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Purpose: The incidence of ischemic stroke in young adults has been increasing. However, there is a lack of in-depth understanding of
relevant clinical features, particularly in specific geographic and climatic settings. This study aimed to comprehensively investigate the
clinical features, including etiology and characteristics, of ischemic stroke in young adults compared with elderly patients from an
island population characterized by a subtropical monsoon climate.

Patients and Methods: A total of 1,010 patients with ischemic stroke were included and divided into a young group (454 patients,
aged 18-50 years) and an elderly group (556 patients, aged >50 years). Clinical and radiological data were collected and compared
between the two groups. Continuous and categorical variables were compared using the #-test (or non-parametric tests) and chi-square
test, respectively. Binary logistic regression analyses were used to investigate differences between the two groups.

Results: Body mass index, leukocyte count, lymphocyte count, uric acid, and triglyceride levels were higher in the young group than
in the elderly group, whereas vitamin B12 levels were lower. In addition, the proportions of cardiogenic embolism, other etiologies and
unexplained strokes, and infarcts in the basal ganglia region were significantly higher in the young group. These results suggest age-
related differences in clinical characteristics within this island study population.

Conclusion: High body mass index, leukocyte count, uric acid, triglyceride levels, and low vitamin B12 levels are associated with
ischemic stroke in young adults. Young adult patients had a higher prevalence of basal ganglia infarction, with a different subtype
distribution from elderly patients. These findings highlight the importance of considering geographic specificity and age-related
differences when developing stroke prevention and management strategies, formulating public health policies, and allocating medical
resources for ischemic stroke.
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Introduction

Stroke is a significant global health challenge, affecting over 15 million individuals annually, with a one-third fatality rate
and two-thirds left with disabilities.! Cerebral infarction, or ischemic stroke, caused by a blockage in a blood vessel in the
brain, accounts for approximately 87% of strokes.” 10-14% of ischemic stroke cases occur in individuals under 50,
which is referred to as young strokes.>> The incidence of ischemic stroke in young adults (18-50 years old)® has
increased from 6.6 to 11.4 cases per 100,000 persons per year, generating a new public health concern.®® Although
young individuals have a higher likelihood of surviving strokes, the aftermath often includes emotional, social, or
physical sequelae that affect their quality of life.”'® Stroke can be a devastating experience for young adults and their
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families due to prolonged disability, frequent caregiving, exposure to comorbidities, and severe socioeconomic con-
sequences for those with decades of life expectancy.’

The etiology of strokes in young adults presents geographical variability with greater heterogeneity than in older
patients.* The Trial of ORG 10172 in Acute Stroke Treatment (TOAST) categorizes ischemic stroke causes into five
groups, i.e., large-artery atherosclerosis, small vessel occlusion, cardioembolism, stroke of other determined etiology, and
stroke of undetermined etiology.'' In young stroke patients, cardioembolism and other determined causes are more
prevalent, while strokes attributed to large or small vessel disease are uncommon.'? Despite recent advancements in
diagnostic and management techniques, about one-third of cases remain unexplained, leading to a diagnosis of
cryptogenic ischemic stroke.'””> The unclear etiology remains a significant challenge for young patients and
clinicians.'® Accurate classification of stroke, which plays a crucial role in guiding intervention and management, is
an unmet need in young adults and warrants more investigation, especially in geographically distinct populations.

