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Abstract. Background and aim. Stroke is a leading cause of death and disability worldwide, with ischemic
stroke being the most common type. Neuroinflammation plays a pivotal role in ischemic brain injury, where
endothelial adhesion molecules such as vascular cell adhesion molecule-1 (VCAM-1) and intercellular adhe-
sion molecule-1 (ICAM-1) mediate leukocyte recruitment and blood—brain barrier disruption. This study
aimed to investigate the association between circulating VCAM-1 and ICAM-1 levels and stroke severity
in patients with acute ischemic stroke. Methods: An analytical observational study with a cross-sectional
design was conducted at Dr. Wahidin Sudirohusodo Central General Hospital and afhiliated facilities
in Makassar, Indonesia, from June 2025 to August 2025. Fifty-eight first-ever acute ischemic stroke patients
aged 18-70 years were consecutively recruited. Stroke severity was assessed using the National Institutes
of Health Stroke Scale (NIHSS) within 1-7 days of onset. Venous blood samples were collected and ana-
lyzed for VCAM-1 and ICAM-1 levels. Statistical analyses included Spearman correlation and comparative
tests, with p < 0.05 considered significant. Results: The mean age of patients was 58.2 years, with a male pre-
dominance (53.4%). Hypertension (58.6%) was the most common risk factor. Most patients presented with
minor (44.8%) or moderate (48.3%) severity. Mean VCAM-1 and ICAM-1 levels were 38.62 ng/mL and
18.16 ng/mL, respectively. No significant correlation was observed between VCAM-1 (r = 0.098, p = 0.462)
or ICAM-1 (r =-0.050, p = 0.708) and NIHSS scores. However, a significant association was found between
VCAM-1 levels and stroke severity in non-hypertensive patients (r = 0.420, p = 0.041). Conclusions: Circulat-
ing VCAM-1 and ICAM-1 levels were not significantly associated with overall stroke severity in acute is-
chemic stroke. VCAM-1 may have prognostic relevance in specific subgroups, but larger longitudinal studies
are warranted to clarify their biomarker potential. (www.actabiomedica.it)
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Introduction a major global health and socioeconomic challenge.
According to the Global Burden of Disease (GBD)
Stroke remains one of the leading causes of mor- 2019 report, stroke is the second leading cause of

tality and long-term disability worldwide, representing ~ death and the third leading cause of disability globally.
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Between 1990 and 2019, the global incidence of stroke
increased by 70%, mortality by 43%, prevalence by
102%, and disability-adjusted life years (DALYs) by
143% (1). This rising trend underscores the persistent
and growing burden of stroke, particularly in low-
and lower-middle-income countries, where access
to preventive care, acute management, and rehabilita-
tion services remains limited (2). The highest burden
has been observed in regions such as Eastern Europe,
Sub-Saharan Africa, and Asia, reflecting disparities in
health systems and stroke care infrastructure. In Indo-
nesia, stroke represents a critical public health concern.
The Basic Health Research reported a prevalence of
10.9 per 1,000 population, making it the most com-
mon cause of neurological morbidity. Stroke also ac-
counts for 21.1% of all deaths nationwide, positioning
it as the leading cause of mortality in the country (3).
Beyond mortality, stroke contributes substantially to
long-term disability, reduced quality of life, and in-
creased economic burden due to prolonged hospitali-
zation, rehabilitation needs, and loss of productivity.
The growing prevalence of vascular risk factors such
as hypertension, diabetes, dyslipidemia, and smoking
in the Indonesian population is expected to further
increase the burden of stroke in the coming years (4).
The majority of strokes are ischemic, resulting from
reduced cerebral blood flow, usually caused by arte-
rial occlusion, while 10-40% are hemorrhagic, due
to rupture of cerebral vessels. Ischemic stroke may be
caused by embolism or thrombosis secondary to in-
tracranial atherosclerosis, leading to impaired cerebral
perfusion. Cerebral ischemia triggers neuronal injury
through excitotoxicity, oxidative stress, and inflam-
mation, ultimately resulting in apoptosis and necro-
sis of brain cells. The inflammatory cascade involves
activation of resident and peripheral immune cells,
which stimulate endothelial cells to express adhesion
molecules such as vascular cell adhesion molecule-1
(VCAM-1) and intercellular adhesion molecule-1
(ICAM-1) (5). VCAM-1 and ICAM-1 are endothe-
lial adhesion molecules that play a central role in
the inflammatory response following acute ischemic
stroke (AIS). These molecules mediate the adhesion
of leukocytes to activated endothelium and facilitate
their transmigration across the blood-brain barrier
(BBB) into ischemic brain tissue. The infiltration of

