
Introduction 

Ischemic stroke (IS) dominates the structure 
of cerebrovascular disease, causing disability and 
death worldwide [1]. In addition to abnormal blood 
flow and coagulation, inflammatory and neuroim-
mune processes mediated and regulated by proin-
flammatory cytokines play important roles in the 
pathogenesis of ischemic circulatory disorders [2].  

Increased levels of cytokines, including 
chemokines and cell adhesion molecules, which 
are directly related to the severity and extent of 

cerebral infarction, exacerbate ischemic brain dam-
age and have an impact on the functional outcome 
of stroke [3–5]. Currently, there is a large body of 
evidence describing the role of interleukins in the 
development of cerebral ischemia [6, 7].  

Another promising direction is to investigate 
the relationship between stroke severity and 
chemokine production, which influences immune 
cell activation, differentiation, and migration [8–10]. 
More than 60 chemokines with different structures 
and biological properties have been identified in 
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Summary 
Objective. To evaluate the relationship between immunological parameters and functional outcome in pa-

tients with varying severity of ischemic stroke based on statistical methodology. 
Materials and methods. The prospective study included 78 patients diagnosed with ischemic stroke, who 

were distributed into two groups: group 1 — 38 mild stroke patients, NIHSS score � 5, group 2 – 40 moderate 
stroke patients, NIHSS score 5–15. Signs of stroke severity, degree of disability, cognitive decline, and activities 
of daily living were chosen as criteria to estimate the functional outcome by calculating the difference between 
the NIHSS, mRS, MoCA, and BI scales at the time of admission and on Day 12 of hospital stay. Lab tests in-
cluded assessment of plasma concentrations of CXC and CC subfamilies of cytokines, interleukins and TNF-a 
on Day 2 of hospital stay. Machine learning algorithms, the Python programming language, the Pandas and 
SciPy libraries, and discriminant analysis were used for statistical processing. 

Results. The following parameters were found significant: concentrations of IL-1b and MPIF-1/CCL23 
for group 1, and concentrations of IL-16, MPIF-1/CCL23, Eotaxin-2/CCL24, Gro-a/CXCL1 and IL-8/CXCL8 
for group 2 patients. Positive correlation was established between NIHSS dynamics and concentrations of 
TNF-α (R=0.227, P=0.001), MPIF-1/CCL23 (R=0.380, P=0.00061) and Gro-a/CXCL1 (R=0.211, P=0.00001), and 
between changes in mRS and concentrations of MPIF-1/CCL23 (R=0.277, P=0.00006), Gro-a/CXCL1 
(R=0.211, P=0.0075) and IL-16 (R=0, 211, P=0.00001). There was a significant negative correlation between 
cognitive dysfunction and concentrations of Eotaxin-2/CCL24 (R=–0.378, P=0.00075), Gro-a/CXCL1 
(R=–0.313, P=0.0035), and IP-10/CXCL1 (R=–0.214, P=0.00023), and between limited activities of daily liv-
ing (BI) and concentrations of MPIF-1/CCL23 (R=–0.345, P=0.0024) and Gro-a/CXCL1 (R=–0.210, P=0.00001). 

Conclusion. Chemokines form the CC family — MPIF-1/CCL23 and Eotaxin-2/CCL24, and the 
CXC-Gro-a/CXCL1 and IL-16 clusters are the principal cytokines associated with the dynamics of patient’s 
motor and cognitive functions recovery in the acute period of ischemic stroke. Although obtained results 
demonstrate negative effect of increased MPIF-1/CCL23, Gro-a/CXCL1, IL-16 and Eotaxin-2/CCL24 con-
centrations on the improvement of motor and cognitive impairments, further studies are needed to verify 
the CXC and CC subfamilies chemokines as prognostic markers of patient’s functional outcome in the acute 
period of ischemic stroke. 

Keywords: ischemic stroke; functional outcome; severity of stroke; cytokine; biomarker 
Conflict of interest. The authors declare no conflict of interest. 
Financing. The study was conducted within the framework of the «Priority 2030» project of the I. Kant Baltic 

Federal University.