The prevention of stroke depends on early identification of emerging risk factors. Several stroke risk factors have
been identified, including diabetes mellitus, hypertension, heart disease, current smoking, chronic heavy alcohol
consumption, dyslipidemia, and low physical activity, particularly among young adults.*®'> These modifiable factors
not only correlate with long-term mortality in young ischemic stroke patients but also contribute substantially (80%) to
the overall causative factors in this demographic.®'® Meanwhile, the etiology and risk factors for stroke in young adults
diverge from those observed in their older counterparts. In contrast to older adults, standard cardiovascular risk factors
and large- or small-vessel disease play a less prominent role in young adult stroke cases.'® Protein Z, a vitamin
K-dependent glycoprotein essential to the coagulation process, has been linked to an increased risk of thrombotic events
when deficient, potentially contributing to the prevalence of cryptogenic strokes in young adults.!” Despite the identified
risk factors, considering the geographical variability, some researchers have reported region-specific results of etiology
and risk factors of stroke in young adults, which warrants more observations from diverse geographic regions.'® Marked
differences in stroke risk factors have been observed across age groups and geographic regions. However, ethnoracial
background, socioeconomic factors, geography, and climate are often interrelated, and the mechanisms linking these
contextual factors to stroke risk remain incompletely understood, particularly across different age groups.'*° Evidence
from island populations is limited, and the potential contribution of regional and climatic context to age-related stroke
patterns has not been sufficiently clarified.

To address this gap, this study aimed to compare the clinical, laboratory, and imaging characteristics of ischemic
stroke in young adults with those in elderly patients in an island setting. In addition to conventional risk-factor
comparisons, we further assessed whether young adults exhibited distinct distributions of etiological subtypes and infarct
patterns compared with elderly patients. We hypothesized that young adults would present a different etiological and
risk-related profile from elderly patients in this regional context. The results may provide region-specific insights into
ischemic stroke in young adults and may inform age-targeted prevention and management strategies.

Materials and Methods

General Information
This study was approved by the Ethics Committee of Zhoushan Hospital (No. 20240031). Due to its retrospective nature,
the requirement for informed consent was waived. Zhoushan Hospital is the only national advanced stroke center in
Zhoushan, China, serving the Zhoushan Archipelago, which comprises over 1,000 islands. Most patients with stroke
from these islands receive treatment at Zhoushan Hospital. This was a retrospective, single-center observational study.
Consecutive patients with ischemic stroke admitted to Zhoushan Hospital between September 2016 and February 2023
were reviewed retrospectively. Electronic medical records for research purposes were accessed on April 1, 2024. All
potentially identifiable patient information was removed before statistical analysis to ensure confidentiality and com-
pliance with human participant requirements.

After ethical approval, data were extracted in a standardized manner by two neurologists according to predefined
inclusion and exclusion criteria. The inclusion criteria were a diagnosis of acute ischemic stroke by cranial computed
tomography (CT) or magnetic resonance imaging (MRI), and age 18 years or older with no history of stroke. The
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exclusion criteria were severe disorders of consciousness, transient ischemic attack, hemorrhagic stroke, subarachnoid
hemorrhage, intracranial infection, intracranial hemorrhage, intracranial tumors, traumatic injuries, or neurodegenera-
tive disorders; cardiac, hepatic, or renal insufficiency; hematological disorders or malignant neoplasm; pulmonary
infections; and lower-extremity venous thrombosis. For the elderly group, eligible patients were selected by simple
random sampling from the remaining pool. Patients with incomplete clinical information were excluded during
screening.

Etiology Classification

The diagnosis of ischemic stroke was based on the presence of focal neurological deficits that had lasted for at least
24 hours, regardless of whether a corresponding ischemic lesion was evident on brain imaging. To further support the
diagnosis and accurately categorize ischemic stroke types, we systematically reviewed all available imaging reports,
blood laboratory examination results, and other clinical recordings in the stroke unit. We used the TOAST classification
to determine the etiology of stroke and categorized strokes into distinct types.'' TOAST etiological classification was
independently performed by two senior attending neurologists trained in stroke etiological assessment, with assessors
blinded to age-group assignment during assessment. Disagreements were resolved by a senior chief neurologist to reach
the final classification.

Clinical Data, Blood Tests and Radiological Indicators

Clinical data were collected systematically for all subjects, including sex, age, smoking history, alcohol consump-
tion history, body mass index (BMI), hypertension, diabetes mellitus, history of atrial fibrillation, and admission
scores on the National Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale (mRS).
A comprehensive evaluation, including neurological assessment, cardiological assessment, electrocardiography
(ECG), and laboratory testing, was performed after admission. Fasting blood samples were collected in the morning
of the second hospital day. Hematological and biochemical variables included leukocyte, neutrophil, lymphocyte,
and platelet counts, as well as total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), uric acid, fibrinogen, vitamin B12 (VB12), folic acid, and
homocysteine.