leukocytes further amplifies neuroinflammation by re-
leasing pro-inflammatory cytokines, reactive oxygen
species, and proteolytic enzymes, thereby exacerbating
neuronal injury and contributing to secondary brain
damage. Disruption of the BBB integrity through this
process not only worsens cerebral edema but also per-
petuates a cycle of inflammation and tissue injury (6).
Elevated circulating levels of VCAM-1 and ICAM-1
have been consistently reported in patients with AIS,
and these elevations are hypothesized to reflect the
extent of endothelial activation and systemic inflam-
mation. Because of their role in leukocyte-endothelial
interactions, these adhesion molecules are increas-
ingly being investigated as potential biomarkers of
stroke severity and prognosis (7). Several studies have
demonstrated associations between higher serum lev-
els of VCAM-1 or ICAM-1 and greater neurologi-
cal impairment, while others have suggested a link
with worse functional outcomes or mortality. How-
ever, findings remain inconsistent, with some studies
reporting no significant correlation, raising questions
about whether these molecules act merely as bystand-
ers of inflammation or have a causal role in worsen-
ing ischemic injury. Stroke severity in clinical practice
is most reliably assessed using the National Institutes
of Health Stroke Scale (NIHSS), a standardized and
validated tool widely applied in both clinical and re-
search settings (8). The NIHSS provides a quantitative
measure of neurological deficits and has been shown
to correlate strongly with infarct volume, functional
outcomes, and mortality. Investigating the relationship
between circulating levels of VCAM-1 and ICAM-1
with NIHSS scores may therefore provide valuable in-
sights into the pathophysiological role of these mol-
ecules and their potential utility as biomarkers for
assessing stroke severity. Clarifying this relationship
is crucial not only for understanding the mechanisms
of neuroinflammation in stroke but also for exploring
novel prognostic tools and therapeutic targets in the
management of AIS (1). Evidence regarding the as-
sociation of VCAM-1 and ICAM-1 with stroke se-
verity remains inconsistent. Elevated ICAM-1 levels
were significantly associated with poor prognosis in is-
chemic stroke patients. Correlation between increased
VCAM-1 levels and stroke severity. Observed no as-
sociation between serum VCAM-1 levels and stroke
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severity reported no significant correlation between
VCAM-1 and ICAM-1 levels with ischemic stroke
severity (9). Given these conflicting findings, it re-
mains unclear whether increased levels of VCAM-1
and ICAM-1 are merely markers of the inflammatory
response or play a causal role in worsening clinical out-
comes. Therefore, this study aims to investigate the re-
lationship between VCAM-1 and ICAM-1 levels and
stroke severity in patients with AIS.

Material and Methods
Study design

This study employed an analytical observational
approach with a cross-sectional design. Patients with
AIS who fulfilled the predetermined inclusion and ex-
clusion criteria were consecutively recruited as study
subjects. The inclusion criteria comprised adult pa-
tients diagnosed with AIS confirmed by clinical ex-
amination and neuroimaging within the eligible study
period. Patients with hemorrhagic stroke, concomitant
systemic inflammatory or infectious diseases, autoim-
mune disorders, malignancy, or incomplete clinical and
laboratory data were excluded from the analysis. All
eligible participants provided informed consent prior
to inclusion in the study. The research was conducted at
Dr. Wahidin Sudirohusodo Central General Hospital,
a tertiary referral and teaching hospital in Makassar,
Indonesia, as well as at affiliated hospitals and health
facilities within Makassar City. Data collection and
sample analysis were carried out over a three-month
period, from June 2025 to August 2025.

