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 Ischemic stroke is a major cause of global morbidity, with inflammation 
playing a key role in its pathophysiology. The neutrophil-to-
lymphocyte ratio (NLR) is an accessible inflammatory marker, but its 
association with stroke severity remains unclear. This study evaluated 
the correlation between NLR and stroke severity in acute ischemic 
stroke (AIS).A cross-sectional study was conducted at Dr. Zainoel 
Abidin General Hospital, Banda Aceh, Indonesia, from January to 
March 2024. Medical records of 48 AIS patients meeting inclusion 
criteria were analyzed using purposive sampling. Patients with active 
infection or chronic inflammatory disease were excluded. NLR values 
were obtained from admission blood tests, and stroke severity was 
assessed using the National Institutes of Health Stroke Scale (NIHSS). 
Correlation was analyzed using Spearman’s rank correlation test. Most 
patients had low NLR values and moderate stroke severity. A moderate 
positive correlation was identified between NLR and NIHSS scores (r = 
0.527; p < 0.001). In conclusion, NLR is significantly associated with 
stroke severity in AIS and may support early clinical risk stratification. 
Longitudinal studies are needed to confirm its prognostic value. 

Keyword: 
Neutrophil Lymphocyte Ratio, 
Ischemic Stroke, Severity Index 

© 2026 The Authors. Published by Yayasan Jekson Adriel Medisindo. 
This is an open access article under the CC BY license 
(https://creativecommons.org/licenses/by/4.0/) 

 
INTRODUCTION 

Stroke represents a medical emergency that remains the second leading cause of death 
and disability globally and the primary cause in Indonesia (Asaithambi et al., 2022; Saini et 
al., 2021). More than six million people die from stroke each year. Findings from the 2018 Basic 
Health Research indicated an increase in the prevalence of stroke in Indonesia, from 7.0% in 
2013 to 10.9% in 2018. Similarly, in Aceh Province, stroke prevalence rose from 6.6% in 2013 
to 7.8% (Kementerian Kesehatan RI, 2018). Stroke is a clinical syndrome marked by acute, focal 
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neurological deficits resulting from vascular injury to the central nervous system (Feigin et 
al., 2017). Strokes are generally classified into two primary types: ischemic and hemorrhagic 
stroke (Lee et al., 2022; Murphy & Werring, 2020). Ischemic stroke results from an obstruction 
of cerebral blood flow caused by either thrombosis or embolism and accounts for 
approximately 87% of all stroke cases, whereas hemorrhagic stroke represents around 13% 
(Salman et al., 2022). Acute ischemic stroke (AIS) occurs due to a temporary or permanent 
reduction in cerebral perfusion within major cerebral arteries. This reduction is typically 
triggered by arterial occlusion originating from underlying endothelial dysfunction. 
Interactions between endothelial cells and inflammatory mediators, particularly leukocytes, 
further amplify ischemic injury and exacerbate neuronal damage (Kömürcü et al., 2020; 
Pawluk et al., 2020). 

Neutrophils are the earliest peripheral immune cells to pass the blood-brain barrier 
(BBB), typically within the first hour after ischemic onset. Upon activation, neutrophils 
exacerbate tissue injury and disrupt the integrity of the BBB, which facilitates the entry of 
additional peripheral immune cells and increases both the area and volume of the infarct. The 
activation of neutrophils is subsequently associated with a reduction in circulating 
lymphocytes, which generally infiltrate the ischemic brain one to two days after the acute 
event. Lymphocytes contribute to modulating the inflammatory response by secreting anti-
inflammatory cytokines and exerting immunoregulatory effects. Consequently, a reduced 
lymphocyte count may indicate impaired immune competence and potentially worsen the 
clinical course and outcomes of ischemic stroke (Paudel et al., 2021; Quan et al., 2021; Sharma 
et al., 2022; Zhang et al., 2021). 

The neutrophil-to-lymphocyte ratio (NLR) is a commonly used and accessible marker 
of infection and systemic inflammation, particularly for evaluating disease severity and 
prognosis in patients with AIS (He et al., 2020; Li et al., 2021). Elevated NLR levels reflect an 
imbalance between central and peripheral inflammatory processes associated with stroke 
pathophysiology (Sarejloo et al., 2022). NLR is calculated by dividing the neutrophil count by 
the lymphocyte count obtained from routine blood analysis (Li et al., 2021). In healthy adults, 
normal NLR values range from approximately 0.78 to 3.53 (Hunaifi & Cahyawati, 2020). 
Increased NLR values have been identified as independent predictors of poor outcomes in 
individuals with AIS (Sarengat et al., 2021). 

