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Summary 
The aim of the study was to identify potential predictors of functional outcome (FO) in patients with sub-

types of ischemic stroke (IS) who did not receive reperfusion therapy.  
Materials and methods. A prospective study included 229 patients with ischemic stroke divided . into three 

groups based on the IS subtype: Group 1 — 84 patients with cardioembolic IS; Group 2 — 65 patients with 
atherothrombotic IS; Group 3 — 80 patients with lacunar IS. Changes in the modified Rankin Scale (mRS) 
scores were considered as FO criteria calculated as the difference between the scores on admission and on the 
21st day after IS onset — �mRS. In order to optimize the performance of the machine learning (ML) model, a 
binary FO approach was chosen for assessment on the 21st day after IS onset: mRS � 3 scores corresponded to 
an unfavorable non-lethal outcome, and mRS = 0–2 scores corresponded to a favorable FO. We analyzed the 
interrelation with FO (correlation coefficient, r) and the predictive ability (ML (decision tree), information 
gain, i. g.) of 29 parameters, including demographic features; comorbidities; instrumental examination find-
ings; NIHSS, BI, CDR scores; serum concentrations of cytokines on the 2nd day of hospital stay. 

Results. The following significant (P�0.0001) predictors of unfavorable non-lethal FO were identified: fe-
male sex (i. g. = 0.346), recurrent IS (i. g = 0.248), diabetes mellitus (i. g. = 0.442), and CXCL2 concentration 
(i.g.  =  0.306) in Group 1; WMHs severity (i. g. = 0.206), diabetes mellitus (i. g. = 0.340), content of CCL2 
(i. g. = 0.116), CCL3 (i. g. = 0.202) and CCL23 (i. g. = 0.101) in Group 2; age (i. g. = 0.106), 2nd–3rd degree obesity 
(i. g. = 0.150), WMHs severity (i. g. = 0.300), CXCL5 content (i. g. = 0.143) and MIF (i. g. = 0.145) in Group 3. 
Concentrations of CCL25 (i. g. = 0.108) and IL-6 (i. g. = 0.401) were found as predictors of favorable FO 
(P�0.0001) in Group 1; 1st degree obesity (i. g. = 0.118) and TNF-α concentration (i. g. = 0.211) in Group 2; 
arterial hypertension (AH) (i. g. = 0.113) and 1st degree obesity in Group 3. 

Conclusion. Study results made evident the variances in combination of factors affecting FO, depending 
on IS pathogenetic subtype. Despite undoubtful value of the data obtained, further research is needed to ex-
pand the potentiality in predicting acute IS outcome and confirm the relevance of identified markers. 
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Introduction 
Development of early prediction methods and 

identification of predictors of unfavorable functional 
outcome (FO) in patients with acute ischemic stroke 
(IS) is a crucial task in era of personalized medicine [1, 
2]. There’s a sound body of published data on 
national and international research in the field of 
development, evaluation, and implementation of 
prognostic models for ischemic stroke. However, 
the majority of these studies focus on longitudinal 
evaluation of patients’ disability in the recovery pe-
riod and later stages of ischemic stroke [3, 4].  Very 
few studies have demonstrated the potential for 
assessing the persistence or progression of neuro-

logical and cognitive deficits occurring in the acute 
phase of IS  [5, 6]. The insufficient validity of risk 
prediction models for predicting unfavorable FO 
in some of them originates from the limited set of 
traditionally considered predictor variables, such 
as demographic characteristics, clinical and func-
tional indicators, and laboratory and instrumental 
data. Search for potential biomarkers of functional 
recovery in patient’s immunological status sounds 
promising and increases the value of stratified risk 
prediction models for unfavorable FO. This domain 
is currently in the focus of intensive research, and 
particularly, the role of «inducible» cytokines, such 
as CXC and CC chemokines in the pathogenesis of 



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

Clinical  Studies

IS, and regulation of immune response during the 
acute phase of ischemia in addition to well-estab-
lished interleukin (IL), interferon gamma (IFN-γ), 
and tumor necrosis factor (TNF-α) mechanisms of 
action.   

There’s a building up amount of data evidencing 
involvement of various chemokines into patho-
genetic mechanisms underlying the development 
of cerebrovascular disorders, cell apoptosis, and 
neuro- and angiogenesis during the acute period 
of stroke. In this context, the most promising 
chemokines are the ligands of the CXCR1 and 
CCR1/2 receptors, strongly associated with the 
acute period of stroke and post-stroke FO [7, 8]. Of 
particular interest is the verification of factors affect-
ing the dynamics of patients‘ functional status, de-
pending on pathogenetic mechanisms underlying 
IS and patient’s comorbidities [9]. Therefore, focusing 
research on comprehensive patient assessment in 
the acute period of stroke, followed by modeling of 
FO prognosis based on advanced mathematical al-
gorithms, is a promising trajectory in the context 
of personalized medicine. 

The aim of the study is to identify potential 
predictors of functional outcome in patients with 
ischemic stroke subtypes who did not receive reper-
fusion therapy. 

Material and Methods  
The prospective study was approved by the 

Independent Ethics Committee of the Clinical Re-
search Center at Immanuel Kant Baltic Federal Uni-
versity (Minutes of Meeting No. 2 dated April 27, 
2021, and No. 34 dated September 29, 2022). The 
study included 229 patients with a diagnosis of is-
chemic stroke undergoing treat-
ment from January 2023 to Feb-
ruary 2025 at the Neurology De-
partment of the Emergency 
Medical Care Hospital and the 
Department of Medical Reha-
bilitation for Patients with Cen-
tral Nervous System Disorders 
at the Central City Clinical Hos-
pital of Kaliningrad. The sample 
size of the study was not pre-
calculated. The diagnosis of IS 
was made based on abrupt onset 
(minutes, hours) of focal neu-
rologic deficits attributable to 
one of the vascular territories, 
and lasting at least 24 hours. 

Clinical signs and symp-
toms attributable to diagnosis 
of «ischemic stroke in the carotid 
artery territory» were set as in-
clusion criteria. The exclusion 
criteria included: reperfusion 

therapy; transient ischemic attack; vertebrobasilar 
stroke, patient’s death, and development of severe 
complications within 21 days. Patients were selected 
according to the inclusion/exclusion criteria from 
the initial sample (N=508, Fig. 1). 

Patients’ examinations were performed within 
the stroke care standards to verify IS subtype ac-
cording to the TOAST criteria (Trial of Org 10172 in 
Acute Stroke Treatment). Standardized procedures 
on admission included clinical neurological evalu-
ation, brain CT/MRI, transcranial Doppler ultra-
sonography of extracranial and intracranial vessels, 
electrocardiography, and laboratory tests. 

Stroke severity and activities of daily living 
were quantified on admission using the NIH Stroke 
Scale (NIHSS) and the Barthel Index (BI). The degree 
of cognitive decline was assessed using the Clinical 
Dementia Rating (CDR) scale on the 14th day of 
hospital stay. 

