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Abstract

Background and Objectives: This study aimed to assess the prognostic value of several
inflammation-based hematological indices in patients with ischemic and hemorrhagic
stroke and to evaluate whether their prognostic significance differs between stroke types.
The analyzed indices included the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), systemic inflammatory
response index (SIRI), systemic immune-inflammation index (SII), and aggregate index
of systemic inflammation (AISI). Materials and Methods: This retrospective cohort study
analyzed the medical records of stroke patients admitted to two hospitals in Shymkent,
Kazakhstan. Hematological parameters were calculated from routine complete blood
counts obtained on the third day of hospitalization. Nonparametric tests, univariable and
multivariable logistic regression, and receiver operating characteristic (ROC) analysis were
used to evaluate associations between inflammatory indices and in-hospital mortality. Re-
sults: A total of 199 patients who met the inclusion criteria were classified into three groups
according to in-hospital outcome at discharge: (1) patients discharged alive (favorable
outcome), (2) patients who died during hospitalization due to ischemic stroke (unfavorable
ischemic stroke), and (3) patients who died during hospitalization due to hemorrhagic
stroke (unfavorable hemorrhagic stroke). NLR, SIRI, AISI, and SII values were significantly
higher in both unfavorable outcome groups compared with the favorable outcome group
(p < 0.001, effect size r > 0.6). No statistically significant differences were observed between
unfavorable ischemic and hemorrhagic stroke outcomes. In logistic regression analysis,
NLR (OR = 1.65) and SIRI (OR = 2.36) showed the strongest associations with in-hospital
mortality. ROC analysis demonstrated good predictive performance, with AUC values
of 0.885 for NLR and 0.867 for SIRI. Conclusions: The inflammatory indices evaluated in
this study were associated with stroke outcomes regardless of stroke subtype. Among
them, SIRI and NLR showed the highest prognostic value. These indices may serve as
accessible markers of disease severity but should not be considered independent clinical
decision-making tools.
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1. Introduction

Stroke remains one of the leading causes of disability and mortality worldwide. Ac-
cording to the World Stroke Organization (Global Stroke Fact Sheet 2025), stroke is the
second leading cause of death and the third leading cause of combined death and disability,
measured by disability-adjusted life years [1]. In recent years, increasing attention has been
paid to neuroinflammation as a key mechanism in stroke pathogenesis. Ischemic brain in-
jury triggers a complex inflammatory cascade involving sequential activation of circulating
blood cells and local immune responses [2—4]. Several recent studies have demonstrated
that elevated inflammatory indices, such as NLR and SII, are associated with increased
stroke severity and worse clinical outcomes [5-7]. In the acute phase of ischemia, the
inflammatory cascade response involves the rapid and coordinated activation of immune
cells. Neutrophils infiltrate injured tissues within minutes to hours, releasing reactive
oxygen species, cytokines, and proteolytic enzymes that disrupt the blood-brain barrier
(BBB) [8,9]. Lymphocyte suppression and migration of T cell subsets further contribute
to immune regulation [10], whereas monocytes differentiate into macrophages with both
inflammatory and reparative functions [11]. Platelet interactions amplify vascular injury
through thrombo-inflammatory mechanisms [12,13]. As these pathways are reflected in
blood parameters such as NLR, SII, SIRI, and AISI, their elevation in patients with stroke
may reflect the intensity of systemic inflammatory response during the acute phase of
stroke. Therefore, hematological markers associated with inflammation are gaining atten-
tion as accessible and cost-effective biomarkers for stroke prognosis. Thus, the aim of this
study was to compare the prognostic significance of simple hematological indices (NLR,
PLR, LMR, SIR], S1I, and AISI) for in-hospital mortality of stroke and to assess whether
their prognostic value differs between ischemic and hemorrhagic strokes.

2. Materials and Methods
2.1. Study Design and Population

The medical records of 432 patients with ischemic or hemorrhagic stroke were ret-
rospectively analyzed. All patients were admitted to the Stroke Center of the Regional
Clinical Hospital and City Clinical Hospital No. 1 in Shymkent, Kazakhstan, between 2023
and 2024.

The inclusion criteria were age < 85 years, a confirmed diagnosis of ischemic or hemor-
rhagic stroke, hospitalization in the neurology department, and the availability of complete
medical records with hematological data obtained from the third day of hospitalization.
The exclusion criteria included age > 85 years, a history of transient ischemic attack, recent
major surgery, malignancy, chronic inflammatory or severe somatic diseases, early death
within the first 1-2 days of hospitalization, and incomplete documentation. Patients were
classified into three groups based on stroke type and in-hospital outcome at discharge:
(1) favorable outcome, defined as survival to hospital discharge; (2) unfavorable outcome
due to ischemic stroke, defined as in-hospital mortality; and (3) unfavorable outcome due
to hemorrhagic stroke, defined as in-hospital mortality. The favorable outcome group was
used as the reference group for comparative analyses. Given the retrospective design, the
analysis was observational in nature, and the results should be interpreted as associations
rather than causal relationships.
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2.2. Laboratory Parameters and Inflammatory Indices