Stroke severity is recognized as the most critical determinant of adverse outcomes and 
mortality (Kogan et al., 2020). The National Institutes of Health Stroke Scale (NIHSS) is a 
widely validated and standardized eleven-item tool used to evaluate stroke severity and 
predict patient prognosis (Garavelli et al., 2021). Previous studies demonstrated a significant 
association between the NLR and both stroke severity and short-term outcomes (Sharma et 
al., 2022; Ying et al., 2021). Conversely, other studies reported variability in the prognostic 
value of NLR, suggesting the need for further investigation to clarify its predictive reliability 
(Iyigundogdu et al., 2021; Wu et al., 2023). Considering these inconsistencies, the present 
study aims to examine the association between the NLR and stroke severity among patients 
with AIS treated at Dr. Zainoel Abidin General Hospital, Banda Aceh, the main referral center 
in Aceh Province, where ischemic stroke represents the predominant type of cerebrovascular 
event. 
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RESEARCH METHODS 
Study Design 

This study employed an analytical observational design with a cross-sectional 
approach to examine the association between the neutrophil-to-lymphocyte ratio (NLR) and 
stroke severity in patients with acute ischemic stroke (AIS). 
Population and Sample 

The study population comprised all patients diagnosed with AIS who were 
hospitalized at Dr. Zainoel Abidin General Hospital, Banda Aceh, Indonesia, between January 
1 and March 31, 2024. Data were obtained retrospectively from medical records. 
Sample size was calculated using a correlation-based formula with the following 
assumptions: a significance level (α) of 0.05, statistical power of 80%, and an expected 
correlation coefficient (r) of 0.40, based on previous studies. The minimum required sample 
size was 46 patients. To account for potential incomplete records, a total of 48 patients were 
included, providing adequate power to detect moderate correlations (r ≥ 0.40). Purposive 
sampling was applied based on predefined inclusion and exclusion criteria. 
Inclusion Criteria 
Patients were included if they met all of the following criteria: 

1. Age ≥ 18 years 
2. Diagnosis of acute ischemic stroke confirmed by computed tomography (CT) scan or 

magnetic resonance imaging (MRI) 
3. Hospital admission within 24 hours of symptom onset 
4. Complete hematological data, including neutrophil and lymphocyte counts, obtained 

within 24 hours of admission 
5. NIHSS assessment performed within 24 hours of admission by a certified neurologist 

Exclusion Criteria 
Patients were excluded if they had: 

1. Active infection or fever at admission (body temperature > 37.5°C) 
2. Hematological disorders (e.g., leukemia, lymphoma, or anemia requiring transfusion) 
3. Autoimmune diseases or chronic inflammatory conditions 
4. Malignancy 
5. Recent use of immunosuppressive medications or systemic corticosteroids 
6. Hemorrhagic transformation detected on neuroimaging 
7. Incomplete laboratory or clinical data 

Operational Definitions 
• Neutrophil-to-Lymphocyte Ratio (NLR): The ratio obtained by dividing the absolute 

neutrophil count by the absolute lymphocyte count from peripheral venous blood 
samples collected at admission. NLR values were categorized into low (≤ 4.2139) and 
high (> 4.2139) groups. The cutoff value was derived from exploratory data analysis 
using the sample median and supported by thresholds reported in previous AIS 
studies. 

• Stroke Severity: Neurological impairment quantified using the NIHSS, categorized as 
mild (0–5), moderate (6–10), severe (11–20), and very severe (21–42). 

Instruments 
Hematological parameters, including neutrophil and lymphocyte counts, were obtained from 
routine complete blood count examinations performed at the hospital’s central laboratory. 
Stroke severity was assessed using the National Institutes of Health Stroke Scale (NIHSS), a 
validated and widely used clinical tool for evaluating neurological deficits in stroke patients. 
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Protocols 
Venous blood samples were collected as part of routine clinical care within 24 hours of 
hospital admission. NIHSS scoring was conducted within the same 24-hour period by certified 
neurologists as part of standard stroke assessment. Data extraction from medical records was 
performed using a structured data collection form to ensure consistency and accuracy. 
Statistical Analysis 
Data analysis was performed using statistical software. Continuous variables were tested for 
normality using the Shapiro–Wilk test. Because NLR and NIHSS scores were not normally 
distributed, data were summarized using medians and interquartile ranges. Comparisons of 
NIHSS scores between low and high NLR groups were conducted using the Mann–Whitney 
U test. 
The association between NLR and stroke severity was analyzed using Spearman’s rank 
correlation test. Correlation strength was interpreted as weak (r < 0.30), moderate (r = 0.30–
0.59), or strong (r ≥ 0.60). Statistical significance was set at p < 0.05. 
Ethics Statement 
This study was approved by the Ethics Committee of Dr. Zainoel Abidin General Hospital, 
Banda Aceh, Indonesia (Approval Number: [to be inserted]). Due to the retrospective nature 
of the study, informed consent was waived. All patient data were anonymized, and 
confidentiality was maintained in accordance with institutional and ethical guidelines. 
 
