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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Ischemic stroke is a major cause of death
and disability worldwide. Recent evidence highlights the
role of systemic inflammation in stroke pathophysiology and
prognosis. The neutrophil-to-lymphocyte ratio (NLR), an
accessible biomarker from routine blood tests, has been shown
to be associated with stroke severity and outcome, but more
research is needed to corroborate these findings.

Objective: To study the association between NLR at admission
and stroke severity and probability of death in patients with
acute ischemic stroke.

Methods: This prospective cohort study included 241 patients
with confirmed ischemic stroke admitted to a regional hospital
in Aktobe, Kazakhstan. Neurological status was assessed
using the NIH Stroke Scale (NIHSS), Modified Rankin Scale
(mRS), and Glasgow Coma Scale (GCS) on days 1 and 10.
NLR was calculated from admission blood tests. Due to skewed
distributions, data were presented as medians (Q1; Q3), and
non-parametric tests were applied. Multivariable logistic
regression analysis was performed to assess factors associated
with in-hospital mortality, with adjusted odds ratios (ORs) and
95% confidence intervals (CIs) reported.

Results: The median NLR at admission was 2.67 (1.85; 4.36).
Patients who died during hospitalization had significantly
higher NLR values compared to survivors (4.73 [2.30; 8.91]
vs. 2.50 [1.83; 3.77]; p<0.001). Higher NLR was associated
with greater stroke severity and poorer functional outcomes,
reflected by higher NIHSS and mRS scores on days 1 and 10.
In multivariable analysis, log-transformed NLR was associated
with 50% greater odds of in-hospital mortality; however, this
association did not reach statistical significance (p=0.142).

Conclusion: Elevated NLR at admission is associated with
more severe neurological deficits, worse functional outcomes,
and in-hospital mortality in unadjusted analyses. Although NLR
was not an independent predictor in multivariable analysis,
it needs to be further studied as a simple and cost-effective
potential additional biomarker for early risk stratification in
acute ischemic stroke. Further large-scale, multicenter studies
are needed to clarify the prognostic value of NLR in clinical
practice.

Key words. Ischemic stroke, neutrophil-to-lymphocyte ratio,
inflammation, prognosis, NIHSS, mRS.

1. Higher NLR is significantly associated with greater stroke
severity and worse functional status.

2. Higher NLR levels are associated with in-hospital mortality.

3. NLR may potentially serve as an additional biomarker for
the risk of in-hospital mortality.
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Introduction.

Stroke is the third leading cause of mortality and the primary
cause of long-term disability worldwide leading to permanent
disability in approximately 80% of survivors [1]. Ischemic
stroke, which accounts for about 87% of all cases, results
from an interruption of cerebral blood flow, typically due to
arterial occlusion by a thrombus or embolus [2]. This vascular
obstruction leads to a critical reduction in the delivery of
oxygen, glucose, and lipids to brain tissue, ultimately causing
neuronal injury and necrosis of the brain parenchyma. Several
pathophysiological mechanisms have been implicated in
ischemia-induced brain damage, including excitotoxicity,
oxidative stress, and neuroinflammation [3].

Neuroinflammation refers to the activation of the brain’s innate
immune system in response to inflammatory stimuli such as
cerebral ischemia, involving immune cells, blood vessels, and
a variety of molecular mediators [4]. Inflammatory responses
may exert both detrimental and beneficial effects: while they
can exacerbate neuronal injury in the acute phase, they also
contribute to tissue repair and functional recovery during later
stages of stroke.

Ischemia-induced disruption of cellular ion homeostasis
leads to excessive glutamate release, resulting in increased
intracellular calcium influx and excitotoxicity, which activates
both necrotic and apoptotic cell death pathways [5].

