics (Akhtar et al., 2024; Scacciatella et al., 2016). When considering thrombophilia, DM
appears to interact with traditional risk factors to potentiate vascular risk, but the added predictive
value of inherited thrombophilic mutations for lacunar stroke in diabetics remains uncertain. For
example, in studies of Patent Foramen Ovale (PFO)-related stroke and other contexts, DM status
can alter risk profiles, but there is enough evidence that classic thrombophilic mutations alone do
not always predict lacunar outcomes in diabetics (Badea et al., 2023; Badescu et al., 2023;
Arachchillage et al., 2022; Middeldorp & van Hylckama Vlieg, 2008).

A British Society for Hematology guideline emphasises that thrombophilia testing for
arterial stroke, including lacunar stroke, remains controversial and not routinely recommended,
particularly given the strong influence of DM and other modifiable factors on stroke risk
(Arachchillage et al., 2022). The coexistence of DM and thrombophilic mutations may, however,
magnify overall vascular risk when combined with other factors, but clear, lacunar-specific
associations are not yet consistently demonstrated. Where associations exist, they often reflect
broader arterial disease risk or cryptogenic patterns rather than a lacunar-specific mechanism
(Arachchillage et al., 2022; Middeldorp & van Hylckama Vlieg, 2008). In terms of clinical practical
implications assessment and optimisation of conventional risk factors (glycaemic control, blood
pressure, lipid management, smoking cessation) stand as the primary preventive strategy, aligning
with guidelines that caution against routine thrombophilia testing in arterial stroke contexts
(Arachchillage et al., 2022; Middeldorp & van Hylckama Vlieg, 2008).

Future studies should stratify by age, sex, diabetes duration and control, hypertension,
homocysteine levels, and MTHFR variants to delineate potential additive or interactive effects.
Collaborative stroke registries and genotype-phenotype analyses could help clarify whether a small
subset of diabetics with particular thrombophilic profiles have an elevated lacunar risk or distinct
prognosis. While some studies show enriched thrombophilia markers in subsets of cryptogenic or
PFO-related stroke, many large reviews and guidelines conclude that routine thrombophilia testing
does not meaningfully impact management for arterial stroke subtypes, including lacunar stroke,
particularly in older adults and in the presence of DM (Arachchillage et al., 2022; Dziedzic et al.,
2023; Middeldorp & van Hylckama Vlieg, 2008).

Potential subgroup effects should be taken into consideration (e.g., younger stroke patients
or those with certain genetic profiles) where thrombophilia might contribute to lacunar-type events,
but these findings are not universally replicated and require more targeted confirmation in diabetic
populations (Esparza-Garcia et al., 2015; Sartori et al., 2011).

In diabetic patients, besides well-known risk factor for lacunar stroke, thrombophilia testing
should be performed, but in the context of cryptogenic stroke or young patients. Three categories of
classification arise within this context (Figure 2).

A unanimous conclusion is that further studies based on subgroups are necessary to better
understand how thrombophilia might contribute meaningfully to lacunar risk or prognosis (Ferri et
al., 2025; Arachchillage et al., 2022; Dziedzic et al., 2023; Middeldorp & van Hylckama Vlieg,
2008; Akhtar et al., 2024).
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Figure 2. Major categories of determinants for lacunar stroke in DM patients

Lacunar stroke risk in DM patients

7. Differential Diagnosis of Cerebral Demyelinating Lesions in Young Patients with

Diabetes

The differential diagnosis of cerebral demyelinating lesions in young patients requires
distinguishing primary demyelinating diseases (multiple sclerosis (MS)-like) (e.g., paediatric-onset
multiple sclerosis (POMS), myelin oligodendrocyte glycoprotein antibody-associated disease
(MOG)-associated disease (MOGAD), neuromyelitis optica spectrum disorders (NMOSD) or acute
disseminated encephalomyelitis (ADEM)) from mimics such as vascular, infectious, metabolic,
leukodystrophic, and vasculitic processes. DM adds a vascular-comorbidity layer that can influence
presentation and diagnostic considerations, but there is still limited evidence that DM alone
uniquely shifts the differential toward or away from specific demyelinating aetiologies in youths
(O’Mahony et al., 2013; Bigi & Banwell, 2012; Galardi et al., 2019; Gontika & Anagnostouli,
2018; Bigi et al., 2014).

The most solid contemporary guidance emphasises using comprehensive clinical
assessment, MRI features, antibody testing (Aquaporin 4 (AQP4), MOG), cerebrospinal fluid (CSF)
studies, and longitudinal follow-up to categorise demyelinating syndromes, with careful exclusion
of non-demyelinating mimics, particularly in DM, where microvascular pathology and infection
risk may confound interpretation (Galardi et al., 2019; Gontika & Anagnostouli, 2018; Paolilo et al.,
2020).

ADEM and multiphasic variants, presenting with encephalopathy and polyfocal deficits, as
well as MOGAD can mimic MS, often requiring antibody testing for distinction (Gontika &
Anagnostouli, 2018; Paolilo et al., 2020; Bakirtzis et al., 2023; Tenembaum, 2021). POMS, an
inflammatory demyelinating disease with dissemination in space and time, can be commonly
diagnosed adding specific MRI criteria (McDonald-based approaches adapted for children) guide
diagnosis, with disease-modifying therapies considered when MS is confirmed (Rahmlow &
Kantarci, 2013; Galardi et al., 2019; Aldebasi et al., 2024; Huppke et al., 2013).

NMOSD and MOGAD can be distinguished by serology (AQP4-IgG, MOG-IgG) and
characteristic MRI patterns, all of which are essential in order to differentiate from MS, especially
due to treatment implications (Galardi et al., 2019; Rosenthal et al., 2020). Other mimics frequently
considered in the course of the differential diagnosis can be: CNS vasculitis/vascular inflammatory
disorders, leukodystrophies/metabolic diseases, CNS infections, neoplasms, mitochondrial
disorders, and CNS inflammatory/autoimmune encephalitides. Along this intricate background,
vascular risk factors and DM may elevate suspicion for vasculitic or microvascular aetiologies in
ambiguous cases (O’Mahony et al., 2013; Galardi et al., 2019; Bigi et al., 2014).

DM in youth is associated with a higher risk of vascular and inflammatory CNS phenomena
via microvascular injury and metabolic dysregulation, potentially increasing the likelihood of
vascular white matter changes that can confound imaging interpretation (Zhang, L. J. et al.,2023).
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However, there is limited evidence that DM fundamentally redefines the core differential for
demyelination. It actually  heightens consideration of vascular mimics and complicates
interpretation of MRI with leukoaraiosis-like patterns in some cases (Galardi et al., 2019; Paolilo et
al., 2020; Bigi et al., 2014).

When DM coexists with Acquired Demyelinating Syndromes (ADS), guidelines for
paediatric demyelinating disease recommend standard differential diagnostic approaches (MRI
patterns, CSF analysis, antibody testing) rather than a diabetes-centred diagnostic algorithm. DM
control remains a general concomitant management priority rather than a diagnostic discriminator
for ADS aetiology (Paolilo et al., 2020; Bigi et al., 2014).

MRI remains the primary imaging modality, as MS tends to show dissemination in
space/time with periventricular and Dawson’s finger-like lesions. ADEM shows more confluent,
often bilateral white-matter involvement with encephalopathy, while NMOSD/MOGAD exhibit
distinct lesion topographies and optic-spinal involvement patterns that guide testing decisions
(Galardi et al., 2019; Gontika & Anagnostouli, 2018; Paolilo et al., 2020; Huppke et al., 2013).

Testing for AQP4-IgG and MOG-IgG is essential to separate NMOSD and MOGAD from
MS and ADEM, given treatment differences. Oligoclonal bands support MS but are less frequent in
ADEM or NMOSD. CSF glucose/protein/cell counts aid in infection versus inflammatory
aetiologies, with is important in diabetic patients, where infections may present atypically (Galardi
et al., 2019; Gontika & Anagnostouli, 2018; Rosenthal et al., 2020; Paolilo et al., 2020).

Considering the diabetes-related vascular risk, special assessment of CNS vasculitis,
small-vessel pathology, and leukodystrophies should be investigated, especially when imaging
shows confluent leukoencephalopathy, and infectious/inflammatory aetiologies that may be
precipitated by metabolic compromise (also to be included in the differential diagnosis). Regular
re-evaluation over the first year is necessary to detect evolution towards MS, NMOSD, or
MOGAD, as indicated by follow-up MRI and clinical course monitoring (Galardi et al., 2019;
Paolilo et al., 2020; Turco et al., 2025; Bakirtzis et al., 2023). A synthesis of correlations between
ADS and DM can be found in Table 1.

Table 1. Nuanced correlation between cerebral demyelinating lesions in young patients with Diabetes

Acquired Includes ADEM, CIS, MS; Diabetes may confound Galardi et al., 2019;
Demyelinating diagnosed via imaging; does not Paolilo et al., 2020;
Syndromes (ADS) clinical/MRI/serological fundamentally redefine Bigi et al., 2014
criteria ADS differential

NMOSD / MOGAD Distinct antibody profiles Testing is essential for Galardi et al., 2019;
(AQP4-1gG, MOG-IgG), distinction; diabetes can | Rosenthal et al., 2020;

MRI patterns increase diagnostic Paolilo et al., 2020
ambiguity
Non-demyelinating Includes vasculitis, Diabetes increases risk | O’Mahony et al., 2013;
mimics infections, leukodystrophies, of vascular/infectious Bigi et al., 2014;
metabolic diseases mimics and diagnostic Galardi et al., 2019
complexity
Diagnostic Approach | Comprehensive assessment: Standard differential Galardi et al., 2019;
clinical exam, MRI, antibody = processes recommended; Paolilo et al., 2020;
and CSF testing, longitudinal optimise diabetes Bigi et al., 2014
follow-up management in parallel

Abbreviations: ADEM = Acute disseminated encephalomyelitis; NMSOD = Neuromyelitis optica spectrum disorder;
MOGAD = Myelin oligodendrocyte glycoprotein antibody-associated disease; CIS = Clinically Isolated Syndrome; MS
= Multiple Sclerosis;, MRI = Magnetic resonance imaging; ADS = Acquired Demyelinating Syndromes;, AQP4-IgG =
astrocyte water channel protein aquaporin 4 IgG,; CSF = Cerebrospinal fluid.
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Broad differential diagnosis in paediatric ADS, with potential sub-phenotype distinctions
(e.g., MOGAD vs ADEM vs MS) may be overall necessary (Table 2). Some authors suggest a
stronger role for MOGAD and NMOSD in younger populations than in adults, which can affect
initial diagnostic weighting; others note substantial overlap and the necessity of follow-up to
confirm MS in many cases.

