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Abstract: Ischemic stroke remains a leading
cause of mortality and long-term
neurological disability worldwide. Emerging
evidence indicates that cerebrovascular
disease is not solely confined to cerebral
vascular pathology but rather reflects
complex interactions among cardiovascular,
metabolic, inflammatory, and renal systems.
The objective of the present study was to
evaluate multisystem determinants
associated with ischemic stroke occurrence
and severity in a population-based cohort and
to identify statistically significant predictors
that may improve early risk stratification. A
prospective observational cohort study was
conducted among 420 adults recruited from
tertiary  healthcare  institutions  and
community health centers between January
2023 and February 2025. Participants were

categorized into ischemic stroke and non-

stroke control groups following
neuroimaging confirmation. Demographic
variables, cardiovascular parameters,
inflammatory biomarkers, renal indices, and
metabolic profiles were analyzed using
multivariable statistical models.
Hypertension, diabetes mellitus, atrial
fibrillation, elevated high-sensitivity C-
reactive protein, chronic kidney disease,
dyslipidemia, and smoking status

demonstrated statistically significant
associations with ischemic stroke incidence
(p<0.05). Multivariate regression analysis
identified atrial fibrillation (adjusted OR
3.82, 95% CI 2.11-6.94), elevated hsCRP
(adjusted OR 2.94, 95% CI 1.76-4.88), and
reduced estimated glomerular filtration rate
(adjusted OR 2.47, 95% CI 1.41-4.33) as
independent predictors. These findings

emphasize the synergistic contribution of
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inflammatory, metabolic, cardiovascular, and
renal dysfunction to ischemic stroke
pathogenesis. The study highlights the
clinical importance of integrated multisystem
high-risk

individuals and demonstrates a novel

assessment in  identifying
population-based analytical model that

combines  systemic  biomarkers  with
conventional cerebrovascular risk factors for
improved preventive strategies.

Keywords: ischemic stroke; multisystem
determinants; population-based cohort
Introduction

Ischemic stroke represents one of the most
clinically significant neurological disorders
because of its substantial contribution to
mortality, chronic disability, cognitive
decline, and socioeconomic burden. The
condition results from interruption of
cerebral blood flow due to thrombotic or
embolic occlusion of cerebral arteries,
leading to neuronal ischemia and irreversible
tissue injury. Despite advancements in
neuroimaging  techniques, thrombolytic
therapy, and stroke prevention programs,
ischemic stroke continues to account for a
considerable proportion of global healthcare
expenditure and long-term  functional
impairment. Contemporary epidemiological

data indicate a progressive increase in stroke

incidence among younger and middle-aged

populations, suggesting that modern lifestyle
patterns, metabolic abnormalities, and
systemic inflammatory conditions are
increasingly contributing to cerebrovascular
disease progression [1-3].

Traditional stroke research has primarily
focused on isolated vascular risk factors such
as hypertension and diabetes mellitus.
However, current scientific evidence
increasingly supports the concept that
ischemic stroke should be considered a
multisystem disorder involving integrated
dysfunction of cardiovascular, renal,
inflammatory, endocrine, and metabolic
pathways. Persistent hypertension induces
endothelial dysfunction, arterial stiffness,
cerebral small vessel disease, and impaired
autoregulation, thereby predisposing
individuals to ischemic cerebral injury.
Similarly, diabetes mellitus accelerates
oxidative stress, endothelial damage, platelet
activation, and atherosclerotic plaque
instability. These metabolic and vascular
abnormalities collectively increase
susceptibility to thromboembolic events and
worsen neurological outcomes after stroke
[2-5].

Inflammation has emerged as a critical
determinant in ischemic stroke pathogenesis.

Elevated concentrations of inflammatory

biomarkers such as high-sensitivity C-
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reactive  protein, interleukin-6, and
fibrinogen have demonstrated significant
associations with endothelial dysfunction,
enhanced thrombotic activity, vascular
instability, and cerebral ischemia. Chronic
systemic inflammation  contributes to
accelerated atherosclerosis, vascular
remodeling, and impairment of cerebral
autoregulation mechanisms. Recent studies
published after 2022 have emphasized the
interaction between inflammatory pathways
and atrial fibrillation in increasing the
likelihood of cardioembolic stroke [4-7].
These findings indicate that inflammatory
biomarkers may provide additional clinical
value for identifying high-risk individuals
before the occurrence of irreversible
neurological injury.