Neutrophils are the earliest circulating immune cells to
infiltrate ischemic brain tissue. Following stroke, they undergo
conformational changes facilitated by adhesion molecules
and transmigrate across the endothelial barrier. Neutrophil
infiltration into the ischemic region is guided by chemokine
gradients, and once recruited, they contribute to secondary
injury by releasing proinflammatory cytokines, reactive oxygen
species, proteases, and matrix metalloproteinases [6].

Lymphocytes also play a key role in modulating the post-
ischemic immune response, primarily through T cell-mediated
mechanisms. T cells cross the blood-brain barrier by adhering
to endothelial cells via specific adhesion molecules. CD4* and
CD8" T cells infiltrate the ischemic brain parenchyma within
hours after stroke onset and secrete interleukin-17, which further
amplifies neuroinflammation and contributes to the progression
of ischemic injury [4].

The neutrophil-to-lymphocyte ratio (NLR) is defined as the
absolute neutrophil count divided by the absolute lymphocyte
count in peripheral blood [7]. The normal reference range for
NLR in healthy adults has been reported to vary between 0.78 and
3.53 while NLR greater than 5 has been shown to be associated
with poorer clinical outcomes and unfavorable prognosis in
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patients with various conditions, including ischemic stroke [8].
A recent study demonstrated that NLR measured at 72 hours
post-admission may serve as a reliable predictor of in-hospital
mortality in patients with acute ischemic stroke [9] warranting
replication in other settings.

In this study, we aimed to investigate the relationship between
NLR and prognosis of ischemic stroke, including adverse
outcome, functional disability, and in-hospital death.

Materials and Methods.

This is a prospective cohort study using a sample of 241
patients with a confirmed diagnosis of ischemic stroke who
were hospitalized in the Stroke Department of the State Public
Institution “Multidisciplinary Regional Hospital” in the Aktobe
Region. Primary ischemic stroke confirmed by clinical and
instrumental (imaging) methods, hospital admission within
the first 24 hours after symptom onset, age >18 years, stoke
severity >6 points on the National Institutes of Health Stroke
Scale (NIHSS) and absence of comorbidities that could interfere
with the neurological assessment were the inclusion criteria.
Exclusion criteria included hemorrhagic stroke or transient
ischemic attack, severe cognitive impairment impeding patient
cooperation, presence of benign or malignant tumors; stroke
severity <6 NIHSS points.

Neurological status was evaluated at admission and on the
10th day of hospital stay. Neurological deficits were assessed
by the NIHSS. Modified Rankin Scale (mRS) was used to
evaluate the degree of functional disability. Peripheral venous
blood samples were collected from all patients on the first day of
illness to perform a complete blood count, including calculation
of the NLR. Cholesterol data were also used for the purpose of
this study.

Distribution of numeric variables was assessed by Shapiro-
Wilk tests. Given that all variables except age had skewed
distributions, they were presented as medians (Md) and the
first- and the third quartiles (Q1, Q3) and compared using
non-parametric Mann-Whitney tests. Categorical variables
were analyzed using Pearson’s chi-squared tests. Associations
between NLR concentration and severity of stroke was assessed
by Spearman’s correlation coefficient. A logistic regression was
used to study independent associations between in-hospital
mortality, NLR and results of neurological assessment. Initial

model included the following variables: logNLR, age, gender,
hypertension, diabetes, NIHSS, mRS, BMI, and cholesterol.
Logarithmic transformation was performed to account for right-
sided skewness of the distribution. A backward elimination
procedure was applied to select the variables significantly
associated with the outcome. Significance level for removal was
set to 0.15 due to small sample size and exploratory nature of the
study. Adjusted odds ratios were presented with 95% confidence
intervals (CI). All statistical analyses were performed using
Stata software (Stata Corp., TX, USA).

The Research Ethics Board of the West Kazakhstan Marat
Ospanov Medical University approved the study (Protocol No.
9 from November 19, 2021).

Results.