Given the heterogeneity of ADS in children, including those with DM, there is still no
consensus for a unique, diabetes-specific differential list; rather, it necessitates thorough evaluation
for vascular/infectious mimics and careful interpretation of MRI/biomarkers (Rahmlow & Kantareci,
2013; Galardi et al., 2019; Gontika & Anagnostouli, 2018; Tenembaum, 2021; Paolilo et al., 2020;
Huppke et al., 2013).

Table 2. Practical implications and strategies for diagnosing demyelinating lesions in young patients with

Diabetes

Practical Step

Thorough Clinical
Assessment

Brain/Spinal MRI
with Contrast

Radiological
identification of
acute lacunar
infarcts

Detection and
monitoring of silent
lacunar infarcts

Chronic lacunes
follow-up

Serum and CSF
Testing

Longitudinal
Monitoring

Optimise Diabetes
Management

Description

Assess for encephalopathy,
consciousness, focal deficits

Evaluate lesion distribution, age,
dissemination

Acute lacunar infarcts are small
(<15-20 mm), diffusion-restricted
lesions seen on DWI MRI, often in
the basal ganglia, internal capsule,
thalamus, or brainstem.

Silent lacunes are often found
incidentally on MRI, appearing as
small hyperintense lesions without

clinical symptoms; frequently
coexist with other CSVD markers.

Chronic lacunes persist as
CSF-filled cavities; follow-up MRI
may show cavitation from recent
small subcortical infarcts, with
CSVD burden predicting cavitation
risk.

MOG-IgG, AQP4-1gG, OCBs, IgG
index, infectious panels

Repeat imaging to assess
dissemination in time and space

Control glycaemia and vascular
risk factors in parallel

Diabetes-Related
Considerations
Consider vascular and
infectious risk factors
linked to diabetes
Diabetes can cause
leukoaraiosis-like changes;
interpret with caution
Diabetes increases risk for
CSVD and acute lacunar
infarcts due to
microvascular changes;
early imaging is key for
prompt management in
diabetic patients.
Diabetes is a risk factor for
silent infarcts; regular
screening and aggressive
risk factor control are
particularly important in
diabetic populations.
Diabetics are more likely to
have higher risk for chronic
lacunes and progressive
cognitive/vascular
complications.

Diabetes increases infection
risk; comprehensive testing
essential
Diabetes may complicate
progression and imaging
interpretation
Contributes to improved
CNS environment for
recovery

References

Galardi et al., 2019;
Paolilo et al., 2020

Galardi et al., 2019;
Gontika &
Anagnostouli, 2018
Norrving, 2015; Altmann
et al., 2014; Zhang et al.,
2023

Norrving, 2015; Altmann
et al., 2014; Cheng &
Dong, 2012; Bilski et al.,
2023

Wang et al., 2023; Bilski
etal., 2023

Galardi et al., 2019;
Rosenthal et al., 2020;
Paolilo et al., 2020
Galardi et al., 2019;
Paolilo et al., 2020;
Bakirtzis et al., 2023
Paolilo et al., 2020;
Bigi et al., 2014

Abbreviations: MRI = Magnetic resonance imaging, IgG = Immunoglobulin G; AQP4-IgG = astrocyte water channel
protein aquaporin 4 IgG; MOG-IgG = Antibodies against myelin oligodendrocyte glycoprotein;, OCBs = Oligoclonal
Bands; CSVD = cerebral small vessel disease

The latest data on the topic support a multi-entity differential diagnosis for cerebral

demyelinating lesions in young patients with DM, with primary consideration for MS, ADEM,
MOGAD, and NMOSD, plus vascular/infectious/leukodystrophy mimics (Zhang, L. J. et al.,2023).
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DM does not decisively redefine the differential diagnosis, but raises consideration of
diabetic-related vascular/infectious processes that may resemble demyelinating pathology.

Diagnostic strategy should still prioritise MRI-based dissemination assessment and targeted
antibody testing (AQP4, MOG) where necessary, as well as CSF studies, and altogether a
longitudinal follow-up, in line with paediatric ADS guidelines and updated reviews (Rahmlow &
Kantarci, 2013; Galardi et al., 2019; Gontika & Anagnostouli, 2018; Tenembaum, 2021; Paolilo et
al., 2020; Bigi et al., 2014; Huppke et al., 2013; Bakirtzis et al., 2023).

8. Contextual Pharmacology for Patients with Diabetes and Lacunar Strokes

The pharmacological management of lacunar stroke in people with DM aims towards a
standard secondary-prevention strategy for small vessel disease, with DM acting as a major
comorbidity that amplifies vascular risk. Across studies, antiplatelet therapy, blood pressure and
lipid lowering, as well as glycaemic control, remain essential, while evidence specifically
addressing diabetes-unique pharmacology for lacunar stroke is often only extrapolated from the
broader topic of CSVD and lacunar stroke specific literature (van Sloten et al., 2020; Simon, 2002;
Bath & Wardlaw, 2015; Arboix et al., 2017).

Key pharmacological themes still considered nowadays include well-defined protocols that
can be synthesised as in Figure 3, especially: antiplatelet use (single antiplatelet therapy preferred
over routine dual therapy in lacunar stroke), statin therapy with meaningful LDL-C lowering, strict
BP targets to reduce recurrent lacunar events, consideration of cilostazol (or similar drugs) as a
potentially favourable option for lacunar stroke in some cohorts, and overall attention to
diabetes-specific vascular risk modifiers, such as microvascular complications and glycaemic
control, which is primordial and influences both recurrence and outcomes (van Sloten et al., 2020;
Nishiyama et al., 2023; Bath & Wardlaw, 2015; Arboix et al., 2017).

Pharmacologic
Management

in diabetic
lacunar stroke

Figure 3. Main classes of pharmacological interventions in DM with associated cerebral lacunar lesions

DM amplifies lacunar stroke risk and can modify vascular risk factor interactions; however,
evidence supporting diabetes-specific pharmacological modifications for lacunar stroke beyond
standard CSVD prevention remains inconclusive. Genotype—phenotype and imagistic studies
increasingly agree upon the interplay between DM risk, lipid biology, BP, and lacunar stroke, but do
not necessarily establish a diabetes-centric pharmacological protocol for lacunar stroke up to this
point (van Sloten et al., 2020; Zhang et al., 2023).

The SPS3 trial (secondary prevention of small subcortical strokes) established that dual
antiplatelet therapy (aspirin plus clopidogrel) did not reduce recurrent ischaemic stroke compared
with single antiplatelet therapy, and increased bleeding, prompting guideline recommendations
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favouring Single Antiplatelet Therapy (SAPT) in typical lacunar stroke contexts, including in
patients with diabetes (Bath & Wardlaw, 2015; Nishiyama et al., 2023).

Adding cilostazol to single-agent therapy may reduce recurrent ischaemic stroke in lacunar
patients without a significant rise in major bleeding, suggesting a potential role for cilostazol as part
of a tailored antithrombotic approach in certain populations, including older patients where vascular
risk is high. While specific diabetes-specific subgroup data are limited, the overall signal supports
exploring cilostazol in select lacunar patients after careful risk stratification (Nishiyama et al.,
2023).

Statin therapy reduces recurrent stroke risk as part of comprehensive vascular risk reduction.
Trials like SPARCL demonstrated general stroke risk reduction with statins across subtypes, though
lacunar-specific data are often pooled with other ischaemic strokes. Given the DM association with
dyslipidaemia and CSVD, statins remain a cornerstone of secondary prevention in diabetics with
lacunar stroke, aligning with broader stroke guidelines (van Sloten et al., 2020; Bath & Wardlaw,
2015). Practical implications concentrate on aiming for guideline-recommended LDL targets with
statin therapy unless contraindicated, and periodically monitoring for statin-associated adverse
effects. Adherence to the treatment is mandatory in order to optimise microvascular and
macrovascular risk reduction, especially since furthermore, cerebral small vessel disease and
lacunar stroke are strongly linked to hypertension. The SPS3 trial reported that targeting SBP <130
mmHg reduces recurrent lacunar events and lowers intracerebral haemorrhage risk, supporting strict
BP control as a central preventive strategy in diabetic patients with lacunar stroke, who frequently
have comorbid hypertension (Bath & Wardlaw, 2015; van Sloten et al., 2020).

It is worth mentioning that the direct impact of glycaemic management on lacunar stroke
recurrence is twofold: good glycaemic control reduces microvascular complications that contribute
to small vessel disease, while hypoglycaemia risk and drug interactions must be considered.
Genome-informed studies and MR analyses increasingly link type 2 DM risk to lacunar stroke,
underscoring the importance of comprehensive diabetes management as part of primary and
secondary prevention strategies. However, there is no universally accepted diabetes-specific
pharmacological regimen uniquely tailored to lacunar stroke beyond standard diabetes care and
vascular risk factor modification (van Sloten et al., 2020; Zhang et al., 2023; Knottnerus et al.,
2009). Even so, drug repurposing and MR-guided targets point to potential future directions in
lacunar stroke pharmacology, including agents influencing cerebral microvascular function, lipid
pathways, and glycaemic control. Current data suggest that calcium-channel blocker-mimetic
effects and LDL-lowering strategies may confer protective signals against lacunar stroke, but these
findings are largely from MR analyses and drug-target MR studies, not yet translated into routine
practice for lacunar stroke in diabetics (Zhang et al., 2023; Wardlaw et al., 2009).

