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Abstract. Background and aim: Acute ischemic stroke (AIS) is a leading cause of morbidity and mortality,
with a complex pathophysiological mechanism involving inflammation and angiogenesis. Vascular Endothe-
lial Growth Factor (VEGF), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and lymphocyte-to-monocyte ratio (LMR) are thought to play roles in determining stroke severity. Mezh-
ods: This was an observational analytic study with a cross-sectional design conducted on AIS patients at
Dr. Wahidin Sudirohusodo General Hospital, Makassar. Serum VEGF levels were measured using the ELISA
method, while NLR, PLR, and LMR were calculated from routine blood tests. Stroke severity was assessed
using the National Institutes of Health Stroke Scale (NIHSS) and categorized into two groups: moder-
ate (0-15) and moderate-to-severe (16—42). Pearson correlation and linear regression analyses were per-
formed to evaluate the relationships between variables. Resu/zs: A total of 50 patients met the inclusion criteria
(54% male, 46% female). Correlation analysis showed a significant positive association between VEGF and
NIHSS (r = 0.831; p = 0.000), as well as between NLR and NIHSS (r = 0.548; p = 0.000). LMR demon-
strated a significant negative correlation with NIHSS (r = -0.549; p = 0.000). In contrast, PLR was not
significantly associated with NIHSS (r = 0.228; p = 0.112). Multiple regression analysis identified VEGF
and NLR as dominant predictors (R? = 0.735; p < 0.001). Conclusions: Serum VEGF, NLR, and LMR were
significantly associated with the severity of AIS, whereas PLR was not. VEGF and NLR may be considered
potential biomarkers for risk stratification in AIS patients. (www.actabiomedica.it)
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Introduction burden since 1990. Recent data reported 12.2

million incident cases of stroke, 101 million preva-
Stroke is a major global health problem and  lent cases, 143 million Disability-Adjusted Life

one of the leading causes of death and disability. In
2019, stroke ranked third as the cause of death and
disability worldwide, with a significantly increased

Years (DALYs), and 6.55 million deaths due to
stroke in that year (1). In the United States, more
than 795,000 people suffer from stroke each year,
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with 610,000 of these being first-time strokes and
185,000 recurrent strokes. Approximately 140,000
stroke-related deaths occur annually, accounting
for 1 in every 20 deaths, making stroke the fifth lead-
ing cause of death in the country. In addition, stroke
is the leading cause of long-term disability, with an
annual healthcare cost burden of 34 billion dollars (2).
Indonesia is currently facing a double burden of dis-
eases, namely communicable and non-communicable
diseases (NCDs). This epidemiological shift is influ-
enced by environmental changes, community behav-
ior, demographic transition, technology, economy, and
socio-cultural factors. The increasing burden of NCDs
is in line with higher prevalence of risk factors, such as
hypertension, hyperglycemia, obesity, unhealthy diet,
physical inactivity, smoking, and alcohol consumption.
Stroke is one of the diseases with the highest mortal-
ity and healthcare costs in Indonesia. The 2019 Basic
Health Research survey reported that the prevalence
of stroke in people aged 215 years increased from
7 to 10.9 per thousand, with a total of 638,178 cases
in 2023, predominantly in the 25-34 years age group,
and more common in men than women. Stroke is de-
fined as “rapidly developing clinical signs of focal or
global neurological deficit due to cerebral, spinal cord,
or retinal infarction, lasting more than 24 hours or
leading to death, with no cause other than vascular or-
igin” (3). Stroke is classified into ischemic stroke and
hemorrhagic stroke. Ischemic stroke occurs due to re-
duced blood flow to the brain caused by narrowing or
blockage of blood vessels, leading to decreased oxygen
and nutrient supply to brain tissue. This condition
triggers a complex inflammatory response character-
ized by the release of cytokines, chemokines, adhesion
molecules, and proteolytic enzymes, which exacerbate
tissue damage (4). Acute ischemic stroke (AIS) is a
neurological emergency caused by obstruction of blood
flow, usually due to thrombus or embolism, resulting
in rapid brain tissue death. Clinical symptoms appear
suddenly, such as hemiparesis, aphasia, and impaired
consciousness, making immediate treatment critical
since every minute of delay can result in the loss of
millions of neurons (5). The post-ischemic inflamma-
tory process involves multiple immune cells, includ-
ing neutrophils, lymphocytes, and monocytes, as well
as molecular mediators such as cytokines and Vascular

