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Abstract:

Background: Stroke is a major cause of death and disability worldwide, with an increasing incidence among
young adults aged 1445 years. In India, young strokes constitute 15-20% of first-ever strokes, often leading to
significant personal and socioeconomic burden. Compared to older adults, young patients frequently present with
diverse and uncommon etiologies such as cerebral venous sinus thrombosis (CVT), arterial dissection, and
hypercoagulable states.

Objectives: To evaluate the clinical and etiological spectrum of young stroke, identify associated risk factors, and
assess short-term functional outcomes in a tertiary care hospital in Central India.

Methods: A prospective observational study was conducted from July 2023 to December 2024, enrolling 50
consecutive young stroke patients (aged 14-45 years) presenting within seven days of onset and confirmed by
neuroimaging. Clinical, demographic, and etiological data were collected. Stroke severity and outcomes were
assessed using the NIH Stroke Scale (NIHSS) and Modified Rankin Scale (mRS), respectively. Data were
analyzed using Jamovi version 2.3.28 software with Chi-square and Fisher’s exact tests.

Results: The mean age was 32.3 + 8.2 years; 60% were male. Ischemic stroke predominated (72%), followed by
hemorrhagic stroke (16%) and CVT (12%). Large artery atherosclerosis (41.6%) and cardioembolism (22.2%)
were the leading causes. Smoking (30%) was the most common risk factor (p = 0.049). Higher NIHSS and mRS
scores were significantly associated with poor functional outcomes (p < 0.001).

Conclusion: Young strokes show heterogeneous etiologies, with a notable burden from non-traditional causes
such as CVT and hypercoagulable states. Smoking remains a key modifiable risk factor. Early etiological
evaluation and risk factor control are essential to improve outcomes in this population.

Keywords: Young Stroke, Ischemic Stroke, Cerebral Venous Sinus Thrombosis, TOAST Classification, Risk
factors, NIHSS, mRS.
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Introduction

Stroke is a major global health burden and currently Although traditionally considered a disease of the
ranks as the second leading cause of death and a elderly, stroke among young adults, defined as
leading cause of long-term neurological disability individuals aged 15-50 years, has become a
worldwide [1]. The World Health Organization significant public health concern. Globally, 10-15%
(WHO) defines stroke as a rapidly developing of all strokes occur in the young, leading to major
clinical sign of focal or global disturbance of personal, social, and economic consequences [3]. In
cerebral function lasting more than 24 hours or India, where nearly half the population is under 40
leading to death, with no apparent cause other than years, hospital-based studies indicate that 15-20%
a vascular origin. It is broadly categorized into of first-ever strokes occur in this age group [4]. The
ischemic stroke, caused by vascular occlusion, and resulting loss of productive years and psychosocial
hemorrhagic stroke, resulting from rupture of a impact pose an additional burden on families and
cerebral blood vessel [2]. society.
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The etiology of stroke in young adults differs
markedly from that in older populations. While
conventional vascular risk factors such as
hypertension, diabetes, smoking, and dyslipidemia
remain important, younger patients often present
with diverse and uncommon causes, including
cerebral venous sinus thrombosis (CVT), arterial
dissection, cardioembolic events, autoimmune
vasculitis,  coagulopathies, and  postpartum
complications [5]. Indian studies have also reported
region-specific causes such as viper envenomation
and infection-related vasculopathies [6]. Ischemic
strokes constitute about 80-85% of all young strokes
[7], whereas hemorrhagic strokes, though less
frequent tend to be more severe and are often related
to ruptured aneurysms, arteriovenous
malformations, and pregnancy-associated
hypertension [8].

Despite the increasing incidence, comprehensive
Indian data detailing the clinical spectrum,
etiological profile, and short-term outcomes of
stroke in young adults remain scarce. Limited
studies have compared etiological patterns with
functional outcomes in this age group.

Hence, this study aimed to evaluate the clinical
characteristics, etiological spectrum, and short-term
outcomes of stroke in young adults in a tertiary care
center in India, and to explore the relationship
between etiology and stroke type.