Hematological indices were analyzed using data from complete blood counts ex-
pressed as x10°/L and leukocyte differentials obtained on the third day after admission
to the neurology department. Complete blood counts were performed using automated
hematology analyzers according to standard laboratory protocols. All measurements
were conducted in certified hospital laboratories with routine internal quality-control
procedures. Based on experimental and clinical evidence indicating that systemic in-
flammatory responses and leukocyte activation peak approximately 48-72 h after stroke
onset, corresponding to a more stable subacute phase of inflammation [14-17], blood
samples were collected on the third day after hospitalization. This time point was se-
lected to minimize the influence of early stress-related hematological fluctuations ob-
served during the first hours after stroke and to better reflect stabilized systemic in-
flammatory activity. Systemic inflammatory indices were calculated using the follow-
ing standard formulas: neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), lymphocyte-to-monocyte ratio (LMR), systemic inflammatory response index
(SIRI = (neutrophils x monocytes)/lymphocytes), systemic immune-inflammation index
(SII = platelets x (neutrophils/lymphocytes)), and aggregate index of systemic inflamma-
tion (AISI = (neutrophils x monocytes x platelets)/lymphocytes).

2.3. Statistical Analysis

Statistical analysis was performed with Jamovi version 2.3.28 (The Jamovi project,
2021; www.jamovi.org) and Python version 3.13.1 (Python Software Foundation; https:
/ /www.python.org; accessed 10 January 2026). Continuous variables showed non-normal
distributions; therefore, nonparametric statistical methods were applied. The outcome
variable was coded as 0 = favorable and 1 = unfavorable. Differences between the groups
were assessed using the Mann-Whitney U test. Binary logistic regression was used to
evaluate the association between inflammatory markers and stroke outcomes. Results are
presented as odds ratios (ORs) with 95% confidence intervals (Cls). Receiver operating
characteristic curve analysis was performed to assess the predictive value of the individual
inflammatory indices. Odds ratios in logistic regression models were calculated using
continuous variables. ROC-derived cutoff values were not used for regression modeling. To
identify independent predictors of in-hospital mortality, a multivariable logistic regression
analysis was conducted. In-hospital mortality was used as the dependent variable. Age
was included as a continuous variable. Sex was coded as a binary variable (0 = male,
1 = female). Stroke type (ischemic or hemorrhagic) and inflammatory indices (NLR and
SIRI) were included as covariates. Statistical significance was set at p < 0.05 and high
significance at p < 0.001.

3. Results
3.1. Study Population

After applying the inclusion and exclusion criteria, outlier detection was performed
using Z-score analysis for continuous inflammatory indices. Observations with abso-
lute Z-scores > 3 were considered extreme values and excluded from the final dataset.
A total of 16 cases (7.4% of the initial sample) were removed. After outlier exclusion,
199 patients were included in the final analysis. The study included 69 patients with
a favorable outcome, 72 with an unfavorable ischemic stroke outcome, and 58 with an
unfavorable hemorrhagic stroke outcome. Outlier removal was performed to reduce the
influence of extreme observations on regression estimates and to improve model stability.

The mean age of the study population was similar across the outcome groups. Pa-
tients with a favorable outcome had a mean age of 63.1 £ 10.2 years, while patients
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with unfavorable ischemic and hemorrhagic stroke had mean ages of 66.8 £ 9.8 and
59.4 & 12.1 years, respectively. The proportion of men and women was also comparable
between the groups. No statistically significant differences in age or sex distribution were
observed; therefore, these variables were not included in the univariate group comparisons
but were assessed in the multivariable regression analysis.

3.2. Comparison of Hematological Indices Between Groups

Based on the Mann—-Whitney U test results (Table 1), NLR, AISI, SIRI, and SII values
were significantly higher in both unfavorable ischemic stroke and unfavorable hemorrhagic
stroke groups compared with the favorable outcome group (all p < 0.001), with large
effect sizes (r > 0.6). In contrast, PLR and LMR did not show clinically relevant differences
between outcome groups. Importantly, no statistically significant differences were observed
between unfavorable ischemic and hemorrhagic stroke outcomes for any inflammatory
index (all p > 0.05; effect sizes r < 0.1). Therefore, patients with unfavorable outcomes were
combined into a single group for subsequent analyses.

Table 1. Comparison of inflammatory and hematological indices among study groups.