The laboratory tests included assessment of 
serum concentrations of biologically active molecules 
(cytokines) in samples collected on the 2nd day of 
hospital stay, including chemokines (Gro-a/CXCL1, 
Gro-b/CXCL-2, GCP-2/CXCL6, ENA-78/CXCL5, 
MIP-1a/CCL3, MIP-1d/CCL15, MPIF-1/CCL23, 
MCP-1/CCL2, TECK/CCL25), interleukins (IL-1b, 
IL-6, IL-16), interferon gamma (IFN-γ), macrophage 
migration inhibitory factor (MIF), and tumor necrosis 
factor (TNFa). Concentrations were measured by 
flow cytometry on a two-beam laser automatic an-
alyzer (Bio-Plex® 200 Systems, Bio-Rad, USA) using 
a commercial test system (Bio-Plex Human Panel, 
40-Plex Assay, Bio-Rad, USA). The results were ex-
pressed in pg/ml. 

The neuroimaging parameters were assessed 
based on magnetic resonance imaging (MRI) data 

Fig. 1. Scheme of patient recruitment procedure.
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(Optima MR450w 1.5T magnetic resonance scanner) 
using a DWI, T2* (hemo), and T2/Flair scanning 
protocol. White matter hyperintensity (WMH) grade 
was assessed using the Fazekas visual scale. The IS 
topography was related to the ischemic lesions in 
vascular territories of the anterior cerebral (ACA), 
middle cerebral (MCA), and anterior choroidal 
(AChA) arteries based on neuroimaging data. 

Changes in the patient’s disability index meas-
ured by the modified Rankin scale (mRS) as the 
difference between the mRS scores on admission 
and on day 21 from IS onset  — �mRS were used 
as criteria of IS functional outcome (FO). In order 
to optimize the performance of the machine learning 
(ML) model, a binary FO approach was chosen for 
assessment on the 21st day after IS onset: mRS �3 
scores corresponded to an unfavorable non-lethal 
outcome, and mRS = 0–2 scores corresponded to a 
favorable FO. 

Standard SPSS Statistics V23.0 software for 
Windows, the Python programming language, and 
the Pandas and SciPy libraries were used for statistical 
data processing. The distribution of quantitative 
variables was assessed using the Shapiro–Wilk test. 
Quantitative variables with a normal distribution 
were described using arithmetic means and standard 
deviations (M±σ). Data with a normal distribution 
was compared using the ANOVA test for dependent 
and independent samples. In case of abnormal dis-
tribution, quantitative variables were described 
using the median (Me), lower and upper 
quartiles  [Q1–Q3]. The nonparametric Wilcoxon 
test was used when the dependent variable was 
not normally distributed.  Quantitative variables in 
groups with non-normal distributions were com-
pared using the Mann–Whitney U  test. The Bon-
ferroni correction was used for multiple comparisons 
to avoid false positives. Analysis of frequency differ-
ences in two independent groups was performed 
using the Fisher’s exact test with two-sided confi-
dence intervals and the χ² test with Yates’s correction. 
The critical level of statistical significance was set 
at P�0.05. The Z-score was not used for rating cog-
nitive measures by CDR scale in the absence of ref-
erence values from the control group. 

For mathematical analysis, 29 parameters were 
selected as the initial data, and grouped into the 
following main categories: demographic data (age 
and gender); comorbidities (presence or absence 
of arterial hypertension, recurrent stroke, and dia-
betes mellitus; grade of obesity based on body mass 
index (BMI)); instrumental examinations data (lat-
erality of stroke  and localization of lesion, lesion 
size, presence of multiple lesions and WMH grade); 
NIHSS, BI, and CDR scores; immunological indica-
tors, such as serum concentrations of cytokines. 

To optimize dataset statistical processing, all 
data were classified based on their nature: continuous 
(cytokine concentrations, age, IS lesion size, CDR, 

NIHSS, and BI scores), categorical (lesion localization, 
WMH grade, obesity grade), and binary variables 
(comorbid conditions, multifocal lesions, IS lesion 
laterality, and gender). 

The correlation coefficient (R) was calculated 
to assess the relationship of the functional outcome 
variables on the mRS scale with the studied indica-
tors. The r value ranged from –1 to 1, where –1 rep-
resents a complete inverse relationship, 0 represents 
no relationship, and 1 represents a complete direct 
relationship. Biserial method was used to assess 
�mRS correlation with binary variables, and Spear-
man test — to assess the correlation with categorical 
and continuous variables. The conventional value 
of 0.05 was chosen as the threshold. When a P-value 
was less than 0.05, the significance of the correlation 
coefficient was considered statistically confirmed. 
Correlation coefficients with a P-value above 0.05 
were excluded from consideration. Correlation 
analysis was performed separately for each group. 
In order to detect confounders — confusing variables, 
correlation coefficients between variables were cal-
culated with subsequent exclusion from statistical 
analysis. Following the correlation analysis, variables 
with a correlation coefficient R�0.300 were selected 
to train mathematical analysis models based on 
ML algorithms. For machine learning, an algorithm 
for predicting the target variable value — a decision 
tree with a maximum depth and additional selection 
of features using the SelectFromModel in Python 
Scikit-learn library was chosen. Feature importance 
was determined by higher values in information 
gain (i. g.) following the selection of the feature. 

Results 
The patients were distributed into three groups 

based on IS subtype: Group 1 — 84 patients with 
cardioembolic IS; Group 2 — 65 patients with 
atherothrombotic IS; Group 3 — 80 patients with 
lacunar IS. All patients were managed according to 
specialized medical care standards for cerebral 
stroke. No thrombolytic therapy was used in view 
of contraindications or missed therapeutic window 
due to late hospital admission. Based on compre-
hensive examination findings, the following clinical 
and neuroimaging signs of ischemic stroke were 
verified (Table 1). 

Arterial hypertension was more common in 
group 1 patients, compared to groups 2 and 3, 
(P=0.0041, P=0.0007), while risk of recurrent stroke 
was higher in patients from group 3 (P=0.0017, 
P=0.0025) compared to patients from groups 1 and 
2. Patients from groups 2 and 3 had higher BMI 
values vs patients from group 1 (P�0.0001, P=0.009). 
Neuroimaging findings showed higher prevalence 
of multifocal brain lesions in  group 3, compared to 
group 2 (P�0.0001), and MRI signs of grade 3 WMH 
according to the Fazekas scale were common in 
patients from groups 2 and 3, compared to group 1 



(P=0.0009, P=0.0039). Evaluation by clinical assess-
ment scales showed higher baseline NIHSS scores 
in patients from group 1 (P�0.0001), and higher 
CDR scores in patients from group 3 on the 14th day 
of hospital stay (P�0.0001). Assessment of the mRS 
score dynamics showed a significant (P�0.0001) 
decrease in the mRS score by the 21st day of hospital 
stay in all study groups. Evaluation of cytokines re-
vealed higher concentrations of MIP-1d/CCL15 in 
patients from group 2 compared to group 1 
(P=0.0002), and higher MCP-1/ CCL2 concentrations 
in patients from group 3  compared to group 1 
(P=0.0004, Fig. 1). Concentrations of other evaluated 
cytokines did not show statistically significant differ-
ences (P�0.0125, Fig. 2). 