A total of 241 patients were included in the study. The cohort
consisted of 138 men (57.3%) and 103 women (42.7%) with the
mean age of the participants was 65.5 years. The data on NLR
were available for 240 of them. The remaining analyses were
performed on a sample of these 240 patients. The median NLR
on admission was 2,66 (Q1=1,85; Q3=4,36). On day 1 after
stroke onset, the median NIHSS score was 9 (Q1=6; Q3=15).
Functional status, assessed using the mRS, had a median value
of 4 (Q1=3, Q3=4).

Of the 240 patients included in the study 38 died (15.8%).
Patients who died after admission had significantly higher
levels of NLR (p<0.001), but lower levels of cholesterol
(p=0.003). No significant differences between the groups were
observed by age and BMI. Proportions of patients who died in
the hospital were 18.4% among women vs. 13.9% among men
(p=0.336). Stroke severity, assessed using the NIHSS on day
1, was significantly greater in the deceased group (p <0.001).
Functional dependence, as assessed by the mRS was also higher
inthe deceased group (p < 0.001). Details of the abovementioned
characteristics on day one across groups are presented in Table
1.

Significant correlations were observed for associations
between NLR and stroke severity measured by NIHSS score on
day 1 (p=0.293, p <0.001) and between NLR and the modified
Rankin Scale on day 1 (p = 0.249, p < 0.001), suggesting that
elevated NLR was associated with worse functional outcomes.
Moreover, positive correlations between NLR and NIHSS (p =

Table 1. Characteristics of Ischemic Stroke Patients on Day 1 who Survived and who Died in a Hospital Surviving and Deceased Patients.

Characteristics Survived (n=202) Died (n=38) p

Md (Q1; Q3) Md (Q1; Q3)
Age 64.0 (59.0; 72.0) 69.5 (60.0; 77.0) 0.055
BMI 27.0 (24.6;29.7) 26.1(23.5;31.3) 0.285
NLR 2.5(1.8; 3.8) 4.7(2.3;8.9) <0.001
Cholesterol 5.4(4.4;6.1) 4.3 (3.2;5.7) 0.003
NIHSS (1 day) 8.0 (6.0; 12.0) 16.0 (13.0; 18.0) <0.001
mRS (1 day) 3.0 (3.0; 4.0) 4.5 (4.0; 5.0) <0.001
Table 2. Results of multivariable regression analysis with backward elimination procedure.
Characteristic Odds Ratio 95% CI
NIHSS on day 1 1.12-3.12
Cholesterol 0.65 0.48 —0.89
logNLR 0.87-2.57
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0.139, p=0.05) and mRS (p = 0.156, p < 0.027) were observed
among survivors on the 10th day after stroke. However, the
differences in either NIHSS (p = 0.122, p < 0.080) or mRS
scores (p = -0.022, p < 0.756) were not associated with NLR
among survivors.

Multivariable logistic regression revealed three predictors
associated with the risk of in-hospital death at the significance
level set for this model. The strongest predictor was NIHSS
on day 1 followed by cholesterol and logNLR (Table 2). The
association between logNLR and the outcome adjusted for
the two abovementioned factors was not significant at the
conventional level of significance (p=0.142).

Discussion.

The results of our prospective cohort study are in line with
earlier findings and suggest that NLR was higher in deceased
patients than in survivors, which can potentially be used for
further research on NLR as a potential predictor of in-hospital
mortality. Although an increase in logNLR was associated with
50% greater odds of in-hospital death, the results were not
significant in multivariable models.

A retrospective study demonstrated that the neutrophil-
to-lymphocyte ratio (NLR) at admission is an independent
predictor of short-term mortality in patients with acute stroke
and is significantly associated with unfavorable outcomes
within a 60-day follow-up period. These findings were obtained
in patients with acute cerebral infarction who sought medical
attention within 24 hours of symptom onset. Hemogram
analysis of peripheral venous blood samples was performed at
admission [10].