Unfavorable p1 (Unfavorable Unfavorable  p, (Unfavorable p3 (Unfavor-
Favorable Outcome IS . able IS vs.
Index . IS vs. Favorable 21 HS (Median, HS vs. Favorable 1, 73
Outcome (Median, Outcome Stroke) IQR) Outcome Stroke) Unfavorable
IQR) HS)
0.944 2.25 2.02
NLR (0.560-1.29) (1.48-2.68) <0.001 0.723 (1.38-2.63) <0.001 0.671 >0.05 0.0864
5.04 5.17 5.05
PLR (4.77-5.21) (4.78-5.52) >0.05 0.188 (4.72-5.47) >0.05 0.099 >0.05 0.0764
1.32 0.824 0.822
LMR (1.01-1.61) (0.351-1.30) <0.001 0.426 (0.351-1.39) <0.001 0.361 >0.05 0.0506
5.80 7.03 7.01
AISI (5.37-6.11) (6.29-7.72) <0.001 0.657 (6.29-7.71) <0.001 0.613 >0.05 0.0344
091 1.69 1.62
SIRI (0.139-0.577) (0.97-2.21) <0.001 0.720 (0.72-2.29) <0.001 0.667 >0.05 0.0446
6.50 7.65 7.42
Sl (6.25-6.87) (6.86-8.19) <0.001 0.668 (6.75-8.19) <0.001 0.609 >0.05 0.0716

Values are presented as median (IQR) of In-transformed variables. p;—comparison between the unfavorable
ischemic stroke group and the favorable outcome group. p,—comparison between the unfavorable hemor-
rhagic stroke group and the favorable outcome group. pz—comparison between the unfavorable ischemic
stroke group and the unfavorable hemorrhagic stroke group. rj, rp, and r3 represent the corresponding ef-
fect sizes for pi, p2, and p3, estimated using the Mann-Whitney U test. All p-values were obtained using the
Mann-Whitney U test. Abbreviations: IS, ischemic stroke; HS, hemorrhagic stroke; IQR, interquartile range;
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio;
AISI, aggregate index of systemic inflammation; SIRI, systemic inflammatory response index; SII, systemic
immune-inflammation index.

3.3. Logistic Regression Analysis

Univariable logistic regression analysis (Table 2) showed that the most signifi-
cant predictors of adverse outcomes were NLR and SIRI, with OR values of 1.647
(95% CI: 1.37-1.97, p < 0.001) and 2.360 (95% CI: 1.7-3.2, p < 0.001), respectively. The
confidence intervals for both indices exceeded one, supporting the reliability of the associa-
tions. In addition to NLR and SIRI, the AISI index demonstrated moderate predictive value
in identifying adverse outcomes. The optimal threshold value for AISI was 530.6, with a
sensitivity of 76.1% and specificity of 85.5%. Other indices, such as LMR, PLR, and SII, also
reached statistical significance but showed lower prognostic performance.
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Table 2. Predictive performance of inflammatory and hematological indices for unfavorable stroke

outcomes.
Index AUC (95% CI) p-Value (CLI(I,;)Off (C(;ll-tl-g?ifal) Sensitivity %  Specificity % OR (95% CI)
NLR 0.885 (0.80-0.90)  <0.001 1.78 4.8 70.0 94.2 1.647 (1.37-1.97)
PLR 0.577 (0.49-0.66)  <0.008 543 199.4 41.5 84.1 1.004 (1.001-1.010)
LMR 0.702 (0.63-0.77)  <0.004 1.92 1.9 43.1 95.6 0.806 (0.7-0.93)
AISI 0.825 (0.76-0.88)  <0.001 6.67 530.6 76.1 85.5 1.003 (1.002-1.004)
SIRI 0.867 (0.79-0.90)  <0.001 1.33 27 71.5 97.1 2.360 (1.7-3.2)
SII 0.851 (0.77-0.88)  <0.001 7.14 1251.2 69.2 94.2 1.002 (1.001-1.003)

Cut-off (log) indicates the optimal threshold derived from In-transformed values. Cut-off (original) indicates
the corresponding threshold in the original (non-transformed) scale. Sensitivity and specificity are presented
as percentages. p-values were obtained from ROC curve analysis. Odds ratios (ORs) with 95% confidence
intervals (CIs) were calculated using logistic regression models with continuous predictors. Abbreviations:
ROC, receiver operating characteristic curve; AUC, area under the curve; CI, confidence interval; OR, odds
ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte
ratio; AISI, aggregate index of systemic inflammation; SIRI, systemic inflammatory response index; SII, systemic
immune-inflammation index.

3.4. Multivariable Logistic Regression Analysis

In the multivariable logistic regression analysis (Table 3), age and NLR remained
independently associated with in-hospital mortality. Each one-year increase in age was as-
sociated with an approximately 8% increase in the odds of death (OR 1.09, 95% CI 1.03-1.15;
p = 0.003). Higher NLR values were also independently associated with an unfavorable
outcome (OR 1.71, 95% CI 1.25-2.34; p < 0.001). SIRI showed a positive association with
in-hospital mortality; however, this association did not reach statistical significance after
adjustment (OR 1.56, 95% CI 0.96-2.52; p = 0.073). Although inflammatory indices did
not differ between stroke subtypes in stratified analysis, stroke type itself remained inde-
pendently associated with mortality risk in the multivariable model. Hemorrhagic stroke
was associated with a substantially higher risk of in-hospital mortality compared with
ischemic stroke (OR 17.9, 95% CI 4.7-68.3; p < 0.001). Sex was not independently associated
with outcome.