Assessment of relationships between the stud-
ied parameters and �mRS in the groups revealed 
correlations of varying strength. In all groups, sig-
nificant correlations (P�0.0001) were found between 
�mRS and presence of diabetes mellitus (R=0.884, 
R=0.749, R=0.475). In groups 1 and 3 there was a 
significant correlation between �mRS and presence 

of recurrent IS (R=0.701, P=0.0021; R=0.413, P=0.0001) 
and IS laterality (R=0.359, P=0.0071; R=0.454, 
P=0.001). In groups 2 and 3, a positive correlation 
of �mRS was found with WMH grade (R=0.625, 
P�0.0001; R=0.601, P=0.004) and grades 2–3 obesity 
(R=0.343, P=0.011; R=0, 624, P�0.0001), and a neg-
ative correlation with grade 1 obesity (R=–0.427, 
P=0.0021; R=–0.518, P�0.0001). A correlation between 
�mRS and the baseline NIHSS scores  was estab-
lished in patients from  groups 1 and 2 (R=0.338, 
P=0.01; R=0.547, P=0.012). The most significant 
�mRS correlation with gender was found in patients 
from group 1 (R=0.508, P�0.0001), while in group 3 
—  with presence of arterial hypertension (R=–0.329, 
P�0.0001) and with age (R=0.488, P=0.0001). As-
sessment of correlations between immunological 
indicators and FO parameters in patients from 
group 1 revealed significant positive associations 
of �mRS with concentrations of CXCL6 (R=0.413, 
P=0.001), CXCL1 (R=0.782, P=0.0017), CXCL-2 
(R=0.635, P=0.0024), CCL23 (R=0.358, P�0.0001) 
and CCL3 (R=0.343, P=0.001). A negative correlation 
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Table 1. Demographic characteristics and characteristics of cerebral ischemic stroke in patients, groups 1, 2, and 3. 
Parameters                                                                                                                Values in the groups                                                       P 
                                                                                                                              1, N=84         2, N=65         3, N=80                                           
Demographic variables, N (%) 

Males, N (%)                                                                                       46 (54.8)       32 (49.2)       46 (57.5)             P₁=0.497; P₂=0.727; P₃=0.318 
Females, N (%)                                                                                   38 (45.2)       33 (50.8)       34 (42.5)             P₁=0.497; P₂=0.727; P₃=0.318 
Mean age, y., M±σ                                                                            66.65±3.2     66.48±2.9     67.03±3.9            P₁=0.738; P₂=0.495; P₃=0.305 

Comorbid conditions 
Diabetes mellitus, type 2, N (%)                                                  29 (34.5)       16 (24.6)       26 (32.5)             P₁=0.192; P₂=0.786; P₃=0.297 
Arterial hypertension, N (%)                                                         75 (89.3)       46 (70.8)       54 (67.5)        P₁=0.0041*; P₂=0.0007*; P₃=0.669 
Recurrent IS, N (%)                                                                           15 (17.8)       11 (16.9)       32 (40.0)        P₁=0.887; P₂=0.0017*; P₃=0.0025* 
BMI, kg/m², M±σ                                                                             25.15±3.8     28.14±2.5     27.04±3.3       P₁�0.0001*; P₂=0.009*; P₃=0.0169 
Excess weight (BMI 25–30 kg/m²)                                              30 (25.2)       29 (44.6)       24 (30.0)          P₁=0.0130; P₂=0.491; P₃=0.0694 
Grade 1 obesity (BMI = 30–35 kg/m²)                                          4 (4.8)           7 (10.8)        10 (12.5)             P₁=0.165; P₂=0.070; P₃=0.715 
Grades 2–3 obesity (BMI � 35 kg/m²)                                       11 (13.1)       10 (15.4)       18 (22.5)             P₁=0.694; P₂=0.165; P₃=0.281 

Neuroimaging parameters 
Multiple lesions, N (%)                                                                      8 (9.5)              0 (0)           18 (22.5)          P₁=0.106; P₂=0.023; P₃�0.0001* 
Lesion size, Me [Q1; Q3], mm                                                     25 [23; 48]    23 [20; 36]      5 [3–10]         P₁=0.567; P₂=0.0111*; P₃�0.0001* 
WMH (Fazekas 2), N (%)                                                                46 (54.8)       28 (43.1)       48 (60.0)             P₁=0.156; P₂=0.846; P₃=0.110 
WMH (Fazekas 3), N (%)                                                                   2 (2.4)         12 (18.5)       14 (17.5)        P₁=0.0009*; P₂=0.0039*; P₃=0.572 
IS lesion  in the right hemisphere                                              38 (45.2)       32 (49.2)       54 (67.5)            P₁=0.627; P₂=0.004*; P₃=0.026 
IS lesion  in the left hemisphere                                                  46 (54.8)       33 (50.8)       26 (32.5)             P₁=0.627; P₂=0.004; P₃=0.026 
MCA stroke                                                                                         56 (66.7)       48 (73.8)       78 (97.5)        P₁=0.349; P₂�0.0001*; P₃�0.0001* 
ACA stroke                                                                                           21 (25.0)       10 (15.4)         2 (2.5)           P₁=0.152; P₂�0.0001*; P₃=0.0051 
AChA stroke                                                                                          7 (8.3)           7 (10.8)            0 (0)            P₁=0.603; P₂=0.0085*; P₃=0.0026* 

Clinical scales (scores), M±σ 
NIHSS (on admission)                                                                     9.6±1.6          7.5±0.9          5.8 2.4       P₁�0.0001*; P₂�0.0001*; P₃�0.0001* 
BI (on admission)                                                                            76.18±5.8     82.76±8.3     86.51±5.4        P₁=0.048; P₂�0.0001*; P₃=0.0131 
CDR (day 14)                                                                                       0.64±0.1       0.65±0.1       0.86±0.4        P₁=0.991; P₂�0.0001*; P₃�0.0001* 

Functional outcome parameters  
mRS (1st day), (scores), M±σ                                                          3.6±1.9          3.4±1.8         2.8±0.8          P₁=0.515; P₂=0.0018*; P₃=0.0083* 
mRS (21st day), (scores), M±σ                                                       2.40±1.3       2.17±1.9       1.35±0.9        P₁=0.382; P₂�0.0001*; P₃=0.0006* 
Favorable outcome (mRS = 0–2 scores), N (%)                      40 (47.6)       32 (49.2)       63 (78.8)        P₁=0.846; P₂�0.0001*; P₃=0.0002* 
Unfavorable outcome (mRS � 3 scores), N (%)                     44 (52.3)       33 (50.8)       17 (21.2)        P₁=0.846; P₂�0.0001*; P₃=0.0002* 

