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ABSTRACT

Introduction: Endothelial dysfunction (ED) plays a significant role in
the development of cerebral small vessel disease (SVD). Analyzing
biomarkers related to endothelial function, obtainable from peripheral
blood, offers valuable insights for researchers. However, the link
between biomarkers of ED and cerebral SVD remains controversial.

Our primary aim was to investigate the relationship between the
biomarkers of ED by analyzing intercellular adhesion molecule-1
(ICAM-1), plasminogen activator inhibitor-1 (PAI-1), asymmetric
dimethylarginine (ADMA), interleukin-6 (IL-6), C-reactive protein
(CRP), and specific clinical findings of cerebral small vessel disease
(SVD), such as the presence of minor stroke or cognitive impairment.
We also performed a correlation analysis between ED biomarkers and
neuroimaging markers of cerebral SVD.

Methods: Patients with cerebral SVD were grouped according to
their symptoms. We compared the serum biomarkers of ED between
patient groups. All biomarkers except CRP were studied using enzyme-

linked immunosorbent assay. We also performed a correlation analysis
between cerebral SVD biomarkers in neuroimaging and ED biomarkers.

Results: We included 68 patients in this study. Patients with minor
stroke or cognitive deficits had lower levels of PAI-1 than asymptomatic
patients, and this finding was more evident in patients with cognitive
deficits. Enlarged perivascular spaces (EPVSs) in the basal ganglia score
positively but slightly correlated with serum ADMA levels.

Conclusion: PAI-1 has a possible neuroprotective effect against the
development of cognitive impairment in cerebral SVD. Biomarkers of
ED differ according to the severity, and localization of the lesions. There
was a specific relationship between ADMA and EPVSs in basal ganglia,
-not EPVSs in the centrum semiovale- irrespective of vascular risk factors
suggesting EPVSs in the centrum semiovale and basal ganglia may be the
product of different pathological processes.
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INTRODUCTION

Cerebral small vessel disease (SVD) is an important cause of ischemic
and hemorrhagic stroke, vascular cognitive impairment and functional
disability (1). Radiologically, it is typically characterized by including but
not limited to white matter hyperintensities (WMH), lacunes, cerebral
microbleeds, enlarged perivascular spaces (EPVSs) and atrophy (2). The
pathogenesis of the disease is not well established, however impaired
blood-brain barrier (BBB) and endothelial dysfunction (ED) seem to be
the leading factors (1). Investigating ED has been advocated as crucial to
enhancing our understanding of cerebral SVD (3).

Studying molecules directly linked to endothelial function and those
influencing the endothelium itself can offer valuable insights to
researchers (3). Unfortunately, the association between these biomarkers
and cerebral SVD remains incomplete (3,4). First, the complexity of
endothelial functions and interactions among biomarkers limit their
utility. Another argument is that various radiological manifestations

Highlights
» Decreased PAI-1 activity linked to cognitive impairment.

* Endothelial dysfunction varies in the centrum semiovale
vs. basal ganglia.

» EPVSs in the basal ganglia associated with serum ADMA
levels.

of cerebral SVD are partially or not related to the biomarkers of ED
or systemic inflammation, and they could have different pathological
background. This inconsistency -in addition to the above- could be
attributed to the variable characteristics of the individuals included in
the studies and the selection bias of the specific biomarkers included.
It is still an ongoing debate whether ED is a cause or a result of cerebral
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SVD (4). Remarkably, only a handful of studies have simultaneously
investigated biomarkers demonstrating the range of endothelial
functions and systemic inflammation. This approach is critical in
capturing the complete spectrum of endothelial functions and its
implications in cerebral SVD (3,4). Furthermore, the inclusion criteria
in many studies often overlooked the influence of large artery diseases
or cardioembolic conditions on these biomarkers, presenting another
layer of complexity.