Table 3. Multivariable logistic regression analysis of factors independently associated with unfavor-
able in-hospital outcome.

Variable Odds Ratio (OR) 95% CI p-Value
Age (per 1-year increase) 1.09 1.03-1.15 0.003
NLR 1.71 1.25-2.34 <0.001
SIRI 1.56 0.96-2.52 0.073
Stroke type (hemorrhagic vs. ischemic)  17.9 4.69-68.34 <0.001
Sex (female vs. male) 0.74 0.29-1.91 0.531

Odds ratios (OR) and 95% confidence intervals (CI) were obtained from multivariable logistic regression analysis.
In-hospital mortality was used as the dependent variable (0 = survived, 1 = died). Age was analyzed as a
continuous variable (per 1-year). Sex and stroke type were entered as binary variables. NLR and SIRI were
included as continuous predictors. Abbreviations: OR, odds ratio; CI, confidence interval; NLR, neutrophil-to-
lymphocyte ratio; SIRI, systemic inflammatory response index.

3.5. ROC Curve Analysis

Based on ROC analysis, NLR and SIRI demonstrated the highest discriminatory ability
for unfavorable in-hospital outcomes, with AUC values of 0.885 and 0.867, respectively
(Figure 1). The cutoff values of 4.8 for NLR and 2.7 for SIRI were identified to describe
diagnostic performance, including sensitivity and specificity. These cutoff values were used
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for classification purposes only and were not applied in logistic regression models for risk
estimation. The other inflammatory indices exhibited lower discriminatory performance.
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Figure 1. Receiver operating characteristic curves (ROC) of inflammatory and hematological indices
for predicting unfavorable in-hospital stroke outcomes. The gray diagonal line represents the line of
no discrimination (AUC = 0.5). Abbreviations: ROC, receiver operating characteristic curve; AUC,
area under the curve. SIRI, systemic inflammatory response index; AISI, aggregate index of systemic
inflammation; SII, systemic immune-inflammation index; PLR, platelet-to-lymphocyte ratio; NLR,
neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio. NLR and SIRI demonstrated
the highest discriminative performance, with AUC values of 0.885 and 0.867, respectively. AISI and SII
showed moderate predictive ability, whereas PLR demonstrated limited discriminative performance.

3.6. Distributions of Indices Across Study Groups

The distribution of log-transformed inflammatory indices across the study groups was
analyzed using violin plots (Figure 2). As shown in the graphs, NLR, SII, AISI, and SIRI
exhibited significant differences in data distribution between the “0—favorable outcome
stroke” and “1—unfavorable outcome stroke” groups. The LMR also demonstrated notable
differences, but with an inverse trend, and was higher in the favorable outcome stroke
group. In contrast, the PLR did not differ significantly between the groups.

In an exploratory stratified analysis by stroke subtype, inflammatory indices were
compared separately in patients with ischemic and hemorrhagic stroke (Table 2). NLR,
LMR, AISI, SIRI, and SII values were significantly higher in patients with unfavor-
able outcomes compared to those with favorable outcomes in both stroke subtypes
(all p < 0.001). No statistically significant differences were observed between unfavor-
able ischemic and unfavorable hemorrhagic stroke groups, suggesting that the prognostic
value of these indices reflects overall disease severity rather than stroke subtype. Based on
our analyses, SIRI and NLR showed the strongest associations with unfavorable outcomes,
demonstrating the highest odds ratios and AUC values among the studied indices. These
findings are consistent with growing evidence that systemic inflammation is closely linked
to stroke severity and early neurological deterioration.
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Figure 2. Violin plots of log-transformed inflammatory indices according to clinical outcome
(0 = favorable outcome; 1 = unfavorable outcome). Violin plots showing the distribution of in-
flammation indices according to clinical outcome. The panels represent: (A) NLR, (B) PLR, (C) LMR,
(D) AISI, (E) SII, and (F) SIRI, shown as log-transformed variables. The violin shape represents
the core of the data density distribution. The embedded box plot shows the interquartile range
(IQR), the horizontal line inside the box represents the median, and the square marker indicates the
mean. Individual data points are shown as dots. Abbreviations: NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; AISI, aggregate index
of systemic inflammation; SII, systemic immune-inflammation index; SIRI, systemic inflammatory
response index. Panel descriptions: (A): PLR did not differ significantly between the groups (p > 0.05).
(B): LMR was significantly lower in the unfavorable outcome group (p < 0.001). (C): NLR was
significantly higher in patients with unfavorable outcomes (p < 0.001). (D): AISI was significantly
higher in the unfavorable outcome group (p < 0.001). (E): SII was significantly higher in the unfa-
vorable outcome group (p < 0.001). (F): SIRI was significantly higher in the unfavorable outcome
group (p < 0.001).
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4. Discussion

In the present study, age was independently associated with an increased risk of
unfavorable outcome. This association remained statistically significant in the multivari-
able logistic regression analysis after adjustment for sex, stroke type, and inflammatory
indices. This indicates that age contributes to stroke outcome independently of systemic
inflammatory markers. This finding is consistent with previous studies showing that age is
an important factor influencing stroke prognosis, regardless of stroke subtype [18]. The
association between age and outcome may reflect differences in baseline physiological
resilience and recovery capacity, rather than differences in inflammatory activity alone.