Upon admission, all patients underwent comprehensive cranial CT and/or MRI to determine stroke location, including
the lobes, basal ganglia, brainstem, corona radiata, cerebellum, thalamus, centrum semiovale, corpus callosum, and
multiple regions; some patients were negative on MRI/CT scans. The hemorrhagic transformation (HT) following the
infarction was also identified on CT/MRI images. Most patients underwent carotid CT angiography or carotid and
vertebral artery ultrasonography. Some patients underwent cranial CT perfusion imaging with symptom onset within
24 hours. For patients with suspected cardiogenic embolism, additional Doppler ultrasound examinations were per-
formed. Patients with undetermined etiology underwent a comprehensive evaluation tailored to their specific clinical
condition, to the extent that conditions permitted. Radiological variables were extracted from the imaging database using
a predefined data collection form.

Statistical Analysis

Data were analyzed using SPSS 26.0 software (IBM, USA). Quantitative variables with normal distribution are presented
as mean =+ standard deviation (SD), and between-group comparisons were performed using the independent-samples
t-test. Quantitative variables with skewed distribution are presented as median and interquartile range (IQR), and
between-group comparisons were performed using the Mann—Whitney U-test. Categorical variables are presented as
counts and percentages [n (%)], and comparisons were performed using the x*-test. Variables with statistical significance
in univariate analyses were entered into a multivariable binary logistic regression model to identify factors associated
with the young-age group among patients with ischemic stroke. Results from the logistic regression are presented as odds
ratios (OR) with 95% confidence intervals (95% CI) to assess the strength and precision of the associations. Significant
difference was defined as p < 0.05.
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Results

Patient Characteristics

A total of 572 young patients with ischemic stroke were enrolled during the study period. In these patients, 14 had
a history of ischemic stroke, 72 had various comorbidities, and 32 had incomplete data, which were all excluded. Finally,
454 young patients were included in the final analysis. For the elderly group, out of an initial 6,714 ischemic stroke
patients, 467 had a history of ischemic stroke, and 2,531 were excluded due to multiple comorbidities. From the
remaining 3,716 patients, 600 were randomly selected. After excluding 44 patients with incomplete clinical information,
556 elderly patients were finally included. The patient screening process is shown in Figure 1.

The young adult group had a mean age of 44.17+£5.67 years, while the elderly group had a mean age of 60.66+7.06
years. The NIHSS and mRS scores were lower in the younger group compared to the elderly group. In univariate
analyses, the younger group had higher rates of smoking and drinking, higher BMI, and higher levels of leukocytes,
lymphocytes, platelets, uric acid, and TG. The prevalence of hypertension, diabetes, and atrial fibrillation was signifi-
cantly lower in the younger group, as were the levels of HDL-C and VB12, compared to the elderly group (p < 0.05).
There were no significant differences between the two groups in the proportion of male patients or in HT, neutrophils,
TC, LDL-C, fibrinogen, folic acid, and homocysteine levels (Table 1).

Neurological admissions with a diagnosis of ischemic
stroke (September 2016 to February 2023)
(n=7286)

Young patients
(‘age <50 years )
(n=572)
Patients with a
history of stroke
(n=14)

Patients meeting
inclusion criteria
Excluded (n=104) (n=558)
-Disorders of consciousness: n=3
-Hemorrhagic: n=5
-Cardiac/liver/renal insufficiency: n=34
-Lung infection: n=23
-Malignant tumors: n=3
-Lower limb venous thrombosis: n=3
-Intracranial infection: n=1

-Incomplete clinical information: n=32
Study group

(n=454)

Figure | Flowchart of the patient screening process.