Our study focuses on a set of biomarkers that are directly linked to key
aspects of endothelial function which have emerged prominently in the
literature over the last 30 years, making it easier to compare our findings
with the literature (3-6). ICAM-1 is expressed by vascular endothelial
cells and it mediates adhesion of platelets, leukocytes and is involved
in BBB dysfunction. ICAM-1 was found to be elevated in cross-sectional
studies conducted on cerebral SVD patients and was associated with the
presence and/or severity of white matter hyperintensities and/or lacunes
(7-11). In longitudinal studies, ICAM-1 was linked to the progression
or presence of cerebral SVD (12-15). However, no relationship was
found between ICAM-1 and EPVS (16). This lack of association between
ICAM-1 and EPVS is noteworthy, given ICAM-1 has significant value in
other radiological manifestations of cerebral SVD. On the other hand,
despite the shared common mechanisms in both patients with cognitive
impairment and stroke caused by cerebral SVD, ICAM-1 loses its utility
in both cross-sectional and longitudinal studies when patients with
cognitive impairment are included (17,18).

IL-6 and CRP are well-established markers of systemic inflammation and
are not specific to the endothelium (5). The relationship between IL-6 and
WMH is inconsistently reported in the literature. In population-based
studies with healthy participants, IL-6 was found to be both unrelated
(19-23) and related (24) to WMH. In a follow-up study, both IL-6 and
CRP were associated with the progression of cerebral SVD (17). When
considering EPVS, CRP was found to be related (21,25). However, some
studies found that neither CRP nor IL-6 show an association with EPVS
(8,16,21).

PAI-1 plays a significant role in the endogenous fibrinolytic activity of
the endothelium. Elevated PAI-1 levels were associated with activated
endothelial cells and increased thrombotic activity (26). Knotterus et al.
found decreased PAI-1 activity was associated with extensive WMH (27).
Another study failed to demonstrate any relationship between PAI-1 and
cerebral SVD (28). In contrast, some studies found increased PAI-1 levels
were associated with cerebral SVD (29,30).

Nitric oxide (NO), produced by endothelial cells, reduces vascular tone
leading to vasodilation and inhibits platelet activation. It also regulates
cell proliferation. Nitric oxide is produced from L-arginine by the enzyme
nitric oxide synthase (NOS). Asymmetric dimethylarginine is a competitive
endogenous inhibitor of NOS, and elevated levels in peripheral blood
are associated with increased thrombotic activity, impaired endothelial
function, and higher cardiovascular risk (31). In the context of cerebral
SVD, ADMA is a promising biomarker (32).

In this study, we aim to explore the reasons why some patients exhibit
symptoms while others remain asymptomatic, by analyzing endothelial
dysfunction biomarkers. Specifically, we seek to determine whether
the clinical features of the disease, such as cognitive impairment and
stroke, correspond to distinct profiles based on these biomarkers. By
doing so, we hope to shape potential treatment options that could offer
promise for patients based on their clinical characteristics. Additionally,
we aimed to demonstrate the correlation between the severity of
radiological markers of small vessel disease and these biomarkers,
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allowing us to establish a specific relationship between the endothelium
and a radiological marker within this complex pathophysiology. For
this purpose, we chose i) intercellular adhesion molecule-1 (ICAM-
1) to demonstrate vascular inflammation, ii) interleukin 6 (IL-6) and
C-reactive protein (CRP) to demonstrate systemic inflammation, iii)
plasminogen activator inhibitor-1 (PAI-1) to show hemostasis, and iv)
asymmetric dimethylarginine (ADMA) to demonstrate regulation of
vascular tone.

METHODS

This was a hospital-based, cross-sectional study. We included all eligible
patients who were admitted to the outpatient clinics of our institution
between April 2018 and June 2019 for a routine follow-up visit.

The inclusion criteria were being older than 40-years-old and having
cerebral SVD in magnetic resonance imaging (MRI) based on STRIVE
criteria (33). The exclusion criteria were as follows: a debilitating
symptomatic ischemic stroke (NIHSS 25); acute or subacute stroke (<3
months); an MRI feature that suggested large artery involvement; a
history of malignancy; atrial fibrillation (AF); evidence of large artery
stenosis exceeding 50% in doppler ultrasound, computerized tomography
angiography (CTA), or magnetic resonance angiography (MRA); cognitive
impairment due to probable Alzheimer’s disease; having other causes of
SVD (genetic, inflammatory, toxic).