Endothelial Growth Factor (VEGF) (6). VEGF is
an angiogenic protein that enhances tissue perfusion
through stimulation of angiogenesis, increases vascu-
lar permeability, and exerts neuroprotective effects.
However, VEGF expression may be dualistic: in the
early phase of stroke, it may aggravate cerebral edema
through blood-brain barrier disruption, while in the
subacute to chronic phases, it supports tissue repair
via angiogenesis and neurodegeneration (7). In ad-
dition to VEGF, simple hematological inflammatory
parameters such as neutrophil-to-lymphocyte ra-
tio (NLR), platelet-to-lymphocyte ratio (PLR), and
lymphocyte-to-monocyte ratio (LMR) have been stud-
iedas prognostic biomarkersin AIS. High NLR reflects
the predominance of neutrophil-mediated inflamma-
tion and a decrease in protective lymphocytes, which
is associated with blood-brain barrier (BBB) damage
and poor prognosis (8). PLR reflects the balance be-
tween prothrombotic platelet activity and adaptive
immune function of lymphocytes, with higher values
associated with increased infarct volume and risk of
complications (9). Meanwhile, LMR describes the
balance between protective lymphocyte responses and
proinflammatory monocyte activity, with lower values
associated with more severe strokes and poorer clini-
cal outcomes (10). Neutrophils in the early phase of
stroke release proinflammatory cytokines and ma-
trix metalloproteinase-9 (MMP-9) that damage the
blood-brain barrier and stimulate VEGEF release
through interleukin-1p (IL-1B) and tumor necrosis
factor-a (TNF-a) (11). This highlights the close in-
terplay between systemic inflammatory responses and
angiogenic pathways in determining the severity of
acute ischemic stroke. Therefore, investigating VEGEF,
NLR, PLR, and LMR is important to understand
their roles as inflammatory and angiogenic biomark-
ers and predictors of stroke severity.

Material and Methods
Study design
This study was an observational analytic study

with a cross-sectional design conducted at Dr. Wahi-
din Sudirohusodo General Hospital, Makassar, and its
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afliliated hospitals from June 2025 until the required
sample size was achieved. The study population con-
sisted of patients with AIS, with the accessible popu-
lation being inpatients at the hospital. Samples were
drawn from the target population who met the inclu-
sion and exclusion criteria using a consecutive sam-
pling method based on the order of hospital admission
during the study period.

Sample criteria

The study population consisted of patients diag-
nosed with AIS who were admitted to Dr. Wahidin
Sudirohusodo Central General Hospital, Makassar,
and its affiliated healthcare facilities during the study
period. Participants were consecutively recruited ac-
cording to predefined eligibility standards. Eligible
patients were adults aged 18-70 years with a clini-
cally and radiologically confirmed diagnosis of AIS,
with symptom onset between one and seven days.
Only those with complete clinical and laboratory
data who provided written informed consent, either
personally or through a legal representative, were
included. Patients were excluded if they had medi-
cal conditions that could influence biomarker levels
or clinical outcomes, such as chronic kidney disease,
chronic heart failure or severe cardiac disease, active
infectious or autoimmune disorders, malignant dis-
ease, severe liver disease, or a history of myocardial
infarction. Individuals who failed to complete all
study procedures or who withdrew their participa-
tion after initial consent were classified as dropouts
and excluded from the final analysis. These criteria
were applied to reduce potential confounding fac-
tors and ensure a homogeneous sample, thereby
allowing for a more reliable assessment of the prog-
nostic role of VEGF and inflammatory hematologic
ratios in AIS.