5w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 4 ,  2 0 ;  1

humans. According to the current classification, 
they have four subfamilies, two of which are CXC 
and CC [11].  

Results of immunologic studies in patients 
with IS show a direct correlation between the 
expression of CC subfamily chemokines, CCL3 
(MIP-1α), CCL5 (RANTES), CCL7 (MCP-3), such as 
CCL13 (MCP-4), CCL14 (HCC-1), CCL15 (LKN-1) 
and CCL23 (MPIF-1), and stroke severity [12–14]. 
The CXC subfamily chemokines most associated 
with ischemic mechanisms are CXCL1 (Gro-a), 
CXCL-2 (Gro-b), CXCL9 (MIG), CXCL10 (IP-10), 
CXCL11 (I-TAC), CXCL12 (SDF-1a+b), CXCL16 
(SCYB16), and CXCL8 (IL-8) [15]. Understanding 
the processes of differential expression of cytokines 
of different subfamilies in patients with acute stroke 
will help to expand the understanding of the role of 
the immune response in the pathogenesis of IS, as 
well as to identify individual cytokines or their com-
binations as potential biomarkers for assessing the 
severity of ischemia and risk stratification of adverse 
outcomes after stroke. 

The use of multivariate discriminant analysis 
based on machine learning (ML) techniques is cur-
rently a promising area in basic medicine [16]. Ma-
chine learning has been used primarily in clinical 
settings for diagnosis and prognosis, greatly im-
proving the ability to predict the risk of developing 
various diseases, their progression, and functional 
outcome [17]. 

The aim of the study was to evaluate the influ-
ence of immunological parameters on the functional 
outcome of patients with different severity of is-
chemic stroke using statistical methods.  

Materials and Methods 
The prospective cohort study was approved by the 

Independent Ethical Committee of the Clinical Research 
Center of the Immanuel Kant Baltic Federal University 
(Protocol No. 34, dated September 29, 2022) and conducted 
from October 2022 to February 2023.  

The study included 78 primary vascular center pa-
tients diagnosed with ischemic stroke. The study sample 
size was not pre-specified.  

To verify the subtype of MI according to TOAST 
(Trial of Org 10172 in Acute Stroke Treatment) criteria [18], 
routine clinical and diagnostic examinations were per-
formed.  

On admission, patients underwent neurological ex-
amination and routine diagnostic tests, including brain 
CT/MRI, transcranial Doppler study of extra- and in-
tracranial vessels, 12-lead ECG, complete blood count 
and biochemistry, and pulse oximetry.  

Additional tests included MR/CT angiography, 
echocardiography, ECG Holter monitoring, detailed co-
agulation studies, evaluation for systemic diseases, blood 
homocysteine measurement, and lumbar puncture, if 
indicated. Thrombolytic therapy was not administered 

due to contraindications or hospitalization beyond the 
therapeutic window.  

Neuroimaging parameters were obtained by com-
puted tomography (CT) and magnetic resonance imaging 
(MRI). Initial ischemic changes in the middle cerebral 
artery were assessed using the ASPECTS (Alberta stroke 
program early CT score) scale.  

Functional status of all patients was assessed on 
admission and at discharge using standard scales [19]. 
Stroke severity was assessed by the National Institutes of 
Health Stroke Scale (NIHSS), disability severity by the 
modified Rankin Scale (mRS), cognitive decline by the 
Montreal Cognitive Assessment (MoCA) scale, and activities 
of daily living by the Barthel Index (BI).  

Patients were divided into two groups based on the 
NIHSS score. Group 1 included 38 patients with mild neu-
rological deficit (NIHSS �5 points), while group 2 included 
40 patients with moderate neurological impairment (NIHSS 
5–15 points). The baseline NIHSS score was 4 [3; 4] points 
in group 1 and 10 [7; 13] points in group 2. Patients in 
groups 1 and 2 were comparable in terms of demographic 
and clinical characteristics (Table 1). 

