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ABSTRACT

Background: Pediatric ischemic stroke is a rare but severe neurological condition, often associated
with long-term disability. Anemia, a common condition in children, may increase stroke risk by
impairing oxygen delivery to the brain and altering hemodynamics.

Objective: To evaluate the association between anemia and ischemic stroke severity in pediatric
patients.

Study Design and Setting: A cross-sectional study conducted at DHQ Hospital Sheikupura over
six months.

Methodology: A total of 130 pediatric patients with ischemic stroke were enrolled. Anemia was
defined based on WHO hemoglobin criteria. Data on clinical presentation, neuroimaging findings,
and hemoglobin levels were collected. Logistic regression analysis was performed to assess the
association between anemia and stroke severity.

Results: Anemia was present in 61.5% of the patients, with 25% having severe anemia. Anemic
patients had significantly higher odds of severe stroke (OR: 4.2, 95% CI. 2.1-8.0, p<0.001)
compared to non-anemic patients. Multiple infarcts were more prevalent in anemic patients (28.7%
vs. 12%, p=0.02).

Conclusion: Anemia is significantly associated with increased severity of ischemic stroke in
pediatric patients. Addressing anemia could be a critical step in reducing stroke-related morbidity in
children.
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INTRODUCTION

Stroke, often perceived as a condition affecting the elderly, is increasingly recognized as a
significant health concern among children, particularly ischemic stroke. Pediatric ischemic stroke
refers to the sudden interruption of blood flow to the brain due to arterial obstruction, leading to
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neurological deficits.> While less common in children than in adults, its impact is profound, often
resulting in long-term disability or even mortality. Among these risk factors, anemia—a condition
characterized by a deficiency of red blood cells (RBCs) or hemoglobin—has emerged as a potential
contributor to the pathophysiology of pediatric ischemic stroke.3*

Anemia is a global health challenge, particularly prevalent in low- and middle-income countries
where nutritional deficiencies, infections, and genetic disorders are widespread. It affects children
disproportionately due to their higher nutritional requirements during growth and development.®
Anemia reduces the oxygen-carrying capacity of the blood, impairing tissue oxygenation and
potentially exacerbating conditions such as ischemic stroke. Studies have shown that both chronic
and acute anemic states can alter cerebral hemodynamics, increasing the risk of ischemic events.
Despite this, the association between anemia and pediatric ischemic stroke remains underexplored,
warranting further investigation into its prevalence, mechanisms, and implications in affected
children.®

The mechanisms linking anemia to ischemic stroke in children are multifaceted and complex.
Anemia can trigger compensatory mechanisms, such as increased cardiac output and cerebral
vasodilation, to maintain oxygen delivery to vital organs. While these adaptations may be sufficient
under normal conditions, they can fail in situations of increased metabolic demand or additional
vascular compromise, such as thrombosis or arterial narrowing.” Moreover, severe anemia can lead
to hypercoagulability and hypoxia-induced vascular changes, further predisposing children to
ischemic events. Identifying these underlying mechanisms is essential to understanding how anemia
acts as a modifiable risk factor in pediatric stroke and to developing targeted interventions for its
prevention.®

The significance of this association extends beyond clinical relevance to public health implications.
Pediatric ischemic stroke is often underdiagnosed due to its relatively low incidence and non-
specific presentation compared to adults.® Anemia, on the other hand, is highly prevalent and
frequently detected during routine clinical evaluations. If anemia is established as a risk factor for
ischemic stroke in children, it could serve as an early warning indicator, prompting timely
investigations and preventive measures. Furthermore, addressing anemia through nutritional
support, iron supplementation, and treatment of underlying causes could contribute to reducing the
burden of pediatric stroke, particularly in resource-limited settings where both conditions are
prevalent.°

This article aims to explore the association between anemia and ischemic stroke in children,
focusing on the underlying mechanisms, clinical implications, and potential interventions. By
shedding light on this relationship, we hope to provide a basis for further research and contribute to
improving outcomes for children affected by these interconnected conditions. Understanding and
addressing this association is not only critical for individual patient care but also for advancing
public health initiatives aimed at safeguarding the neurological well-being of future generations.

MATERIALS AND METHODS

This cross-sectional study included a total of 130 pediatric patients aged 1 month to 18 years, who
presented with clinical and radiological evidence of ischemic stroke, were included in the study.
The study was carried out in DHQ Hospital Sheikupura over a period of six months. Written
informed consent was obtained from the parents or guardians of all participants, and the study
protocol was approved by the institutional ethics committee. Patients were recruited consecutively
based on inclusion criteria, which required confirmation of ischemic stroke through neuroimaging
techniques, including computed tomography (CT) or magnetic resonance imaging (MRI). Children
with hemorrhagic stroke, traumatic brain injury, or pre-existing hematological disorders other than
anemia were excluded to maintain the homogeneity of the study population. A detailed clinical
history was obtained for each patient, including demographic information, presenting symptoms,
and any known risk factors for stroke.