Methodology

This prospective observational study was conducted
in the Department of Medicine of a tertiary care
centre of Central India, over an 18-month period
from July 2023 to December 2024. The study
included young patients aged 14 to 45 years
presenting within seven days of symptom onset with
clinical features suggestive of stroke, confirmed on
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neuroimaging (CT or MRI). Patients with significant
head trauma or outside the age range were excluded.

A total of 50 consecutive eligible patients were
included. Ethical clearance was obtained from the
Institutional Ethics Committee, and informed
written consent was obtained from all participants.

Data were collected using a structured proforma,
including demographic details, risk factors
(hypertension, diabetes, smoking, alcohol, cardiac
disease, infections, OCP use), clinical examination
findings, and investigation results. Stroke severity
was assessed using the NIH Stroke Scale (NIHSS),
and functional outcomes were evaluated at
admission and at 3-month follow-up using the
Modified Rankin Scale (mRS). Ischemic stroke
etiologies were categorized according to TOAST
classification into atherosclerotic, cardioembolic,
infectious, hypercoagulable states, vasculitis,
hematological, drug-induced, and undetermined.

All patients underwent appropriate laboratory tests,
neuroimaging, and selected cardiac and vascular
assessments (2D ECHO, carotid Doppler) to identify
stroke subtype and etiology. Outcomes were
classified based on mRS as complete recovery (mRS
0), partial recovery, no change, deterioration, or
death (mRS 6).

Data were entered into Microsoft Excel and
analyzed using Jamovi version 2.3.28 software.
Descriptive statistics were used to summarize
demographic and clinical variables. Continuous
variables were expressed as mean + standard
deviation (SD), and categorical variables were
presented as frequencies and percentages. The Chi-
square test was used to examine associations
between categorical variables. A p-value < 0.05 was
considered statistically significant.

Results

Table 1: Demographic Characteristics and Distribution of Risk Factors Among Participants (N = 50)
Age Group (years) Frequency (n) Percentage (%)
14-20 5 10
2125 8 16
2630 8 16
31-35 7 14
3640 13 26
41-45 9 '18
Mean (SD) 32.30(£8.22)
Gender
Male 30 60
Female 20 40
Risk Factor Yes (n, %) No (n, %)
Hypertension 11 (22.0%) 39 (78.0%)
Diabetes Mellitus 3 (6.0%) 47 (94.0%)
Dyslipidemia 2(4.0%) 48(96.0%)
Obesity 4(8.0%) 46 (92.0%)
Alcohol Use 9(18.0%) 41(82.0%)
Smoking 15 (30.0%) 35 (70.0%)
Family History (CVA) 10(20.0%) 40(80.0%)
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The total number of patients is 50, with the largest
proportion (26%) falling within the 36-40 age group.
Other age groups include 14-20 years (10%), 21-25
years (16%), 26-30 years (16%), 31-35 years (14%),
and 41-45 years (18%). The mean age of the patients
is 32.3years with a standard deviation of +8.22. . Out
of the total 50 patients, 60% (n=30) were male and

e-ISSN: 0976-822X, p-ISSN: 2961-6042

40% (n=20) were female. The most commonly
reported risk factor was smoking, present in 30% of
patients, followed by hypertension (22%), alcohol
use (18%), and a family history of cardiovascular
disease (20%). Less frequently reported risk factors
included obesity (8%), diabetes mellitus (6%), and
dyslipidemia (4%).
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figure 2. Distribution of Brain Imaging Findings Among Patients with Ischemic Stroke (N=36)

Table 6.9 details the distribution of brain imaging
findings among ischemic stroke patients. The most
common finding was large cortical infarct, present
in 47.2% (n=17) of cases. This was followed by

cortical infarct in 25% (n=9), small deep infarcts in
19.4% (n=7). Multiple infarcts were identified in 0.8
% (n=3) of the ischemic stroke cases.