Notes. P₁ — the indicator of statistical significance of the difference between the parameters of the 1st and 2nd groups; P₂ — the 
indicator of statistical significance of the difference between the parameters of the first and third groups; P₃ — the indicator of 
statistical significance of the difference between the parameters 2nd and 3d  groups; * — the differences in indicators are statisti-
cally significant (P�0.0125 with the Bonferroni correction). ICA — internal carotid artery; IS — ischemic stroke; BMI — body 
mass index; WMH — white matter hyper-intensity; ACA — anterior cerebral artery; MCA — middle cerebral artery; AChA — an-
terior choroidal artery; CDR — Clinical Dementia Rating scale; mRS — the modified Rankin scale; NIHSS — National Institutes 
of Health Stroke Scale.
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was found between �mRS and IL-6 (R=–0.474, 
P=0.0004), CCL25 (R=–0.508, P=0.002), and TNF-α 
(R=–0.401, P=0.001).  In group 2, significant positive 
correlations of �mRS were found with concentra-

tions of CCL2 (R=0.632, P=0.001), CCL3 (R=0.423, 
P=0.011), CCL23 (R=0.351, P�0.0001), IL-1b (R=0.365, 
P=0.0213), CXCL5 (R=0.341, P�0.0001), CXCL6 
(R=0.334, P�0.0001) and IL-16 (R=0.328, P=0.0031). 

Fig. 2. Cytokine concentrations (pg/ml) in groups of patients with different subtypes of ischemic stroke (P�0.0125 with Bonferroni 
correction).



A negative correlation was estab-
lished between �mRS and IL-6 
(R=–0.468, P=0.0004), and TNF-α 
(R=–0.358, P=0.011). In group 3, a 
significant correlation was found 
between �mRS and the concentra-
tions of CXCL5 (R=0.741, P�0.0001), 
MIF (R=0.606, P�0.0001), and 
CXCL10 (R=0.499, P=0.0074, Fig. 3).             

Performance of model in veri-
fication of binary FO reached 0,91 
after training ML algorithms via 
feeding similar set of features for 
each group. Important features with 
higher information gain regarding 
an unfavorable non-fatal outcome 
(mRS�3 scores) in group 1 were: fe-
male gender (i.g.=0.346; P�0.0001), 
recurrent IS (i.g.=0.248; P�0.0001), 
diabetes mellitus (i.g.=0.442; 
P�0.0001) and concentrations of 
CXCL2 (i.g.=0.306, P�0.0001).  In 
group  1, concentrations of CCL25 
(i.g.=0.108, P�0.0001) and IL-6 
(i.g.=0.401, P�0.0001) were identified 
as predictors of favorable FO. In 
group 2, WMH grade (i.g.=0.206; 
P�0.0001), diabetes mellitus 
(i.g.=0.340; P�0.0001), concentra-
tions of CCL2 (i.g.=0.116; P�0.0001), 
CCL3 (i.g.= 0.202; P�0.0001), and 
CCL23 (i.g.=0.101; P�0.0001) were 
identified as relevant indicators as-
sociated with unfavorable FO. Grade 1 
obesity (i.g.=0.118, P�0.0001) and 
TNF-α concentration (i.g.= 0.211, 
P�0.0001) were associated with fa-
vorable FO. In patients from group 3, 
age (i.g.=0.106; P�0.0001), grade 2 
obesity (i.g. = 0.150; P<0.0001), WMH 
(i.g.=0.300; P�0.0001), CXCL5 
(i.g.=0.143; P�0.0001) and MIF 
(i.g.=0.145; P�0.0001) concentrations 
were indicators of unfavorable FO, 
while AH (i.g.=0.113; P�0.0001) and 
grade 1 obesity were indicators of 
favorable FO. Given the high per-
centage of patients with arterial hy-
pertension and diabetes mellitus in 
the overall cohort, a discriminant 
analysis was performed to identify 
relevant parameters for these cate-
gories of patients in the groups. In 
groups 1 and 2, CXCL1 concentration 
was identified as a predictor of un-
favorable FO in patients with AH 
(i.g.=0.206, P�0.0001; i.g.=0.105, 
P�0.0001), in patients with diabetes 
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Fig. 3. Correlation of clinical parameters and cytokine concentrations (pg/ml) 
with �mRS scores in patients with different subtypes of IS.
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mellitus from groups 1 and 3 it was the concentration 
of CXCL5 (i.g.=0.206, P�0.0001; i.g.=0.105, P�0.0001). 

Discussion 
An unfavorable non-lethal functional outcome 

in acute IS was documented in 50% of patients due 
to underlying atherosclerosis of large or medium-
sized cerebral arteries and cerebral embolism orig-
inating from the heart. A tendency to an unfavorable 
outcome was established in 21.2% of patients with 
the lacunar IS, despite high average survival rate 
and a relatively good prognosis for functional re-
covery in this cohort. The results obtained are con-
sistent with published evidence from other studies, 
which have demonstrated that early disabling func-
tional impairments develop in 50–60% of patients 
with cardioembolic and atherothrombotic stroke, 
and in 20–30% of patients with lacunar IS [10–12]. 
Type 2 diabetes was identified as a predictor of un-
favorable outcome, regardless of IS subtype, which 
is consistent with the findings of studies that con-
template the impact of carbohydrate metabolism 
disorders on mortality, patient recovery, frequency 
and timing of recurrent IS after the first-time 
stroke [13, 14].  

Although the relationship between excessive 
weight and all IS subtypes has been demonstrated 
in cohort studies and meta-analyses [15–17], in this 
study, grades 2–3 obesity were significant predictors 
of unfavorable outcome only in patients with the 
lacunar IS. A favorable outcome in patients with 
atherothrombotic and lacunar IS who have a BMI 
of 30–35 kg/m² (grade 1 obesity) in this study is of 
interest. It can be interpreted on the context of the 
so-called «obesity paradox», linking extra weight 
and grade 1 obesity with better outcomes and re-
duced mortality in patients with IS [18]. However, 
definition of metabolic obesity as a marker of un-
favorable outcome based only on BMI is insufficient, 
which necessitates verification of obesity significance 
(with thorough evaluation of central obesity, lipid 
profile, disorders of carbohydrate metabolism, and 
insulin resistance) as an important predictive factor 
for IS outcome in metabolic syndrome [19, 20].  

Demographic characteristics were significant 
for prediction of IS outcome in the acute period in 
patients with cardioembolic (female gender) and 
lacunar (age) subtypes. These results are consistent 
with some recent studies that have demonstrated 
differences in non-fatal functional outcomes related 
to gender and age, as well as worse outcomes of 
cardioembolic IS in the acute period in women 
compared to men [21]. According to few references, 
these differences can be associated with higher con-
tent of molecular-genetic markers of atrial fibrillation, 
in particular, brain natriuretic peptide  (NT-proBNP) 
and fibroblast growth factor-23 (FGF-23) in women 
compared to men [22, 23].  Age, identified as an im-

portant predictor of unfavorable outcome in lacunar 
IS, along with WMH and grade of cognitive decline, 
is most likely associated with age-dependent cerebral 
microangiopathy, established as the leading risk 
factor for lacunar stroke [24]. 