Previous studies have shown that neutrophil levels are
significantly elevated in stroke patients and are higher among
those with fatal outcomes [11]. Previous studies have shown
that patients with higher NLR values were more likely to have
severe neurological deficits at discharge. Higher NLR was
associated with an unfavorable shift in the mRS score. This
association remained significant after adjusting for clinical
and laboratory variables, including age, sex, hypertension,
hypercholesterolemia, atrial fibrillation, stroke severity, and
glucose levels. However, the risk of death or severe disability
(mRS scores of 3-6) and in-hospital mortality did not differ
significantly across NLR tertiles. NLR also appeared to differ
across stroke treatment groups, with patients undergoing
intravenous thrombolysis and mechanical thrombectomy
exhibiting higher NLR values compared to other groups, likely
reflecting greater disease severity [12,13]. Furthermore, NLR
levels may predict outcomes and response to treatment—higher
levels 24 hours after mechanical thrombectomy were associated
with worse functional outcomes, whereas pretreatment NLR
was not [14,15].

High NLR may also predict hemorrhagic transformation after
stroke. The results of a meta-analysis suggested that NLR with
a cutoff value of 7.5-11 predicts hemorrhagic transformation
rates and 3-month mortality in patients with ischemic stroke,
regardless of country and sampling time [16]. In large vessel
occlusion stroke, high NLR levels were correlated with early
neurological deterioration, although this association was
observed primarily in patients with in situ thrombosis [17].
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Recently, in a cohort of 553 patients, post-reperfusion NLR
was identified as a predictor of severe cerebral edema, with
an area under the curve of approximately 0.7. An NLR > 7
demonstrated an accuracy, sensitivity, and specificity of about
60%, suggesting its potential role in identifying patients at risk
of secondary brain injury following reperfusion therapy [18].

High NLR has also been shown to be associated with stroke-
associated pneumonia. A study of 1,317 patients with a mean
age of 67 years and a mean time from symptom onset of 9 hours
was conducted among ischemic stroke patients who developed
lower respiratory tract infections according to modified Centers
for Disease Control and Prevention criteria within the first
7 days after the index stroke. All patients with pneumonia
diagnosed prior to admission were excluded. The study found
that higher NLR was associated with stroke-related pneumonia
and correlated with its severity. Moreover, stroke-associated
pneumonia significantly affected clinical outcomes during
hospitalization as well as functional outcomes after discharge
[19]. Additionally, elevated NLR levels at admission have been
associated with an increased risk of post-stroke depression [19].

The results of our study should be interpreted with caution due
to several limitations. First, the inclusion of patients from a single
institution limits the generalizability of the findings. Second,
although patients with active inflammatory diseases were
excluded, the influence of subclinical or chronic inflammatory
conditions on NLR cannot be completely ruled out. Third, the
study did not include follow-up of long-term outcomes such as
disability at 3 or 6 months, which limits the assessment of long-
term prognostic value. Fourth, the small sample size allowed
us to identify only relatively strong predictors of mortality,
potentially leading to the exclusion of other relevant factors.

Nevertheless, we identified important clinical associations
between NLR and stroke severity, as well as functional outcomes.
However, logNLR did not reach statistical significance at the
conventional level in multivariable analysis, despite being
associated with a 50% increase in the odds of in-hospital death.
This may reflect either a lack of independent association or
insufficient statistical power. Given the routine use and low cost
of hemogram analysis, NLR or logNLR may have the potential
to be used as predictors of short-term mortality in patients
with acute stroke, but further large-scale studies are needed to
confirm these findings.

Conclusion.

Our study suggests that higher NLR values at admission
are associated with greater stroke severity, worse functional
outcomes, and increased in-hospital mortality in patients with
acute ischemic stroke in unadjusted analyses. NLR values
were positively correlated with higher NIHSS and mRS
scores, reflecting more severe neurological deficits and greater
functional impairment. Moreover, patients who died during
hospitalization exhibited significantly higher NLR levels
compared to survivors.