Inclusion criteria were clinical signs and symptoms 
consistent with a diagnosis of ischemic stroke; age 60 to 
80 years; NIHSS score �15; full consciousness at the time 
of the study.  

Exclusion criteria were pre-existing neurological 
and psychiatric conditions, hemorrhagic stroke and tran-
sient ischemic attack, vertebrobasilar IS, gross motor 
and/or sensory aphasia.  

The criteria for the functional outcome of acute 
ischemic stroke were the change in the patient's condi-
tion, expressed in absolute values by calculating the 
difference between the NIHSS, mRS, BI, and MoCA pa-
rameters at the time of admission and at day 12 of hos-
pitalization (gain/decrease index, delta, �) (�MoCA, 
�NIHSS, �BI, �mRS). 

The laboratory study included measurement of 
levels of biologically active molecules (cytokines) in 
blood plasma. Blood samples were taken on the 2nd day 
of hospitalization. Interleukins (IL-1b, IL-2, IL-4, IL-6, 
IL-16), chemokines of CC subfamily (MCP-1/CCL2,  
MIP-1a/CCL3, MCP-3/CCL7, MCP-4/CCL13, MIP-1d/CCL15, 
MPIF-1/CCL23, Eotaxin-2/CCL24, Eotaxin/CCL11) and 
CXC subfamily (Gro-a/CXCL1, Gro-b/CXCL-2,  
IP-10/CXCL10, SCYB16/CXCL16, IL-8/CXCL8), and TNF-α 
were measured.  

The analysis was performed by flow fluorimetry on 
an automated dual-beam laser analyzer (Bio-Plex® 200 
Systems, Bio-Rad, USA) using a commercial test system 
(Bio-Plex Human Panel, 40-Plex Assay, Bio-Rad, USA). 
Results are expressed in pg/mL.  

Statistical analysis was performed using the standard 
SPSS Statistics V23.0 for Windows package, the Python 
programming language, the Pandas and SciPy libraries, 
and methods of multivariate analysis using machine 
learning (ML) algorithms. 

The distribution of quantitative variables was as-
sessed using the Shapiro–Wilk test. Variables with normal 
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distribution were reported as arithmetic mean (M) and 
standard deviation (SD). Data with normal distribution 
were compared using ANOVA variance test for dependent 
and independent samples. 

For non-normal distribution, quantitative variables 
were reported as median (Me) and lower and upper quar-
tiles [Q1–Q3]. For non-normal distribution, the non-para-
metric Wilcoxon test was used. The Mann–Whitney  
U-criterion was used to compare two groups for a non-
normal variable. Differences in frequencies between two 
independent groups were analyzed using the two-tailed 
Fisher's exact test, χ² test with Yates' correction. The level 
of statistical significance was set at P�0.05. Bonferroni 
correction (P�0.0125) was used for multiple comparisons 
of variables to eliminate false positives. 

The Z-score was not used to calculate the MoCA 
test and to prevent the occurrence of type II error (false-
negative conclusion) due to the lack of control group ref-
erence values.  

The correlation coefficient (r) was calculated to 
assess the association of functional outcome parameters 
on the NIHSS, mRS, BI, and MoCA scales with serum cy-
tokine levels on day 2 of hospitalization.  

The r-value was between –1 and 1, where 1 is a 
complete inverse correlation, 0 is no correlation, and 1 is 
a complete direct correlation. The Fechner method was 
chosen to evaluate the correlation of continuous variables, 
including those measured in points. The standard P value 
of 0.05 was chosen as the significance level. Correlation 
coefficients with a P value greater than 0.05 were discarded.  

Correlation analysis was performed separately for 
each group, considering four groups of predictors. Group-
ing according to functional outcome parameters was 
not performed because the statistical results did not sig-
nificantly affect the general pattern of correlations. 

Discriminant analysis using ML algorithms was 
performed in two steps. First, the gradient boosting 
method [20] with interpretable results was used to process 
continuous variables of serum cytokine levels. Second, 
the Boruta thresholding and significance identification 

method [21] was used to determine the significance of a 
parameter and eliminate spurious correlations. 