Sample criteria

The study population consisted of patients diag-
nosed with AIS who were admitted to Dr. Wahidin
Sudirohusodo Central General Hospital and affiliated
health facilities in Makassar during the study period.
Participants were recruited consecutively according
to predefined eligibility criteria. The inclusion criteria
were as follows: (1) patients with AIS confirmed by
clinical examination and neuroimaging, with symptom
onset between one to seven days; (2) adults aged 18-70

years experiencing their first ischemic stroke episode;
and (3) patients or their legal representatives who pro-
vided written informed consent to participate in the
study. Patients were excluded if they had comorbid
conditions that could potentially influence biomarker
levels or clinical outcomes, including chronic kidney
disease, chronic heart failure, severe liver disease, au-
toimmune disorders, active infectious diseases, ma-
lignant diseases, or a history of myocardial infarction.
These exclusion criteria were applied to minimize po-
tential confounding factors and to ensure the reliability
of biomarker measurements in the context of AIS. In
addition, patients who initially consented but subse-
quently withdrew their participation during the study
were categorized as drop-outs and excluded from the
final analysis.

Research procedure

Patients diagnosed with AIS were admitted to the
treatment wards of Dr. Wahidin Sudirohusodo Central
General Hospital Makassar and its affiliated hospitals.
The diagnosis of AIS was established based on clini-
cal history, neurological examination, and supporting
investigations, including non-contrast head computed
tomography (CT) scans to exclude hemorrhagic stroke.
All patients fulfilling the inclusion criteria and none
of the exclusion criteria were consecutively enrolled in
the study. Prior to participation, the research team pro-
vided a thorough explanation of the study objectives
and procedures to the patients or their families, and
written informed consent was obtained. The severity of
ischemic stroke was assessed using the NIHSS in pa-
tients with symptom onset ranging from one to seven
days. Following clinical assessment, venous blood
samples were collected for biomarker analysis. A total
of 3 mL of venous blood was drawn into plain tubes
for the measurement of circulating VCAM-1 and
ICAM-1 levels. To ensure sample integrity, blood ob-
tained via syringe was carefully transferred into plain
tubes under aseptic conditions. The collected samples
were immediately placed in a cool box maintained at a
temperature of approximately 4°C during transport to
the Hasanuddin University Medical Research Center
(HUMRC) laboratory at Hasanuddin University Hos-
pital. Upon arrival, samples were stored at -20°C until
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further analysis. Laboratory procedures for biomarker
measurement were performed according to standard-
ized protocols to ensure reliability and reproducibility.
All clinical, laboratory, and demographic data were re-
corded in a structured case report form. The compiled
dataset was subsequently processed and subjected to
statistical analysis to examine the relationship between

VCAM-1 and ICAM-1 levels and the severity of AIS.

Data and statistical analysis

The data obtained was processed through statisti-
cal analysis using SPSS version 27. The data normal-
ity test used Kolmogorov Smirnov because the sample
size was 2 50. The data analysis aims to assess the
relationship between these variables with a p value <
0.05 is considered meaningful. Determine the corre-
lation between the ratio of VCAM-1 and ICAM-1
levels to severity with Spearman (non-parametric data
distribution). To compare the values of VCAM-1 and
ICAM-1 levels in the group of acute ischemic stroke
of minor, moderate, moderate and severe severity with

Anova or Kruskal Wallis.