In multivariable regression analysis, an increase in logNLR
was associated with a 50% increase in the odds of in-hospital
death; however, this association did not reach statistical
significance, which may reflect insufficient statistical power and
does not prove the absence of association.



Given its simplicity, cost-effectiveness, and availability as
part of routine blood testing, NLR may still have a role in
early risk stratification in the acute phase of ischemic stroke.
Incorporating NLR into clinical assessment may improve
prognostic evaluation and support clinical decision-making;
however, further research is required.

Further large-scale, prospective, and multicenter studies are
warranted to explore the integration of NLR into predictive
models for individualized stroke management and outcome
prediction.

Conflict of Interest.

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Author Contributions.

Conceptualization, Z.U.U.; Data curation, Z.U.U., A.AK.
and A.PY.; Formal analysis, Z.U.U.,, AL AK. and APY.,;
Methodology, Z.U.U., A AK., G.B.K.,, AM.G. and APY,;
Project administration, A.A.K; Resources, G.B.K., A.PY.,;
Software, Z.U.U., A.AK., GBK., APY and AM.G,;
Supervision, Z.U.U., A.A.K. and A.P.Y.; Validation, Z.U.U.
and A.A.K.; Visualization, Z.U.U., A. AK., G.BK., and APY;
Writing, original draft, Z.U.U.; Writing, review and editing,
7.U.U., A AK, G.BK., APY., and AM.G. All authors have
read and agreed to the published version of the manuscript.

Funding.
West Kazakhstan Marat Ospanov Medical University (13/2-
18-142 dated 03/14/2023).
Acknowledgments.
Not applicable
Supplementary Material.
Applicable
Appendices.
Not applicable
Data Availability Statement.

All data generated or analyzed in this study can be obtained
from the corresponding author upon inquiry.

REFERENCES

1. Mckay J. The atlas of heart disease and stroke. World Health
Organization. 2004:46.

2. Krishnamurthi R.V, Feigin VL, Forouzanfar MH, et al. Global
and regional burden of first-ever ischaemic and haemorrhagic
stroke during 1990-2010: findings from the Global Burden of
Disease Study 2010. Lancet Glob Health. 2013;1:¢259-81.

3. Moskowitz M.A, Lo E.H, Iadecola C. The science of stroke:
mechanisms in search of treatments. Neuron. 2010;67:181-198.
4. Jurcau A, Simion A. Neuroinflammation in Cerebral Ischemia
and Ischemia/Reperfusion Injuries: From Pathophysiology to
Therapeutic Strategies. Int J Mol Sci. 2021:23.

5. Yang C, E. Hawkins K, Dor¢ S, et al. Neuroinflammatory
mechanisms of blood-brain barrier damage in ischemic stroke.
Am J Physiol Cell Physiol. 2019;316:C135-c153.

64

6. Martynov M.Y, Gusev E.I. Current knowledge on the
neuroprotective and neuroregenerative properties of citicoline
in acute ischemic stroke. J Exp Pharmacol. 2015;7:17-28.

7. Shaafi S, Bonakdari E, Sadeghpour Y, et al. Correlation
between red blood cell distribution width, neutrophil to
lymphocyte ratio, and neutrophil to platelet ratio with 3-month
prognosis of patients with intracerebral hemorrhage: a
retrospective study. BMC Neurol. 2022;22:191.

8. Du Y, Wang A, Zhang J, et al. Association Between the
Neutrophil-to-Lymphocyte Ratio and Adverse Clinical
Prognosis in Patients with Spontaneous Intracerebral
Hemorrhage. Neuropsychiatr Dis Treat. 2022;18:985-993.

9. Radu R.A, Terecoasa E.O, Tiu C, et al. Neutrophil-to-
Lymphocyte Ratio as an Independent Predictor of In-Hospital
Mortality in Patients with Acute Intracerebral Hemorrhage.
Medicina (Kaunas). 2021;57:622.