The significance of a parameter was defined as the 
total information gain due to its selection. Missing and in-
complete values were not present in the original data set. 

Results  

At the start of the study, all patients were stable 
after initial treatment. No deaths were observed 
during hospitalization. 

Based on the tests performed, the following 
clinical and neuroimaging manifestations of ischemic 
stroke were identified (Table 1). 

Group 2 patients had a significant reduction 
in cognitive function according to the MoCA scale 
(P�0.001), daily activity according to BI (P�0.001), 
and disability severity according to mRS (P�0.001) 
compared to group 1. No significant differences in 
other parameters were found between the groups 
(P�0.05).  

Discriminant analysis using ML showed that 
the most significant parameters (based on infor-
mation gain, IG) in group 1 patients were IL-1b 
and MPIF-1/CCL23 levels. In group 2 patients, the 
levels of MPIF-1/CCL23, Eotaxin-2/CCL24,  
Gro-a/CXCL1, IL-8/CXCL8 and IL-16 were found 
to be relevant (Fig. 1).  

In summary, the immunologic parameters di-
rectly related to stroke severity were CD4 (IL-16), 
CXCR2 (Gro-a/CXCL1), CXCR1-2 (IL-8/CXCL8), 
CCR3 (Eotaxin-2/CCL24), and CCR1 (MPIF-1/CCL23) 
receptor chemoattractants. 

The values of NIHSS, mRS, MoCA, and BI 
scores at admission and day 12 of hospitalization 
are shown in Table 2. 

Analysis of the changes in the main clinical 
scores revealed a significant increase in MoCA and 
BI scores and a decrease in NIHSS and mRS scores 
after initial therapy and early rehabilitation in 
patients in both groups (Fig. 2). 

Table 1. Demographic and clinical characteristics of patients with carotid ischemic stroke in groups 1 and 2. 
Parameter                                                                                                                                       Values in groups                                                  P value 
                                                                                                                                       Group 1 (N=38)                Group 2 (N=40)                                  

Demographic feature  
Men, N (%)                                                                                                               23 (60.5 )                             24 (60.0 )                                 0.964 
Women, N (%)                                                                                                        15 (39.5 )                             16 (40.0 )                                 0.964 
Mean age                                                                                                                68.32±5.62                          66.81±4.92                               0.212 

IS subtype (TOAST), N (%) 
IS due to atherosclerosis of large arteries (atherothrombotic)              8 (21.1)                               13 (32.5)                                 0.256 
IS due to cardiogenic embolism (cardioembolic)                                     20 (52.6)                              14 (35.0)                                 0.117 
IS due to occlusion of small arteries (lacunar)                                             7(18.4)                                11 (27.5)                                 0.340 
IS of undetermined etiology                                                                                3 (7.9)                                   2 (5.0)                                    0.601 

Clinical stroke scores, Me [Q1; Q3] 
Barthel Index, BI                                                                                                 83 [70; 100]                        76 [55; 80] *                              0.001 
Modified Rankin scale, mRS                                                                              1.6 [0; 3]                             3.5 [1; 5] *                                0.008 
МоСА                                                                                                                       23 [16; 29]                         21 [18; 25] *                             �0.001 
NIHSS                                                                                                                          4 [3; 4]                               10 [7; 13]*                              �0.001 
ASPECTS                                                                                                                     8 [8; 9]                                  8 [7; 9]                                   1.000 
Note. * — significant differences between groups.
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Analysis of the changes in the parameters of 
the main clinical scales showed a significant increase 
in MoCA and BI, and a decrease in NIHSS and mRS 
after standard therapy and early rehabilitation. 

When studying the correlations between the 
initial cytokine levels and the functional outcome 
parameters based on MoCA, NIHSS, BI, mRS scores 
(�MoCA, �NIHSS, �BI, �mRS) in both groups, 
correlations of different strength and direction were 
revealed.  