Patients were categorized into three distinct groups based on their
clinical presentations. Initially, those with a history of minor ischemic
stroke (NIHSS <5) or transient ischemic attack (TIA) were designated as
the minor stroke group. Subsequently, among the remaining patients,
those diagnosed with vascular cognitive impairment were classified as
the cognitive group, following the 2011 AHA/ASA criteria (34). Cognitive
and minor stroke groups constituted a symptomatic group. The rest of
the patients who reported non-specific symptoms such as headache or
tinnitus were identified as the asymptomatic group, indicating a silent
clinical presentation.

Istanbul University Cerrahpasa Faculty of Medicine local ethics committee
approved the study protocol (reference number: 08/11/2017-419798),
and a written informed consent was obtained from all participants.

The evaluation included a two-step procedure: laboratory investigation
of ED biomarkers and detailed clinical and radiological assessment.
The following biomarkers related to endothelial dysfunction, ICAM-1,
ADMA, IL-6,and PAI-1, were assayed via enzyme-linked immunosorbent
assay (ELISA). C-reactive protein was analyzed in the autoanalyzer of
the faculty’s central biochemistry laboratory (Immunoturbidimetric
assay). Blood samples were taken from the cubital vein between 8-10
a. m. after a night-long fasting. All samples except CRP were evaluated
twice. The time interval between blood collection and MRI imaging was
less than six months. Blood samples collected in vacuum tubes were
centrifuged within one hour, and the serum samples were aliquoted
and stored at -80°C until analysis. To ensure the reliability of the results,
hemolyzed blood samples were excluded from the study. Once all the
samples were collected, the sera were brought to room temperature
for the ELISA procedure, which was performed according to the
manufacturer’s instructions. The results were calculated based on the
standard sera provided with the kit. ICAM-1 (Human ICAM-1 Platinum
ELISA/ Affymetrix ebioscience Catalog No: BMS 201/96 test), ADMA
(General Asymmetrical Dimethylarginine ELISA Kit / ABclonal Catalog
No: RK00614/96 test), IL-6 (Human IL-6 ELISA Kit / Invitrogen Catolog
No: BMS213-2/96 test) and PAI-1 (Human PAI-1 Platinum ELISA
Affimetrix eBioscience Catalog No: BMS 2033/96 test).
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We noted demographic features and vascular risk factors (hypertension,
hyperlipidemia, obesity, smoking, diabetes mellitus coronary artery
disease) and performed a detailed neurologic examination of each patient.
A routine cardiovascular work-up, including electrocardiogram (ECG),
24-hour Holter monitoring, and transthoracic echocardiography, was
performed to exclude cardioembolic causes in each case. A standardized
mini-mental state test and routine laboratory tests, including complete
blood count, glucose, kidney and liver function test, electrolytes, thyroid
function test, lipid panel, HbA1 ¢, erythrocyte sedimentation rate, vitamin
B12, glomerular filtration rate, anti-HIV, HBsAg, anti-HCV and VDRL were
performed in all patients. Lastly, an estimated glomerular filtration rate
was calculated for each patient using the modification of diet in renal
disease (MDRD) formula.