10. Tokgoz S, Kayrak M, Akpinar Z, et al. Neutrophil
lymphocyte ratio as a predictor of stroke. J Stroke Cerebrovasc
Dis. 2013;22:1169-74.

11. Celikbilek A, Ismailogullari S, Zararsiz G. Neutrophil
to lymphocyte ratio predicts poor prognosis in ischemic
cerebrovascular disease. J Clin Lab Anal. 2014;28:27-31.

12. Yu S, Arima H, Bertmar C, et al. Neutrophil to lymphocyte
ratio and early clinical outcomes in patients with acute ischemic
stroke. J Neurol Sci. 2018;387:115-118.

13. Pektezel M.Y, Yilmaz E, Arsava EM, et al. Neutrophil-to-
Lymphocyte Ratio and Response to Intravenous Thrombolysis
in Patients with Acute Ischemic Stroke. J Stroke Cerebrovasc
Dis. 2019;28:1853-1859.

14. Komiircii H.F, Gozke E, Pelin Dogan AK, et al. Changes
in neutrophil, lymphocyte, platelet ratios and their relationship
with NIHSS after rtPA and/or thrombectomy in ischemic stroke.
J Stroke Cerebrovasc Dis. 2020;29:105004.

15. Lux D, Alakbarzade V, Bridge L, et al. The association of
neutrophil-lymphocyte ratio and lymphocyte-monocyte ratio
with 3-month clinical outcome after mechanical thrombectomy
following stroke. J Neuroinflammation. 2020;17:60.

16. Zhang R, Wu X, Hu W, et al. Neutrophil-to-lymphocyte
ratio predicts hemorrhagic transformation in ischemic stroke: A
meta-analysis. Brain Behav. 2019;9:¢01382.

17.Goyal N, Tsivgoulis G, Chang JJ, etal. Admission Neutrophil-
to-Lymphocyte Ratio as a Prognostic Biomarker of Outcomes
in Large Vessel Occlusion Strokes. Stroke. 2018;49:1985-1987.
18. Ferro D, Matias M, Neto J, et al. Neutrophil-to-Lymphocyte
Ratio Predicts Cerebral Edema and Clinical Worsening Early
After Reperfusion Therapy in Stroke. Stroke. 2021;52:859-867.
19. Nam K.W, Kim T.J, Lee J.S, et al. High Neutrophil-to-
Lymphocyte Ratio Predicts Stroke-Associated Pneumonia.
Stroke. 2018;49:1886-1892.

HeiitpoduabsHo-mumdonunrapHoe OTHOLLECHHUE KaK
NMOTEHIHAJBHBIH NMPEIUKTOP TOCHUTAJBLHOH JeTAJBLHOCTH
NPy MIIEMUYECKOM HHCYJbTe: MPOCHEeKTHBHOE KOIOPTHOE
HCCJIeI0BaHNE

AHHOTAIHS.

BBenenne: HWmemuueckuil HHCYABT SIBISIETCS OCHOBHOM
MPUYUHON CMEPTH U MHBAJIUAHOCTU BO BceM Mupe. HenaBHue
HCCIeIOBaHMs TOAYEPKUBAIOT POJIb CHCTEMHOTO BOCHAJICHUS



B Naro(U3MOJIOTHH M TNPOTHO3€ HMHCYJbTa. BBIIO mMokaszaHo,
yro HeWTpodmibHo-muMponuTapHoe otHommeHne (HIIO),
JOCTYIHBIH OnoOMapkep, ONpenesieMblii B XOIE€ PYTHHHBIX
aHaJM30B KPOBH, CBSI3aHO C TSHKECTHIO MHCYIIBTA M €T0 HCXOIOM,
OJTHAKO ISl TIOATBEPXKACHHUS ITHUX PEe3yIbTaTOB HEOOXOIMMBI
JIOTIOJTHUTENbHBIE UCCIIEIOBAHNUS.