Research procedure

Patients with suspected AIS who were admit-
ted to Dr. Wahidin Sudirohusodo Central General
Hospital, Makassar, and its affiliated hospitals were
screened for eligibility. The diagnosis was established

through clinical history, neurological examination,

and non-contrast head computed tomography (CT)
scans to rule out hemorrhagic stroke. Patients fulfill-
ing the inclusion criteria and none of the exclusion
criteria were consecutively recruited. Prior to enrol-
ment, the study team explained the objectives and
procedures in detail to patients or their families, and
written informed consent was obtained. Stroke se-
verity was assessed using the National Institutes of
Health Stroke Scale (NIHSS) in patients with symp-
tom onset between one and seven days. Following
clinical assessment, routine hematological tests were
performed, and venous blood samples were collected
for biomarker analysis. Approximately 5 mL of venous
blood was drawn under aseptic conditions into plain
tubes for serum VEGF measurement, while NLR,
PLR, and LMR were derived from routine blood
counts. The serum samples were transported in a cool
box maintained at 4 °C and processed at the Hasanud-
din University Medical Research Center (HUMRC)
Laboratory, Hasanuddin University Hospital. Serum
VEGF concentrations were measured using enzyme-
linked immunosorbent assay (ELISA) according to
standardized protocols. All clinical, laboratory, and
demographic data were recorded in a structured case
report form, and the compiled dataset was subse-
quently analyzed to assess the relationship between
VEGEF, inflammatory hematologic ratios, and stroke
severity.

Data and statistical analysis

All data were analyzed using SPSS version 27.0
software. The normality of continuous variables was
tested with the Kolmogorov—Smirnov test, as the
sample size was 2 50. A p-value of less than 0.05
was considered statistically significant. Correlations
between serum VEGEF, NLR, PLR, and LMR with
stroke severity were assessed using Pearson’s correla-
tion test for normally distributed data and Spearman’s
rank correlation test for non-parametric data. Com-
parisons of biomarker levels across different categories
of stroke severity (mild, moderate, and moderate-
to-severe) were evaluated using analysis of variance
(ANOVA) or the Kruskal-Walli’s test, depending on
data distribution. Furthermore, multiple linear regres-
sion analysis was employed to identify independent
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predictors of stroke severity after adjusting for poten-
tial confounders.

Results
Baseline characteristics of the study population

A total of 50 patients with AIS who fulfilled the
inclusion criteria were enrolled. The demographic char-
acteristics are summarised in Table 1. Male patients
were slightly more predominant (54%) compared with
females (46%). The majority of patients were younger
than 60 years (60%), while 40% were aged 60 years
or older. Regarding stroke severity based on NIHSS,
10% were classified as mild, 40% moderate, 20%
moderate-to-severe, and 30% severe. Hypertension
was the most prevalent risk factor (62%), followed by
smoking (22%) and diabetes mellitus (20%).

Distribution of inflammatory and angiogenic biomarkers

The descriptive statistics of VEGF, NLR, PLR,
and LMR are presented in Table 2. Median VEGF
was 163.36 pg/mL (range 51.21-517.09). The median
NLR was 5.0 (1.3-36.6), PLR 28.2 (2.4-245.5), and
LMR 2.05 (0.3-44.3).

Table 1. Demographic characteristics of research subjects

Characteristic Category n (%)
Male 27 (54)
Gender Female 23 (46)
<60 years 30 (60)
Age >60 years 20 (40)
Mild 5(10)
Stroke severity | \foderate 20 (40)
Moderate-severe 10 (20)
Severe 15 (30)
Hypertension 31 (62)
Risk factors Smoking 11 (22)
Diabetes Mellitus 10 (20)
Total 50 (100)

Primary data sources.

Comparison of VEGE NLR, PLR, and LMR serum
levels with stroke severity

Serum VEGF levels showed a marked in-
crease with higher stroke severity. Patients in the
moderate-to-severe group demonstrated signifi-
cantly higher VEGF levels compared to those in the
moderate group (269.6 + 97.6 vs. 109.7 + 39.1pgmL;
p < 0.001). Similarly, NLR was significantly el-
evated in the moderate-to-severe group (median
7.0) compared to the moderate group (median 2.6;
2 < 0.001). LMR demonstrated the opposite trend,
being markedly reduced in the moderate-to-severe
group (median 1.0) compared with the moderate
group (median 3.5; p < 0.001). In contrast, PLR
showed only a non-significant tendency towards
higher values in more severe cases (median 33.3 vs.
22.5; p=0.095). The comparison of these biomarker

levels across stroke severity is presented in Table 3.