Among the inflammatory indices analyzed, SIRI and NLR showed the strongest
associations of unfavorable outcomes. These indices demonstrated the highest odds ra-
tios and AUC values among all markers analyzed. This finding supports growing ev-
idence that systemic inflammation is closely associated with stroke severity and early
neurological deterioration.

The association between higher SIRI values and unfavorable outcomes may be ex-
plained by the combined involvement of neutrophils, lymphocytes, and monocytes in
post-stroke inflammatory and immune responses. Elevated neutrophil counts reflect activa-
tion of inflammatory pathways and oxidative stress, which may contribute to secondary
brain injury [19]. At the same time, lymphopenia reflects dysregulation of the post-stroke
immune response and is associated with increased vulnerability to complications. Increased
monocyte counts indicate activation of systemic inflammatory mechanisms. Together, these
changes suggest an imbalance between inflammatory activation and immune suppression
after stroke. Such immune processes may contribute to a more severe disease course and
higher risk of in-hospital mortality [20]. Dang et al. reported that an elevated SIRI (>4.57)
predicted higher 30-day, 90-day, and 1-year mortality and was an independent risk factor
for poor prognosis in ischemic stroke [21]. Zhou et al. showed that a one-unit increase in
SIRI was associated with a nearly 59% increase in the risk of unfavorable outcomes [22].
Combined with the ROC analysis, these findings suggest that SIRI may serve as a useful
and accessible marker associated with adverse outcomes after stroke.

The prognostic value of NLR has also been widely reported. NLR reflects the balance
between neutrophil-mediated inflammatory activation and lymphocyte-related immune regula-
tion. Previous studies have shown that elevated NLR is associated with increased mortality and
complications after ischemic stroke [23-25]. The results of the present study further support the
role of NLR as a simple and practical indicator of adverse outcomes in acute stroke.

Because AISI combines several hematological parameters, it reflects the overall in-
tensity of systemic inflammation. In this study, higher AISI values were associated with
unfavorable outcomes. Similar findings have been reported in previous studies, which
showed that elevated AISI values were related to increased mortality in both ischemic and
hemorrhagic stroke [26-28].

Taken together, SIRI, NLR, SII, and AISI reflect different components of the inflam-
matory response, including neutrophil activation, lymphocyte suppression, and throm-
boinflammatory processes. Elevated values of these indices in patients with unfavorable
outcomes likely reflect a more pronounced systemic inflammatory response and immune
imbalance during the acute phase of stroke [29,30].

In this study, no significant differences were observed in the prognostic value of
inflammatory indices between ischemic and hemorrhagic stroke. This finding suggests
that these markers primarily reflect overall disease severity rather than stroke subtype-
specific mechanisms. However, ischemic and hemorrhagic strokes differ in their underlying
pathophysiology, and the absence of subtype-specific differences should be interpreted
cautiously. The lack of statistically significant differences may be related to limited statistical
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power in subgroup analyses. Although stroke subtype was included as a covariate, larger
studies are required to confirm these findings.

Further prospective, multicenter studies with standardized outcome measures are
needed to confirm these findings and to clarify the clinical role of inflammatory hemato-
logical indices in stroke prognosis. It should be acknowledged that elevated inflammatory
indices may reflect stroke severity, acute stress response, or concomitant infections rather
than having a direct causal role in unfavorable outcomes. To reduce potential confound-
ing, patients with acute infections and other active inflammatory conditions were excluded
at baseline. Extreme values were removed using Z-score analysis, and blood samples were
collected on the third day after hospitalization to minimize the influence of early stress-related
hematological fluctuations. However, due to the retrospective design, residual confounding and
reverse causation cannot be completely excluded. Therefore, the observed associations should
be interpreted as prognostic relationships rather than evidence of direct causal effects.

Limitations

This study had several limitations. Its retrospective design limited adjustment for all
potential confounders. The sample size was relatively small and included patients from
only two centers within a single region. Standardized neuroimaging data and detailed
information on comorbidities, stroke severity, treatments, and in-hospital complications
were limited. Concomitant infections and corticosteroid use were not fully accounted for,
which may have influenced inflammatory marker levels. Standardized stroke severity
measures, such as the National Institutes of Health Stroke Scale (NIHSS) based on imaging,
were not consistently available in this retrospective dataset. In this study, the primary
outcome was in-hospital mortality (survival versus death). Stroke severity is a major
determinant of early mortality and is also likely to be associated with systemic inflammatory
response. Therefore, the lack of adjustment for severity may limit the interpretation of
the independent prognostic value of inflammatory indices. Elevated hematologic markers
may partly reflect more severe initial neurological damage rather than acting as completely
independent predictors of death.