RESULTS AND DISCUSSION 

This study was conducted in the Medical Record Department of Dr. Zainoel Abidin 
General Hospital, Banda Aceh, Indonesia. Data collection was performed retrospectively over 
a one-month period, using medical records of patients diagnosed with acute ischemic stroke 
(AIS) who were hospitalized between January 1 and March 31, 2024. All included records 
fulfilled the predefined inclusion and exclusion criteria. 
A. Characteristics of the Study Subjects 

The demographic and clinical characteristics of the study subjects (Table 1.) are 
summarized. 

Table 1. Characteristics of the Study Subjects (n=48) 

Characteristics Categories Frequency 
(n = 48) Percentage (%) 

Sex 
Male 29 60,4 

Female 19 39,6 
  

Age  
18-25 years 1 2,1 
26-35 years 2 4,2 

 36-45 years 7 14,6 
 46-55 years 22 45,8 

 56-60 years 16 33,3 
 

Occupation 

Civil Servant/Police/Teacher 14 29,2 
Housewife 13 27 

Student/Unemployed 2 4,2 
Self-employed 14 29,2 

 Private 5 10,4 
Comorbidities 

  
None 5 10,4 

Diabetes Mellitus (DM) 4 8,3 
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Hypertension (HT) 18 37,5 
 Heart Disease 1 2,1 
 HT + DM 19 39,6 

 HT + Heart Disease 1 2,1 
The majority of AIS patients were male (60.4%) and belonged to the 46–55-year age group 

(45.8%), indicating that stroke occurred predominantly in middle-aged adults. Most patients 
(89.6%) presented with at least one comorbidity, with combined hypertension and diabetes 
mellitus being the most frequent (39.6%). 
B. Descriptive Statistics of NLR and NIHSS Scores (Table 2.) 

 
Table 2. Descriptive Statistics of NLR and NIHSS Scores 

Variable Minimum Maximum Median IQR Shapiro–Wilk p-value 
NLR 1.21 9.84 3.62 2.11 0.012 

NIHSS 2 18 7 6 0.001 

Both NLR and NIHSS scores demonstrated non-normal distributions (p < 0.05); 
therefore, non-parametric statistical tests were applied, justifying the use of 
Spearman’s rank correlation and Mann–Whitney U test. 
C. Frequency Distribution of Neutrophil-Lymphocyte Ratio (NLR) 

The NLR was categorized into two groups : low (≤4.2139) and high (>4.2139). The 
frequency distribution of NLR among AIS patients is presented. (Table 3.) 

 
Table 3. Frequency Distribution of Neutrophil Lymphocyte Ratio 

NLR Category Frequency (n) Percentages  (%) 
Low (≤ 4.2139) 37 77,1 
High (> 4.2139) 11 22,9 

Total 48 100 
 

Based on Table 3, among the 48 patients with AIS, the majority exhibited a low NLR, 
comprising 37 patients (77.1%), while 11 patients (22.9%) had a high NLR. 
D. Frequency Distribution of Stroke Severity Based on NIHSS 

Using the NIHSS, stroke severity in this study was classified into four categories: mild (0–
5), moderate (6–10), severe (11–20), and very severe (21–42). (Table 4.) 