Severe damage to the microcirculatory vascular 
bed and progressive microangiopathy can lead to 
IS recurrence, which was a relevant indicator and 
marker of unfavorable outcome in patients with la-
cunar stroke in this study. Potential association of 
AH with favorable outcome in patients with lacunar 
IS remains controversial. Quite possible, that the 
obtained results prove more favorable functional 
outcomes of lacunar stroke in patients with hyper-
tensive microangiopathy as compared to cases of 
atherosclerotic and embolic origin.  

However, as there was no assessment of he-
terogeneity and verification of causes leading to de-
velopment of this subtype of IS, the results require 
further confirmation in studies aimed at FO evalua-
tion  in patients with different pathogenetic subtypes 
of lacunar stroke. An increase in CXCL2 concentration 
was verified as the main immunological marker of 
unfavorable FO in patients with cardioembolic IS. 
Even though the role of CXC-chemokines in patho-
genesis of cardiovascular diseases was competently 
investigated, nevertheless, the mechanisms of action 
of this family of cytokines in cerebral ischemia and 
hypoxia in the acute period of IS are not yet suffi-
ciently studied.  

Recent experimental studies have demonstrated 
the key role of the CXCR2 receptor in pathogenesis 
of atrial fibrillation, which is the main risk factor 
for development of cardioembolic stroke. In addition 
to its main effect of chemoattracting monocytes to 
the vascular endothelium and cardiac tissue, CXCL-2 
expression also contributes to secretion of platelet-
derived growth factor A (PDGF-A) and increase in 
pro-inflammatory cytokines, thereby promoting 
development of atrial fibrosis and heart remodeling, 
which are the key factors in pathogenesis of ar-
rhythmias characterized by irregular electrical ac-
tivity [25] Clinical studies have also revealed higher 
concentrations of circulating CXCL-2 in patients 
with atrial fibrillation compared to control group 
patients with sinus rhythm [26]. CXCL-1 is another 
member from the CXC family that had been shown 
to be predictive, as its increased concentration was 
associated with unfavorable prognosis in patients 
with AH developing atherothrombotic and car-
dioembolic IS. The obtained results are consistent 
with the data from studies revealing higher CXCL1 
levels in patients with AH compared to healthy 
subjects, and demonstrating  that CXCL1 promotes 
AH by potentiating the expression of angiotensin 
type 1 and 2 receptors, toll-like receptor 4 (TLR4), 
and production of transforming growth factor β 
(TGF-β) [27, 28]. 



Ligands CCL3 and CCL2 of chemokine receptors 
CCR1 and CCR2, respectively, have been identified 
as biomarkers of unfavorable FO in patients with 
atherothrombotic IS. The pro-atherogenic role of 
these chemokines has been well-studied and demon-
strated in a number of experimental and clinical 
studies. Increased concentrations of both CCL2 and 
CCL3 induce migration of leukocytes into the arterial 
wall, formation of foam cells, destabilization, and 
rupture of the atherosclerotic plaque. Studies on an-
imal models with induced hypercholesterolemia have 
shown a direct correlation between CCL2/CCL3 and 
LDL concentrations, as well as decrease in these cy-
tokines following intake of statins, which further sup-
ports the association between increased CCL2 and 
CCL3 levels and the progression of early atheroscle-
rotic processes [29]. The CCL23 pro-atherogenic effect 
is enacted  when it is expressed into milieu  with in-
creased LDL via stimulation of monocytes and 
macrophages chemotaxis into the vascular wall, in-
creased expression of adhesion molecules and release 
of matrix metalloproteinase 2 (MMP-2) from mono-
cytes [30, 31]. A favorable outcome in patients with 
atherothrombotic and cardioembolic IS was associated 
with increased concentrations of CCL25 chemokine, 
TNF-α and IL-6. Despite sound body of accumulated 
knowledge of pro-inflammatory properties of these 
cytokines, a number of researchers have demonstrated 
their opposite effect in acute IS due to mitigation of 
hypoxic-ischemic damage, arteriodilatation, and anti-
apoptotic effects. CCL25 protection of neurons, en-
dothelium, and microglia cells was explained by ac-
tivation of NLR (NOD-like receptors) family, involved 
in regulation of inflammatory cascades by inhibiting 
the transcriptional nuclear factor-kappa B (NF-κB) 
processing and mitogen-activated protein kinases 
(MAPK), and also by activation of apoptosis regulator 
Bcl-2. [32]. IL-6 and TNF-α protection after excitotoxic 
damage, provided via modulation of neurogenesis, 
angiogenesis, and revascularization processes by ac-
tivating the JAK/STAT (Janus kinase/signal transducers 
and activators of transcription) and PI3K (phospho-
inositide 3-kinase) signaling pathways, was elucidated 
in a number of studies [33, 34].   

Concentrations of CXCL5 and MIF were iden-
tified as immunological markers of unfavorable 
prognosis in patients with lacunar IS. Currently, 
scientific experience regarding the role of CXCL5 
in the pathogenesis of lacunar stroke is limited to 
experimental studies, demonstrating expression of 
astrocytic and endothelial CXCL5 in progression of 
chronic cerebral ischemia and WMH via modulation 
of microglia activity and induction of interleukin-
17 expression [35, 36]. In addition, CXCL5 concen-
tration was established as a marker of unfavorable 
FO in patients with diabetes mellitus. These results 
are consistent with CXCL5 mechanism of action, 
which promotes insulin resistance via potentiation 

of TNFα effects and activation of JAK/STAT (Janus 
kinases/signal transducer and activator of tran-
scription)  [37, 38]. Unlike CXCL5, the MIF role in 
development of cerebral ischemia has been exten-
sively studied, but remains controversial. Recent 
studies showed that increased MIF activity in hypoxic 
environment, driven by expression of hypoxia-in-
ducible factor 1α (HIF-1-α), positively correlated 
with disease severity, ischemic lesion size, and neu-
rological outcomes  [39, 40]. The results of some 
studies show a direct correlation between the Fazekas 
scale score and concentration of MIF, suggesting 
that increase in MIF concentration may be a predictor 
of cerebral microangiopathy progression [41]. Given 
significant prevalence of patients with high BMI in 
the lacunar IS group, MIF expression can be asso-
ciated with obesity. This is supported by studies 
demonstrating MIF involvement in the inhibition 
of hormone-sensitive lipase, which contributes to 
increase in triglyceride levels and exacerbation of 
obesity [42, 43]. MIF expression also contributes to 
endothelial dysfunction by regulating leukocyte 
trafficking into the endothelial wall, expression of 
adhesion molecules and TNF-α via stimulation of 
endothelial granular protein P-selectin [44]. 