Hean: M3yunts B3aumocBa3p HJIO mpu nmocTymieHun u
TSDKECTBIO HMHCYIIBTA, @ TaKXXEe BEPOSTHOCTHIO JIETAbHOTO
MCXOJla y MAEHTOB C OCTPBIM HIIEMHYECKHM HHCYIBTOM.

Mertoabl: B 1npoCHeKTMBHOE KOTOPTHOE MCCIIEIOBAaHUE
BKIIIOYeHBI 241 TAIMEeHT ¢ MOATBEP)KIEHHBIM HINEMUYECKUM
UHCYJIBTOM, TOCIIUTAIM3UPOBAHHBIE B PErHOHAIIBHYIO OOJIBHUILY
. AxroGe, Kazaxcran. HeBposornueckuii craTyc OLEHHBaIN
¢ wucronp3oBanuem mmkan NIHSS, womudunmuposanHOM
mkaiasl PaakumHa (mMRS) m mkanel koMbl Inmasro (GCS) Ha
1-# u 10-# gau. HJIO paccumThiBanyu Ha OCHOBaHHMH JaHHBIX
aHanmM3a KPOBH IPU TOCTYIUICHUH. J[aHHBIE TNPEICTaBICHBI
B Buje Menuan (Md) m xBaptuied (Q1; Q3). Jns anammsza
HCIONB30BAIUCh HEMapaMeTpHuecKue MeTofbl. [l OLIeHKU
(aKTOpOB, aCCOIMUPOBAHHBIX C JICTAIBHBIM  HCXOIOM,
MIPUMEHSIIN MHOTO()AaKTOPHYIO JOTUCTHYECKYIO PETPECCHI0 C
pacyeToM CKOPPEKTHPOBAHHBIX OTHOIIEHHUH IIAHCOB.

PesyabTaTbl: Mennannoe 3nauenne HJIO npu nocrymennn
cocraBwio 2,67 (1,85; 4,36). Y mauueHTOB C JieTalbHBIM
ncxonom HJIO Ob110 1oCTOBEPHO BHIIIIE, YEM Y BBDKHUBIINX (4,73
[2,30; 8,91] mpotus 2,50 [1,83; 3,77]; p<0,001). IToBbImcHHEIC
3radeHus HJIO ObuTH accommMpoBaHBI ¢ OONBIICH TSKECTHIO
WHCYNBTa M XyOIIMMH (YHKIHOHAIBHBIMH Hcxomamu (Ooiee
BbIcokue mokazarenn NIHSS m mRS) kak wa 1-#, Tak u Ha
10-it nens. B muorodakroprom ananmze HJIO (logNLR) 65110
cBs3aHo ¢ 50% yBeIMYEHWEM IIAHCOB BHYTPHUOOIBHUYHOMN
CMEpTH, OJHAKO pE3yNbTaTbl HE IOCTHIIM CTAaTHCTHYECKOH
3rHaunMoctu (p=0,142).

3akmiouenue: [loseimennarie3HadeHns HJIO mpunoctymieHnu
ACCOIIMMPOBaHBl ¢ Oonee BBIPAKEHHBIM HEBPOJIOTHMYECKUM
neduuuroM, XyIIUMH (QYyHKIMOHAIBHBIMH HCXOIAMU U
BHYTPHUOOJNILHUYHOW CMEPTHOCTBIO IPU  OJHO(AKTOPHOM
aHanmusze. HecMoTpst Ha OTCYTCTBHE CTATUCTUYECKH 3HAYUMOMN
HE3aBHCUMOH CBsi3U B MHOTO(akTopHOH Moxenu, HJIO moxer
paccMarpuBaThCs KaK IOTCHIMAIBHBIA  JTOTONHHUTEIBHBIHN
JOCTYTIHBIA OHMOMapkep Ul paHHEW CTpaTH(HKAIWK pHCKa
y TalMeHTOB C MIIEMUYECKUM HHCYIbTOM. TpeOyrorcs
JalbHEeHIne KpyHmHbIE IPOCHEKTUBHBIE MCCIEJOBAaHUS IJIs
YTOYHEHHSI €ro NMPOTHOCTHYECKOW HEHHOCTH B KIMHHYECKOU
TIPaKTHKE.