Some limitations and nuances arise, since many pharmacological data come from mixed
lacunar and non-lacunar stroke populations, or from small vessel disease cohorts rather than
diabetes-only lacunar subgroups; thus, extrapolation to diabetics should be considered nuanced in
clinical practice, according to every single patient and their particularities. Larger,
diabetes-stratified, lacunar-specific trials are needed to define whether diabetics derive differential
benefit or risk from specific agents or regimens (van Sloten et al., 2020; Bath & Wardlaw, 2015;
Nishiyama et al., 2023). There is data though, on the fact that DM can alter vascular risk factor
interactions (e.g., dyslipidaemia impact, BP response), which may influence individual treatment
choices and targets, reinforcing personalised medicine approaches (van Sloten et al., 2020; Simon,
2002).

Good perspectives emerge from novel available therapies. In people with DM, Inclisiran’s
LDL-C lowering effect has been consistently demonstrated, and cardiovascular outcomes trials
(e.g., ORION program, VICTORION programs) orientate towards efficiant lipid lowering impact,
that translates into reductions in major adverse cardiovascular events (MACEs), including
ischaemic stroke (Ray et al., 2023; Alradwan et al., 2024; Huang et al., 2025). Early patient-level
analyses suggest an early trend toward reduced MACEs with Inclisiran (Ray et al., 2023).
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Zilebesiran is an RNA interference therapeutic agent with a prolonged duration of action,
that inhibits hepatic angiotensinogen synthesis, and targets hepatic angiotensinogen (AGT). So far,
it has been showing very good and durable blood pressure reduction in phase I/Il studies
(KARDIA-1/2) and has the potential to reduce hypertensive and end-organ risk. Given hypertension
is a major driver of stroke in DM, Zilebesiran could contribute to primary and secondary stroke
prevention indirectly through BP lowering and vascular protection (Addison et al., 2023; Ye et al.,
2023; Morosan et al., 2025; Kanbay et al., 2025).

For individuals with lacunar strokes, these new available therapies may provide
complementary pathways: Inclisiran lowers atherogenic lipoproteins and potentially reduces
large-vessel stroke risk, while Zilebesiran lowers BP and may prevent microvascular injury, though
evidence for lacunar stroke-specific prevention remains to be established in dedicated trials (Ray et
al., 2023; Huang et al., 2025; Morosan et al., 2025). Strictly related to diabetes patients, Inclisiran
and Zilebesiran address the two major modifiable stroke risk factors: dyslipidaemia and
hypertension, with high plausibility that these effects will translate into reduced small vessel stroke
risk (Ren & Danser, 2025; Huang et al., 2025; Morosan et al., 2025). Combination strategies
targeting both LDL-C and BP hold the greatest theoretical promise, contingent on the demonstration
of net clinical benefit in future trials (Ren & Danser, 2025; Morosan et al., 2025).

9. The Role of Physiotherapy in Managing Microvascular Risk Factors

Physiotherapy (PT) is not only a rehabilitation modality in cerebrovascular disease, but also
a component of a broader strategy to control microvascular risk factors through physical activity,
lifestyle modification, and cardiovascular risk management (Sheik et al., 2023; O’Sullivan, 2008;
Ungyvari et al., 2021; van Sloten et al., 2020).

PT contributes to microvascular risk reduction by improving blood glucose control,
promoting favourable lipid and BP profiles through activity, reducing obesity, and enhancing
endothelial function and cerebral perfusion. These effects are supported by data on
diabetes-associated microvascular disease and cognitive/vascular outcomes, which underscore the
centrality of vascular risk factor control in reducing lacunar-related morbidity (van Sloten et al.,
2020; Novak & Hajjar, 2010; Kalaria, 2010; Chui, 2007).

Practical PT strategies often include structured aerobic and resistance training programmes,
balance and gait rehabilitation, dual-task and cognitive-motor training, and education for
self-management. Integration with medical therapy and multidisciplinary care is also essential to
optimise microvascular outcomes in DM patients (Wong & Chang, 2022; Novak & Hajjar, 2010;
Chui, 2007).

The high prevalence of lacunes, WMHs, and microinfarcts, which underpin lacunar strokes,
is a compelling reason to consider PT as a lifestyle choice, not to mention the need in geriatric
population with associated arthritis, which alongside neuropathy, increases the risk of falls and
hence, further comorbidities (Umemura et al., 2017; Scott & Rosenberg, 2022; Novak & Hajjar,
2010; Mekala & Qiu, 2025; Kalaria, 2010).

Hypertension and DM are among the strongest vascular risk factors driving microvascular
pathology, including blood-brain barrier disruption and endothelial dysfunction, which mediate
lacunar stroke risk and related cognitive impairment (Ungvari et al., 2021; Kalaria, 2010; Chui,
2007).

The interactions between DM, microvascular disease, and neurodegeneration are
bidirectional and complex: DM accelerates microvascular ageing and cerebral small vessel
pathology, which in turn can exacerbate vascular contributions to cognitive impairment and
dementia, including VaD and mixed dementia with Alzheimer’s disease pathology (Ungvari et al.,
2021; van Sloten et al., 2020; Kalaria, 2010; Iadecola et al., 2019).

PT can be used as a tool for microvascular risk modulation through aerobic and resistance
exercise, which improves insulin sensitivity, glycaemic control, lipid profiles, and BP, thereby
addressing major microvascular risks (Kalaria, 2010; Chui, 2007; Alfaro et al., 2018). PT can also
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enhance cerebral perfusion and endothelial function indirectly via exercise-induced improvements
in vascular health, which may slow down the progression of cerebral small vessel pathology and
reduce future lacunar events (Novak & Hajjar, 2010; Kalaria, 2010; Chui, 2007).

Motor rehabilitation after lacunar stroke, including gait and balance training, can reduce
sedentary behaviour, improve physical activity levels, and contribute to better metabolic and
vascular risk profiles, potentially lowering recurrence risk of both macro and microvascular brain
injury (Table 3) Ungvari et al., 2021; van Sloten et al., 2020; Novak & Hajjar, 2010).

Table 3. Specific physiotherapy strategies aligned with contextual outcomes

Intervention Type
Structured aerobic
conditioning

Resistance and
strength training

Balance and gait
rehabilitation

Cognitive-motor
training

Education and
self-management

Description
Moderate-intensity walking,
cycling, or treadmill training

tailored to the patient’s capacity.

Progressive resistance training
to enhance muscle mass.

PT focusing on balance,
proprioception, and safe gait
post-lacunar stroke.

Incorporates dual-task or
cognitive-motor training.

Provides education on exercise,
pacing, weight/nutrition
management, and adherence to
cardiovascular risk

Outcomes/Benefits
Improves HbA lc, fasting
glucose, and blood pressure;
reduces microvascular risk.
Improves glycaemic control,
lipid metabolism, insulin
sensitivity, and cardiovascular
risk; especially relevant for
older adults with diabetes.
Reduces fall risk, supports
activity participation, sustains
vascular benefits, and
improves metabolic control.
Helps preserve cognitive
function and gait, addresses
VCID-relevant outcomes
alongside motor recovery.
Reinforces behaviours that
attenuate microvascular risk in
diabetes and after lacunar
stroke.

Supporting References

Kalaria, 2010;
Chui, 2007;
Alfaro et al., 2018
Kalaria, 2010;
Alfaro et al., 2018

Sheik et al., 2023;
O’Sullivan, 2008; van
Sloten et al., 2020

Kalaria, 2010;
Iadecola et al., 2019

Novak & Hajjar, 2010;

Chui, 2007;
Alfaro et al., 2018

modification.
Abbreviations: HbAlc = haemoglobin Alc; VCID = Vascular Contributions to Cognitive Impairment and Dementia.

Optimal PT outcomes require multidisciplinary coordination in controlling vascular risk
factors as a central purpose to prevent additional lacunar strokes and reduce VCID risk (Ungvari et
al., 2021; van Sloten et al., 2020; Kalaria, 2010; Iadecola et al., 2019). PT should adapt to stroke
subtype and cognitive status, especially in lacunar stroke patients with DM, by the use of
individualised plans considering autonomic status, comorbidities, and cognitive function, as
essential to maximize safety, adherence, and vascular benefits (Sheik et al., 2023; O’Sullivan, 2008;
van Sloten et al., 2020).

PT-led interventions to lacunar stroke recurrence or microvascular outcomes in diabetic
populations are limited, relating more to overall improvements through lifestyle changes.
Nonetheless, the purpose remains that of an improved endothelial function that sustains a better
metabolic control (van Sloten et al., 2020; Novak & Hajjar, 2010; Kalaria, 2010; Chui, 2007; Alfaro
et al., 2018).

PT’s cognitive benefits may also be mediated through vascular mechanisms, but
high-quality trials clarifying these causal pathways are warranted (Novak & Hajjar, 2010; Iadecola
et al., 2019; Alfaro et al., 2018). Practical clinical implications can be further synthesised as in
Figure 4.