Limitations. The main limitations of the study 
were exclusion of patients with fatal outcomes from 
the core data sheet, no monitoring of relevant 
cellular immunological parameters, and missed 
registration of the prospective study protocol. 

Conclusion 
The results of the study demonstrated differences 

in sets of factors affecting the functional outcome of 
patients with IS, depending on the pathogenetic 
subtype. Female gender, recurrent IS, an increase in 
CXCL-2F were the predictors of unfavorable outcome 
in patients with cardioembolic IS. For patients with 
the atherothrombotic subtype, WMH grade and con-
tents of CCL2, CCL3 and CCL23 were the significant 
factors of unfavorable prognosis. Age, recurrent IS, 
BMI�35 kg/m², and WMH grade, along with increased 
levels of CXCL5 and MIF, were identified as indicators 
of unfavorable FO in patients with lacunar IS. Type 2 
diabetes mellitus was verified as an independent 
predictor of eventual disabling disorders, regardless 
of the stroke pathogenetic mechanisms. 

 The parameters associated with a favorable 
FO in patients with the cardioembolic IS were CCL25 
and IL-6 expression, with the atherothrombotic 
subtype — grade 1 obesity along with TNF-a ex-
pression, with lacunar IS — underlying AH and 
grade 1 obesity. Despite the potential value of these 
results for improving prediction of acute stroke out-
comes, further research is needed to confirm the 
significance of these markers by monitoring key 
clinical indicators, expanding the sample size, and 
using diverse statistical analysis methods.

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

Clinical  Studies



23w 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 5 ,  2 1 ;  5

Clinical  Studies

References 
1. Савелло А. В., Вознюк И. А., Бабичев К. Н., Кандыба 

Д. В., Шендеров С. В., Власенко С. В., Сараев Г. Б. 
Шкала прогнозирования раннего функциональ-
ного исхода после внутрисосудистой тромбоэм-
болэктомии при каротидном ишемическом ин-
сульте. Журнал неврологии и психиатрии им. 
С. С. Корсакова. 2021; 121 (6): 34–39. Savello A. V., 
Voznyuk I. A., Babichev K. N., Kandyba D. V., Shen-
derov S. V., Vlasenko S. V., Saraev G. B. A prognosis 
scale for functional outcome at discharge after en-
dovascular thrombectomy in the carotid artery ter-
ritory. S.S. Korsakov Journal of Neurology and Psy-
chiatry. 2021; 121 (6): 34–39. (in Russ.).  
DOI: 10.17116/jnevro202112106134. 

2. Силкин В. В., Ершов В. И., Бурдаков В. В., Бирю-
кова Т. В., Бредихин А. Ю., Лозинская Т. Ю. Матема-
тическое моделирование тяжелого ишемического 
инсульта с полиорганной недостаточностью: рет-
роспективное наблюдательное исследование. 
Вестник интенсивной терапии им. А. И. Салта-
нова. 2023; 1: 91–100. Silkin V. V., Ershov V. I., Burda-
kov V. V., Biryukova T. V., Bredikhin A.Yu., Lozinskaya T. Yu. 
Mathematical modeling of severe ischemic stroke with 
multiple organ failure: a retrospective observational 
study. Annals of Critical Care. 2023; 1: 91–100. (in 
Russ.). DOI: 10.21320/1818-474X-2023-1-91-100. 

3. Manchi M. R., Venkatachalam A. M., Atem F. D., 
Stone S., Mathews A. A., Abraham A. M., Chavez A. A., 
et al. Effect of inpatient rehabilitation facility care 
on ninety day modified Rankin score in ischemic 
stroke patients. J Stroke Cerebrovasc Dis. 2023 Jun; 
32 (6): 107109. 
DOI: 10.1016/j.jstrokecerebrovasdis.2023.107109. 
PMID: 37031503. 

4. Guzek Z., Dziubek W., Stefańska M., Kowalska J. Eval-
uation of the functional outcome and mobility of 
patients after stroke depending on their cognitive 
state. Sci Rep. 2024 Jan 17; 14 (1): 1515.  
DOI: 10.1038/s41598-024-52236-8. PMID: 38233519. 

5. Gardener H., Romano L. A., Smith E. E., Campo-
Bustillo I., Khan Y., Tai S., Riley N., et al. Functional 
status at 30 and 90 days after mild ischaemic stroke. 
Stroke Vasc Neurol. 2022 Apr 26; 7 (5): 375–380. DOI: 
10.1136/svn-2021-001333. PMID: 35474180. 

6. Новикова Л. Б., Акопян А. П., Латыпова Р. Ф. 
Анализ исхода острого периода ишемического 
инсульта. Анналы клинической и эксперимен-
тальной неврологии. 2022; 16 (4): 5–11. 
Novikova L. B., Akopyan A. P., Latypova R. F. Evaluation 
of the outcome in ischemic stroke acute period. An-
nals of Clinical and Experimental Neurology. 2022; 
16 (4): 5–11. (In Russ.) DOI: 10.54101/ACEN.2022.4.1. 

7. Pawluk H., Woźniak A, Grześk G., Kołodziejska R., Koza-
kiewicz M., Kopkowska E., Grzechowiak E., Kozera G. 
The Role of Selected Pro-Inflammatory Cytokines in 
Pathogenesis of Ischemic Stroke. Clin Interv Aging. 
2020 Mar 23; 15: 469–484. DOI: 10.2147/CIA.S233909. 
PMID: 32273689. 

8. Klimiec-Moskal E., Koceniak P., Weglarczyk K., Slowik A., 
Siedlar M., Dziedzic T. Circulating chemokines and 
short- and long-term outcomes after ischemic stroke. 
Mol Neurobiol. 2025 Jan; 62 (1): 421–428.  
DOI: 10.1007/s12035-024-04279-1. PMID: 38861234. 

9. Голубев А. М. Модели ишемического инсульта 
(обзор). Общая реаниматология. 2020; 16 (1): 
59–72. Golubev A. M. Models of Ischemic Stroke (Re-
view). General Reanimatology. 2020; 16 (1): 59–72. 
(In Russ.) DOI: 10.15360/1813-9779-2020-1-59-72. 

10. Poomalai G., Prabhakar S., Sirala Jagadesh N. Func-
tional Ability and Health Problems of Stroke Survivors: 
An Explorative Study. Cureus. 2023 Jan 4; 15 (1): 
e33375. DOI: 10.7759/cureus.33375. PMID: 36751244. 

11. Hu Y., Jiang X., Li Y., Yang C., Ma M., Fang J., He L. 
Endovascular treatment with or without intravenous 
thrombolysis for acute ischemic stroke due to tandem 
occlusion: a systematic review and meta-analysis. J 
Am Heart Assoc. 2024 Sep 3; 13 (17): e034829.  
DOI: 10.1161/JAHA.124.034829. PMID: 39206729. 