Results

This study was conducted to study the relationship
between VCAM-1 and ICAM-1 levels on the severity
of patients with AIS. Data were collected from blood
samples of first-time acute ischemic stroke patients
who were hospitalized at the Dr. Wahidin Sudirohu-
sodo Makassar Central General Hospital and affiliate
hospital from June 2025 to August 2025. There were
58 patients with AIS who met the criteria. By gender,
men outnumbered women (53.4% vs 46.6%). The av-
erage age in this study was 58.24 years. The severity
categories examined with NIHSS were minor 44.8%,
moderate 48.3%, moderatetly severe 5.2% and severe
1.7%. The most risk factors in this study were hyper-
tension 58.6%, diabetes mellitus 29.3% and smoking
25.9%. This data can be seen in table 1 about the basic
characteristics of the research subjects (Table 1).

VCAM-1 levels in acute ischemic stroke patients
were obtained with a mean value of 38.62 ng/mL, a me-

dian of 38.53 ng/mL, a minimum of 20.85 ng/mL and

Table 1. Basic Characteristics of Research Subjects

Total (n=58)
Characteristic N (%)
Gender (n)
* Man 31(53.4%)
* Woman 27 (44.6 %)
Age
* <60 years old 35 (60.35 %)
* > 60 years old 23 (39.65 %)
Severity
* Minor 26 (44.8 %)
* Moderate 28 (48.3 %)
* Moderate 3(5.2%)
severe
+ Severe 1(1.7 %)
Risk factors
* Hypertension 34 (58.6 %)
* Diabetes 17 (29.3 %)
mellitus
* Smoke 15 (25.9 %)

a maximum of 56.23 ng/mL (Table 2). ICAM-1 levels
in patients with AIS were obtained with a mean value
of 18.16 ng/mL, a median of 15.34 ng/mL, a mini-
mum of 6.48 ng/mL and a maximum of 20.18ngmL.
This study showed no statistical significance between
VCAM-1 (p = 0.341) and ICAM-1 (p = 0.470) levels
on severity assessed using NIHSS at day 1-7 onset in
acute ischemic stroke patients (Table 3).

Based on the spearman correlation normality
test, a weak, positive, and insignificant correlation was
found in VCAM-1 (r = 0.098, p = 0.462). A weak,
negative, and insignificant correlation of ICAM-1
(r = - 0.050, p = 0.708) was found to be the severity
assessed using NIHSS in patients with AIS on days
1-7 (Table 4). In the scatterplot graph (Figure 1),
graph (a) shows VCAM-1 tends to rise when NIHSS
values are high while graph (b) shows ICAM-1 tends
to decrease when NIHSS values are high. Other re-
sults were that in VCAM-1 and ICAM-1 levels as-
sociated with stroke risk factors, there was a weak
and significant correlation between VCAM-1 levels
in non-hypertensive patients (r = 0.420, p = 0.041)
(Table 5).
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Discussion

This study investigated the relationship between
circulating VCAM-1 and ICAM-1 levels and stroke
severity in patients with AIS. Among 58 patients in-
cluded, the majority were male, with an average age of
58 years, and the most common risk factors were hyper-
tension, diabetes mellitus, and smoking consistent with
known epidemiological trends of stroke worldwide.
The severity of stroke, as measured by the NITHSS, was
predominantly in the minor to moderate range. Our
findings demonstrated that although VCAM-1 lev-
els tended to increase with higher NTHSS scores and
ICAM-1 levels tended to decrease, neither association
reached statistical significance. Specifically, VCAM-1
showed a weak, positive but insignificant correlation
with stroke severity, while ICAM-1 showed a weak,
negative and insignificant correlation. This study pro-
vides insights into the potential role of circulating
VCAM-1 and ICAM-1 as biomarkers of stroke sever-
ity in patients with AIS. These results suggest that cir-
culating levels of VCAM-1 and ICAM-1 within the
first seven days of stroke onset may not reliably reflect
the clinical severity of ischemic stroke. Several stud-
ies have reported findings consistent with our results.
Significant correlation between VCAM-1 or ICAM-1
levels and stroke severity assessed by NIHSS, suggest-
ing that the role of these adhesion molecules may be