Integration with pharmacological management (antihypertensives, antidiabetic agents,
statins, where appropriate) is essential to optimise microvascular health while achieving functional
rehabilitation goals (Ungvari et al., 2021; Kalaria, 2010; Chui, 2007).
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Comprehensive Physical Therapy (PT)

Approach for Diabetes & Lacunar Stroke Risk
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Figure 4. Practical clinical implications of Physical Therapy

10. Brief Synthesis on Clinical Prediction Across Domains Based on Al Integration

The discussion regarding biomarkers and the role of Al in multimodal data integration for
VCID, includes: imaging, plasma biomarkers, and cognitive assessments (Swartz et al., 2025).
Al-driven brain age estimation and brain age gap (BAG) analyses link DM, stroke, and vascular
burden to accelerated brain ageing. DM and stroke seem to correlate with greater BAG and with
MRI-visible CSVD markers, supporting Al-based brain health metrics as potential predictors of
cognitive outcomes in diabetes-associated cerebrovascular disease. BAG associates with stroke and
DM, and also correlates with CSVD burden in a broader context in which these Al-derived
biomarkers may refine risk stratification for diabetic patients at cerebrovascular risk (Marseglia et
al., 2024).

Outcome prediction after minor or major cerebrovascular events in DM proposes Al models
that integrate imaging markers of CSVD with clinical data to predict short-term outcomes (e.g.,
90-day mRS) and overall prognosis in AIS/TIA cohorts. Diabetes-specific subgroup data are still
limited; however, these Al approaches are directly translatable to DM populations given higher a
priori risk. CSVD markers also predict short-term outcomes after minor cerebrovascular events,
therefore the same approach can be adapted to diabetic cohorts where CSVD burden is higher
(Chen et al., 2020).

Biomarkers also act as guided risk stratification, especially blood-based biomarkers (e.g.,
albumin-to-globulin ratio, adipokines), which have been explored as modulators of stroke risk and
vascular pathology. Furthermore, Al-enabled integration with imaging and clinical data could
enhance risk stratification in DM but still requires prospective validation (Fu et al., 2025;
Chlorogiannis, D. D. et al., 2021). More supporting evidence comes in the form of Apparent
Glycation Ratio (AGR) and stenosis associations, as well as adipokines, which indicate vascular
inflammation and atherosclerosis relevance. Combining these biomarkers with Al models seems to
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improve diabetes-related risk characterization in the long run (Fu et al., 2025; Chlorogiannis, D. D.
et al., 2021).

Al may also show a promising prospective in carotid plaque and lesion characterisation, as
carotid plaque imaging with Al-based analysis improves risk prediction for cerebrovascular events,
an important consideration in DM, where atherosclerosis is prevalent. Al-aided plaque assessment
(volume, inflammation, rupture indicators) complements luminal stenosis assessment, with
potential diabetes-specific implications given higher metabolic risk (Saba et al., 2019;
Chlorogiannis, D. D. et al., 2021). Al-enabled carotid plaque characterisation links adipokines to
carotid stenosis severity, and together suggest that Al-augmented plaque phenotyping could refine
stroke risk as we understand it in DM (Saba et al., 2019; Chlorogiannis, D. D. et al., 2021).

In spite of all that, although many AI models show strong performance in training datasets,
they face generalisability concerns across populations with different DM prevalence, glycaemic
control, and comorbidities. External validation in diverse diabetic cohorts is needed to ensure
performance in real-world diabetes care settings (Nur et al., 2025; Hu et al., 2024; Chen et al.,
2020). Effective AI-CDSS require seamless integration with electronic health records, imaging
repositories, and ophthalmic data (retina/OCT). Standardising data formats and imaging protocols
across centers is also essential for reliable model deployment in diabetes populations (Li et al.,
2024; Medina et al., 2025; Chlorogiannis et al., 2023). More consideration should address
regulatory clearance, clinician trust, interpretability, and ethical considerations, particularly when
Al-based tools influence treatment decisions for stroke prevention in DM (Khalafi et al., 2025; Li et
al., 2024; Chlorogiannis et al., 2023).

While many Al tools are capable of leveraging DM as a risk factor, granular diabetes-related
vascular pathophysiology (e.g., microvascular retinal- or neurovascular coupling alterations,
glycaemic variability impacts on CSVD) requires targeted modelling that explicitly accounts for
glycaemic metrics and DM duration/severity in predictive features (Khalafi et al., 2025; Marseglia
et al., 2024; Chen, 2025).

Practical implications for research and clinical practice altogether include multimodal Al
models with DM as a covariate or cohort stratifier. This involves combining retinal imaging,
MRI/CT vascular imaging, CSVD markers, and laboratory data (AGR, adipokines, inflammatory
markers), in order to build robust risk prediction and prognostic models tailored to diabetes
populations. Retinal imaging itself, as a scalable screening tool, is to be considered here. Given DM
the high microvascular burden, Al-enhanced retinal imaging could serve as a noninvasive screen to
identify individuals at elevated cerebrovascular risk, enabling targeted neuroimaging and preventive
strategies (Khalafi et al., 2025).

Al-driven triage and decision support in stroke management would definitely be useful for
stroke triage, collateral assessment, and outcome prediction, especially in diabetic patients who may
present with complex vascular phenotypes. Large pragmatic trials of AI-CDSS in stroke care will
inform adoption in diabetes contexts (Deshpande et al., 2023; Li et al., 2024).

Future investments in AI methods should aim to quantify CSVD burden and brain ageing markers
in diabetic cohorts, with outcome validation on cognition and functional status to address VCID risk
(Hu et al., 2024; Swartz et al., 2025; Marseglia et al., 2024).

11. Conclusions

DM significantly amplifies the risk and burden of microvascular cerebral pathology, with
lacunar strokes serving as a prominent clinical manifestation of small vessel disease in this
population. The interplay between chronic hyperglycaemia, insulin resistance, endothelial
dysfunction, and traditional vascular risk factors (particularly hypertension and dyslipidaemia)
drives the progression of cerebral small vessel disease and the development of lacunar infarcts.
While classical inherited thrombophilia mutations appear to have a limited and inconsistent
association with lacunar stroke risk in diabetic adults, their role in specific subgroups remains an
area for future research.
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Diagnostic approaches for young diabetic patients with cerebral white matter lesions should
remain broad, utilising comprehensive clinical, imaging, and laboratory assessments to distinguish
between primary demyelinating syndromes and vascular or infectious mimics. DM does not
fundamentally influence the differential diagnosis, but necessitates heightened vigilance for
overlapping pathologies. This is particularly important because therapeutic management in patients
with diabetes and lacunar stroke centres on effective vascular and metabolic risk factor
modification, with beneficial effects from new classes of medication. This provides the context for
physiotherapy and structured lifestyle interventions, which continue to play an important role in
both rehabilitation and reduction of microvascular risk.

Ongoing research is still needed to refine risk stratification, and especially to elucidate the
contribution of thrombophilia in diabetic lacunar stroke, since the differential diagnosis is often
difficult and misleading in this category of young patients. This will facilitate the optimisation of
both pharmacological and non-pharmacological specific interventions, since multi- and
interdisciplinary, individualised care remains essential to improve outcomes in this complex patient
population.

The latest data indicate a rapidly evolving landscape where Al and computational modelling
are increasingly applied to diabetes-associated cerebrovascular disease through three converging
streams:

e imaging-based Al (neuroimaging and ophthalmic imaging) for risk stratification and
outcome prediction;

e stroke triage and management, leading to standardising care;

e Dbiomarker-integrated, multimodal AI frameworks. This concept combines imaging
with serum markers and clinical data to refine risk assessment and prognostication.

While promising, all these advancements require diabetes-specific validation across diverse
populations, robust integration with electronic health records, and careful consideration of
regulatory and ethical issues before widespread clinical deployment.

References

Addison, M. L., Ranasinghe, P., & Webb, D. J. (2023). Novel pharmacological approaches in the
treatment of hypertension: A focus on RNA-based therapeutics. Hypertension, 80(11),
2243-2254. https://doi.org/10.1161/HYPERTENSIONAHA.122.19430

Akhtar, N., Singh, R., Kamran, S., Joseph, S., Morgan, D., Uy, R. T., Treit, S., & Shuaib, A. (2024).
Association between serum triglycerides and stroke type, severity, and prognosis: Analysis
in 6,558 patients. BMC Neurology, 24(1), 88. https://doi.org/10.1186/s12883-024-03572-9

Aldebasi, T., Altuwaijri, W., Gangadharan, S., Alhammad, D., Alakel, A., Albekairy, N. A., &
Badri, M. (2024). Management and outcomes of pediatric optic neuritis in a tertiary hospital
in Riyadh, Saudi Arabia: A retrospective study. BMC Neurology, 24(1), 474.
https://doi.org/10.1186/s12883-024-03982-9

Alfaro, F. J., Gavrieli, A., Saade-Lemus, P., Lioutas, V. A., Upadhyay, J., & Novak, V. (2018).
White matter microstructure and cognitive decline in metabolic syndrome: A review of
diffusion tensor imaging. Metabolism: Clinical and Experimental, 78, 52-68.
https://doi.org/10.1016/j.metabol.2017.08.009

Alradwan, 1., Al Fayez, N., Alomary, M. N., Alshehri, A. A., Aodah, A. H., Almughem, F. A.,
Alsulami, K. A., Aldossary, A. M., Alawad, A. O., Tawfik, Y. M. K., & Tawfik, E. A.
(2024). Emerging trends and innovations in the treatment and diagnosis of atherosclerosis
and cardiovascular disease: A comprehensive review towards healthier aging.
Pharmaceutics, 16(8), 1037. https://doi.org/10.3390/pharmaceutics 16081037

Altmann, M., Thommessen, B., Renning, O. M., Reichenbach, A. S., & Fure, B. (2014). Diagnostic
accuracy and risk factors of the different lacunar syndromes. Journal of Stroke and
Cerebrovascular Diseases, 23(8), 2085-2090.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.03.014

380


https://doi.org/10.1161/HYPERTENSIONAHA.122.19430
https://doi.org/10.1186/s12883-024-03572-9
https://doi.org/10.1186/s12883-024-03982-9
https://doi.org/10.1186/s12883-024-03982-9
https://doi.org/10.1016/j.metabol.2017.08.009
https://doi.org/10.1016/j.metabol.2017.08.009
https://doi.org/10.3390/pharmaceutics16081037
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.03.014
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.03.014