12. Максимова М. Ю., Гулевская Т. С. Лакунарный ин-
сульт. Журнал неврологии и психиатрии им. С. С. 
Корсакова. 2019; 119 (8 вып.  2): 13–27. Maksimo-
va M. Yu., Gulevskaya T. S. Lacunar stroke. S. S. Korsakov 
Journal of Neurology and Psychiatry. 2019; 119 (8 vyp. 2): 
13–27. (In Russ.). DOI: 10.17116/jnevro201911908213. 

13. Lau L. H., Lew J., Borschmann K., Thijs V., Ekinci E. I. 
Prevalence of diabetes and its effects on stroke out-
comes: A meta-analysis and literature review. J Dia-
betes Investig. 2019 May; 10 (3): 780–792. DOI: 
10.1111/jdi.12932. PMID: 30220102. 

14. Воронина В. П., Загребельный А. В., Лукина Ю. В., Ку-
тишенко Н. П., Дмитриева Н. А., Лерман О. В., 
Лукьянов М. М. c соавт. Особенности течения 
мозгового инсульта у больных сахарным диабетом 
по данным регистра РЕГИОН-М. Кардиоваску-
лярная терапия и профилактика. 2019; 18 (5): 
60–65. https://doi.org/10.15829/1728-8800-2019-5-
60-65. Voronina V. P., Zagrebelnyi A. V., Lukina Yu.V., 
Kutishenko N. P., Dmitrieva N. A., Lerman O. V., 
Lukyanov M. M., et al. Features of cerebral stroke 
course in patients with diabetes mellitus according 
to the REGION-M register. Cardiovascular Therapy 
and Prevention. 2019; 18 (5): 60–65 (In Russ.). DOI: 
10.15829/1728-8800-2019-5-60-65. 

15. Miwa K., Nakai M., Yoshimura S., Sasahara Y., Wada S., 
Koge J., Ishigami A., et al. Clinical impact of body 
mass index on outcomes of ischemic and hemorrhagic 
strokes. Int J Stroke. 2024 Oct; 19 (8): 907–915. DOI: 
10.1177/17474930241249370. PMID: 38651751. 

16. Захарычева Т. А., Широкова А. С., Поляков А. Г., 
Яицкая Е. О., Чекурина С. Л. Лакунарные ин-
сульты. Клинические наблюдения. Регионарное 
кровообращение и микроциркуляция. 2022; 21 (4): 
94–101. https://doi.org/10.24884/1682-6655-2022-21-
4-94-101. Zakharycheva T. A., Shirokova A. S., 
Polyakov A. G., Yaitskaya E. O., Chekurina S. L. Lacunary 
stroke. Clinical cases. Regional blood circulation and 
microcirculation. 2022; 21 (4): 94–101. (In Russ.).  
DOI: 10.24884/1682-6655-2022-21-4-94-101. 

17. Миклишанская С. В., Мазур Н. А., Соломасова Л. В., 
Чигинева В. В. «Парадокс ожирения» и степень 
его доказанности. Терапевтический архив. 2020; 
92 (4): 84–90. Miklisanskaya S. V., Mazur N. A., Solo-
masova L. V., Chigineva V. V. The «obesity paradox» 
and its degree of proof. Therapeutic Archive. 2020; 
92 (4): 84–90. (In Russ.)] DOI: 10.26442/00403660. 
2020.04.000421. 

18. Антонова К. В., Танашян М. М., Раскуражев А. А., 
Спрышков Н. Е., Панина А. А., Лагода О. В., 



Аметов А. С. с соавт. Ожирение и нервная система. 
Ожирение и метаболизм. 2024; 21 (1): 68–78. Antono-
va K. V., Tanashyan M. M., Raskurazhev A. A., Sprysh-
kov N. E., Panina A. A., Lagoda O. V., Ametov A. S., et al. 
Obesity and the nervous system. Obesity and metab-
olism. 2024; 21 (1): 68–78. DOI: 10.14341/omet13019. 

19. Horn J. W., Feng T., Mørkedal B., Strand L. B., Horn J., 
Mukamal K., Janszky I. Obesity and Risk for First Is-
chemic Stroke Depends on Metabolic Syndrome: 
The HUNT Study. Stroke. 2021 Nov; 52 (11): 3555–3561. 
DOI: 10.1161/STROKEAHA.120.033016.  
PMID: 34281375. 

20. Ruan H., Ran X., Li SS, Zhang Q. Dyslipidemia versus 
obesity as predictors of ischemic stroke prognosis: 
a multi-center study in China. Lipids Health Dis. 
2024 Mar 9; 23 (1): 72.  
DOI: 10.1186/s12944-024-02061-9. PMID: 38461258. 

21. Dahl S., Hjalmarsson C., Andersson B. Sex differences 
in risk factors, treatment, and prognosis in acute 
stroke. Womens Health (Lond). 2020 Jan–Dec; 16.  
DOI: 10.1177/1745506520952039. PMID: 32997605. 

22. Ko D., Rahman F., Schnabel R. B., Yin X., Benjamin E. J., 
Christophersen I. E. Atrial fibrillation in women: epi-
demiology, pathophysiology, presentation, and prog-
nosis. Nat Rev Cardiol. 2016 Jun; 13 (6): 321–32.  
DOI: 10.1038/nrcardio.2016.45. PMID: 27053455. 

23. Santamarнa M., López-Dequidt I., López-Loureiro I., 
Rodríguez-Pérez M., Hervella P., Sobrino T., Campos F. 
et al. Influence of sex on stroke prognosis: a demo-
graphic, clinical, and molecular analysis. Front Neurol. 
2019 Apr 17; 10: 388. DOI: 10.3389/fneur.2019.00388. 
PMID: 31057479. 

24. Мхитарян Э. А., Фатеева В. В. Возраст-зависимая 
церебральная микроангиопатия, ассоциированная 
с сосудистыми факторами риска: как распознать на 
гериатрическом приеме. Российский журнал гери-
атрической медицины. 2024; (1): 49–55. Mkhitaryan E. A., 
Fateeva V. V. Age-dependent cerebral microangiopathy 
associated with vascular risk factors: how to recognize 
the signs? Russian Journal of Geriatric Medicine. 
2024; (1): 49–55. (In Russ.)  
DOI: 10.37586/2686-8636-1-2024-49-55. 

25. Lu X., Wang Z., Ye D., Feng Y., Liu M., Xu Y., Wang M., 
et al. The Role of CXC Chemokines in Cardiovascular 
Diseases. Front Pharmacol. 2022 May 20; 12: 765768.  
DOI: 10.3389/fphar.2021.765768. PMID: 35668739. 

26. Zhang Y. L., Cao H. J., Han X., Teng F., Chen C., Yang J., 
Yan X., et al. Chemokine Receptor CXCR-2 Initiates 
Atrial Fibrillation by Triggering Monocyte Mobilization 
in Mice. Hypertension. 2020 Aug; 76 (2): 381–392. 
DOI: 10.1161/HYPERTENSIONAHA.120.14698.  
PMID: 32639881. 