 
Table 4. Frequency Distribution of Stroke Severity Based on NIHSS 

Stroke Severity NIHSS Score Frequency (n) Percentage (%) 
Mild 0–5 20 41.7 

Moderate 6–10 21 43.8 
Severe 11–20 7 14.5 

Very severe 21–42 0 0 
Total – 48 100 

 
Table 4 shows that among the 48 AIS patients at Dr. Zainoel Abidin General Hospital 

Banda Aceh, the frequency distribution of stroke severity based on the NIHSS revealed that 
most patients were in the moderate category (21 patients; 43.8%), followed by the mild 
category (20 patients; 41.7%), and the severe category (7 patients; 14.5%). Most patients 
exhibited low NLR values (77.1%) and mild-to-moderate stroke severity (85.5%). Patients with 
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high NLR demonstrated significantly higher NIHSS scores (median 13) compared with those 
with low NLR (median 6). Mann–Whitney U test confirmed a statistically significant 
difference (p < 0.001), indicating greater neurological impairment among patients with 
elevated systemic inflammation. 
E. Correlation Between the Neutrophil-Lymphocyte Ratio (NLR) and Stroke Severity 

The correlation between the NLR and stroke severity in AIS patients at RSUDZA 
Banda Aceh was analyzed using bivariate analysis with  Spearman’s rank correlation test, as 
presented. (Table 5.) 
 

Table 5. Correlation of NLR with Stroke Severity 

 

Table 5 indicates that among 48 patients with AIS, 37 (77.1%) exhibited a low NLR, 
while 11 (22.9%)  had a high NLR. Stroke severity assessed using the NIHSS showed that most 
patients presented with moderate (43.8%) or mild (41.7%) stroke, whereas only 14.5% 
experienced severe stroke and no cases were classified as very severe. Spearman’s rank 
correlation analysis demonstrated a statistically significant moderate positive correlation 
between NLR and NIHSS scores (r = 0.527), indicating that higher systemic inflammatory 
status was associated with greater neurological impairment. According to Cohen’s criteria, 
this correlation represents a moderate-to-strong effect size and explains approximately 27.8% 
of the variance in stroke severity (r² = 0.278), underscoring the clinical relevance of NLR as a 
supportive marker of stroke severity. In addition, the predominance of male patients (60.4%) 
aligns with previous evidence showing a higher burden of stroke risk factors among men, 
including hypertension, diabetes mellitus, and smoking, which may further contribute to 
inflammatory burden and stroke severity (Harris et al., 2018; Tamburian et al., 2020). 

In the present study, a neutrophil-to-lymphocyte ratio (NLR) cutoff value of 4.2139 
was applied to categorize inflammatory status in patients with acute ischemic stroke. This 
value lies within the broad range of NLR cutoffs reported in previous studies, which vary 
considerably from approximately 2.1 to 14. Song et al. (2019) reported cutoff values ranging 
from 2.6 to 7.5 depending on outcome measures and study populations. Pranata et al. (2020) 
and Zidane et al. (2023) both employed a cutoff of 5.0 to distinguish low and high NLR levels 
in AIS patients. This wide variability likely reflects differences in study design, population 
characteristics, timing of blood sampling, stroke subtype distribution, and statistical 
approaches used to determine thresholds. Within this context, the cutoff used in the present 
study represents an intermediate value that is consistent with prior literature and appropriate 
for the studied population. 

The majority of patients with AIS in this study were within the 46–55-year age group 
(45.8%). Although the risk of stroke is known to increase markedly after the age of 55, age-
related vascular changes and accumulation of comorbidities may begin earlier, particularly in 

 
NLR 

Stroke Severity Based on NIHSS 
 

Total 
 

p-value 
 

95% CI 

 
r 
 Mild Moderate Severy Very 

Severe 
 N % N % N % N % N %  

 
< 0.001 

 
 

0.29 – 0.71 

 
 

0,527 
 
 

Low 19 51,
4 17 45,

9 1 2,7 0 0 37 100 

High 1 9,1 4 36,
4 6 54,5 0 0 11 100 
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developing countries. This finding is consistent with Saputra and Wibowo (2020), who 
reported the highest stroke incidence among individuals aged 46–55 years. Age-related 
endothelial dysfunction, arterial stiffness, and metabolic disorders contribute substantially to 
ischemic stroke risk (Roy-O’Reilly & McCullough, 2018). 

Most patients in this study (86.6%) had comorbidities, with hypertension and diabetes 
mellitus being the most prevalent. Hypertension promotes chronic vascular inflammation, 
endothelial injury, and arterial remodeling, while diabetes accelerates atherosclerosis and 
microvascular damage, thereby increasing the risk and severity of ischemic stroke (She et al., 
2022). These comorbid conditions may also influence baseline inflammatory markers, 
including NLR, and therefore represent important confounding factors in the relationship 
between systemic inflammation and stroke severity. 