D. Reurean-Pintilei, I. Onu, D. Trofin, A. Tutu, & G. Rusu-Zota - Microvascular Brain Pathology:
Correlations Between Diabetes and Lacunar Strokes

Arachchillage, D. J., Mackillop, L., Chandratheva, A., Motawani, J., MacCallum, P., & Laffan, M.
(2022). Thrombophilia testing: A British Society for Haematology guideline. British Journal
of Haematology, 198(3), 443-458. https://doi.org/10.1111/bjh.18239

Arboix, A., Marti, L., Dorison, S., & Sanchez, M. J. (2017). Bayés syndrome and acute
cardioembolic ischemic stroke. World Journal of Clinical Cases, 5(3), 93-101.
https://doi.org/10.12998/wjcc.v5.13.93

Badea, R. S., Ribigan, A. C., Grecu, N., Terecoasa, E., Antochi, F. A., Baldea Mihaila, S., Tiu, C.,
& Popescu, B. O. (2023). Differences in clinical and biological factors between patients with
PFO-related stroke and patients with PFO and no cerebral vascular events. Frontiers in
Neurology, 14, 1104674. https://doi.org/10.3389/fneur.2023.1104674

Badescu, M. C., Butnariu, L. I., Costache, A. D., Gheorghe, L., Seritean Isac, P. N., Chetran, A.,
Leanca, S. A., Afrasanie, 1., Duca, S. T., Gorduza, E. V., Costache, L. I., & Rezus, C. (2023).
Acute myocardial infarction in patients with hereditary thrombophilia: A focus on factor V
Leiden and prothrombin G20210A. Life, 13(6), 1371. https://doi.org/10.3390/1ife13061371

Bakirtzis, C., Lima, M., De Lorenzo, S. S., Artemiadis, A., Theotokis, P., Kesidou, E.,
Konstantinidou, N., Sintila, S. A., Boziki, M. K., Parissis, D., Ioannidis, P.,
Karapanayiotides, T., Hadjigeorgiou, G., & Grigoriadis, N. (2023). Secondary central
nervous system demyelinating disorders in the elderly: A narrative review. Healthcare,
11(15), 2126. https://doi.org/10.3390/healthcare 11152126

Barabasi, A.-L., Gulbahce, N., & Loscalzo, J. (2011). Network medicine: A network-based
approach to  human disease. = Nature Reviews  Genetics, 12(1), 56-68.
https://doi.org/10.1038/nrg2918

Bath, P. M., & Wardlaw, J. M. (2015). Pharmacological treatment and prevention of cerebral small
vessel disease: A review of potential interventions. International Journal of Stroke, 10(4),
469-478. https://doi.org/10.1111/1js.12466

Bigi, S., & Banwell, B. (2012). Pediatric multiple sclerosis. Journal of Child Neurology, 27(11),
1378-1383. https://doi.org/10.1177/0883073812452784

Bigi, S., Banwell, B., & Yeh, E. (2014). Outcomes after early administration of plasma exchange in
pediatric central nervous system inflammatory demyelination. Journal of Child Neurology,
30(7), 874—880. https://doi.org/10.1177/0883073814545883

Bilski, A. E., Aparicio, H. J., Gutierrez, J., de Leeuw, F. E., & Hilkens, N. A. (2023). Antiplatelet
therapy or not for asymptomatic/incidental lacunar infarction. Stroke, 54(7), 1954-1959.
https://doi.org/10.1161/STROKEAHA.122.040444

Blanco-Rojas, L., Arboix, A., Canovas, D., Grau-Olivares, M., Oliva Morera, J. C., & Parra, O.
(2013). Cognitive profile in patients with a first-ever lacunar infarct with and without silent
lacunes: A comparative study. BMC Neurology, 13, 203.
https://doi.org/10.1186/1471-2377-13-203

Cabrera DeBuc, D., Somfai, G. M., & Koller, A. (2017). Retinal microvascular network alterations:
Potential biomarkers of cerebrovascular and neural diseases. American Journal of
Physiology-Heart and Circulatory Physiology, 312(2), H201-H212.
https://doi.org/10.1152/ajpheart.00201.2016

Cannistraro, R. J., Badi, M., Eidelman, B. H., Dickson, D. W., Middlebrooks, E. H., & Meschia, J.
F. (2019). CNS small vessel disease: A clinical review. Neurology, 92(24), 1146—1156.
https://doi.org/10.1212/WNL.0000000000007654

Che Mohd Nassir, C. M. N., Damodaran, T., Yusof, S. R., Norazit, A., Chilla, G., Huen, 1., K N, B.
P., Mohamed Ibrahim, N., & Mustapha, M. (2021). Aberrant Neurogliovascular Unit
Dynamics in Cerebral Small Vessel Disease: A Rheological Clue to Vascular Parkinsonism.
Pharmaceutics, 13(8), 1207. https://doi.org/10.3390/pharmaceutics 13081207

Chen, L., Luo, S., Feng, M., Chandra, A., Baizabal-Carvallo, J. F., Mofatteh, M., Wu, J., He, Y.,
Chen, Z., Zeng, X., Tu, J., Wang, X., & Liao, X. (2025). Decoding the link between
ischemic stroke and myocardial infarction: a pathophysiological and clinical perspective.

381


https://doi.org/10.1111/bjh.18239
https://doi.org/10.12998/wjcc.v5.i3.93
https://doi.org/10.12998/wjcc.v5.i3.93
https://doi.org/10.3389/fneur.2023.1104674
https://doi.org/10.3390/life13061371
https://doi.org/10.3390/healthcare11152126
https://doi.org/10.1038/nrg2918
https://doi.org/10.1038/nrg2918
https://doi.org/10.1111/ijs.12466
https://doi.org/10.1177/0883073812452784
https://doi.org/10.1177/0883073814545883
https://doi.org/10.1161/STROKEAHA.122.040444
https://doi.org/10.1161/STROKEAHA.122.040444
https://doi.org/10.1186/1471-2377-13-203
https://doi.org/10.1186/1471-2377-13-203
https://doi.org/10.1152/ajpheart.00201.2016
https://doi.org/10.1152/ajpheart.00201.2016
https://doi.org/10.1212/WNL.0000000000007654
https://doi.org/10.1212/WNL.0000000000007654
https://doi.org/10.3390/pharmaceutics13081207

BRAIN. Broad Research in June 2026
Artificial Intelligence and Neuroscience Volume 17, Issue 2

European Jjournal of medical research, 30(1), 984.
https://doi.org/10.1186/s40001-025-03221-y

Chen, X., Wang, L., Jiang, J., Gao, Y., Zhang, R., Zhao, X., Shen, T., Dai, Q., & Li, J. (2020).
Association of neuroimaging markers of cerebral small vessel disease with short-term
outcomes in patients with minor cerebrovascular events [Preprint]. Research Square.
https://doi.org/10.21203/rs.3.1s-57506/v2

Cheng, X., & Dong, Q. (2012). Potential blood biomarkers in age-related cerebral small vessel
disease. Current Translational Geriatrics and Experimental Gerontology Reports, 1(2),
76—84. https://doi.org/10.1007/s13670-012-0011-8

Chlorogiannis, D., Apostolos, A., Chlorogiannis, A., Palaiodimos, L., Giannakoulas, G.,
Pargaonkar, S., Xesfingi, S., & Kokkinidis, D. G. (2023). The role of ChatGPT in the
advancement of diagnosis, management, and prognosis of cardiovascular and
cerebrovascular disease. Healthcare, 11(21), 2906.
https://doi.org/10.3390/healthcare11212906

Chui, H. C. (2007). Subcortical ischemic vascular dementia. Neurologic Clinics, 25(3), 717-740.
https://doi.org/10.1016/j.nc1.2007.04.003

Cui, Y., Zhao, T., Zhang, W., Wang, R., Hu, M., He, X., Wang, Y., & Xie, H. (2024). Risk factor
analysis in patients exhibiting cerebral microbleeds and the correlation with cognitive
impairment.  Gerontology ~ &  Geriatric ~ Medicine, 10, 23337214241278497.
https://doi.org/10.1177/23337214241278497

Deshpande, A., Elliott, J., Jiang, B., Tahsili-Fahadan, P., Kidwell, C. S., Wintermark, M., & Laksari,
K. (2023). End-to-end stroke triage using cerebrovascular morphology and machine
learning. Frontiers in Neurology, 14, 1217796. https://doi.org/10.3389/fneur.2023.1217796

Dziedzic, R., Zargba, L., Iwaniec, T., Kubicka-Trzaska, A., Romanowska-Dixon, B., Bazan-Socha,
S., & Dropinski, J. (2023). High prevalence of thrombophilic risk factors in patients with
central retinal artery occlusion. Thrombosis Journal, 21(1), 81.
https://doi.org/10.1186/s12959-023-00525-z

Esparza-Garcia, J. C., Santiago-German, D., Guadalupe Valadés-Mejia, M., Hernandez-Juarez, J.,
Aguilar-Sosa, E., Leafos-Miranda, A., Alvarado-Moreno, A., Majluf-Cruz, A., &
Isordia-Salas, 1. (2015). GLU298ASP and 4G/5G polymorphisms and the risk of ischemic
stroke in young individuals. Canadian Journal of Neurological Sciences, 42(5), 310-316.
https://doi.org/10.1017/cjn.2015.45

Fan, Y., Shen, M., Huo, Y., Gao, X., Li, C., Zheng, R., & Zhang, J. (2021). Total cerebral small
vessel disease burden on MRI correlates with medial temporal lobe atrophy and cognitive
performance in patients of a memory clinic. Frontiers in Aging Neuroscience, 13, 698035.
https://doi.org/10.3389/fhagi.2021.698035