Table 2. Etiology of Stroke in ischemic stroke (N=36) classified according to TOAST classification.
TOAST Classification Original Etiology Frequency Percentage
Large artery atherosclerosis (LAA) | Atherosclerosis 15 41.6%
Cardioembolism (CE) Cardioembolic 8 22.2%
Stroke of other determined etiology | Hyperhomocysteinemia 4

Antiphospholipid Syndrome (APLA) 2

Polycythemia 1

Infection-induced infarct 3

Takayasu arteritis 2

Other - contraceptive pill related 1

subtotal 13 36.1%
Stroke of undetermined etiology Unknown 0 0

Table 2 presents the etiology of ischemic strokes in
patients classified according to the TOAST
classification. The most common etiology was large

antiphospholipid syndrome

2

etiology, with contributing factors such
hyperhomocysteinemia 4 patients),

patients),

artery atherosclerosis (LAA), accounting for 41.6%
of cases (15 patients). Cardioembolism (CE)
contributed to 22.2% of the cases (8 patients). A total
of 36.1% of patients had strokes of other determined
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polycythemia (1 patients), infection-induced infarct
(3 patients), Takayasu arteritis (2 patients), and
contraceptive pill use (1 patient).
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Table 3: Association of Risk Factors with Type of Stroke (N = 50)

Risk Factor Stroke Type Total (n) Yes (n) No (n) y*/Fisher’s Exact
p-value

Hypertension Hemorrhagic 8 3 5 3.276
Ischemic 36 8 28 0.194
CVT 6 0 6
Total 50 11 39

Diabetes Hemorrhagic 8 1 7 0.636
Ischemic 36 2 34 0.728
CVT 6 0 6
Total 50 3 47

Obesity Hemorrhagic 8 1 7 0.665
Ischemic 36 3 33 0.717
CVT 6 0 6
Total 50 4 46

Alcohol Use Hemorrhagic 8 0 8 2.595
Ischemic 36 7 29 0.273
CVT 6 2 4
Total 50 9 41

Smoking Hemorrhagic 8 0 8 6.015
Ischemic 36 13 23 0.049
CVT 6 2 4
Total 50 15 45

Family H/O Stroke | Hemorrhagic 8 0 8 2.083
Ischemic 36 9 27 0.353
CVT 6 1 5
Total 50 10 40

Table 3 explores the association between various
risk factors and the type of stroke in 50 patients. The
risk factors analyzed include hypertension, diabetes,
obesity, alcohol use, smoking, and family history of
stroke. The results indicate that there is no
significant association between hypertension (y* =
3.276, p = 0.194), diabetes (¥> = 0.636, p = 0.728),

obesity (¥*> = 0.665, p = 0.717), alcohol use (> =
2.595, p=0.273), sand family history of stroke (y*> =
2.083, p = 0.353) with stroke type. However,
smoking shows a statistically significant association
with stroke type, as the chi-square value is 6.015 (p
~ 0.049), with a higher prevalence of smoking
among ischemic stroke patients.

Table 4: Association of past medical history with Type of Stroke (N = 50)

Risk factor | Scan-ct/mri Total (n) Yes (n) | No (n) | X*/fisher’s exact (P-value)
Past h/o | Hemorrhagic 8 1 7 0.745
CAD Ischemic 36 3 33 0.689
CVT 6 0 6
Total 50 4 46
Past h/o | Hemorrhagic 8 0 8 2.658
CVA Ischemic 36 6 30 0.265
CVT 6 0 6
Total 50 6 44