Elderly patients
(age >50 years)
(n=6714)

Patients with a
history of stroke
(n=467)

Patients meeting
inclusion criteria

(=azey) Excluded (n=2531)
-Disorders of consciousness: n=94
-Hemorrhagic: n=217
-Cardiac/liver/renal insufficiency: n=802
-Lung infection: n=881
-Malignant tumors: n=368
-Head trauma: n=4
-Lower limb venous thrombosis: n=111

Patients for‘ further -Hematological disease: n=54
screening
(n=3716)
600 patients

randomly selected

| Incomplete clinical

information
l (n=44)
Study group
(n=556)
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Table | Data Characteristics of the Two Groups of Subjects

Variables Study Group Control Group | t/y2/Z Value | p Value
(n=454) (n=556)
Gender Male [case (%)] 368 (81.1) 425 (76.4) 3.160 0.075
Hypertension [cases (%)] 286 (63) 377 (67.8) 4.350 0.037
Diabetes mellitus [cases (%)] 80 (18) 155 (27.6) 13.005 0.000
Atrial fibrillation [cases (%)] 13 (2.9) 68 (12.2) 29.726 0.000
Drinking alcohol [cases (%)] 169 (37.2) 165 (29.7) 6.434 0.011
Smoking [cases (%)] 240 (52.9) 229 (41.2) 13.699 0.000
HT [cases (%)] 18 (4.0) 32 (5.8) 1.703 0.192
NIHSS [M (P25, P75)] 2 (1, 4) 2(1, 4) —4.119 0.000
mRS [M (P25, P75)] 2(1,3) 2(1,3) —4.195 0.000
BMI [M (P25, P75), Kg/m?] 25.4 (23.4, 27.6) 24.2 (22.33, 26.3) | —5.405 0.000
Leukocyte [M (P25, P75), 1079/L] 7.1 (5.9, 8.7) 6.7 (5.5,7.9) -3.934 0.000
Neutrophil [M (P25, P75), 10A9/L] 4.33 (3.28, 5.52) 4.17 3.2, 5.42) —0.763 0.446
Lymphocyte [M (P25, P75), 10A9/L] 2.02 (1.6, 2.53) 1.70 (1.30, 2.12) =7.716 0.000
Platelet [M (P25, P75), 10A9/L] 233.5 (198, 273) 219 (185, 263.8) -3.372 0.001
Uric acid [M (P25, P75), umol/L] 325 (270.8, 392.25) | 300 (248, 357) —4.150 0.000
TG [M (P25, P75), mmol/L] 1.45 (1.11, 2.0) 1.2 (0.94, 1.68) —6.169 0.000
TC [M (P25, P75), mmol/L] 4.38 (3.72, 5.08) 4.34 (3.75, 4.99) -0.313 0.754
LDL-C [M (P25, P75), mmol/L] 2.77 (2.18, 3.43) 2.77 (2.27, 3.34) —0.109 0.914
HDL-C [M (P25, P75), mmol/L] 1.01 (0.87, 1.16) 1.05 (0.89, 1.24) —2.799 0.005
Fibrinogen [M (P25, P75), g/L] 3.49 (298, 4.14) 3.63 (2.98, 4.41) —1.622 0.105
Folic acid [M (P25, P75), nmol/L] 10.92 (7.11, 16.85) 112 (7.34, 17.85) | —0.521 0.602
VBI2 [M (P25, P75), pmol/L] 269.5 (175, 399.25) | 297.5 (204, 428) -3.142 0.002
Homocysteine [M (P25, P75), umol/L] | 11.3 (9.2, 15.13) 112 (9.2, 14.7) —0.447 0.655

Abbreviations: HT, hemorrhagic transformation; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale;
BMI, body mass index; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; VBI2, vitamin BI2.

Factors Associated with Young Age Among Patients with Ischemic Stroke

Binary logistic regression analyses were performed using the significant variables from the univariate analyses as
independent variables. The results (Table 2) showed that higher BMI, leukocyte count, lymphocyte count, uric acid,
and TG levels, as well as lower VB12 levels, were associated with being in the young group among patients with

ischemic stroke. Additionally, the prevalence of atrial fibrillation and diabetes mellitus was low in the young group.