Ferri, C., Baldini, G., & Ferri, L. (2025). Cryptogenic stroke: Too many suspects to find a culprit?
European Heart Journal Supplements, 27(Suppl 3), 11193-11197.
https://doi.org/10.1093/eurheartjsupp/suaf023

Fu, Y. X., Cao, J., Yin, X., Lang, Y., Su, T. F., & Cui, L. (2025). Association between serum
albumin-to-globulin ratio and subtypes of cerebral atherosclerotic stenosis in acute ischemic
stroke. Frontiers in Neurology, 16, 1666940. https://doi.org/10.3389/fneur.2025.1666940

Galardi, M. M., Gaudioso, C., Ahmadi, S., Evans, E., Gilbert, L., & Mar, S. (2019). Differential
diagnosis of pediatric multiple sclerosis. Children, 6(6), 75.
https://doi.org/10.3390/children6060075

Gontika, M. P., & Anagnostouli, M. C. (2018). Anti-myelin oligodendrocyte glycoprotein and
human leukocyte antigens as markers in pediatric and adolescent multiple sclerosis: On
diagnosis, clinical phenotypes, and therapeutic responses. Multiple Sclerosis International,
2018, 8487471. https://doi.org/10.1155/2018/8487471

Greer, D. M., Cagliero, E., Krakauer, E. L., Gonzalez, R. G., & Hedley-Whyte, E. T. (2007). Case
records of the Massachusetts General Hospital. Case 21-2007: A 58-year-old woman with

382


https://doi.org/10.1186/s40001-025-03221-y
https://doi.org/10.21203/rs.3.rs-57506/v2
https://doi.org/10.21203/rs.3.rs-57506/v2
https://doi.org/10.1007/s13670-012-0011-8
https://doi.org/10.3390/healthcare11212906
https://doi.org/10.3390/healthcare11212906
https://doi.org/10.1016/j.ncl.2007.04.003
https://doi.org/10.1016/j.ncl.2007.04.003
https://doi.org/10.1177/23337214241278497
https://doi.org/10.1177/23337214241278497
https://doi.org/10.3389/fneur.2023.1217796
https://doi.org/10.1186/s12959-023-00525-z
https://doi.org/10.1186/s12959-023-00525-z
https://doi.org/10.1017/cjn.2015.45
https://doi.org/10.1017/cjn.2015.45
https://doi.org/10.3389/fnagi.2021.698035
https://doi.org/10.3389/fnagi.2021.698035
https://doi.org/10.1093/eurheartjsupp/suaf023
https://doi.org/10.1093/eurheartjsupp/suaf023
https://doi.org/10.3389/fneur.2025.1666940
https://doi.org/10.3390/children6060075
https://doi.org/10.3390/children6060075
https://doi.org/10.1155/2018/8487471

D. Reurean-Pintilei, I. Onu, D. Trofin, A. Tutu, & G. Rusu-Zota - Microvascular Brain Pathology:
Correlations Between Diabetes and Lacunar Strokes

headaches, weakness, and strokelike episodes. New England Journal of Medicine, 357(2),
164-173. https://doi.org/10.1056/NEJMcpc079015

Hatate, J., Miwa, K., Matsumoto, M., Sasaki, T., Yagita, Y., Sakaguchi, M., Kitagawa, K., &
Mochizuki, H. (2016). Association between cerebral small vessel diseases and mild
parkinsonian signs in the elderly with vascular risk factors. Parkinsonism <& Related
Disorders, 26, 29-34. https://doi.org/10.1016/j.parkreldis.2016.02.011

Hu, C. C., Low, A., O'Connor, E., Siriratnam, P., Hair, C., Kraemer, T., & Sahathevan, R. (2022).
Diabetes in ischaemic stroke in a regional Australian hospital: Uncharted territory. Internal
Medicine Journal, 52(4), 574-580. https://doi.org/10.1111/imj.15073

Hu, X., Liu, L., Xiong, M., & Lu, J. (2024). Application of artificial intelligence-based magnetic
resonance imaging in diagnosis of cerebral small vessel disease. CNS Neuroscience &
Therapeutics, 30(7), e14841. https://doi.org/10.1111/cns.14841

Huang, F., Dai, Q., Zhou, Y., Guan, J., Wu, J., Dong, Y., & Lv, J. (2025). Inclisiran in
cardiovascular health: A review of mechanisms, efficacy, and future prospects. Medical
Science Monitor, 31, €946439. https://doi.org/10.12659/MSM.946439

Huppke, P., Rostasy, K., Karenfort, M., Huppke, B., Seidl, R., Leiz, S., Reindl, M., & Gértner, J.
(2013). Acute disseminated encephalomyelitis followed by recurrent or monophasic optic
neuritis in pediatric patients. Multiple Sclerosis  Journal, 19(7), 941-946.
https://doi.org/10.1177/1352458512466317

ladecola, C., Duering, M., Hachinski, V., Joutel, A., Pendlebury, S. T., Schneider, J. A., &
Dichgans, M. (2019). Vascular cognitive impairment and dementia: JACC scientific expert
panel. Journal of the American College of Cardiology, 73(25), 3326-3344.
https://doi.org/10.1016/j.jacc.2019.04.034

Kalaria, R. N. (2010). Vascular basis for brain degeneration: Faltering controls and risk factors for
dementia. Nutrition Reviews, 68(Suppl 2), S74-S87.
https://doi.org/10.1111/5.1753-4887.2010.00352.x

Kanbay, M., Ozbek, L., Guldan, M., Yilmaz, Z. Y., Ortiz, A., Mallamaci, F., & Zoccali, C. (2025).
siRNA-based therapeutics for lipoprotein (a) lowering: A path toward precision
cardiovascular medicine. FEuropean Journal of Clinical Investigation, 55(9), €70079.
https://doi.org/10.1111/eci.70079

Khalafi, P., Morsali, S., Hamidi, S., Ashayeri, H., Sobhi, N., Pedrammehr, S., & Jafarizadeh, A.
(2025). Artificial intelligence in stroke risk assessment and management via retinal imaging.
Frontiers in Computational Neuroscience, 19, 1490603.
https://doi.org/10.3389/fncom.2025.1490603

Klarenbeek, P., van Oostenbrugge, R. J., Lodder, J., Rouhl, R. P., Knottnerus, I. L., & Staals, J.
(2013). Higher ambulatory blood pressure relates to enlarged Virchow-Robin spaces in
first-ever lacunar stroke patients. Journal of Neurology, 260(1), 115-121.
https://doi.org/10.1007/s00415-012-6598-z

Knottnerus, 1. L., Ten Cate, H., Lodder, J., Kessels, F., & van Oostenbrugge, R. J. (2009).
Endothelial dysfunction in lacunar stroke: A systematic review. Cerebrovascular Diseases,
27(5), 519-526. https://doi.org/10.1159/000212672

Kumar, Y., Koul, A., Singla, R., & [jaz, M. F. (2023). Artificial intelligence in disease diagnosis: A
systematic literature review, synthesizing framework and future research agenda. Journal of
Ambient Intelligence and Humanized Computing, 14(7), 8459-8486.
https://doi.org/10.1007/s12652-021-03612-z

Kwapong, W. R., Jiang, S., Yan, Y., Wan, J.,, & Wu, B. (2022). Macular microvasculature is
associated with total cerebral small vessel disease burden in recent single subcortical
infarction. Frontiers in Aging Neuroscience, 13, 787775.
https://doi.org/10.3389/fnagi.2021.787775

Li, Z., Zhang, X., Ding, L., Jing, J., Gu, H. Q., Jiang, Y., Meng, X., Du, C., Wang, C., Wang, M.,
Xu, M., Zhang, Y., Hu, M., Li, H., Gong, X., Dong, K., Zhao, X., Wang, Y., Liu, L., Xian,

383


https://doi.org/10.1056/NEJMcpc079015
https://doi.org/10.1016/j.parkreldis.2016.02.011
https://doi.org/10.1111/imj.15073
https://doi.org/10.1111/cns.14841
https://doi.org/10.12659/MSM.946439
https://doi.org/10.1177/1352458512466317
https://doi.org/10.1177/1352458512466317
https://doi.org/10.1016/j.jacc.2019.04.034
https://doi.org/10.1016/j.jacc.2019.04.034
https://doi.org/10.1111/j.1753-4887.2010.00352.x
https://doi.org/10.1111/j.1753-4887.2010.00352.x
https://doi.org/10.1111/eci.70079
https://doi.org/10.1111/eci.70079
https://doi.org/10.3389/fncom.2025.1490603
https://doi.org/10.3389/fncom.2025.1490603
https://doi.org/10.1007/s00415-012-6598-z
https://doi.org/10.1007/s00415-012-6598-z
https://doi.org/10.1159/000212672
https://doi.org/10.1007/s12652-021-03612-z
https://doi.org/10.1007/s12652-021-03612-z
https://doi.org/10.3389/fnagi.2021.787775
https://doi.org/10.3389/fnagi.2021.787775

BRAIN. Broad Research in June 2026
Artificial Intelligence and Neuroscience Volume 17, Issue 2

Y., ... Wang, Y. (2024). Rationale and design of the GOLDEN BRIDGE II: A
cluster-randomised multifaceted intervention trial of an artificial intelligence-based
cerebrovascular disease clinical decision support system to improve stroke outcomes and
care quality in China. Stroke and Vascular — Neurology, 9(6), 723-729.
https://doi.org/10.1136/svn-2023-002411

Liu, N., Wang, H., Han, B., Wang, W., Zhou, M., Yang, L., & Wang, Y. (2024). Correlation analysis
between cerebral microangiopathy and autonomic nervous dysfunction. Brain and Behavior,
14(2), €3391. https://doi.org/10.1002/brb3.3391