In group 1 patients, a significant correlation 
was found between MPIF-1/CCL23 levels and 
�mRS (r=0.217, P=0.0004), �BI (r=–0.225, 
P�0.0001) and �NIHSS (r=0.214, P�0.0001). There 
was a negative correlation between Gro-a/CXCL1 
levels (r=–0.213, P=0.005) and changes in cognitive 
function (�MoCA). The mRS outcome scores 
(�mRS) were positively correlated with IL-16 levels 
(r=0.244, P=0.0007, Fig. 3).  

Correlations between functional outcome pa-
rameters and levels of CXC subfamily chemokines 
in group 2 patients are shown in Figure 3. 

In group 2 patients, there was a significant 
negative correlation between the MoCA cognitive 
deficit score (�MoCA) and the levels of eotaxin-
2/CCL24 (r=–0.388, P=0.00075), Gro-a/CXCL1 
(r=–0.319, P=0.0035), and IP-10/CXCL1 (r=–0.274, 
P=0.00023). A significant inverse correlation of �BI 
values with the levels of MPIF-1/CCL23 (r=–0.345, 
P=0.0024) and Gro-a/CXCL1 (r=–0.210, P=0.00001) 
was also observed. We found a significant direct 
correlation of �mRS with MPIF-1/CCL23 (r=0.294, 
P=0.00006), Gro-a/CXCL1 (r=0.230, P=0.0075) and 
IL-16 (r=0.200, P=0.00001) levels. Furthermore, a 
positive correlation of �NIHSS functional outcome 
scores with levels of TNF-α (r=0.227, P=0.001),  
MPIF-1/CCL23 (r=0.288, P=0.00061) and Gro-a/ 
CXCL1 (r=0.214, P=0.00001) was observed. 

Discussion 
Predicting the functional outcome of patients 

with ischemic stroke is a challenging task for most 
clinicians due to a poor understanding of the patho-
genetic mechanisms of ischemia development and 
the lack of clear prognostic algorithms [22–24]. The 
multifaceted nature of factors influencing the func-
tional outcome of the disease necessitates the use 
of structured and combined techniques for person-
alized assessment of patient status in early IS [25].  

The study of patient status using tools such as 
mRS, Barthel Index and MoCA showed that in pa-
tients with moderate stroke severity, the neurological 
and cognitive status is characterized by a predomi-

Fig. 1. Relevant cytokine levels in patients with mild and mod-
erate IS on day 2 of hospitalization.

Table 2. Comparative characteristics of clinical parameters at admission and on day 12 of hospital stay 
Parameters                                                                                  Values in groups                                                                                                    P value 
(points)                                          Group 1 (N=38)                                                                   Group 2 (N=40)                                                            
                                            Day 1                                    Day 12                                     Day 1                                     Day 12                                           
BI                               83 [70; 100]                        93 [80; 100]                          76 [55; 80]                          87 [75; 100]                        P₁=0.0004* 
                                                                                                                                                                                                                                 P₂�0.0001* 
                                                                                                                                                                                                                                   P₃=0.163 
mRS                              1.6 [0; 3]                              0.5 [0; 1]                               3.5 [1; 5]                                2 [0; 4]                             P₁�0.0001* 
                                                                                                                                                                                                                                 P₂�0.0001* 
                                                                                                                                                                                                                                  P₃�0.001* 
МоСА                         23 [16; 29]                           24 [15; 29]                            21 [18; 25]                         22.5 [11; 27]                        P₁=0.0057* 
                                                                                                                                                                                                                                 P₂=0.0016* 
                                                                                                                                                                                                                                   P₃=0.034 
NIHSS                            4 [3; 4]                                  2 [0; 4]                                10 [7; 13]                                5 [0; 9]                              P�0.0001* 
                                                                                                                                                                                                                                 P₂�0.0001* 
                                                                                                                                                                                                                                 P₃�0.0001* 
Note. P₁ – significant difference between the parameters on the 1st and 10th days of of hospital stay in group 1; P₂ — significant dif-
ference between the parameters on the 1st and 10th days of hospital stay in group 2; P₃ — significant difference of parameters between 
groups on the 12th day of hospitalization; * — statistically significant differences between the groups. 
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nant decrease in daily activity, cognitive function 
and degree of independence, confirming the asso-
ciation of these parameters with the NIHSS level.  