Table 2 Factors Associated with Young Age Among Patients with
Ischemic Stroke

Variables B wald p value | OR 95% ClI

Diabetes mellitus | —0.629 | 13.279 | 0.000 0.533 | 0.380-0.748
Atrial fibrillation | —1.410 | 19.175 | 0.000 0.244 | 0.130-0.459
BMI 0.075 12.147 | 0.000 1.078 | 1.034-1.125
Leukocyte 0.081 5.200 | 0.023 1.084 | 1.011-1.162
Lymphocyte 0.551 23.654 | 0.000 1.735 | 1.389-2.166
Uric acid 0.002 | 5.48l 0.019 1.002 | 1.000-1.003
TG 0.197 | 5.181 0.023 1.217 | 1.028-1.442
VBI2 —0.001 | 5597 | 0.018 0.999 | 0.998-1.000

Abbreviations: BMI, body mass index; TG, triglycerides; VBI12, vitamin B12; OR, odds
ratio; Cl, confidence interval.
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Etiologic Characteristics
Figure 2 displays the etiological characteristics of stroke in both groups. The percentage of patients with cardiogenic
embolism, other etiologies, and unknown causes was significantly higher in the young group. The differences were
statistically significant (p < 0.05).

Ischemic Stroke Region
The two groups were similar in the proportions of most stroke regions (difference within +3.5%) except for those of the
basal ganglia region and multiple regions, where the younger group was much higher (18.9% vs. 11.9%) and lower
(26.9% vs. 33.8%) than the elderly group, respectively (Figure 3).

In young patients with basal ganglia infarction, large vessel occlusion and perfusion abnormalities were uncommon
on carotid CT angiography and perfusion images, respectively (Figure 4a—d). In comparison, stenosis in large arteries

Young Elderly
26.4% 45.5%

Large-artery
atherosclerosis

Young Young
12.1% Small-vessel 32.8%
occlusion
Elderly Elderly
5.2% Ischemic 37.2%

stroke

Undetermined
etiology

Other determined
etiology

Young Elderly Young Elderly
4.2% 0.5% 24.4% 11.5%

Figure 2 The Trial of ORG 10172 in Acute Stroke Treatment (TOAST) typing of patients in the two groups.
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Young Elderly
Centrum semiovale Centrum semiovale
0,
Thalamus s c 1 Thalamus 1.1% c il
orpus callosum
Cercbelum 5% | _—Comuscal Cercbellum5.0% | Al

4.1%

5.9% Multiple regions
26.9% Lobes
Lobes 8.5% Multiple regions
8.8% 33.8%
; Corona radiata
Corolr(x)a lr;tilata 13.3%
Brainstem Basal ganglia
o .
10.4% L Brla 1“175:; n Basal ganglia
. (] ) 0,
Negative (on MRI or CT) Negative (on MRI or CT) 11.9%
11.9% 10.1%

= Basal ganglia
= Brainstem
m Thalamus

Negative (on MRI or CT)
m Corona radiata
= Centrum semiovale

= Multiple regions
= Lobes

= Cerebellum

m Corpus callosum

Figure 3 Ischemic stroke regions in the two groups.

was observed in some elderly patients with basal ganglia infarction, despite non-significant perfusion abnormalities
(Figure 4e—h). Multi-region infarction was most common in the elderly group, where significant narrowing or occlusion
in large vessels and perfusion abnormalities were observed (Figure 4i-1).