The hemoglobin levels of all participants were measured using an automated hematology analyzer.
Anemia was defined based on the World Health Organization (WHO) age-specific criteria:
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hemoglobin levels <11 g/dL for children aged 6-59 months, <11.5 g/dL for children aged 5-11
years, and <12 g/dL for children aged 12-18 years. Patients were categorized as anemic or non-
anemic based on these thresholds. Additional laboratory tests, including complete blood count, red
blood cell indices, serum ferritin, and peripheral blood smear, were conducted to further
characterize the type and severity of anemia.

Neuroimaging findings were reviewed by a neuroradiologist to confirm the diagnosis of ischemic
stroke and to assess the location and extent of the infarct. Clinical severity of stroke was evaluated
using age-appropriate scoring systems. Data on other potential risk factors, including infections,
cardiac conditions, and family history of thrombophilia, were collected to account for confounding
variables.

The data were analyzed using SPSS software, and continuous variables were expressed as mean *
standard deviation. The chi-square test was used to assess categorical variables, while the
independent t-test was applied to compare mean hemoglobin levels between anemic and non-
anemic groups. Logistic regression analysis was conducted to determine the odds ratio (OR) of
anemia as a risk factor for ischemic stroke, adjusting for confounding variables. A p-value <0.05
was considered statistically significant.

STUDY RESULTS

The study included 130 pediatric patients diagnosed with ischemic stroke. The mean age of the
participants was 7.5 + 4.3 years, with a slight male predominance (55%, n=72) compared to females
(45%, n=58). Out of the 130 participants, 80 patients (61.5%) were found to be anemic, while 50
patients (38.5%) had normal hemoglobin levels. Among the anemic patients, 40% (n=32) had mild
anemia, 35% (n=28) had moderate anemia, and 25% (n=20) had severe anemia based on WHO
classification. Stroke severity, as assessed by age-appropriate clinical scoring, was significantly
higher in the anemic group. Severe strokes were observed in 45% (n=36) of anemic patients
compared to 22% (n=11) in the non-anemic group (p=0.01). Additionally, moderate strokes were
noted in 40% (n=32) of anemic patients and 36% (n=18) of non-anemic patients.

Table 1: Baseline Characteristics of the Study Population

Variable Anemic Group (n=80) | Non-Anemic Group (n=50) | Total (n=130) | p-value
Mean Age (years) 7.3+4.1 7.8+45 75+43 0.58
Male (%) 42 (52.5%) 30 (60%) 72 (55%) 0.39
Female (%) 38 (47.5%) 20 (40%) 58 (45%)

Mild Stroke (%) 24 (30%) 21 (42%) 45 (34.6%) 0.01
Moderate Stroke (%) | 32 (40%) 18 (36%) 50 (38.5%)

Severe Stroke (%) 36 (45%) 11 (22%) 47 (36.2%)

The most common presenting symptoms were hemiparesis (70%, n=91), speech difficulties (45%,
n=59), and altered consciousness (32%, n=42). Neuroimaging findings revealed that the middle
cerebral artery was the most frequently involved territory (62%, n=81), followed by posterior
circulation strokes (28%, n=36) and anterior cerebral artery strokes (10%, n=13).

Table 2: Hemoglobin Levels in Anemic and Non-Anemic Groups

Parameter Anemic Group (n=80) | Non-Anemic Group (n=50) | p-value
Mean Hemoglobin (g/dL) | 9.2+ 1.3 13.1+0.8 <0.001 (S)
Mild Anemia (%) 32 (40%) -

Moderate Anemia (%) 28 (35%) -

Severe Anemia (%) 20 (25%) -

Patients in the anemic group had a significantly higher prevalence of multiple infarcts compared to
the non-anemic group (28.7% vs. 12%, p=0.02). The mean hemoglobin level among anemic
patients was 9.2 £ 1.3 g/dL, whereas non-anemic patients had a mean hemoglobin level of 13.1 +
0.8 g/dL (p<0.001).
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Table 3: Stroke Characteristics by Group

Characteristic Anemic Group (n=80) | Non-Anemic Group (n=50) | p-value
Middle Cerebral Artery Stroke (%) | 54 (67.5%) 27 (54%) 0.12
Posterior Circulation Stroke (%) 22 (27.5%) 14 (28%) 0.94
Anterior Cerebral Artery Stroke (%) | 4 (5%) 9 (18%) 0.01
Multiple Infarcts (%) 23 (28.7%) 6 (12%) 0.02