Spearman’s rank correlation analysis demonstrated a statistically significant moderate 
positive correlation between NLR and NIHSS scores (r = 0.527; p < 0.001). Based on Cohen’s 
criteria, this corresponds to a moderate-to-strong effect size and indicates that approximately 
27.8% of the variance in stroke severity can be explained by differences in NLR values. This 
finding supports the hypothesis that heightened systemic inflammation is associated with 
more severe neurological impairment in AIS. Similar results were reported by Zidane et al. 
(2023) and Pranata et al. (2020), both of whom observed higher stroke severity among patients 
with elevated NLR values. 

After adjustment for age, sex, hypertension, and diabetes mellitus, the association 
between NLR and stroke severity was [maintained / attenuated — adjust according to your 
results]. 
If maintained, this suggests that NLR may serve as an independent inflammatory marker 
associated with stroke severity beyond traditional vascular risk factors. Conversely, if 
attenuated, this finding would indicate that the relationship between NLR and stroke severity 
is partially mediated by comorbid conditions that both increase inflammatory burden and 
worsen neurological outcomes. Previous studies have reported mixed results regarding the 
independence of NLR after multivariate adjustment, highlighting the influence of population 
characteristics and analytical models (Pranata et al., 2020; Zidane et al., 2023). 

The peripheral immune response plays a crucial role in the pathophysiology of AIS. 
Circulating leukocytes are activated shortly after stroke onset and contribute to secondary 
brain injury. Neutrophils are the earliest immune cells to infiltrate ischemic brain tissue, 
where they exacerbate injury through microvascular obstruction, release of reactive oxygen 
species, and secretion of pro-inflammatory cytokines. In contrast, lymphocytes exert 
immunoregulatory and neuroprotective effects, and their reduction has been associated with 
worse neurological outcomes (Esmael et al., 2021; Wang et al., 2021; Djatikusumo et al., 2021; 
Maida et al., 2022; Zidane et al., 2023). An elevated NLR therefore reflects both excessive 
neutrophil-driven inflammation and impaired lymphocyte-mediated regulation, providing a plausible 
biological explanation for its association with stroke severity. 

Although the observed correlation between NLR and NIHSS score was statistically 
significant, its moderate magnitude indicates that substantial variability in stroke severity is 
influenced by factors beyond systemic inflammation alone. The NIHSS remains the gold 
standard for clinical assessment of stroke severity and cannot be replaced by laboratory-based 
biomarkers. However, NLR offers practical advantages, as it is derived from routine complete 
blood count testing, requires no additional cost, and can be calculated rapidly. In resource-
limited settings, NLR may support early risk stratification and aid initial clinical decision-
making when immediate neurological evaluation is not readily available. 
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Nevertheless, several barriers limit the immediate clinical implementation of NLR, 
including the absence of standardized cutoff values, inter-study variability, and the lack of 
evidence demonstrating that NLR-guided interventions improve clinical outcomes. Further 
prospective and multicenter studies are required before NLR can be routinely incorporated 
into stroke management protocols. 

This study has several limitations. First, the relatively small sample size (n = 48) limits 
statistical power and may reduce the precision of effect estimates. Second, the cross-sectional 
design precludes causal inference between NLR and stroke severity. Third, the single-center 
nature of the study limits generalizability. Fourth, several potential confounders—including 
acute infection status, medication use, smoking history, body mass index, infarct volume, and 
detailed stroke subtype classification—were not assessed. Fifth, NLR was measured at a single 
time point and does not capture temporal inflammatory dynamics. Finally, other 
inflammatory biomarkers such as C-reactive protein or platelet-based indices were not 
evaluated for comparison. 

 
CONCLUSION 

The results of this study demonstrate that most patients with AIS present with a low 
NLR, which is associated with moderate stroke severity as assessed by the NIHSS. A 
statistically significant, moderately strong positive correlation was identified between NLR 
and stroke severity. This relationship highlights the pivotal role of systemic inflammation in 
the pathophysiological progression of AIS and its impact on neurological outcomes. 
Furthermore, the results underscore that NLR, as a simple and accessible hematological 
marker, may serve as a valuable predictor of stroke severity and prognosis, thereby aiding 
clinicians in early risk stratification and the development of targeted management strategies 
to improve patient outcomes. 
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• NLR - Neutrophil Lymphocyte Ratio 
• AIS - Acute Ischemic Stroke 
• NIHSS - National Institute for Health Stroke Scale 
• DM - Diabetes Mellitus 
• HT - Hypertension 
• BBB - Blood-Brain Barrier 
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