Marseglia, A., Dartora, C. M., Samuelsson, J., Poulakis, K., Mohanty, R., Shams, S., Lindberg, O.,
Rydén, L., Sterner, T. R., Skoog, J., Zettergren, A., Kern, S., Skoog, I., & Westman, E.
(2024). Biological brain age and resilience in cognitively unimpaired 70-year-old
individuals. Alzheimer s & Dementia, 21(2). https://doi.org/10.1002/alz.14435

Medina, M. E. R., Cervantes, A., Correa, J. M. V., Emmanue, C., Solo6rzano, G., & Tapia, E. (2025).
Ischemic and hemorrhagic stroke in young adults: Etiological considerations, risk factors,
and management strategies. International Journal of Medical Science and Clinical Research
Studies, 5(2). https://doi.org/10.47191/ijmscrs/v5-102-08

Mekala, A., & Qiu, H. (2025). Interplay between vascular dysfunction and neurodegenerative
pathology: New insights into molecular mechanisms and management. Biomolecules, 15(5),
712. https://doi.org/10.3390/biom 15050712

Middeldorp, S., & van Hylckama Vlieg, A. (2008). Does thrombophilia testing help in the clinical
management of patients? British Journal of Haematology, 143(3), 321-335.
https://doi.org/10.1111/j.1365-2141.2008.07339.x

Milgrom, A., Lee, K., Rothschild, M., Makadia, F., Duhon, G., Min, S., Wang, P., & Glueck, C. J.
(2018). Thrombophilia in 153 patients with premature cardiovascular disease < age 45.
Clinical and Applied Thrombosis/Hemostasis, 24(2), 295-302.
https://doi.org/10.1177/1076029617703481

Morosan, P. A., Bobu, A. M., Carauleanu, A., Popa, R., Costea, C. F., Filip, C., Buzduga, C. M.,
Patrascanu, E., Cucu, A. 1., Tudosa, R. L., Covali, R., & Haisan, A. (2025). Zilebesiran as an
innovative siRNA-based therapeutic approach for hypertension: Emerging perspectives in
cardiovascular medicine. International Journal of Molecular Sciences, 26(21), 10717.
https://doi.org/10.3390/ijms262110717

Nishiyama, Y., Kimura, K., Otsuka, T., Toyoda, K., Uchiyama, S., Hoshino, H., Sakai, N., Okada,
Y., Origasa, H., Naritomi, H., Houkin, K., Yamaguchi, K., Minematsu, K., Matsumoto, M.,
Tominaga, T., Tomimoto, H., Terayama, Y., Yasuda, S., Yamaguchi, T., & CSPS.com Trial
Investigators. (2023). Dual antiplatelet therapy with cilostazol for secondary prevention in
lacunar stroke: Subanalysis of the CSPS.com trial. Stroke, 54(3), 697-705.
https://doi.org/10.1161/STROKEAHA.122.039900

Norrving, B. (2015). Evolving concept of small vessel disease through advanced brain imaging.
Journal of Stroke, 17(2), 94-100. https://doi.org/10.5853/j0s.2015.17.2.94

Norrving, B. (2008). Lacunar infarcts: No black holes in the brain are benign. Practical Neurology,
8(4), 222-228. https://doi.org/10.1136/jnnp.2008.153601

Novak, V., & Hajjar, 1. (2010). The relationship between blood pressure and cognitive function.
Nature Reviews Cardiology, 7(12), 686—698. https://doi.org/10.1038/nrcardio.2010.161

Nur, A., Tjandra, S., Yumnanisha, D. A., Keane, A., & Bachtiar, A. (2025). Predicting the risks of
stroke, cardiovascular disease, and peripheral vascular disease among people with type 2
diabetes with artificial intelligence models: A systematic review and meta-analysis. Narra J,
5(1), e2116. https://doi.org/10.52225/narra.v511.2116

O’Mahony, J., Bar-Or, A., Arnold, D. L., Sadovnick, A. D., Marrie, R. A., Banwell, B., & Canadian
Pediatric Demyelinating Disease Network. (2013). Masquerades of acquired demyelination
in children: Experiences of a national demyelinating disease program. Journal of Child
Neurology, 28(2), 184—197. https://doi.org/10.1177/0883073812443006

384


https://doi.org/10.1136/svn-2023-002411
https://doi.org/10.1136/svn-2023-002411
https://doi.org/10.1002/brb3.3391
https://doi.org/10.1002/alz.14435
https://doi.org/10.47191/ijmscrs/v5-i02-08
https://doi.org/10.3390/biom15050712
https://doi.org/10.1111/j.1365-2141.2008.07339.x
https://doi.org/10.1111/j.1365-2141.2008.07339.x
https://doi.org/10.1177/1076029617703481
https://doi.org/10.1177/1076029617703481
https://doi.org/10.3390/ijms262110717
https://doi.org/10.3390/ijms262110717
https://doi.org/10.1161/STROKEAHA.122.039900
https://doi.org/10.1161/STROKEAHA.122.039900
https://doi.org/10.5853/jos.2015.17.2.94
https://doi.org/10.1136/jnnp.2008.153601
https://doi.org/10.1038/nrcardio.2010.161
https://doi.org/10.52225/narra.v5i1.2116
https://doi.org/10.1177/0883073812443006

D. Reurean-Pintilei, I. Onu, D. Trofin, A. Tutu, & G. Rusu-Zota - Microvascular Brain Pathology:
Correlations Between Diabetes and Lacunar Strokes

O’Connor, L. J., & Price, A. L. (2018). Distinguishing genetic correlation from causation across 52
diseases and complex traits. Nature Genetics, 50(12), 1728-1734.
https://doi.org/10.1038/s41588-018-0255-0

O’Sullivan, M. (2008). Leukoaraiosis. Practical ~ Neurology, 8(1), 26-38.
https://doi.org/10.1136/jnnp.2007.139428

Paolilo, R. B., Deiva, K., Neuteboom, R., Rostasy, K., & Lim, M. (2020). Acute disseminated
encephalomyelitis: Current perspectives. Children, 7(11), 210.
https://doi.org/10.3390/children7110210

Rahmlow, M. R., & Kantarci, O. (2013). Fulminant demyelinating diseases. The Neurohospitalist,
3(2), 81-91. https://doi.org/10.1177/1941874412466873

Ray, K. K., Raal, F. J., Kallend, D. G., Jaros, M. J., Koenig, W., Leiter, L. A., Landmesser, U.,
Schwartz, G. G., Lawrence, D., Friedman, A., Garcia Conde, L., Wright, R. S., & ORION
Phase III Investigators. (2023). Inclisiran and cardiovascular events: A patient-level analysis
of  phase I trials. European Heart  Journal, 44(2), 129-138.
https://doi.org/10.1093/eurheartj/ehac594

Ren, L., & Danser, A. H. J. (2025). Small interfering RNA therapy for the management and
prevention  of  hypertension. Current  Hypertension  Reports,  27(1), 5.
https://doi.org/10.1007/s11906-025-01325-8

Rosenthal, J. F., Hoffman, B. M., & Tyor, W. R. (2020). CNS inflammatory demyelinating
disorders: MS, NMOSD and MOG antibody associated disease. Journal of Investigative
Medicine, 68(2), 321-330. https://doi.org/10.1136/;im-2019-001126

Saba, L., Mannelli, L., Balestrieri, A., Serra, A., Bassareo, P. P., Murgia, A., Politi, C., Porcu, M.,
Crivelli, P., Micheletti, G., Conti, M., & Suri, J. S. (2019). CT and MR imaging of carotid
wall and plaque. Journal of Neurosonology and Neuroimaging, 11(2), 115-125.
https://doi.org/10.31728/jnn.2019.00062

Sartori, M., Conti, E., Favaretto, E., Frascaro, M., Legnani, C., & Palareti, G. (2011). Thrombotic
risk factors and cardiovascular events after endovascular intervention for peripheral arterial
disease. European Journal of Vascular and Endovascular Surgery, 42(6), 817-823.
https://doi.org/10.1016/j.€jvs.2011.08.016

Scacciatella, P., Meynet, 1., Presbitero, P., Giorgi, M., Lucarelli, C., Zavalloni Parenti, D., Biava, L.
M., & Marra, S. (2016). Recurrent cerebral ischemia after patent foramen ovale
percutaneous closure in older patients: A two-center registry study. Catheterization and
Cardiovascular Interventions, 87(3), 508-514. https://doi.org/10.1002/ccd.26053

Swartz, R. H., Longman, R. S.; Lindsay, M. P, Lund, R., Ganesh, A., Eskes, G. A., Austin, M.,
Bechard, L. E., Bhangu, J., Bruto, V. C., Carter, S., Chow, N., Deschaintre, Y., Fedorchuk,
K., Fellows, L., Foley, N., Greer, L. A., Lee, D. S., Leonard, C., Patel, R., ... Canadian
Stroke Best Practice Recommendations Advisory Committee, in collaboration with the
Canadian Stroke Consortium, Canadian Neurological Sciences Federation, and CanStroke
Recovery Trials Platform. (2025). Canadian stroke best practice recommendations: Vascular
cognitive impairment, 7th edition practice guidelines update, 2024. Alzheimer s & Dementia,
21(1), e14324. https://doi.org/10.1002/alz.14324

Scott, T., & Rosenberg, 1. (2022). Small vessel cerebrovascular pathology is a major feature in the
pathogenesis of Alzheimer’s disease or age-related dementia. Medical Research Archives,
10(9). https://doi.org/10.18103/mra.v10i19.3139

Shan, Y., Jiang, L., Xu, P., Zeng, M., Lin, H., & Yan, H. (2016). Association of aortic compliance
and brachial endothelial function with cerebral small vessel disease in type 2 diabetes
mellitus patients: Assessment with high-resolution MRI. BioMed Research International,
2016, 1-8. https://doi.org/10.1155/2016/1609317

Sheik, S., Azeez, M., & Kolleri, J. (2023). A rare case report: Isolated midbrain lacunar infarct
affecting the ipsilateral medial longitudinal fasciculus causing internuclear ophthalmoplegia