Table 6.31 examines the association between past
medical history and the type of stroke in a sample of
50 patients. The risk factors considered are past
history of coronary artery disease (CAD) and
cerebrovascular accident (CVA). The data shows
that 1 hemorrhagic stroke patient and 3 ischemic
stroke patients had a past history of CAD. The chi-
square value (y* = 0.745, p = 0.689) suggests no
significant association between a past history of
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CAD and stroke type. Similarly, for past history of
CVA, 0 hemorrhagic stroke patients and 6 ischemic
stroke patients had a history of CVA. The chi-square
value (> =2.658, p = 0.265) indicates no significant
association between a past history of CVA and
stroke type. Thus, neither past history of CAD nor
CVA shows a statistically significant relationship
with stroke type.
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Table 5: Outcome after 3 months based on Modified Rankin Scale (MRS) Scores (N=50)

MRS Score Patients n (%) Interpretation

0 18 (36.0) Complete Recovery

1 2 (4.0) Minor symptoms

2 14 (28.0) Slight Disability

3 6 (12.0) Moderate Disability

4 1(2.0) Moderately Severe Disability
5 1(2.0) Severe Disability

6 8 (16.0) Death

Table 5 presents the 3-month functional outcomes of
stroke patients as assessed by the Modified Rankin
Scale (mRS). Out of the total patients, 18 (36%)
achieved complete recovery (mRS score 0), while 2
(4%) had only minor symptoms (score 1), and 14

Outcome after 3 month based on MRS Scores

(28%) had slight disability (score 2). A smaller
proportion had moderate to severe disability: 6
(12%) scored 3, 1 (2%) scored 4, and another 1 (2%)
scored 5. Notably, 8 patients (16%) succumbed to

the illness, marked by a score of 6.
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Figure 1: Outcome after 3 month based on MRS Scores
Table 6: Association between Initial MRS and Qutcome After 3 Months
Initial Complete Partial No Deteriorate | Death Total Fisher’s
mRS Recovered Recovered Change (n=50) | Exact
p-value

1 2 (66.7%) 0 (0%) 1(33.3%) | 0(0%) 0 (0%) 3 10.23/
2 3 (50%) 3 (50%) 0 (0%) 0 (0%) 0 (0%) 6 0.0368
3 5 (71.4%) 1 (14.3%) 0 (0%) 1 (14.3%) 0 (0%) 7
4 3 (30%) 7 (70%) 0 (0%) 0 (0%) 0 (0%) 10
5 5 (18.5%) 13 (48.1%) 1 (3.7%) 0 (0%) 8(29.6%) | 27
NIHSS Complete Partial No Deteriorate | Death Total »/Ip-
Category Recovered recovered change (n=50) | value
No stroke 0 0 0 0 0 0 48.47/
Minor 4 (80%) 0 (0%) 1 (20%) 0 (0%) 0 (0%) 5 <0.001
Stroke
Moderate 7 (25.9%) 18 (66.7%) 0 (0%) 1 (3.7%) 1(3.7%) |27
Stroke
Moderate 7 (53.8%) 4 (30.8%) 0 (0%) 0 (0%) 2(15.4%) | 13
to  Severe
Stroke
Severe 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5(100%) | 5
Stroke
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Table 6 shows a statistically significant association
between initial Modified Rankin Scale (MRS)
scores and the outcome after 3 months (y*>=10.23, p
= 0.0368). Patients with lower initial MRS scores
(1-3) showed better recovery; for instance, all 3
patients with an initial MRS of 2 either completely
or partially recovered, while none died. In contrast,
among those with an initial MRS of 5, 8 out of 27
died, and only 5 achieved complete recovery. This
suggests that a higher initial disability level as per
MRS is significantly associated with poorer
outcomes, including increased mortality and
reduced functional recovery. It also demonstrates a

e-ISSN: 0976-822X, p-ISSN: 2961-6042

statistically significant association between NIHSS
(National Institutes of Health Stroke Scale)
categories at presentation and outcomes after 3
months (x> = 48.47, p = 0.00000258). Patients with
minor or moderate strokes had more favorable
outcomes, with 4 of 5 patients with minor stroke and
7 of 27 with moderate stroke achieving complete
recovery. Conversely, all 5 patients with severe
stroke died, indicating a strong correlation between
higher stroke severity and poorer outcomes.
Notably, no deterioration or death occurred in
patients with minor strokes, showing the prognostic
value of initial NIHSS categorization.