Discussion

Summary of Results and the Significance

This study showed that clinical characteristics differ between young and older patients with ischemic stroke in an island
population. Young individuals are at a higher risk of recurrent ischemic stroke and mortality, which has often been attributed
to non-atherosclerotic arterial disease, rare genetic factors, and other uncommon causes.*® Regional disparities in stroke
prevention and management strategies are substantial. In low-income countries there are critical resource gaps among
different regions and populations. Even in high-income countries, stroke epidemiology and outcomes vary by race, ethnicity,
and geography.'”?' Risk profiles for ischemic stroke in young adults also show marked heterogeneity across regions and
ethnoracial groups, highlighting the need for improvement in stroke prevention and management strategies in low- and
middle-income countries.”’ Region-specific epidemiological patterns of ischemic stroke are critical for public health decision-
making.?? Patient characteristics and care pathways for ischemic stroke vary across island and coastal regions where primary
and secondary prevention practices are not uniform.?* Studies from southern coastal cities in China with a subtropical marine
monsoon climate have reported that high temperatures during hot months may trigger first-ever stroke, and low atmospheric
pressure may exacerbate the effect.”> The Zhoushan Archipelago is characterized by a subtropical monsoon climate and
geographically dispersed islands. The specific lifestyle patterns, healthcare accessibility, and referral pathways may jointly
influence age-stratified stroke presentations in this island population. Our findings may provide evidence to support region-
specific, age-stratified prevention and management strategies towards better outcomes of ischemic stroke.

New Findings on Potential Risk Factors of Ischemic Stroke in Young Adults
Our findings indicate that conventional stroke risk factors, including diabetes mellitus and atrial fibrillation, were also
observed among young patients with ischemic stroke, albeit with a lower prevalence than in older cohorts.®** This study
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Figure 4 Three-dimensional angiography, perfusion imaging, and magnetic resonance imaging in different ischemic stroke cases. Case | (a—d): A 48-year-old male patient
with basal ganglia infarction. (a) Three-dimensional computed tomography angiography (CTA); (b) time-to-maximum (Tmax) perfusion map; (c) cerebral blood flow (CBF)
map; (d) diffusion-weighted imaging (DWVI) showing basal ganglia infarction (arrow). Case 2 (e—h): A 72-year-old male patient with basal ganglia infarction and ipsilateral
middle cerebral artery stenosis. (e) CTA showing ipsilateral middle cerebral artery stenosis (arrow); (f) Tmax perfusion map; (g) CBF map; (h) DWI showing basal ganglia
infarction (arrow). Case 3 (i-1): A 59-year-old female patient with multi-regional infarction and middle cerebral artery occlusion, accompanied by hemorrhagic transforma-
tion. (i) CTA showing middle cerebral artery occlusion (arrow); (j) Tmax perfusion map; (k) CBF map; (I) DWI showing multi-regional infarction with hemorrhagic
transformation (arrow).

and previous studies suggest potential associations between lifestyle factors (eg., alcohol consumption and smoking) and
stroke in younger individuals.**> Additionally, we observed higher BMI in young adults with ischemic stroke, high-
lighting the growing concern of obesity as a global health risk.”*’ Consistent with prior research, our study also
indicates that high triglycerides might be associated with ischemic stroke in young adults.”® In island regions, these
findings highlight the importance of addressing lifestyle factors, including diet, alcohol consumption, physical activity,
obesity, and lipid management, for the primary prevention of stroke in young patients.

The young group showed significantly higher uric acid levels compared to the older group. Previous studies have
shown that high uric acid levels are a risk factor for patients experiencing acute ischemic stroke, with associations
established with poor prognosis, future vascular events, and stroke recurrence.”” ' A cross-sectional study found high
uric acid levels to be a risk factor for major stroke in young patients in highland areas.*® A retrospective study found that
young adults with an elevated serum uric acid to serum creatinine ratio had an increased risk of ischemic stroke
recurrence.’® There are potential associations between uric acid and inflammatory factors, increased reactive oxygen
species production, as well as heightened oxidative stress.** However, it is important to note that the relationship between
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uric acid and ischemic stroke is still uncertain. Several studies have reported that higher uric acid levels may be
associated with less severe neurological deficits and better clinical outcomes after ischemic stroke.’>° Therefore,
additional prospective studies are warranted to clarify the complex relationship between uric acid and ischemic stroke
in young adults, particularly in island populations.