Multivariate logistic regression analysis was performed to evaluate anemia as an independent risk
factor for ischemic stroke after adjusting for confounding variables such as infections, cardiac
conditions, and family history of thrombophilia. Anemia was found to be significantly associated
with ischemic stroke (OR: 2.7, 95% CI: 1.5-4.9, p=0.002). Severe anemia had the highest odds of
association with ischemic stroke (OR: 4.2, 95% CI. 2.1-8.0, p<0.001), followed by moderate
anemia (OR: 2.8, 95% CI: 1.6-5.1, p=0.004). Among the study population, 22% (n=28) had
concurrent infections, and 15% (n=20) had underlying cardiac conditions, both of which were more
frequently observed in anemic patients. However, the association of these conditions with ischemic
stroke was less significant compared to anemia.

Table 4: Logistic Regression Analysis for Risk Factors

Risk Factor Odds Ratio (OR) 95% Confidence Interval (Cl) | p-value
Anemia (Overall) 2.7 15-49 0.002
Mild Anemia 1.8 1.0-3.2 0.04
Moderate Anemia 2.8 1.6-5.1 0.004
Severe Anemia 4.2 2.1-8.0 <0.001
Infections 15 0.8-2.8 0.12
Cardiac Conditions 1.7 0.9-34 0.09
DISCUSSION

Pediatric ischemic stroke, though rare, poses significant risks of long-term disability and mortality,
necessitating an understanding of its risk factors. Anemia, a common condition in children
characterized by low hemoglobin levels, may impair oxygen delivery to the brain, contributing to
stroke risk.1>*2 Emerging evidence suggests that anemia could exacerbate cerebral ischemia through
hypoxia and altered hemodynamics. Despite its prevalence, the relationship between anemia and
pediatric ischemic stroke remains underexplored.'® This study aims to investigate this association,
providing insights into potential preventative strategies.

In our study, we found that 61.5% of pediatric ischemic stroke patients were anemic, with severe
anemia being particularly linked to more severe stroke outcomes. The high prevalence of anemia
observed supports the hypothesis that inadequate hemoglobin levels, which impair oxygen transport
to the brain, could exacerbate the effects of ischemic stroke. This aligns with previous studies that
identified anemia as a significant factor in stroke severity. For instance, a study by Munot et al.
(2011) reported that iron deficiency anemia (IDA) was associated with ischemic stroke in young
children, suggesting that IDA could exacerbate stroke risk even in the absence of other risk
factors.!* The results from our study further substantiate this by showing that anemia was a
significant factor in determining stroke severity, with a notable correlation between low hemoglobin
levels and more severe strokes.

Moreover, studies on iron deficiency have shown that it negatively affects various hematological
parameters such as ferritin and mean corpuscular volume (MCV), which were also significantly
associated with ischemic stroke in our cohort. Our findings reflect those of Nawaz et al. (2022),
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who reported a significant association between iron deficiency and anemia in pediatric stroke
patients.’® They observed strong correlations between iron-related markers and stroke severity,
which mirrors our results, particularly the correlation between low hemoglobin and increased stroke
severity.

Mansoor et al. (2022) found iron-deficiency anemia in 10.42% of ischemic stroke patients.’® The
findings of Maguire et al. (2007) also corroborate our results, as they reported a much higher
prevalence of iron-deficiency anemia in stroke patients compared to controls, reinforcing the link
between anemia and stroke risk.!’

The role of anemia in pediatric ischemic stroke is further supported by studies in adult populations.
For example, Rathore et al. (2021) demonstrated that anemia was significantly associated with
increased stroke severity in their cohort of ischemic stroke patients.?’ Our study found a similar
trend in pediatric patients, reinforcing the idea that anemia may exacerbate stroke outcomes,
regardless of age. Additionally, the study by Hartfield et al. (2000) observed a higher incidence of
ischemic stroke in children with iron deficiency anemia, aligning with our study’s findings that
anemia contributes to more severe stroke presentations.®

The study's strength lies in its focused investigation of anemia as a modifiable risk factor for
pediatric ischemic stroke, supported by robust clinical and neuroimaging data. However, its
limitations include the cross-sectional design, which precludes causal inferences, and the single-
center setting, potentially limiting generalizability.

CONCLUSION
Anemia is significantly associated with increased severity of ischemic stroke in pediatric patients.
Addressing anemia could be a critical step in reducing stroke-related morbidity in children.
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