Table 2. Comparison of VCAM-1 and ICAM-1 levels in pa-
tients with AIS

Mean | Median | Minimum | Maximum
VCAM-1 (ng/ml) | 38.62 | 38.53 20.85 56.23
ICAM-1 (ng/ml) | 18.16 | 15.34 6.48 20.18

limited to the early inflammatory cascade without di-
rectly determining the extent of clinical deficits (10).
Similarly, serum VCAM-1 levels were not associated
with stroke severity in acute ischemic stroke patients,
further supporting the notion that circulating adhe-
sion molecules may serve as markers of endothelial
activation but not as predictors of neurological sever-
ity. The findings of this study suggest that circulating
VCAM-1 levels may have clinical significance in acute
ischemic stroke (AIS), particularly among patients
without a history of hypertension. While the overall
correlation between adhesion molecules and stroke se-
verity did not reach statistical significance across the
entire cohort, the observed association of VCAM-1
with stroke severity in the non-hypertensive subgroup
highlights a potentially important pathophysiological
mechanism. VCAM-1 is an endothelial adhesion mol-
ecule that plays a central role in leukocyte recruitment
and transmigration during vascular inflammation. In
the context of AIS, increased expression of VCAM-1
may reflect acute endothelial activation in response to
ischemic injury. In patients with chronic hypertension,
however, the endothelium is often already subjected to
long-standing inflammatory and structural changes,
including arterial stiffness, microvascular remodeling,
and persistent upregulation of adhesion molecules.
These baseline alterations may obscure the acute dy-
namic changes in VCAM-1 during ischemic events.
Conversely, in non-hypertensive patients, the absence
of chronic vascular injury may allow VCAM-1 to more
accurately reflect the acute endothelial response to is-
chemia, thereby providing a more reliable marker of
stroke severity. Clinically, this finding could have im-
plications for the use of VCAM-1 as a biomarker to
stratify AIS severity or predict outcomes in selected

Table 3. Comparison of VCAM-1 and ICAM-1 levels to the severity of patients with AIS

Minor Moderate Moderate-severe
(median * [min,max]) (median * [min,max]) (median * [min,max]) Severe
n=26 n=28 n=3 n=1 Value p
VCAM-1 (ng/ml) 39.11 = 36.34 = 45.20 + 44.78 0.341*
[20.85, 56.23] [22.56,50.18] [38.05, 51.04]
ICAM-1 (ng/ml) 17.84 + 15.16 = 10.45 + 20.18 0.470™*
[6.48, 47.93] [10.74, 56.90] [9.50,19.46]

*Anova Test, ** Kruskal Wallis Test.
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Table 4. The relationship between VCAM-1 and ICAM-1
levels on the severity of patients with AIS

NIHSS
Value » Value p
VCAM-1 0,098 0,462
ICAM-1 -0,050 0,708

patient populations. If validated in larger cohorts,
VCAM-1 measurement may support more individual-
ized risk assessment, particularly for patients without
traditional vascular comorbidities such as hyperten-
sion. Moreover, given its mechanistic role in leukocyte—
endothelial interactions, VCAM-1 could represent
not only a biomarker but also a potential therapeutic
target to modulate post-ischemic inflammatory injury
(11). This study explored the potential role of circulat-
ing VCAM-1 and ICAM-1 as biomarkers of stroke
severity in patients with AIS. Our findings add to the
growing body of evidence linking endothelial dysfunc-
tion with stroke pathophysiology. However, several
important considerations should be highlighted. From
a methodological standpoint, we implemented strict
laboratory quality control procedures to ensure the
reliability of biomarker measurements. Internal cali-
bration was performed regularly, and duplicate test-
ing of samples was conducted to minimize technical
variability. These measures enhance the credibility of
our findings by reducing potential measurement error
and ensuring consistency across assays. On the other
hand, other studies have reported contrasting results.
Significant association between elevated VCAM-1
levels and greater stroke severity, proposing that in-
creased VCAM-1 expression reflects enhanced leu-
kocyte adhesion and migration into ischemic brain
tissue, thereby amplifying neuroinflammation and
clinical deficits. Likewise, the higher ICAM-1 levels
were significantly associated with poor prognosis in is-
chemic stroke, indicating that ICAM-1 may contrib-
ute to persistent neuroinflammation and blood brain
barrier disruption (12). These differences across studies
may be attributable to variations in study design, tim-
ing of blood sample collection, patient characteristics,
and laboratory methods used for biomarker measure-
ment. Interestingly, our study also found a weak but