Correlation of VEGE NLR, PLR, and LMR serum
levels with stroke severity

between stroke
(NIHSS score) and inflammatory/angiogenic mark-
ers (VEGF, NLR, PLR, and LMR) are summarised in
Table 4. Pearson’s correlation was applied for VEGE,

The relationships severity

while Spearman’s rank correlation was used for the he-
matologic ratios. A robust positive correlation was ob-
served between VEGF and stroke severity (r = 0.831,
p < 0.001), indicating that higher VEGF levels were
associated with more severe neurological deficits. NLR
also showed a significant moderate positive correlation
with NIHSS (r = 0.548, p < 0.001), reflecting the role of
neutrophil-driven inflammation in worsening clinical
severity. In contrast, LMR demonstrated a moderate
and statistically significant negative correlation with
NIHSS (r = -0.549, p < 0.001), suggesting that lower
LMR values were linked with greater stroke severity,
likely due to the predominance of monocyte-mediated
inflammatory activity. Meanwhile, PLR showed a
weak positive correlation (r = 0.228) that did not reach
statistical significance (p = 0.112). These findings
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Table 2. Characteristics of serum VEGF, NLR, PLR, and LMR

Biomarker Mean SD Median Range
Vascular Endothelial Growth Factor (VEGF) 189.47 109.10 163.36 51.21-517.09
Neutrophil-to-Lymphocyte Ratio (NLR) 7.84 7.81 5.00 1.3-36.6
Platelet-to-Lymphocyte Ratio (PLR) 56.05 57.86 28.20 2.4-245.5
Lymphocyte-to-Monocyte Ratio (LMR) 3.78 6.78 2.05 0.3-44.3

Primary data sources

Table 3. Comparison of VEGF, NLR, PLR, and LMR serum levels with stroke severity

Severity
Moderate Moderate-severe

Characteristics Mean+SD Mean+SD 2 Value
Vascular Endothelial Growth Factor (VEGF) 109,70+39,05 269,63+97,57 2 = 0,000
Neutrophil-to-Lymphocyte Ratio (NLR) 2,6(1,3-26) 7(2,4-36,6) 2 = 0,000
Platelet-to-Lymphocyte Ratio (PLR) 22,5(2,4-147,5) 33,3(9,4-245,5) £=0,095"
Lymphocyte-to-Monocyte Ratio (LMR) 3,5(0,3-44,3) 1(0,3-4,9) 2 =0,000"*

* Pvalue with ANOVA test; ** P value with Kruskal Wallis test.

Table 4. Correlation of VEGF, NLR, PLR, and LMR with Stroke Severity

Strength of

Biomarker r p-value |correlation Interpretation

Vascular Endothelial Growth Factor 0.831 | <0.001* | Very strong positive | Higher VEGF is associated with
(VEGF) greater severity
Neutrophil-to-Lymphocyte Ratio (NLR) 0.548 | <0.001** | Moderate positive Elevated NLR linked to more

severe strokes
Platelet-to-Lymphocyte Ratio (PLR) 0.228 | 0.112* | Weak positive (NS) | No significant correlation
Lymphocyte-to-Monocyte Ratio (LMR) - <0.001** | Moderate negative | Lower LMR is associated with
0.549 greater severity

* P value with Pearson correlation test; ™ P value with Spearman correlation test

emphasise that VEGF and NLR are robust markers
of clinical severity, while LMR provides an inverse re-
flection of disease burden, whereas PLR appears less
informative in this cohort.

Multivariate regression analysis of the relationship of
serum VEGF and NLR, PLR, and LMR levels with
stroke severity

The results of regression analysis showed that
VEGEF levels and NLR, are presented in Table 5, had a
significant relationship with the NIHSS score, which

reflects the severity of AIS. VEGF was positively as-
sociated with NIHSS, meaning that the higher the
VEGEF levels, the more severe the stroke severity. This
is in line with the role of VEGF as a mediator of an-
giogenesis, which increases in conditions of brain is-
chemia due to hypoxia. However, in the acute phase,
it correlates with vascular damage and edema that ag-
gravate clinical manifestations. Similarly, a high NLR
reflects a predominance of neutrophil over lymphocyte
inflammatory response, which significantly increases
the risk of stroke severity. In contrast, PLR and LMR

showed no significant association with NIHSS score.
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Table 5. Relationship of serum VEGF and NLR, PLR, and LMR with Stroke Severity

p value
NIHSS Coefficient t P value (partial) F (Simultaneous) R?
(Constant) 2,986 1,853 0,070 31,187 0,000 0,735
Vascular Endothelial Growth Factor 0,060 9,757 0,000
(VEGF)
Neutrophil-to-Lymphocyte Ratio (NLR) 0,205 2,398 0,021
Platelet-to-Lymphocyte Ratio (PLR) -0,016 -1,374 0,176
Lymphocyte-to-Monocyte Ratio (LMR) -0,034 -0,339 0,736

* Linear regression fest.