An additional limitation is the exclusion of patients who died within the first 1-2 days
of hospitalization. Because inflammatory indices were calculated using blood samples
obtained on day 3 to minimize the influence of the hyperacute stress response, patients who
did not survive until this time point were not included in the analysis. This may introduce
survivor bias and limits the applicability of the findings primarily to patients who survived
beyond the hyperacute phase of stroke.

5. Conclusions

In this retrospective study, SIRI and NLR showed the strongest associations with unfa-
vorable outcomes in patients with both ischemic and hemorrhagic stroke. Their prognostic
performance was similar across stroke types. The AISI index was also associated with over-
all inflammatory activity. These indices likely reflect the intensity of systemic inflammation
during the acute phase of stroke. This information may be useful in clinical settings where
access to advanced neuroimaging is limited. However, the inflammatory indices evaluated
in this study should be interpreted as associative prognostic markers rather than validated
clinical decision-making tools. Although they are derived from routine blood tests and
are easy to obtain, their clinical utility requires further confirmation. Future prospective,
multicenter studies with detailed clinical data and standardized neuroimaging are needed
to validate these findings.

https:/ /doi.org/10.3390/medicina62030441


https://doi.org/10.3390/medicina62030441

Medicina 2026, 62, 441

10 of 12

References

Author Contributions: Conceptualization, N.Z. and G.A.; methodology, G.A. and G.M.; software,
G.A,; validation, G.A., N.Z. and G.M.; formal analysis, G.A.; investigation, G.M., A.Y. and M.S.;
resources, G.T., AT. and A.Y,; data curation, S.R., D.T,, Z.S. and A.M.; writing—original draft
preparation, G.A.; writing—review and editing, G.A. and N.Z.; visualization, G.A.; supervision,
N.Z.; project administration, N.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was carried out within the Scientific and Technical Program of the South
Kazakhstan Medical Academy (State Registration Number: 0118PK/10250), under the project titled
“Improvement of brain death diagnostics in intensive care, neurosurgical, and neurological depart-
ments of multidisciplinary hospitals and development of transplant coordination services in South
Kazakhstan.” The sponsors had no role in the study design, data collection and analysis, decision to
publish, or manuscript preparation.

Institutional Review Board Statement: The study protocol was reviewed and approved by the Local
Ethics Committee of J[SC “South Kazakhstan Medical Academy” (Protocol No. 1, dated 31 January
2025) and conducted in accordance with the principles of the Declaration of Helsinki.

Informed Consent Statement: Patient consent was not required because the study was retrospective
and based on anonymized medical records, without any direct contact with patients.

Data Availability Statement: The datasets generated and analyzed during this study are available
upon request from the corresponding author.

Acknowledgments: During the preparation of this manuscript, the authors used ChatGPT (Ope-
nAl, GPT-5.2) to improve the text clarity of the text and assist with language editing. All the
contents were reviewed, verified, and fully edited by the authors, who take full responsibility for the

final manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.
Abbreviations

NLR neutrophil-to-lymphocyte ratio

PLR  platelet-to-lymphocyte ratio

LMR lymphocyte-to-monocyte ratio

SIRI  systemic inflammatory response index
SII systemic immune-inflammation index
AISI  aggregate index of systemic inflammation
1S ischemic stroke

HS hemorrhagic stroke

ROC  receiver operating characteristic

AUC area under the curve

1. Feigin, V.L.; Brainin, M.; Norrving, B.; Martins, 5.0.; Pandian, J.; Lindsay, P.; Grupper, M.E,; Rautalin, I. World Stroke Organization:
Global stroke fact sheet 2025. Int. ]. Stroke 2025, 20, 132-144. [CrossRef] [PubMed]

2. Dehghani, T.; Panitch, A. Endothelial cells, neutrophils and platelets: Getting to the bottom of an inflammatory triangle. Open
Biol. 2020, 10, 10200161. [CrossRef]

3. Alsbrook, D.L.; Di Napoli, M.; Bhatia, K.; Biller, J.; Andalib, S.; Hinduja, A.; Rodrigues, R.; Rodriguez, M.; Sabbagh, S.Y.; Selim,
M.; et al. Neuroinflammation in acute ischemic and hemorrhagic stroke. Curr. Neurol. Neurosci. Rep. 2023, 23, 407-431. [CrossRef]

Zhao, Y.; Zhang, X.; Chen, X.; Wei, Y. Neuronal injuries in cerebral infarction and ischemic stroke: From mechanisms to treatment.