Magnetic resonance scans were acquired using 1.5T The Siemens
Magnetom Avanto (Erlangen, Germany) scanner and the 3T Philips
Ingenia MR scanner (Philips, Best, the Netherlands) according to STRIVE
criteria (33). The standard imaging protocol included sagittal TSE T2,
coronal TSET2 (repetition time (TR) 3,000 ms, echo time (TE) 80 ms, field-
of-view (FOV) 185 mm x 230 mm, matrix size 400 x 320, slice thickness
5 mm), axial fluid attenuation inversion recovery (FLAIR) (TR 11,000 ms,
TE 125 ms, inversion time 2.5 sec, FOV 185 mm x 230 mm, matrix size
370 x 260, slice thickness 5 mm), axial T1-weighted (TE=17 ms, TR=600
ms, matrix=188 x 320, NEX=1, FOV=230 mm, flip angle=90°) and, DWI
sequences. Patients were excluded from the study if any sequence was
missing. Two experienced neuroradiologists collaboratively evaluated
all MRI data (S.A., O.K.) according to STRIVE criteria: The WMHs were
graded on a scale of 0 to 3 for both periventricular and deep white
matter using the Fazekas scale. The EPVSs were counted and graded on
a 5-point scale (0=no, 1= <10, 2=11-20, 3=21-40, and 4= >40) both for
the centrum semiovale (EPVSs-CS) and the basal ganglia (EPVSs-BG).
Lacunes were counted and separated into three groups (none, single
and multiple). Cerebral atrophy was evaluated with global cortical
atrophy scale (35).

Statistical Analysis

Continuous variables were indicated as median, minimum-maximum, or
mean, and standard deviation as applicable. Categorical variables were
shown as n (%). The Shapiro-Wilk test was performed for normality. As
all the data were nonhomogeneous, we used the x? test for categorical
variables and Mann-Whitney U test for continuous variables. Bonferroni
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Statistical significance was set at a p-value <0.05. All calculations were
made using IBM Statistical Package for Social Sciences (SPSS) program
version 20 (International Business Machines Corp., New Orchard Road,
Armonk, NY, USA)

RESULTS

We recruited 97 patients in the study period. However, we had to
exclude 17 patients due to comorbid conditions: malignancy (n=3),
hepatitis C infection (n=3), AF (n=8), and rheumatoid arthritis (n=1).
Additionally, two patients were excluded: one had an acute stroke, and
one had large artery disease. We excluded seven more patients from
the analysis due to missing data: hemolysis of the serum samples (n=2)
and insufficient MRI data (n=5). Five more patients diagnosed with
cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) during the study were also excluded
from the analysis. Eventually, we analyzed the clinical, serum samples,
and neuroimaging of 68 patients (Figure 1).

There were 43 symptomatic patients, and 15 of them had a history of
minor stroke or TIA. The other 25 patients comprised the asymptomatic
group. The median age of all patients was 70, and 36 (52%.9) patients were
men. Obesity was more common in the symptomatic group (p<0.005).
The other demographic characteristics and risk factors were not different.
Table 1 shows the clinical and radiological features of these groups.

n=97 patients

n=17 patients were n=2 patients were
excluded ducto | > excluded due to
comorbid conditions hemolysis
n=3 malignancy j=f= n:“?.' l}epqtms N n=5 patiens were
Infection »| excluded due to

CADASIL

|_In=1 rheumatoid
arthritis

n=8 AF I
n=5 patients excluded
due to missing MRI

correction was applied if multiple comparison tests were encountered. -

A univariate analysis was used to evaluate the relationship between n=1 acute strokej— "~} é?;f;:cmry

radiological markers (scores of WMHs-pv, WMHs-deep, EPVSs-CS,

EPVSs-BG, lacunes, and atrophy) and biomarkers of ED (serum levels of y

ADMA, PAI-1, IL-6, CRP, ICAM-1). We also performed a logistic regression n=68 patients

analysis by adjusting for vascular risk factors, other radiological features evaluated

and glomerular filtration rate for the statistically significant variables in

the abovementioned analysis. Figure 1. Flow chart of the study population.
Table 1. Clinical characteristics of whole patient group and subgroups