Although in theory, PLR can describe the inflamma-
tory process and platelet activation that play a role in
stroke pathogenesis, in this study, its contribution to
stroke severity was not proven to be significant. Simi-
larly, LMR, although this ratio is often associated with
immune response, did not have a significant effect on
stroke severity in the analysis results. This suggests that
not all inflammatory markers have the same predictive
value for AIS severity. Simultaneously, the regression
model involving VEGF, NLR, PLR, and LMR proved
significant with an F value of 31.187 and p < 0.001,
with a contribution of 73.5% (R? = 0.735) in explaining
the variation of NIHSS scores. This means that most
of the stroke severity can be explained by the combina-
tion of these biomarkers, especially VEGF and NLR,
as the dominant factors. These results confirm that
inflammatory markers and angiogenic factors have an
important role in determining the severity of AIS, so
that they can be considered as clinical and laboratory
parameters in patient risk stratification. These patterns
are illustrated in Figure 1, which presents scatter plots
of the relationship of serum VEGF and NLR, PLR,
and LMR with stroke severity.

Discussion

The results of this study suggest that demo-
graphic factors, vascular risk factors, and angiogenic
and inflammatory biomarkers play an important role
in determining the severity of AIS. Analysis of sam-
ple characteristics provides a basis for understanding
the clinical context of patients, as well as providing a

foundation for interpreting the relationship between
serum VEGF levels and inflammatory parameters
with NIHSS score as a measure of stroke severity.
Sample characteristics showed that the prevalence of
AIS was higher in men (54%) than in women (46%),
in accordance with the report of Jiang et al., who men-
tioned the higher risk of stroke in men due to life-
style factors such as smoking, alcohol consumption,
and work stress (12). Pre-menopausal women tend to
be protected by the protective effects of estrogen that
maintain endothelial function, lipid profiles, and pro-
vide anti-inflammatory and anti-thrombotic effects, so
stroke onset in women is more common after meno-
pause when estrogen levels decrease. In addition, the
age group <60 years dominated with 60%, indicating a
shift in the trend of stroke incidence to younger ages,
where pathophysiologic mechanisms are often related
to cardiac abnormalities, vascular abnormalities, au-
toimmune diseases, or poor lifestyle factors (13). The
main risk factors found were hypertension (62%),
smoking (22%), and diabetes mellitus (20%). Hyper-
tension remains the dominant factor that accelerates
structural and functional vascular changes, increases
arterial stiffness, and damages the endothelium, trig-
gering atherosclerosis and thrombosis (14). Smoking
contributes to vasoconstriction, oxidative stress, in-
flammation, and endothelial damage, further acceler-
ating the process of atherosclerosis (15). Meanwhile,
diabetes mellitus exacerbates stroke risk through
chronic hyperglycemia that causes endothelial damage,
accelerates atherogenesis, and increases platelet aggre-
gation (16). The combination of these three risk factors
predisposes patients to ALS events and worsens clinical
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Figure 1. Graph of the relationship between serum VEGF levels (a); NLR (b); PLR (c); LMR (d) and the

severity of AIS patients.

outcomes. In addition to risk factors, the distribution
of NIHSS scores in this study, covering mild to severe
degrees, shows the diversity of patients' clinical condi-
tions. This is important as it shows the association of
angiogenic (VEGF) and inflammatory (NLR, PLR,
LMR) biomarkers with stroke severity in a broader
spectrum (17). VEGF and NLR were shown to have
significant associations with severity, illustrating the
role of inflammatory and angiogenic mechanisms in
exacerbating stroke brain damage (18). In contrast,
PLR and LMR showed no significant association,
suggesting that not all inflammatory markers have the
same predictive value. These findings confirm the im-
portance of understanding the distribution of patient
characteristics to assess the validity of biomarker as-
sociations with AIS severity.