Int. ]. Mol. Med. 2022, 49, 15. [CrossRef]

https:/ /doi.org/10.3390/medicina62030441


https://doi.org/10.1177/17474930241308142
https://www.ncbi.nlm.nih.gov/pubmed/39635884
https://doi.org/10.1098/rsob.200161
https://doi.org/10.1007/s11910-023-01282-2
https://doi.org/10.3892/ijmm.2021.5070
https://doi.org/10.3390/medicina62030441

Medicina 2026, 62, 441 11 of 12

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Jiang, L.; Cai, X.; Yao, D.; Jing, J.; Mei, L.; Yang, Y; Li, S.; Jin, A.; Meng, X.; Li, H.; et al. Association of inflammatory markers with
cerebral small vessel disease in community-based population. J. Neuroinflamm. 2022, 19, 106. [CrossRef]

Xiao, Y.; Teng, Z.; Xu, J.; Qi, Q.; Guan, T; Jiang, X.; Chen, H.; Xie, X.; Dong, Y.; Lv, P. Systemic Immune-Inflammation Index is
Associated with Cerebral Small Vessel Disease Burden and Cognitive Impairment. Neuropsychiatr. Dis. Treat. 2023, 19, 403—413.
[CrossRef] [PubMed]

Kang, L.; Yu, H,; Yang, X.; Zhu, Y.; Bai, X.; Wang, R.; Cao, Y.; Xu, H.; Luo, H.; Lu, L.; et al. Neutrophil extracellular traps released
by neutrophils impair revascularization and vascular remodeling after stroke. Nat. Commun. 2020, 11, 2488. [CrossRef]
Wanrooy, B.J.; Wen, S.W.; Wong, C.H. Dynamic roles of neutrophils in post-stroke neuroinflammation. Immunol. Cells Biol. 2021,
99, 924-935. [CrossRef] [PubMed]

Qiu, YM.,; Zhang, C.L.; Chen, A.Q.; Wang, H.L.; Zhou, Y.F; Li, YN.; Hu, B. Immune cells in the BBB disruption after acute
ischemic stroke: Targets for immune therapy? Front. Immunol. 2021, 12, 678744. [CrossRef]

Juli, C.; Heryaman, H.; Nazir, A.; Ang, E.T,; Defi, LR.; Gamayani, U.; Atik, N. Lymphocyte depletion in patients with acute
ischemic stroke associated with poor neurologic outcome. Int. J. Gen. Med. 2021, 4, 1843-1851. [CrossRef]

Han, D,; Liu, H.; Gao, Y. The role of peripheral monocytes and macrophages in ischemic stroke. Neurol. Sci. 2020, 41, 3589-3607.
[CrossRef]

Endres, M.; Moro, M.A.; Nolte, C.H.; Dames, C.; Buckwalter, M.S.; Meisel, A. Immune pathways in etiology, acute phase, and
chronic sequelae of ischemic stroke. Circ. Res. 2022, 130, 1167-1186. [CrossRef]

Doyle, K.P,; Simon, R.P.; Stenzel-Poore, M.P. Mechanisms of ischemic brain damage. Neuropharmacology 2008, 55, 310-318.
[CrossRef] [PubMed]

Lombardozzi, G.; Castelli, V.; Giorgi, C.; Cimini, A.; d’Angelo, M. Neuroinflammation strokes the brain: A double-edged sword
in ischemic stroke. Neural Regen. Res. 2026, 21, 1715-1722. [CrossRef] [PubMed]

Babi¢, A.; Bonifaci¢, D.; Komen, V.; Kovaci¢, S.; Mami¢, M.; Vuleti¢, V. Blood Biomarkers in Ischemic Stroke Diagnostics and
Treatment—Future Perspectives. Medicina 2025, 61, 514. [CrossRef]

Anrather, J.; Iadecola, C. Inflammation and Stroke: An Overview. Neurotherapeutics 2016, 13, 661-670. [CrossRef] [PubMed]
Levinson, S.; Pulli, B.; Heit, J.J. Neuroinflammation and acute ischemic stroke: Impact on translational research and clinical care.
Front. Surg. 2025, 12, 1501359. [CrossRef]

Soto-Cémara, R.; Gonzalez-Bernal, ].J.; Gonzélez-Santos, J.; Aguilar-Parra, ] M.; Trigueros, R.; L6pez-Liria, R. Age-Related Risk
Factors at the First Stroke Event. J. Clin. Med. 2020, 9, 2233. [CrossRef]

Iadecola, C.; Buckwalter, M.S.; Anrather, ]. Immune responses to stroke: Mechanisms, modulation, and therapeutic potential. J.
Clin. Investig. 2020, 130, 2777-2788. [CrossRef]

Bai, M,; Sun, R.; Cao, B.; Feng, J.; Wang, ]. Monocyte-related cytokines/chemokines in cerebral ischemic stroke. CNS Neurosci.
Ther. 2023, 29, 3693-3712. [CrossRef]

Dang, H.; Mao, W.; Wang, S.; Sha, J.; Lu, M.; Cong, L.; Meng, X.; Li, H. Systemic inflammation response index as a prognostic
predictor in patients with acute ischemic stroke: A propensity score matching analysis. Front. Neurol. 2023, 13, 1049241. [CrossRef]
[PubMed]

Zhou, Y.; Zhang, Y.; Cui, M.; Zhang, Y.; Shang, X. Prognostic value of the systemic inflammation response index in patients with
acute ischemic stroke. Brain Behav. 2022, 12, €2619. [CrossRef]