All patients n=68 Symptomatic n=43 Asymptomatic n=25 p

Age (y) median (min-max) 70 (43-90) 71 (43-90) 68 (52-81) 0.263*
Sex (M) n (%) 36 (52.9) 21(48.8) 15 (60.0) 0.374*
HT n (%) 52(76.5) 36 (83.7) 16 (64.0) 0.065*
DM n (%) 25 (36.8) 18 (41.9) 7 (28.0) 0.253*
HL n (%) 22(32.4) 16 (37.2) 6(24.0) 0.262%
CAD n (%) 13(19.1) 7(16.3) 6 (24.0) 0.435*
Smoking n (%) 29 (42.6) 20 (46.5) 9(36.0) 0.398*
Obesity n (%) 25 (36.8) 20 (46.5) 5 (20.0) 0.029*

*Mann-Whitney U test; **Chi-square test; ® p<0.05; CAD: coronary artery disease; DM: diabetes mellitus; HL: hyperlipaemia; HT: hypertension; M: male; Y: year.
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Table 2. Levels of serum biomarkers of endothelial dysfunction
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All patients n=68 Symptomatic (n=43) Asymptomatic (n=25) p*
ICAM-1 (ng/mL) ( 96.3121':679.42) ( 96.?%4:.5229.42) (21 o5t j‘;;4.14) 0533
PAI-1 (ng/ml) (29i7-'1972) (55-5i967) (29.94:{572) 00287
ADMA (ng/mL) (121 .5515%3771 06) (121 .52(-)271 06) (1 28.57?16—2622.48) 0.258
IL-6 (pg/mL) (o.ogéfiTsos) (o.ogé%iésos) (o.oo%s-oj1 48) 0.215
CRP (mg/L) (0.1 72292.47) (0.1 72;3347) (0.22;271.‘82) 0834

*Mann-Whitney U test; **p<0.05; ADMA: asymmetric dimethylarginine; CRP: C-reactive protein; ICAM-1:Intercellular adhesion molecule-1; IL-6:Interleukin 6; PAI-1: Plasminogen

activator inhibitor-1.
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Figure 2. Biomarkers and clinical groups (ADMA: asymmetric dimethylarginine; CRP: C-reactive protein; ICAM-1: intercellular adhesion molecule-1; IL-6: interleukin 6; PAI-1:

plasminogen activator inhibitor-1).

Among the markers utilized in our study, only PAI-1 exhibited statistical
significance (Table 2, Figure 2). PAI-1 levels of symptomatic patients
were significantly lower compared to the asymptomatic group (Table 2).
When the patients with cognitive deficit and patients with minor stroke
were compared with the asymptomatic group, it was observed that the
patients with cognitive deficit had lower PAI-1 levels (Table 3, Figure 3).
Patients with minor stroke also exhibited lower median PAI-1 levels, but
this tendency was not statistically significant.

The EPVSs-BG scores graded according to a 5-point scoring system were
found to be positively but slightly correlated with serum ADMA levels

(Table 4). A multivariable logistic regression analysis was performed to
evaluate the relationship between serum ADMA levels and EPVS-BG
while controlling for potential confounders. Vascular risk factors such
as age, sex, hypertension, diabetes mellitus, hyperlipidemia, coronary
artery disease, smoking, obesity, antiplatelet medications, and glomerular
filtration rate were included in the model to control for their potential
confounding effects. The significant relationship between ADMA and
severe EPVS-BG (EPVS-BG score >2) remained after adjusting for these
potential confounders (Nagelkerke R?=0.343, Odds ratio=1.007, 95% Cl:
[1.001-1.013]).
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Table 3. Levels of serum biomarkers of endothelial dysfunction according to subgroups of patients
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Minor stroke Coghnitive Asymptomatic Minor stroke Cognitive versus | Minor stroke versus
n=15 (n=28) (n=25) versus Cognitive p* | Asymptomatic p* | Asymptomatic p*
ICAM-1 (ng/ml) ( 92.%5229.4) (203.%5-?85.2) (21 o%ggm.n 0848 0581 0615
PAI-1 (ng/mL) (59.§5§91 67) (53.§§i626.o) (29.2—9i572.o) 0499 0015 0314
ADMA (ng/ml) (1 2? .2%61;1 1) (31 3.192-'255.3) (1 2;.622622.5) 0346 0581 0105
IL-6 (pg/mL) (0.011‘?23 " (02'9_21 " (o.gié?ij ) 0557 0397 0162
CRP (mg/L) (032;?15‘5) (0.22_‘212.5) (0.22'_2;“ N 0.702 0.810 0.933