This study showed that serum VEGF levels in-
creased significantly with increasing severity of AIS
based on NIHSS score (p<0.000), triggered by hypoxia
through activation of HIF-1a, which stimulates an-
giogenesis and tissue repair. However, in severe stroke,
high VEGF levels also reflect extensive damage and

potentially exacerbate cerebral edema due to increased

vascular permeability, so that VEGF can be considered
as a prognosis biomarker as well as a potential therapeu-
tic target (19). In addition, NLR and LMR were shown
to be significantly associated with stroke severity, where
high NLR reflects the dominance of systemic inflam-
matory response and low LMR signifies the dominance
of proinflammatory monocytes that aggravate blood-
brain barrier damage. At the same time, PLR, although
it tends to increase in severe stroke, did not show a sta-
tistically significant association, possibly due to sample
limitation and confounding factors, thus NLR and LMR
can be considered as potential hematological biomark-
ers in assessing the severity of acute ischemic stroke.
At the same time, PLR still requires further studies for
validation. The results of this study showed that serum
VEGF levels were significantly associated with the se-
verity of acute ischemic stroke, with a strong correla-
tion (r = 0.831; p = 0.000), where increased VEGF was
found in patients with higher NTHSS scores, reflecting
activation of the hypoxic pathway via hypoxia-inducible
factor 1o (HIF-10) that stimulates angiogenesis, but at
high levels also potentially increases vascular perme-
ability and cerebral edema, thus associated with more
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severe stroke. In addition, the NLR showed a signifi-
cant moderate positive correlation (r=0.548; p=0.000),
confirming its role as a simple inflammatory biomarker
that may reflect the degree of systemic inflammation in
the acute phase of stroke. In contrast, PLR showed only
a weak positive correlation (r = 0.228; p = 0.112) that
was not statistically significant, making it unreliable
as a marker of stroke severity. Meanwhile, the LMR
showed a significant moderate negative correlation (r =
-0.549; p = 0.000), indicating that higher LMR values
were associated with lower NIHSS scores and milder
stroke severity, in accordance with the concept that the
balance between lymphocyte protective immunity and
monocyte proinflammatory responses affects the degree
of brain damage. These findings reinforce the potential
of VEGF, NLR, and LMR as important biomarkers in
assessing the severity of acute ischemic stroke, whereas
PLR has predictive limitations. The results of regres-
sion analysis in this study showed that VEGF levels
and NLR were significantly associated with NIHSS
score, confirming that both biomarkers play an impor-
tant role in determining the severity of acute ischemic
stroke, where elevated VEGF in addition to supporting
angiogenesis also reflects vascular damage and cerebral
edema, while high NLR illustrates the predominance
of inflammatory responses that exacerbate brain dam-
age; In contrast, PLR and LMR showed no significant
association, signifying not all inflammatory biomark-
ers have the same prognostic value, and simultaneously
the regression model with VEGF, NLR, PLR, and
LMR contributed 73.5% in explaining the variation
of NIHSS score, thus confirming that the combina-
tion of angiogenic and inflammatory factors can be a
meaningful clinical risk stratification tool. This study
has advantages in the form of topic relevance, com-
prehensive biomarker analysis, and patient-based data
that reflect real conditions, but also has limitations in
the form of limited sample size, cross-sectional design
that only shows associative relationships, potential bias
from confounding factors such as infection or comor-
bidity, and does not evaluate long-term outcomes, so
further research is needed with larger samples, longitu-
dinal designs, and tighter variable control to strengthen
scientific evidence and support the clinical application

of VEGF and NLR biomarkers as predictors of AIS

prognosis.

Conclusions

This study concludes that serum VEGF levels and
NLR were shown to be significantly associated with
the severity of AIS based on the NIHSS score, so they
can be considered as clinically valuable prognostic bio-
markers, while PLR and LMR showed no significant
association. These findings confirm the importance of
the combination of angiogenic and inflammatory fac-
tors in assessing the condition of patients in the acute
phase of stroke, while opening up opportunities for the
development of more targeted diagnosis and therapy
strategies in the future.
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