Kocaturk, O.; Besli, F.; Gungoren, F; Kocaturk, M.; Tanriverdi, Z. The relationship among neutrophil to lymphocyte ratio, stroke
territory, and 3-month mortality in patients with acute ischemic stroke. Neurol. Sci. 2019, 40, 139-146. [CrossRef]

Chen, C.; Gu, L.; Chen, L.; Hu, W,; Feng, X,; Qiu, E; Fan, Z.; Chen, Q.; Qiu, ]J.; Shao, B. Neutrophil-to-lymphocyte ratio and
platelet-to-lymphocyte ratio as potential predictors of prognosis in acute ischemic stroke. Front. Neurol. 2021, 11, 525621.
[CrossRef]

Zheng, L.; Lin, Z. The relationship between composite inflammatory ratios and complications of massive ischaemic stroke. J. Coll.
Physicians Surg. Pak. 2024, 34, 434-439. [CrossRef]

Gogmen, A.; Gesoglu, D.T. The aggregate index of systemic inflammation as a predictor of mortality in stroke patients. Cureus
2024, 16, €64007. [CrossRef]

Huang, Y.W.; Zhang, Y.; Li, Z.P; Yin, X.S. Association between a four-parameter inflammatory index and all-cause mortality
in critically ill patients with non-traumatic subarachnoid hemorrhage: A retrospective analysis of the MIMIC-IV database
(2012-2019). Front. Immunol. 2023, 14, 1235266. [CrossRef] [PubMed]

Wang, S.; Zhang, L.; Qi, H.; Zhang, F.L.; Fang, Q.; Qiu, L. Pan-immune-inflammatory value predicts the 3 months outcome in
acute ischemic stroke patients after intravenous thrombolysis. Curr. Neurovasc. Res. 2023, 20, 464-471. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/medicina62030441


https://doi.org/10.1186/s12974-022-02468-0
https://doi.org/10.2147/NDT.S401098
https://www.ncbi.nlm.nih.gov/pubmed/36852257
https://doi.org/10.1038/s41467-020-16191-y
https://doi.org/10.1111/imcb.12463
https://www.ncbi.nlm.nih.gov/pubmed/33894069
https://doi.org/10.3389/fimmu.2021.678744
https://doi.org/10.2147/IJGM.S308325
https://doi.org/10.1007/s10072-020-04777-9
https://doi.org/10.1161/CIRCRESAHA.121.319994
https://doi.org/10.1016/j.neuropharm.2008.01.005
https://www.ncbi.nlm.nih.gov/pubmed/18308346
https://doi.org/10.4103/NRR.NRR-D-24-01456
https://www.ncbi.nlm.nih.gov/pubmed/40364646
https://doi.org/10.3390/medicina61030514
https://doi.org/10.1007/s13311-016-0483-x
https://www.ncbi.nlm.nih.gov/pubmed/27730544
https://doi.org/10.3389/fsurg.2025.1501359
https://doi.org/10.3390/jcm9072233
https://doi.org/10.1172/JCI135530
https://doi.org/10.1111/cns.14368
https://doi.org/10.3389/fneur.2022.1049241
https://www.ncbi.nlm.nih.gov/pubmed/36703636
https://doi.org/10.1002/brb3.2619
https://doi.org/10.1007/s10072-018-3604-y
https://doi.org/10.3389/fneur.2020.525621
https://doi.org/10.29271/jcpsp.2024.04.434
https://doi.org/10.7759/cureus.64007
https://doi.org/10.3389/fimmu.2023.1235266
https://www.ncbi.nlm.nih.gov/pubmed/37936706
https://doi.org/10.2174/0115672026276427231024045957
https://www.ncbi.nlm.nih.gov/pubmed/37921190
https://doi.org/10.3390/medicina62030441

Medicina 2026, 62, 441 12 of 12

29. Nam, KW.; Kwon, HM.; Jeong, H.Y.; Park, ].H.; Kwon, H. Systemic immune-inflammation index is associated with white matter
hyperintensity volume. Sci. Rep. 2022, 12, 7379. [CrossRef]

30. Liu, K. Yang, L,; Liu, Y.; Zhang, Y.; Zhu, J.; Zhang, H.; He, Z. Systemic Immune-Inflammation Index (SII) and Neutrophil-to-
Lymphocyte Ratio (NLR): A Strong Predictor of Disease Severity in Large-Artery Atherosclerosis (LAA) Stroke Patients. J. Inflamm
Res. 2025, 18, 195-202. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/medicina62030441


https://doi.org/10.1038/s41598-022-11575-0
https://doi.org/10.2147/JIR.S500474
https://doi.org/10.3390/medicina62030441

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Laboratory Parameters and Inflammatory Indices 
	Statistical Analysis 

	Results 
	Study Population 
	Comparison of Hematological Indices Between Groups 
	Logistic Regression Analysis 
	Multivariable Logistic Regression Analysis 
	ROC Curve Analysis 
	Distributions of Indices Across Study Groups 

	Discussion 
	Conclusions 
	References