The results obtained are consistent with other 
studies showing that currently the main predictors 
of patient recovery are motor and cognitive im-

pairment, age, severe aphasia, and baseline daily 
activity [26–28]. However, the use of rating scales is 
not sufficient to develop a rational prognostic model 
of stroke recovery.  

Thus, the NIHSS scale, which is a universal 
tool for monitoring the effectiveness of therapy, is 

Fig. 2. Changes in the values of the main clinical scales before and after treatment.

Fig. 3. Correlation between cytokine levels (pg/mL) and main clinical scales (points) in patients with mild (a) and moderate (b) IS.

TNF-α
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of limited value in assessing symptoms of lesions 
in the anterior and posterior arterial supply territories 
and the nondominant brain hemisphere [29]. Scales 
that have demonstrated reliability and validity for 
various activities of daily living and stroke outcomes 
(BI and mRS) are not sensitive enough to assess 
cognitive profile, speech and visual function [30]. 
The MoCA scale has insufficient specificity for the 
advanced diagnosis of cognitive dysfunction and is 
generally used as a screening tool for moderate 
cognitive impairment.  

Therefore, in order to optimize the prediction 
of functional outcome of IS, it is necessary to 
expand the range of predictive markers and, in ad-
dition to rating scale scores, to consider laboratory 
parameters as informative criteria of patient recovery 
in acute IS [31]. To improve the reliability of prog-
nosis, it is reasonable to rely on mathematical 
modeling algorithms and discrete function con-
struction based on clinical and other data. 

Modern trends in the study of immunological 
and biological mechanisms of ischemia development 
point to new directions in the identification of bio-
markers of functional outcome in patients with 
various severity of stroke and the role of cytokines 
in the regulation of pathogenetic mechanisms of 
ischemia [32, 33].  

In the current study, the results of the assess-
ment of interleukin levels using machine learning 
methods revealed the importance of IL-16 levels in 
patients with moderate stroke severity. The associ-
ation of elevated IL-16 levels with neurological 
deficits has been attributed to its direct effect on 
the expression of inflammatory cytokines TNF-α, 
IL-1β, and IL-6, which exacerbate ischemia and 
brain damage [34, 35].  

A study of the expression of CCL cluster 
chemokines showed that the main members of 
this group associated with stroke severity were 
MPIF-1/CCL23 and Eotaxin-2/CCL24. The 
chemokine ligand CCL23, which has chemotactic 
activity against T lymphocytes, monocytes and 
neutrophils and stimulates the production of 
proinflammatory cytokines and adhesion mole-
cules, is currently considered a new promising 
biomarker for early diagnosis of brain lesions [36, 
37]. The results of the present study demonstrate 
a direct correlation between the increase in MPIF-
1/CCL23 levels and reduced daily activity and 
independence levels, as measured by mRS and 
BI scales, in patients with moderate severity of 
IS. The results obtained are consistent with pre-
vious studies showing a positive correlation of 
MPIF-1/CCL23 expression with NIHSS scores 
and a negative correlation with BI scores, sug-
gesting the use of this chemokine as a tool for 
predicting functional outcome in patients with 
ischemic stroke [38, 39].  

Eotaxin-2/CCL24 is a potent chemoattractant 
for eosinophils, basophils, and lymphocytes in many 
tissues, including the brain [40]. Despite the lack of 
convincing data on changes in eotaxin-2 levels 
during acute IS in the current literature, our results 
show a clear increase in serum eotaxin-2/CCL24 in 
patients with moderate ischemia, as well as a cor-
relation between its level and cognitive dysfunction 
as measured by the MoCA scale.  

The most likely explanation for these results 
is the experimentally demonstrated effect of eotax-
in-2 on the mechanisms of atherogenesis by inducing 
the expression of toll-like receptor 4 (TLR4) with 
subsequent endothelial dysfunction and athero-
sclerosis progression [41].  