*Mann-Whitney U test with Bonferroni correction, alpha value set to 0.017; ADMA: asymmetric dimethylarginine; CRP: C-reactive protein; ICAM-T:Intercellular adhesion
molecule-1; IL-6:Interleukin 6; PAI-1: Plasminogen activator inhibitor-1.
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Figure 3. Biomarkers and clinical subgroups (ADMA: asymmetric dimethylarginine; CRP: C-reactive protein; ICAM-1: intercellular adhesion molecule-1; IL-6: interleukin 6; PAI-1:
plasminogen activator inhibitor-1).

DISCUSSION

The major findings in this study are i. patients with minor stroke or
cognitive deficit had lower levels of PAI-1 than asymptomatic patients,
and this finding was more evident in patients with cognitive deficit, ii.
EPVSs-BG scores weakly but positively correlated with serum ADMA

levels.

Several studies found ICAM-1 was associated with cerebral SVD (7-
10,12,22), whereas others did not (16,17,36). The studies questioning
the relationship between EPVSs and ICAM-1 were limited, and no
correlation was found in these studies (8,16,37). Several studies found

PAI-1 was associated with cerebral SVD (27,30), whereas others did not
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Table 4. Biomarkers of ED and MRI features
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WMHs-pv WMHs-deep EPVSs-CS EPVSs-BG Lacunes Atrophy
ICAM-1 r=0.096 r=0.148 r=-0.016 r=-0.108 r=-0.073 r=-0.099
p=0.434 p=0.227 p=0.899 p=0.379 p=0.555 p=0.42
PAI-1 r=-0.012 r=0.029 r=0.186 r=-0.03 r=-0.058 r=-0.184
p=0.924 p=0.815 p=0.13 p=0.809 p=0.64 p=0.132
ADMA r=0.06 r=0.07 r=0.224 r=0.317 r=0.077 r=-0.06
p=0.627 p=0.57 p=0.067 p=0.008 p=0.533 p=0.627
IL-6 r=-0.092 r=0.056 r=0.055 r=0.043 r=0.045 r=0.151
p=0.456 p=0.652 p=0.653 p=0.727 p=0.716 p=0.22
CRP r=-0.013 r=0.079 r=0.078 r=0.034 r=-0.097 r=-0.234
p=0.914 p=0.521 p=0.529 p=0.784 p=0.431 p=0.054

ADMA: asymmetric dimethylarginine; CRP: C-reactive protein; EPVSs-CS: enlarged perivascular spaces in the centrum semiovale; EPVSs-BG: enlarged perivascular spaces in the
basal ganglia; ICAM-1: intercellular adhesion molecule-T1; IL-6: interleukin 6; PAI-1: plasminogen activator inhibitor-1; WMHs-deep: deep white matter hyperintensity; WMHs-pv:

periventricular white matter hyperintensities

(28,38,39). On the contrary, all studies that used ADMA as a biomarker
found increased serum levels of ADMA in cerebral SVD (32,40-45).
Interestingly, none of these studies chose EPVSs as a radiological feature
of cerebral SVD. Asymmetric dimethylarginine sustained its utility in
young asymptomatic patients (32), in CADASIL (44), in non-stroke
population-based cohorts (40,41), in non-stroke hospital-based cohorts
(43), in acute stroke patients (45), and in chronic symptomatic patients
(42). We propose that the consistency exhibited by ADMA, in contrast to
other biomarkers, suggests its active involvement in all stages of cerebral
SVD, regardless of clinical findings.