Cardiovascular abnormalities remain among
the most important contributors to ischemic
stroke development. Atrial fibrillation has
consistently demonstrated strong
associations with cardioembolic stroke,
recurrent vascular events, and increased
mortality.  Irregular atrial  contraction
promotes blood stasis and thrombus
formation within the left atrium, substantially
increasing the probability of cerebral
embolization. In addition, structural cardiac
ventricular

dysfunction, impaired

performance, and vascular  stiffness

frequently coexist in patients with ischemic
stroke. Contemporary investigations have
reported that the coexistence of hypertension,
diabetes mellitus, and atrial fibrillation
markedly amplifies cerebrovascular risk and
contributes to poor neurological recovery [6-
8]. These observations highlight the
importance of multidimensional
cardiovascular ~ assessment in  stroke
prevention strategies.

Renal dysfunction has recently gained
considerable attention as an independent
determinant of cerebrovascular disease.
Reduced estimated glomerular filtration rate
and chronic kidney disease are associated
with endothelial injury, systemic
inflammation, oxidative stress, vascular
calcification, and impaired autoregulatory
mechanisms. Chronic renal impairment
additionally contributes to dyslipidemia,
anemia, and arterial stiffness, thereby
increasing  susceptibility to  cerebral
hypoperfusion and thromboembolic events.
Population-based studies conducted during
recent years have demonstrated that renal
dysfunction significantly increases the risk of
recurrent ischemic stroke and major adverse
cardiovascular outcomes [7-9]. Nevertheless,
limited evidence remains available regarding

the combined interaction of renal,

inflammatory, metabolic, and cardiovascular
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abnormalities within a single population-
based cohort.

Lifestyle-related determinants such as
smoking, obesity, and physical inactivity also
contribute substantially to ischemic stroke
burden. Smoking promotes endothelial
toxicity, platelet aggregation, oxidative
stress, and prothrombotic activity, while
obesity is associated with insulin resistance,
chronic inflammation, dyslipidemia, and
hypertension. Recent evidence indicates that
the coexistence of obesity, smoking, and
metabolic syndrome substantially accelerates
vascular injury and increases stroke severity
[8-10]. These multidimensional interactions
suggest that ischemic stroke cannot be
adequately explained by isolated risk factors
alone and instead requires integrated
multisystem evaluation.

Although several investigations have
explored individual stroke determinants,
comprehensive

analyses evaluating

simultaneous  multisystem  interactions
remain limited, particularly in population-
based settings involving diverse
cardiovascular and metabolic profiles. Most
available studies have concentrated on
isolated predictors rather than evaluating the
synergistic ~ effects of  inflammatory
biomarkers, renal dysfunction, atrial

fibrillation, and metabolic abnormalities

within the same analytical model.
Furthermore, there is insufficient regional
evidence assessing how these combined
systemic determinants influence ischemic
stroke susceptibility and severity. Therefore,
the present study was designed to evaluate
multisystem determinants associated with
ischemic stroke in a population-based cohort
using a comprehensive statistical approach.
The study additionally aimed to identify
independent predictors that may improve
early risk stratification and contribute to the
development of more effective preventive
strategies in high-risk populations [1-10].
Methodology

A prospective population-based
observational cohort study was conducted
Divisional Headquarters Hospital after
approval from the ethical committee. The
study population consisted of adults aged 35—
80 years who underwent neurological
assessment for suspected cerebrovascular
disease. Participants were categorized into
ischemic stroke and non-stroke control
groups following radiological confirmation
using computed tomography or magnetic
resonance imaging. The study design was
structured to evaluate the association
between multisystem clinical determinants
and ischemic stroke occurrence through

comprehensive demographic, cardiovascular,
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inflammatory, renal, and metabolic
assessment.

Sample size calculation was performed using
OpenEpi  version 3.01 software by
considering a confidence level of 95%,
statistical power of 80%, anticipated
exposure frequency among controls of 30%,
odds ratio of 2.0, and equal ratio of cases to
controls. The minimum required sample size
was calculated as 384 participants. However,
to improve statistical precision and
compensate for incomplete data or
participant withdrawal, a total of 420
individuals were ultimately enrolled,
including 210 ischemic stroke patients and
210 age-matched controls.

Inclusion criteria consisted of adults with
first-episode ischemic stroke confirmed
within 72 hours of symptom onset by
neuroimaging. Age-matched community
participants without previous
cerebrovascular disease were included in the
control group. Exclusion criteria included
hemorrhagic stroke, transient ischemic attack
without radiological evidence, malignancy,
severe hepatic dysfunction, autoimmune
disease, pregnancy, active infection, recent
major surgery, and incomplete laboratory

investigations. Participants with recurrent

stroke or severe cognitive impairment

preventing clinical evaluation were also
excluded from the study.

Verbal informed consent was obtained from
all participants or legally authorized
attendants before enrollment. Confidentiality
of participant information was maintained
throughout the study period. Ethical approval
was obtained from the institutional ethical
review committee according to the principles
outlined in the Declaration of Helsinki for
human subject research.