385


https://doi.org/10.1038/s41588-018-0255-0
https://doi.org/10.1038/s41588-018-0255-0
https://doi.org/10.1136/jnnp.2007.139428
https://doi.org/10.1136/jnnp.2007.139428
https://doi.org/10.3390/children7110210
https://doi.org/10.3390/children7110210
https://doi.org/10.1177/1941874412466873
https://doi.org/10.1093/eurheartj/ehac594
https://doi.org/10.1093/eurheartj/ehac594
https://doi.org/10.1007/s11906-025-01325-8
https://doi.org/10.1007/s11906-025-01325-8
https://doi.org/10.1136/jim-2019-001126
https://doi.org/10.31728/jnn.2019.00062
https://doi.org/10.31728/jnn.2019.00062
https://doi.org/10.1016/j.ejvs.2011.08.016
https://doi.org/10.1016/j.ejvs.2011.08.016
https://doi.org/10.1002/ccd.26053
https://doi.org/10.1002/alz.14324
https://doi.org/10.18103/mra.v10i9.3139
https://doi.org/10.1155/2016/1609317

BRAIN. Broad Research in June 2026
Artificial Intelligence and Neuroscience Volume 17, Issue 2

effect. International Journal of Community Medicine and Public Health, 10(11), 4439—4443.
https://doi.org/10.18203/2394-6040.ijcmph20233491

Shindo, A., Ishikawa, H., Ii, Y., Niwa, A., & Tomimoto, H. (2020). Clinical features and
experimental models of cerebral small vessel disease. Frontiers in Aging Neuroscience, 12,
109. https://doi.org/10.3389/fnagi.2020.00109

Simon, G. (2002). Why do treated hypertensives suffer strokes? An internist’s perspective. Journal
of Clinical Hypertension, 4(5), 338-344. https://doi.org/10.1111/j.1524-6175.2002.00686.x

Staszewski, J., Piusinska-Macoch, R., Brodacki, B., Skrobowska, E., Macek, K., & Stepien, A.
(2017). Risk of vascular events in different manifestations of cerebral small vessel disease:
A 2-year follow-up study with a control group. Heliyon, 3(11), e00455.
https://doi.org/10.1016/j.heliyon.2017.e00455

Su, C., Wu, H., Yang, X., Zhao, B., & Zhao, R. (2021). The relation between antihypertensive
treatment and progression of cerebral small vessel disease. Medicine, 100(30), e26749.
https://doi.org/10.1097/MD.0000000000026749

Tang, X., Jiang, L., Luo, Y., Fan, H., Song, L., Liu, P., & Chen, Y. (2021). Leukoaraiosis and acute
ischemic  stroke.  European  Journal of  Neuroscience, 54(6), 6202-6213.
https://doi.org/10.1111/ejn.15406

Tang, X., Xiao, X., Yin, J., Yang, T., & Zeng, B. (2020). An assessment of the relationship between
structural and functional imaging of cerebrovascular disease and cognition-related fibers.
Computational and  Mathematical — Methods in  Medicine, 2020, 4347676.
https://doi.org/10.1155/2020/4347676

Tenembaum, S. (2021). Pediatric demyelinating disease and anti-MOG antibody. Clinical and
Experimental Neuroimmunology, 12(1), 7-21. https://doi.org/10.1111/cen3.12627

Travanichakul, S., Kijpaisalratana, N., Kitjawijit, T., Petcharunpaisan, S., Chutinet, A., &
Suwanwela, N. (2023). Prevalence and predictive factors of progression in pure motor,
ataxic hemiparesis and mixed sensorimotor lacunar syndrome. Neurology Asia, 28(1),
29-37. https://doi.org/10.54029/2023yzi

Turco, E. C., Gnazzo, M., Giordani, S., Pisano, G., Baldini, V., Giroldini, E., Piccolo, B., Neglia, C.,
Esposito, S., & Pera, M. C. (2025). Early predictors of outcome in pediatric acquired
demyelinating syndromes: A retrospective study stratified by final diagnosis. Children,
12(8), 975. https://doi.org/10.3390/children12080975

van Norden, A. G., de Laat, K. F., Gons, R. A., van Uden, I. W., van Dijk, E. J., van Oudheusden, L.
J., Esselink, R. A., Bloem, R. B., van Engelen, B. G., Zwarts, M. J., Tendolkar, I.,
Olde-Rikkert, M. G., van der Vlugt, M. J., Zwiers, M. P., Norris, D. G., & de Leeuw, F. E.
(2011). Causes and consequences of cerebral small vessel disease. The RUN DMC study: A
prospective cohort study. Study rationale and protocol. BMC Neurology, 11, 29.
https://doi.org/10.1186/1471-2377-11-29

van Sloten, T. T., Sedaghat, S., Carnethon, M. R., Launer, L. J., & Stehouwer, C. D. A. (2020).
Cerebral microvascular complications of type 2 diabetes: Stroke, cognitive dysfunction, and
depression. The  Lancet  Diabetes &  Endocrinology, 8(4), 325-336.
https://doi.org/10.1016/S2213-8587(19)30405-X

Umemura, T., Kawamura, T., & Hotta, N. (2017). Pathogenesis and neuroimaging of cerebral large
and small vessel disease in type 2 diabetes: A possible link between cerebral and retinal
microvascular abnormalities. Journal of Diabetes Investigation, 8(2), 134-148.
https://doi.org/10.1111/jdi.12545

Ungvari, Z., Toth, P., Tarantini, S., Prodan, C. 1., Sorond, F., Merkely, B., & Csiszar, A. (2021).
Hypertension-induced cognitive impairment: From pathophysiology to public health. Nature
Reviews Nephrology, 17(10), 639—654. https://doi.org/10.1038/s41581-021-00430-6

Wang, M., Li, Y., Song, Y., Zhao, Y., & Zhao, X. (2023). Association of total cerebral small vessel
disease burden with the cavitation of recent small subcortical infarcts. Acta Radiologica,
64(1), 295-300. https://doi.org/10.1177/02841851211066583

386


https://doi.org/10.18203/2394-6040.ijcmph20233491
https://doi.org/10.18203/2394-6040.ijcmph20233491
https://doi.org/10.3389/fnagi.2020.00109
https://doi.org/10.1111/j.1524-6175.2002.00686.x
https://doi.org/10.1016/j.heliyon.2017.e00455
https://doi.org/10.1016/j.heliyon.2017.e00455
https://doi.org/10.1097/MD.0000000000026749
https://doi.org/10.1097/MD.0000000000026749
https://doi.org/10.1111/ejn.15406
https://doi.org/10.1111/ejn.15406
https://doi.org/10.1155/2020/4347676
https://doi.org/10.1155/2020/4347676
https://doi.org/10.1111/cen3.12627
https://doi.org/10.54029/2023yzi
https://doi.org/10.3390/children12080975
https://doi.org/10.1186/1471-2377-11-29
https://doi.org/10.1186/1471-2377-11-29
https://doi.org/10.1016/S2213-8587(19)30405-X
https://doi.org/10.1016/S2213-8587(19)30405-X
https://doi.org/10.1111/jdi.12545
https://doi.org/10.1111/jdi.12545
https://doi.org/10.1038/s41581-021-00430-6
https://doi.org/10.1177/02841851211066583

D. Reurean-Pintilei, I. Onu, D. Trofin, A. Tutu, & G. Rusu-Zota - Microvascular Brain Pathology:
Correlations Between Diabetes and Lacunar Strokes

Wardlaw, J. M., Doubal, F., Armitage, P., Chappell, F., Carpenter, T., Mufioz Maniega, S., Farrall,
A., Sudlow, C., Dennis, M., & Dhillon, B. (2009). Lacunar stroke is associated with diffuse
blood-brain  barrier  dysfunction.  Annals of  Neurology, 65(2), 194-202.
https://doi.org/10.1002/ana.21549

Wong, C. E., & Chang, C. H. (2022). Vascular cognitive impairment and dementia. Continuum,
28(3), 750-780. https://doi.org/10.1212/CON.0000000000001124

Ye, D., Cruz-Loépez, E. O., Tu, H.-C., Zlatev, I., & Danser, A. H. J. (2023). Targeting
angiotensinogen with N-acetylgalactosamine—conjugated small interfering RNA to reduce
blood pressure. Arteriosclerosis, Thrombosis, and Vascular Biology, 43(12), 2256-2264.
https://doi.org/10.1161/ATVBAHA.123.319897

Zhang, C., Li, Z., Liu, L., Pu, Y., Zou, X., Yan, H., Pan, Y., Zhao, X., Wang, Y., & Wang, Y. (2022).
The role of hypertension and diabetes mellitus on the etiology of middle cerebral artery
disease. Brain and Behavior, 12(4), €2521. https://doi.org/10.1002/brb3.2521

Zhang, L. J., Tian, D. C., Yang, L., Shi, K., Liu, Y., Wang, Y., & Shi, F. D. (2024). White matter
disease derived from vascular and demyelinating origins. Stroke and Vascular Neurology,
9(4), 344-350. https://doi.org/10.1136/svn-2023-002791

Zhang, L., Wang, F., Xia, K., Yu, Z., Fu, Y., Huang, T., & Fan, D. (2023). Unlocking the medicinal
mysteries: Preventing lacunar stroke with drug repurposing. Biomedicines, 12(1), 17.
https://doi.org/10.3390/biomedicines12010017

387


https://doi.org/10.1002/ana.21549
https://doi.org/10.1002/ana.21549
https://doi.org/10.1212/CON.0000000000001124
https://doi.org/10.1161/ATVBAHA.123.319897
https://doi.org/10.1161/ATVBAHA.123.319897
https://doi.org/10.1002/brb3.2521
https://doi.org/10.1136/svn-2023-002791
https://doi.org/10.3390/biomedicines12010017
https://doi.org/10.3390/biomedicines12010017