The only serum ED biomarker related to the clinical findings of cerebral
SVD in our study was PAI-1. Patients with minor stroke or cognitive
deficits had lower levels of PAI-1 than asymptomatic patients, and this
finding was even more evident in patients with cognitive impairment.
Glial cells, especially astrocytes, express PAI-1 in the central nervous
system and PAI-1 inhibits the neurotoxicity and neuronal cell death
caused by tissue plasminogen activator (t-PA) activity (46). An animal
experiment also demonstrated a model of depression in PAI-1 gene-
silenced mice (47). In addition, low levels of PAI-1 were associated
with decreased cognitive functions in an Asian study on cognitive
functions (48). In the Sydney Memory and Aging Study, subjects with
preserved cognitive functions showed increased PAI-1 levels compared
to cognitively impaired subjects (49). In the Maastricht stroke study,
patients with severe WMHs had increased t-PA and decreased PAI-
1 levels. The authors suggested that tissue damage and BBB damage
induced by t-PA could not be supported by the protective efficacy of
PAI-1 (27). Intracranial injection of PAI-1 has been shown to reduce
infarct volume in an experimental model of stroke in mice (50,51). In
contrast, another recent study from Moscow found that t-PA levels
were associated with WMHSs and EPVSs, while PAI-1 levels were not
associated with cerebral SVD (28). However, all patients in the Maastricht
stroke study had a lacunar stroke, but only half of the patients in the
Moscow study had a lacunar stroke. In our research, we found a similar
relationship in the cognitive domain. The lack of association between
radiological features of SVD and PAI-1 in our study could be attributed
to the similarity between our study and the Moscow study since 41% of
our patients had lacunes.

Asymmetric dimethylarginine is recognized as a mediator of oxidative
stress and a biomarker of ED due NOS inhibition. Moreover, increased
ADMA levels can stimulate endothelial cells for platelet and leukocyte
adhesion (31). It has been shown that ICAM-1 levels increase when

ADMA is added to cell culture in-vitro (52). In an animal experiment,
it was observed that angiotensin-converting enzyme expression and
superoxide production increased with ADMA injection in endothelial
NOS gene-silenced mice, and more vascular effects were observed
compared to the control group (53). This relationship suggests that
ADMA plays a longer-term role in ED by acting on intracellular
pathways and gene expressions, apart from its acute effects. Therefore,
ADMA may be associated with oxidative stress, impaired BBB
permeability, and indirectly increased inflammation. We know the
relationship between ADMA and EPVSs in sporadic cerebral SVD has
yet to be searched. In our study, there was a weak positive correlation
between EPVSs-BG scores -not EPVSs-CS scores- and serum ADMA
levels irrespective of vascular risk factors. This finding suggests that
EPVSs in the centrum semiovale and basal ganglia may be the product
of different pathological processes. Similarly, in a recent follow-up
study, impaired endothelial reactivity was found to correlate with
EPVSs-BG but not with EPVSs-CS (54).

We acknowledge certain limitations of our study. While there are studies
in the literature with smaller sample sizes than ours, our relatively small
sample size may limit the statistical power to detect smaller effects,
particularly in subgroup analyses. Thus, larger studies are needed
to confirm our findings. We did not have a healthy non-SVD group.
However, this cross-sectional study aimed to compare clinical findings of
SVD, not patients with SVD and healthy subjects. Another limitation was
that we do not have micro bleeding data in the neuroimaging findings.
Although this may have prevented us from considering the radiological
features of SVD as a whole, it did not compromise the integrity of
the available data. Another possible limitation was that we excluded
patients with Alzheimer’s disease using only radiological biomarkers, not
cerebrospinal fluid biomarkers. This situation may have shadowed the
results by causing mixed dementia patients to be included in the patient
group despite detailed neurological evaluation.

As a result, PAI-1 has a possible neuroprotective effect against the
development of cognitive impairment in cerebral SVD. Biomarkers of
ED differ according to the severity, and localization of the lesions. There
was a specific relationship between serum levels of ADMA and EPVSs
in basal ganglia, not EPVSs in the centrum semiovale- irrespective of
vascular risk factors suggesting EPVSs in the centrum semiovale and
basal ganglia may be the product of different pathophysiological
processes.
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