Detailed  demographic  and  clinical
information including age, gender, smoking
history, hypertension, diabetes mellitus,
dyslipidemia, atrial fibrillation, and chronic
kidney disease was recorded using structured
questionnaires and verified through medical
records. Anthropometric assessment
included body mass index calculation and
standardized blood pressure measurements.
Stroke severity at admission was assessed
using the National Institutes of Health Stroke
Scale.

Venous blood samples were collected after
overnight fasting for measurement of fasting
blood glucose, serum creatinine, lipid profile,
and high-sensitivity C-reactive protein.
Estimated glomerular filtration rate was
calculated using the CKD-EPI equation.

Electrocardiography was performed for

detection of atrial fibrillation and associated
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cardiac  abnormalities. All  laboratory
investigations were performed in
standardized institutional laboratories using
calibrated automated analyzers.

Data analysis was performed using SPSS
version 26.0. Quantitative variables were
expressed as mean + standard deviation,
whereas  categorical  variables  were
summarized as frequencies and percentages.

Independent sample t-tests were applied for

Results

comparison of continuous variables between
study groups, while chi-square tests were
used for categorical variables. Multivariate
logistic regression analysis was conducted to
identify independent predictors of ischemic
stroke after adjustment for confounding
variables. Odds ratios with 95% confidence
intervals were calculated. A p value less than
0.05 was considered statistically significant

for all analyses.

Table 1. Demographic and Clinical Characteristics of Study Participants

Variable Stroke Group (n=210) Control Group (n=210) p-value
Age (years) 64.8+9.7 57.14£8.5 <0.001
Male gender 132 (62.9%) 118 (56.2%) 0.172
Hypertension 156 (74.3%) 92 (43.8%) <0.001
Diabetes mellitus 118 (56.2%) 70 (33.3%) <0.001
Smoking 92 (43.8%) 58 (27.6%) 0.001
Atrial fibrillation 68 (32.4%) 24 (11.4%) <0.001
Chronic kidney disease 54 (25.7%) 26 (12.4%) 0.002
BMI (kg/m?) 28.4+£3.9 26.243.1 <0.001

Table 1 demonstrates the demographic and clinical characteristics of study participants. Patients

with ischemic stroke showed significantly higher frequencies of hypertension, diabetes mellitus,

smoking, atrial fibrillation, chronic kidney disease, and elevated body mass index compared with

controls. Mean age was also significantly higher among stroke patients.

Table 2. Laboratory and Physiological Findings
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Biochemical Parameter Stroke Group Control Group p-value
Fasting glucose (mg/dL) 164.5+34.2 128.1+£26.8 <0.001
Total cholesterol (mg/dL) 224.8+39.1 196.7+31.2 <0.001
LDL cholesterol (mg/dL) 142.2+30.4 118.4+24.1 <0.001
hsCRP (mg/L) 8.4+2.9 4.1+1.7 <0.001
eGFR (mL/min/1.73m?) 63.7£16.1 82.5£14.8 <0.001
Systolic BP (mmHg) 154.7+18.4 136.5+15.2 <0.001

Table 2 summarizes laboratory and physiological findings. Significantly elevated fasting glucose,

lipid levels, hsCRP, and systolic blood pressure were observed in the stroke group, whereas

estimated glomerular filtration rate was significantly reduced. These findings support the

interaction between inflammatory, renal, and metabolic dysfunction in ischemic stroke

pathogenesis.

Table 3. Multivariate Logistic Regression Analysis of Independent Predictors

Independent Predictor Adjusted OR 95% CI p-value
Hypertension 2.31 1.42-3.76 0.001
Diabetes mellitus 1.88 1.16-3.05 0.011
Smoking 1.74 1.01-2.99 0.044
Atrial fibrillation 3.82 2.11-6.94 <0.001
Elevated hsCRP 2.94 1.76-4.88 <0.001
Reduced eGFR 2.47 1.41-4.33 0.002

Multivariate logistic regression analysis

statistical significance after adjustment for

identified atrial fibrillation as the strongest
independent predictor of ischemic stroke
followed by elevated hsCRP and reduced

renal function. All predictors retained

confounding variables.
Discussion
The present population-based cohort study

demonstrated that ischemic stroke is strongly
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associated with multisystem dysfunction
involving cardiovascular, inflammatory,
metabolic, and renal  abnormalities.
Hypertension was highly prevalent among
stroke patients and retained independent
significance after multivariate adjustment.
Persistent elevation in blood pressure
contributes to endothelial injury, arterial
remodeling, cerebral microangiopathy, and
disruption of vascular autoregulation, all of
which increase vulnerability to ischemic
cerebral injury. Contemporary studies have
similarly identified hypertension as the
leading modifiable determinant of stroke
incidence and recurrence across diverse
populations [11-12]. The present findings
reinforce the importance of aggressive blood
pressure control in high-risk populations.