Levels of CXC subfamily chemokines (Gro-a/ 
CXCL1 and IL-8/CXCL8) were important parameters 
associated with stroke severity. A clear inverse cor-
relation was found between Gro-a/CXCL1 levels 
and cognitive function score as measured by the 
MoCA scale and level of daytime activity as measured 
by the Barthel scale.  

Gro-a/CXCL1, acting through CXCR2 receptors, 
is a potent chemoattractant and activator of neu-
trophils. Along with macrophages, neutrophils are 
the predominant immune cells in the ischemic 
zone and are directly involved in the mechanisms 
of atherogenesis, aseptic inflammation and throm-
bosis in acute ischemia [42, 43]. 

 Previously, a number of researchers have iden-
tified the role of CXCL1 in the production of reactive 
oxygen species, which in turn induce and modulate 
neuroinflammation [44]. Recent studies demonstrate 
the correlation between CXCL1 expression levels 
in acute IS and the volume of hypodense brain 
areas according to neuroimaging data [45]. The in-
creased serum Gro-a/CXCL1 in patients with acute 
IS reflects early systemic production of CXCL1. No 
less significant are the results of studies on the in-
volvement of the CXCR1 ligand in the mechanisms 
of neurogenesis [46, 47].  

In experimental animal models, Gro-a/CXCL1 
expression has been demonstrated in the hippocam-
pal dentate gyrus and microglia following induced 
brain injury, including hypoxic-ischemic injury [48]. 
Several clinical studies have produced similar results, 
demonstrating an increase in CXCL1 in human hip-
pocampal neural progenitor cells and detecting 
CXCL1 expression in the cerebrospinal fluid of 
Alzheimer's patients [49].  

Thus, previous experimental and clinical data 
are consistent with our findings and may explain 
the association of Gro-a/CXCL1 expression with 
cognitive dysfunction and lower BI scores in patients 
with moderate severity of IS.  

IL-8 is a chemotactic cytokine similar to Gro-a/ 
CXCL1 that attracts neutrophils. Elevated levels of 
IL-8/CXCL8 promote chemotaxis of inflammatory 
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cells, resulting in neutrophil infiltration into the 
ischemic area, which exacerbates the local inflam-
matory response and stroke [50]. There is experi-
mental and clinical evidence showing a positive 
correlation between the severity of clinical im-
pairment and disability and serum IL-8 levels [51]. 
We found that CXCL8 was associated with stroke 
severity, but without correlation with other clinical 
scales.  

Limitations. The main limitation was the small 
number of patients due to limited laboratory diag-
nostic capacity and the exclusion of patients with 
severe stroke from the study.  

Conclusion 
The main cytokines associated with changes 

in functional and cognitive parameters in patients 
with acute IS are CC family chemokines such as 
MPIF-1/CCL23 and Eotaxin-2/CCL24 and CXC cluster 
chemokines such as Gro-a/CXCL1 and IL-16. The 
initial increase in MPIF-1/CCL23 and Gro-a/CXCL1 
levels negatively affects the recovery of neurological 

deficits, daily activity and independence of patients 
regardless of the severity of IS. IL-16 expression is 
predominantly associated with Modified Rankin 
Scale disability scores. Elevated eotaxin-2/CCL24 
levels were more strongly associated with cognitive 
performance in patients with moderate IS.  

Despite the results demonstrating the negative 
effect of MPIF-1/CCL23, Gro-a/CXCL1, IL-16 and 
Eotaxin-2/CCL24 elevation on the improvement of 
motor and cognitive impairment, further studies 
are needed to identify chemokines of the CXC and 
CC subfamilies as prognostic markers for patient 
functional outcome in acute IS.  

The implementation of machine learning meth-
ods in neurological practice may result in accurate 
and accessible predictions of stroke patients' func-
tional outcomes, which is a key goal of contemporary 
clinical medicine and healthcare. Discriminant 
analysis of a wide range of disease-related variables 
will enable clinicians to more accurately predict a 
stroke patient's potential for recovery without the 
need for time-consuming diagnostic techniques.
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