significant correlation between VCAM-1 levels and
stroke severity in non-hypertensive patients, suggest-
ing that comorbid vascular risk factors may influence
the expression and circulating levels of adhesion mol-
ecules (13,14).

Several studies support our findings reported no
significant correlation between VCAM-1 or ICAM-1
and stroke severity, concluding that adhesion molecule
levels reflect systemic inflammation rather than directly
determining clinical deficits. Similarly, found no asso-
ciation between serum VCAM-1 and NIHSS severity
in patients with AIS. These studies, like ours, suggest
that VCAM-1 and ICAM-1 may function as markers
of endothelial activation but do not necessarily reflect
the clinical neurological outcome during the acute
phase (5,15). Conversely, other studies have reported
contrasting results found that elevated VCAM-1 lev-
els correlated with more severe strokes, proposing that
VCAM-1 contributes to enhanced leukocyte adhesion
and transmigration, thereby amplifying ischemic in-
jury. The higher ICAM-1 levels were associated with
poor prognosis and higher stroke severity, suggesting
that ICAM-1-mediated leukocyte infiltration contrib-
utes to blood brain barrier disruption and prolonged
neuroinflammation. These discrepancies highlight the
ongoing debate about whether adhesion molecules
are merely byproducts of inflammation or actively
contribute to ischemic injury progression (16,17). Al-
though this study supports the relevance of VCAM-1
and ICAM-1 in AIS, the variability in sampling times
represents a critical limitation that may have attenu-
ated the observed associations. We recommend that
future research implement standardized sampling in-
tervals to more accurately capture biomarker dynamics
and strengthen the evidence for their prognostic utility
in acute ischemic stroke. Hypertension, in particular,
is known to induce chronic endothelial dysfunction,
which may confound the interpretation of VCAM-1
and ICAM-1 levels in acute ischemic stroke. The ab-
sence of a significant association in our study could
also be explained by several biological and methodo-
logical factors. First, adhesion molecule expression is
dynamic and may fluctuate depending on the timing
of measurement. Samples collected within 1-7 days
after stroke onset may capture heterogeneous stages
of the inflammatory process, potentially masking
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Figure 1. Graph of the relationship between VCAM-1 and ICAM-1 levels on the severity of patients with AIS.

Table 5. Relationship of VCAM-1 and ICAM-1 levels to AIS severity by risk factors

NIHSS
Risk factors Molecular Adhesion Value r Value p
Yes VCAM-1 0,180 0,490
ICAM-1 -0,117 0,655
DM
Not VCAM-1 0,018 0,911
ICAM-1 -0,019 0,906
Yes VCAM-1 -0,098 0,582
HT ICAM-1 -0,052 0,768
Not VCAM-1 0,420 0,041
ICAM-1 0,023 0,916
Yes VCAM-1 -0,031 0,914
ICAM-1 -0,384 0,158
Smoke
Not VCAM-1 0,159 0,309
ICAM-1 0,131 0,403

stronger associations at earlier or later phases. In ad-
dition, it is critical to recognize that VCAM-1 and
ICAM-1 exhibit distinct temporal expression profiles
after cerebral ischemia, so that a single measurement
within the 1-7-day window may capture only part of
their dynamic response. Within 1-7 days after AIS,
the dominant process occurring in the brain is inflam-
mation. This inflammatory process leads to increased
expression of the adhesion molecules VCAM-1 and
ICAM-1 (18). Both preclinical and clinical data show
that soluble ICAM-1 begins to rise within 6~24 hours
of stroke onset, peaks at approximately 2448 hours,
and then gradually declines toward baseline by day 7.
Soluble VCAM-1, by contrast, is detectable within