27. Zhang R. M., McNerney K. P., Riek A. E., Bernal-
Mizrachi C. Immunity and Hypertension. Acta Physiol. 
(Oxf) 2021; 231: e13487.  
DOI: 10.1111/apha.13487. PMID: 32359222. 

28. Korbecki J., Maruszewska A., Bosiacki M., Chlubek D., 
Baranowska-Bosiacka I. The potential importance of 
CXCL1 in the physiological state and in noncancer 
diseases of the cardiovascular system, respiratory 
system and skin. Int J Mol Sci. 2022 Dec 22; 24 (1): 205.  
DOI: 10.3390/ijms24010205. PMID: 36613652. 

29. Yan Y., Thakur M., van der Vorst E. P. C., Weber C., 
Döring Y. Targeting the chemokine network in ath-
erosclerosis. Atherosclerosis. 2021 Aug; 330: 95–106.  

DOI: 10.1016/j.atherosclerosis.2021.06.912.  
PMID: 34247863. 

30. Kim C. S., Kang J. H., Cho H. R., Blankenship T. N., 
Erickson K. L., Kawada T., Yu R. Potential involvement 
of CCL23 in atherosclerotic lesion formation/pro-
gression by the enhancement of chemotaxis, adhesion 
molecule expression, and MMP-2 release from mono-
cytes. Inflamm Res. 2011 Sep; 60 (9): 889–95.  
DOI: 10.1007/s00011-011-0350-5. PMID: 21656154. 

31. Tsioufis P., Theofilis P., Tsioufis K., Tousoulis D. The 
impact of cytokines in coronary atherosclerotic 
plaque: current therapeutic approaches. Int J Mol 
Sci. 2022 Dec 14; 23 (24): 15937.  
DOI: 10.3390/ijms232415937. PMID: 36555579. 

32. Wu X., Sun M., Yang Z., Lu C., Wang Q., Wang H., 
Deng C., Liu Y., Yang Y. The Roles of CCR9/CCL25 in 
Inflammation and Inflammation-Associated Diseases. 
Front Cell Dev Biol. 2021 Aug 19; 9: 686548.  
DOI: 10.3389/fcell.2021.686548. PMID: 34490243 

33. Kummer K. K., Zeidler M., Kalpachidou T., Kress M. 
Role of IL-6 in the regulation of neuronal develop-
ment, survival and function. Cytokine. 2021 Aug; 
144: 155582.  
DOI: 10.1016/j.cyto.2021.155582. PMID: 34058569. 

34. Xue Y., Zeng X., Tu W. J., Zhao J. Tumor Necrosis Fac-
tor-α: The Next Marker of Stroke. Dis Markers. 2022 
Feb 27; 2022: 2395269.  
DOI: 10.1155/2022/2395269. PMID: 35265224. 

35. Cao Q., Chen J., Zhang Z., Shu S., Qian Y., Yang L., 
Xu  L., et al. Astrocytic CXCL5 hinders microglial 
phagocytosis of myelin debris and aggravates white 
matter injury in chronic cerebral ischemia. J Neu-
roinflammation. 2023 May 3; 20 (1): 105.  
DOI: 10.1186/s12974-023-02780-3. PMID: 37138312 

36. Xiao G., Kumar R., Komuro Y., Burguet J., Kakarla V., 
Azizkhanian I., Sheth S. A., et al. IL-17/CXCL5 signaling 
within the oligovascular niche mediates human and 
mouse white matter injury. Cell Rep. 2022 Dec 20; 41 
(12): 111848.  
DOI: 10.1016/j.celrep.2022.111848. PMID: 36543124 

37. Chen C., Chang T. T., Chen J. W. Mechanistic role of 
CXCL5 in cardiovascular disease, diabetes mellitus, 
and kidney disease. Life Sci. 2023 Oct 1; 330: 122018.  
DOI: 10.1016/j.lfs.2023.122018. PMID: 37567498. 

38. Chen C., Lin L. Y., Wu Y. W., Chen J. W., Chang T. T. 
CXCL5 inhibition improves kidney function by pro-
tecting renal tubular epithelial cells in diabetic kidney 
disease. Clin Immunol. 2024 Nov; 268: 110369.  
DOI: 10.1016/j.clim.2024.110369. PMID: 39326648. 

39. Zhang Y., Yu Z., Ye N., Zhen X. Macrophage migration 
inhibitory factor (MIF) in CNS diseases: Functional 
regulation and potential therapeutic indication. Fun-
dam Res. 2023 May 30; 4 (6): 1375–1388.  
DOI: 10.1016/j.fmre.2023.05.008. PMID: 39734533 

40. Li Y. S., Chen W., Liu S., Zhang Y. Y., Li X. H. Serum 
macrophage migration inhibitory factor levels are 
associated with infarct volumes and long-term out-
comes in patients with acute ischemic stroke. Int J 
Neurosci. 2017 Jun; 127 (6): 539–546.  
DOI: 10.1080/00207454.2016.1211648.  
PMID: 27402018. 

41. Zhao J., Wang X., Yu M., Zhang S., Li Q., Liu H., 
Zhang J., et al. The relevance of serum macrophage 
migration inhibitory factor level and executive func-
tion in patients with white matter hyperintensity in 

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

Clinical  Studies



25w 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 5 ,  2 1 ;  5

Clinical  Studies

cerebral small vessel disease. Brain Sci. 2023 Apr 5; 
13 (4): 616.  
DOI: 10.3390/brainsci13040616. PMID: 37190581 

42. Chen L., Li L., Cui D., Huang Y., Tong H., Zabihi H., 
Wang S., et al. Extracellular macrophage migration 
inhibitory factor (MIF) downregulates adipose hor-
mone-sensitive lipase (HSL) and contributes to obe-
sity. Mol Metab. 2024 Jan; 79: 101834.  
DOI: 10.1016/j.molmet.2023.101834. PMID: 37935315 

43. Cui N., Li H., Dun Y., Ripley-Gonzalez J. W., You B., 
Li D., Liu Y., et al. Exercise inhibits JNK pathway ac-
tivation and lipotoxicity via macrophage migration 
inhibitory factor in nonalcoholic fatty liver disease. 

Front Endocrinol (Lausanne). 2022 Sep 6; 13: 961231.  
DOI: 10.3389/fendo.2022.961231. PMID: 36147562 

44. Cheng Q., McKeown S. J., Santos L., Santiago F. S., 
Khachigian L. M., Morand E. F., Hickey M. J. Macrophage 
migration inhibitory factor increases leukocyte-en-
dothelial interactions in human endothelial cells via 
promotion of expression of adhesion molecules. J 
Immunol. 2010 Jul 15; 185 (2): 1238–47.  
DOI: 10.4049/jimmunol.0904104. PMID: 20554956. 

 
Received 05.05.2025 
Accepted 09.09.2025 

Online first 10.10.2025 