Table 7: Association of etiology and outcome

Etiology Complete Partial No Deteriorate | Death (n) el
Recovery Recovery Change (n) p-
(n) (n) (n) value

Atherosclerosis 6 (37.5%) 10 (62.5%) | 0(0%) 0 (0%) 0 (0%) 39.77/

Cardioembolic 2 (33.3%) 4 (66.7%) 0 (0%) 0 (0%) 1(16.7%) * 0.069

Hypercoagulable State / | 8 (61.5%) 3(23.1%) 1 (7.7%) | 1(7.7%) 0 (0%)

Others

Hypertensive Bleed 0 (0%) 1 (33.3%) 0 (0%) 0 (0%) 2 (66.7%)

Infection Induced 2 (33.3%) 0 (0%) 0 (0%) 0 (0%) 4 (66.7%)

Miscellaneous 1 (50%) 1 (50%) 0 (0%) 0 (0%) 0 (0%)

Severe 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (100%)

Thrombocytopenia

Unknown 6 (37.5%) 10 (62.5%) | 0(0%) 0 (0%) 0 (0%)

Table 7 illustrates the association between the
etiology of the condition and patient outcomes. The
table breaks down the outcomes into complete
recovery, partial recovery, no change, deterioration,
and death, for various etiological categories. Among
patients with atherosclerosis, 6 fully recovered, 10
had partial recovery, and there were no cases of
deterioration or death, with a chi-square statistic of
39.77 (p=0.069). In the cardioembolic group, 2
patients fully recovered, 4 had partial recovery, and
1 died. The hypercoagulable state/other causes
group showed 8 complete recoveries, 3 partial
recoveries, and 1 deterioration, with no deaths. The
hypertensive bleed group had no complete recovery,
but 1 partial recovery and 2 deaths. In the infection-
induced group, 2 patients fully recovered, but 4 died.
The miscellaneous group had 1 complete recovery
and 1 partial recovery, while the severe
thrombocytopenia group had 1 death. The unknown
etiology group had 6 complete recoveries and 10
partial recoveries. The chi-square test indicates no
statistically significant association between etiology
and outcome (p=0.069).

Discussion

Etiological Spectrum: This prospective study
provides insight into the clinical and etiological
profile of stroke in young adults aged 14 to 45 years
in Central India. In our cohort, ischemic stroke
accounted for 72 percent of cases, while
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hemorrhagic stroke and cerebral venous thrombosis
(CVT) constituted 16 percent and 12 percent
respectively. This distribution closely aligns with
global and Indian data, where ischemic stroke
typically represents 75 to 85 percent of cases among
young adults [3,9].

Among  ischemic  strokes, large  artery
atherosclerosis (41.6 percent) and cardioembolism
(22.2 percent) were the leading etiologies,
comparable to findings from the Helsinki Young
Stroke Registry and multicentric Indian studies [9].
The slightly higher proportion of atherosclerotic
stroke in our study may reflect regional variations in
risk exposure and healthcare access. In addition, 36
percent of ischemic strokes were attributed to other
determined causes such as hyperhomocysteinemia,
antiphospholipid syndrome, Takayasu arteritis, and
tubercular infection, which are more frequently
reported in South Asian populations [3]. These
findings emphasize the etiological diversity of
young stroke and the importance of thorough
diagnostic evaluation.

Risk Factors: Smoking emerged as the most
significant risk factor, present in 30 percent of
ischemic stroke cases (p = 0.049), consistent with
previous studies showing a two- to fourfold increase
in stroke risk among young smokers [10]. Other
conventional risk factors such as hypertension (22
percent), alcohol use (18 percent), and family
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history (20 percent) were common but not
significantly associated with stroke type. Similar
findings have been observed in other Indian studies,
where lifestyle-related and metabolic factors
contribute substantially to young stroke incidence
[6]. These results highlight the importance of early
lifestyle modification and community-based risk
screening programs.