the first 12-24 hours, reaches maximum levels be-
tween 48-72 hours, and remains significantly elevated
throughout the first post-stroke week before descend-
ing as recovery enters the subacute—chronic transition
(18,19). Because our protocol involved only one blood
draw per patient during days 1-7, we likely measured
each patient’s adhesion-molecule level at differing
points on these curves, which may have attenuated any
correlation with NIHSS score. To overcome this limi-
tation and to determine which time points best reflect
BBB integrity and neurological severity, future stud-
ies should incorporate serial sampling—ideally at 1, 3,
and 7 days post-onset—as recommended for stroke-
recovery trials and biomarker studies (20). Second,
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the relatively small sample size (n = 58) may limit
the statistical power to detect modest associations
(7, 21). Despite the lack of significant correlations in
our cohort, VCAM-1 and ICAM-1 assays remain
rapid, minimally invasive, and may hold promise as ad-
juncts to neuroimaging or composite biomarker panels
for clinical risk stratification—provided that optimal
sampling windows and clinically meaningful threshold
values can be established. Third, circulating levels of
adhesion molecules may not fully represent local en-
dothelial activation at the site of ischemia, where the
inflammatory response is most pronounced. Signifi-
cant correlation between VCAM-1 and ICAM-1 lev-
els and stroke severity, they add to the growing body of
evidence suggesting variability in the role of adhesion
molecules as biomarkers in acute ischemic stroke. Fur-
ther large-scale, multicenter studies with serial meas-
urements at multiple time points are needed to better
clarify their prognostic value and pathophysiological
significance (22,23). While the overall findings con-
tribute to the understanding of endothelial adhesion
molecules in stroke pathophysiology, certain limita-
tions must be considered when interpreting the results.
First, the relatively small sample size represents a major
limitation. With a limited number of participants, the
statistical power to detect subtle but clinically relevant
associations is reduced. This may have contributed to
the lack of significance in some of the correlations ob-
served in our analysis. Furthermore, the predominance
of patients with minor to moderate stroke severity in
our cohort further restricts the generalizability of the
findings. The underrepresentation of severe AIS cases
means that the relationship between adhesion mole-
cules and the full spectrum of stroke severity could not
be comprehensively evaluated. In addition, this study
was not supported by external grant funding, which
may have limited the availability of resources, and the
relatively short study period further constrained patient
recruitment and longitudinal follow-up. These limita-
tions highlight the need for validation in larger and
more diverse study populations. Future research should
focus on multi-center studies with larger sample sizes
that adequately represent the full range of AIS sever-
ity. Such studies would not only enhance the statistical
robustness of the findings but also improve their exter-
nal validity, allowing for broader clinical application.

Additionally, standardized and repeated measurements
at multiple time points after stroke onset may better
capture the dynamic changes in endothelial biomark-
ers and their prognostic implications.

Conclusions

This study highlights the potential role of cir-
culating VCAM-1 and ICAM-1 as biomarkers of
stroke severity in AIS, reflecting endothelial activa-
tion and vascular inflammation. While our findings
provide valuable preliminary insights, the limited
sample size, predominance of mild until moderate
cases, and variability in sampling times restrict their
generalizability. Future studies with larger, multi-
center cohorts and longitudinal biomarker sampling
at multiple time points are warranted to validate
these associations and clarify their temporal dynam-
ics, thereby strengthening their potential application
in the clinical management of AIS. These findings
are consistent with previous reports showing incon-
sistent associations between adhesion molecules and
stroke severity, highlighting the complexity of post-
stroke inflammatory processes. While VCAM-1 and
ICAM-1 may reflect systemic endothelial activation,
their role as independent biomarkers of stroke sever-
ity remains uncertain.
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