Inflammation is a crucial factor in all stages of stroke. We observed a significant increase in leukocyte counts in the young
group compared to the older group. It is worth noting that high leukocyte count upon admission has been linked to poor
outcomes during hospitalization in patients with acute cerebral infarction.>’ An observational cohort study identified
a significant correlation between elevated leukocyte counts and the prevalence of vascular disease, its associated risk factors,
and the severity of ischemic stroke in young patients.>® Conversely, decreased lymphocyte counts are frequently observed in
patients with acute ischemic stroke.” We observed that the young group had higher lymphocyte counts compared to the older
group. Lymphocytes play a key role in the inflammatory response, regulating the exacerbated inflammatory process. Lower
lymphocyte counts are associated with clinical neurological dysfunction and have a negative impact on long-term functional
recovery.””*! A retrospective study observed an increase in peripheral circulating neutrophil counts and a corresponding
decrease in lymphocyte counts following ischemic stroke.*? Our findings indicate that the decline in lymphocyte counts may
be less severe in young patients, possibly due to milder neurological deficits at the time of hospital admission.*’

We observed a stronger association between low VB12 levels and ischemic stroke in young adults compared to older
adults. VB12 deficiency has been identified as a significant risk factor for ischemic stroke,** although the underlying
mechanisms remain unclear.*** It has been proposed that intestinal dysbiosis associated with VB12 deficiency may be
linked to immune dysfunction, which could potentially contribute to stroke severity and clinical outcomes.** As suggested by
previous studies, screening for VB12 levels, adopting healthy lifestyles, and correcting VB12 deficiency when appropriate
may contribute to stroke risk reduction in young adults.*® Further studies are warranted to clarify the underlying mechanisms
and to develop targeted preventive and therapeutic strategies for young patients with ischemic stroke.

Stroke in young individuals is an unexpected event with a more diverse etiology than in the older population.*” We
observed that the young group showed a higher prevalence of cardiogenic embolism, other identifiable causes, or unknown
causes than in the older population, which is consistent with previous studies.'? Imaging features play a crucial role in
understanding the characteristics of ischemic stroke. Our results revealed a unique imaging pattern, ie., a higher proportion of
strokes in the basal ganglia region in the young group, despite the similar prevalence of hypertension in both groups. The basal
ganglia are highly susceptible to ischemic events, possibly due to their complex vascular anatomy and intricate network of
small vessels. This vulnerability has been consistently observed in previous studies.*®*’ Meanwhile, in the elderly group, we
observed more multi-regional infarctions and stenosis in large arteries, which is potentially associated with the long-term
development of atherosclerosis in cerebral arteries.

For the age-related stroke features observed in island populations, clinical practice may consider region- and
population-structure—adapted management pathways, including strengthened public education on stroke symptoms and
promotion of timely medical attention, particularly in areas with limited transportation and constrained inter-island
transfer capacity.’® Based on the present findings, developing individualized strategies that account for regional context
and age-related factors may help improve stroke outcomes.

Limitations and Future Directions

There are some limitations in this preliminary study. Firstly, it was a retrospective study conducted at a single center with
a relatively small number of patients. Inaccurate or incomplete case identification may exist and lead to bias in patient
selection. Second, given the cross-sectional observational design, the findings reflect age-related differences in factors
associated with ischemic stroke, and causal relationships between these factors and young-onset stroke cannot be established.
Furthermore, it is possible that some cases with undetermined etiology could be reclassified but limited by the means of
observation. Although the elderly cohort was randomly sampled, the two age groups were not fully matched and the
differences in residential distribution and healthcare accessibility may still have introduced selection bias and residual
confounding. To validate these findings, further elucidate the underlying mechanisms, and develop tailored clinical guidelines
and public health strategies, prospective multicenter studies are warranted. Incorporating environmental and climatic
indicators may further improve the performance of the age-stratified stroke risk assessment model.
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Conclusion

In this island study population, higher leukocyte count, triglyceride levels, and BMI, together with lower vitamin B12 levels,
were associated with young age among patients with ischemic stroke. Young adult patients may have a higher prevalence of
basal ganglia infarction, as well as a higher proportion of cardiogenic embolic infarction and strokes of other determined or
undetermined etiologies. These findings highlight the importance of considering geographic specificity and age-related
differences when formulating public health policies and allocating medical resources for ischemic stroke, and provide region-
specific evidence to support prevention and management strategies in island populations.
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