Diabetes mellitus also demonstrated a
statistically significant association with
ischemic stroke occurrence. Hyperglycemia
accelerates oxidative stress, endothelial
activation, and

dysfunction,  platelet

atherosclerotic progression, thereby
increasing susceptibility to cerebral ischemia.
Elevated fasting blood glucose observed in
the present cohort further supports the
contribution of metabolic dysregulation to
vascular injury. Recent investigations
published between 2021 and 2024 have

consistently reported that diabetes increases

the risk of both primary and recurrent
ischemic stroke while adversely affecting
neurological recovery and  mortality
outcomes [12-14]. The current findings
therefore support integrated metabolic
monitoring as an essential component of
stroke prevention strategies.

One of the most clinically significant
observations of the present study was the
strong independent association between atrial
fibrillation and ischemic stroke. Patients with
atrial fibrillation demonstrated markedly
increased odds of stroke occurrence even
after adjustment for confounding variables.
This observation is consistent with the
pathophysiological role of atrial blood stasis
and thrombus formation leading to
cardioembolic cerebral occlusion. Recent
cohort analyses have highlighted the
temporal  relationship  between  atrial
fibrillation episodes and acute ischemic
events, emphasizing the importance of early
rhythm monitoring and anticoagulation
therapy [13-15]. The present findings
additionally indicate that atrial fibrillation
frequently coexists with hypertension and
diabetes, suggesting a synergistic interaction
among cardiovascular determinants.
Inflammatory activity represented another

important determinant in the current cohort.

Significantly elevated hsCRP levels were
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observed among ischemic stroke patients,
and multivariate regression confirmed
hsCRP as an independent predictor of stroke
occurrence. Chronic inflammation promotes
endothelial dysfunction, vascular instability,
and enhanced thrombotic activity through
activation of inflammatory cytokines and
coagulation  pathways. Contemporary
evidence has increasingly recognized
inflammatory biomarkers as clinically
relevant indicators of cerebrovascular risk
and disease severity [14-16]. The present
study supports the hypothesis that systemic
inflammatory activation may contribute
substantially to ischemic stroke pathogenesis
and should be considered during
cardiovascular risk assessment.

Renal dysfunction was also independently
associated with ischemic stroke in the current
study. Reduced estimated glomerular
filtration rate demonstrated a significant
inverse relationship with stroke occurrence.
Chronic kidney disease contributes to
oxidative stress, vascular calcification,
endothelial ~dysfunction, and persistent
inflammatory activation, thereby facilitating
cerebral vascular injury. Several recent
studies have similarly demonstrated that
impaired renal function and variability in

renal indices increase the risk of recurrent

stroke and major adverse cardiovascular

outcomes [15-17]. The present findings
therefore emphasize the need for integrated
renal assessment in cerebrovascular risk
stratification models.

Dyslipidemia and obesity additionally
contributed to ischemic stroke susceptibility
within the study population. Elevated low-
density lipoprotein cholesterol and body
mass index observed among stroke patients
indicate that lipid abnormalities and adiposity
remain important contributors to
atherosclerotic  plaque formation and
vascular inflammation. Smoking further
intensified cerebrovascular risk through
endothelial toxicity and prothrombotic
mechanisms. Previous investigations have
shown that the coexistence of smoking,
dyslipidemia, and hypertension markedly
accelerates vascular injury and worsens
clinical outcomes following ischemic stroke
[16-18]. The combined influence of these
determinants observed in the current study
highlights the importance of
multidimensional lifestyle and metabolic
interventions.

The present study possesses several strengths
including its population-based design,
comprehensive multisystem assessment, and
evaluation of statistically  significant
independent predictors using multivariate

regression analysis. However, certain
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limitations should be acknowledged. The
study was conducted within a limited
geographic region, which may reduce
generalizability to broader populations.
Inflammatory biomarkers beyond hsCRP
were not extensively evaluated, and long-
term neurological follow-up was not
available for all participants. Despite these
limitations, the study provides clinically
relevant evidence supporting integrated
cardiovascular, inflammatory, metabolic, and
renal assessment for early identification of
individuals at elevated risk of ischemic stroke
[18-20].

Conclusion

Ischemic stroke was significantly associated
with multisystem dysfunction involving
cardiovascular, inflammatory, metabolic, and
renal abnormalities. Atrial fibrillation,
elevated hsCRP, hypertension, diabetes
mellitus, and reduced renal function emerged
as major independent predictors of stroke
occurrence. The findings address an
important research gap by demonstrating the
synergistic contribution of multiple systemic
determinants and support future large-scale
longitudinal investigations focusing on
integrated risk prediction models.
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