Functional Outcome: At 3-month follow-up, 36
percent of patients achieved complete recovery
(mRS 0), while mortality reached 16 percent.
Comparable recovery rates have been reported in
earlier studies, though mortality in our cohort was
higher than in Western reports, where it ranges from
5 to 10 percent. This difference may be due to
delayed presentation, infection-related causes, and
limited access to acute stroke therapies. Both NIHSS
and baseline mRS scores were significantly
associated with outcomes (p < 0.001 and p = 0.0368
respectively), confirming their prognostic validity in
young stroke populations. Although the association
between stroke etiology and outcome did not reach
statistical significance (p = 0.069), patients with
atherosclerotic and hypercoagulable strokes tended
to recover better than those with infection-related or
hemorrhagic strokes, a trend similar to that reported
by Kalita et al. [11].

Comparison with Literature: The observed
etiological patterns are consistent with findings from
other Indian studies, where non-atherosclerotic and
infection-related causes form a considerable
proportion of young stroke cases [3,9]. In contrast,
Western literature reports a higher prevalence of
dissection and cardioembolic strokes, whereas
autoimmune and infection-related etiologies are
more common in India due to endemic diseases and
limited preventive care. Functional outcomes in our
study were broadly in line with international data,
although the higher mortality rate reflects ongoing
disparities in acute stroke management and post-
stroke rehabilitation facilities.

Public Health Implications: The findings highlight
the urgent need for preventive strategies tailored to
the young population, focusing on modifiable risk
factors such as smoking, hypertension, and
dyslipidemia. Given the age group affected, the
socioeconomic impact is substantial due to loss of
productivity and long-term dependency.
Strengthening early detection programs, ensuring
timely access to neuroimaging and thrombolysis,
and integrating rehabilitation services into existing
health systems are essential steps. These
observations align with the recommendations of the
Global Burden of Disease Study (2019) and Feigin
et al. for targeted stroke prevention in low- and
middle-income countries [12].

Limitations: This study has certain limitations. It
was conducted at a single tertiary care center with a
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relatively small sample size, which may limit
generalizability. The short follow-up period of three
months may not fully capture long-term recovery or
recurrence. Furthermore, some advanced diagnostic
investigations such as genetic or metabolic testing
were not available in all cases, which could have led
to underdiagnosis of rare causes.

Future Directions: Future multicentric studies with
larger and more diverse cohorts and longer follow-
up are needed to validate these findings and to better
understand regional variations in stroke etiology.
Incorporation ~ of  advanced  neuroimaging
techniques, biomarker evaluation, and genetic
profiling can improve diagnostic accuracy and
enable personalized management. Research should
also focus on developing cost-effective preventive
and rehabilitation models suitable for young adults
in resource-limited settings.

Conclusion

This prospective study highlights the diverse
etiological spectrum and functional outcomes
associated with stroke in young adults aged 14 to 45
years. Ischemic stroke predominated, with large
artery atherosclerosis and cardioembolism emerging
as leading causes. A considerable proportion of
patients also presented with uncommon etiologies
such as hypercoagulable states, infections, and
autoimmune disorders, emphasizing the importance
of comprehensive etiological evaluation in this age
group. Smoking showed a significant association
with ischemic stroke, reaffirming the impact of
modifiable lifestyle risk factors even among younger
individuals.

Functional outcomes at 3 months varied with initial
stroke severity and disability scores. Higher baseline
NIHSS and mRS scores were strongly associated
with poor recovery or mortality, underscoring their
prognostic utility. Although over one-third of
patients achieved complete recovery, the observed
16% mortality rate highlights the serious
consequences of stroke even in the young.

Early identification of risk factors, targeted
prevention, and timely intervention tailored to
younger patients are essential to reduce disability
and socioeconomic burden. Future multicentric
studies with larger sample sizes and long-term
follow-up are warranted to validate these findings
and refine prevention and rehabilitation strategies.
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