KiiioueBble c10Ba: HIIEMAYECKHH MHCYIBT, HEUTPOPIIBEHO-
TUMQOIUTApPHOE OTHOIIEHUE, BOcmaneHue, nporHo3, NIHSS,
mRS.

1. bonee BbIcOKMH ypoBeHb NLR 3HauMTENBHO CBsI3aH C
OonbIeH TSHKECTHIO MHCYIBTa M XyAUIMM (YHKIMOHATBHBIM
COCTOSIHHEM.

2. Bbonee Bricokue ypoBHI NLR cBsI3aHEI ¢ BHYTPHOOIHHUIHOM
CMEPTHOCTBIO.

3. NLR mnoTeHIMaabHO MOXET CIYXUTh JOTOJHUTEIbHBIM
O6roMapKepoM pHCKa BHYTPHOOIEHUYHON CMEPTHOCTH.
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B90G®MFBOgdOLS S 0IBME0EHJOIOL MbIGIMOMBY,
HMamO3 0390060 0blvyEEHOl EOML Bssgsdymumdo
103300E0sBMdOL  3mBHIBEoHo  3OHMPBMBOoMmYdOL
B5JHMM0: 39OL3IIHONWO NIMOGHNO 3330

bm@o30o.

dgbogowo:  009dowGo  obbmGo  dbmywomdo
1033000056MBOLS S 0635 0EMBOL §sdYyzs60 BoBgbos.
0MEMEOOHMobEgwo 33eg3900 boBL Mb3sAL LolEgdMMo
360gdol Ol 0BGl 3500MBOBOMEMY0sLS s
36MHMAbmBdo.  6goGOHMBowgdols @S oIBMEOGHIOOL
®5bog3sM@Mds (NLR), HmIgerog O@obmwmo Lolberol
305¢0Bgdol O 0BMTGds,  ©935300MHGOE0S
oblbme@ol  boddodglbs s 09I eb;  ™mdiss, 90
51336900l ILOILEGHWMOWsE LosFoMOms F98ymdo
33w9390%0-

90%560:  3mB30GHIWOBOE00L EOML  MEGHMIBYYHOO
24959mb5qbols s 0Bl EoL Loddodgl Im®mol 3sgdomol,
3bg3g 903939 089d0Mo 0bbeEOl IJmbg 35309539080
10330000l H5EBIMMBOL JglHogwrs.

090MmEgdo: 53 39ML3gdBH0ME JM3MOEGH™ME 3393580
dmbsfomgmds 241 35309630 LG MHGdIMO
0090000  obbGHom, OHMIIdoE  FMmIgzLgderbo
043bgb  gobobgmol  Jowsd  odBHmdgl  Ggyomboyer
b5935008gmxzmdo. Bxz3OMEMA0MMHo LEGHMLo Fgusbis
NIHSS-0b, 9m©og03o®Mgdvwo Msbzobols 93s¢rol (mRS)
5 eobaml 3mdob d3semol (GCS) gsdmyqbgdom 1 s
10 ©Egl. NLO 9s9momgos 8mmagbgdolsl Lolberols
365¢00Bol  Bmbszgdgool  Logwdgganby.  dmbsizgdgdo
Pomdmpqboos 39006500l (Md) ©s 335OFGH0gdoL
(Q1; Q3) Lobom. sbsewoBobmzol godmygbgdoyeo o0dbs
3653560539 BHMMo  GgmEgdo.  103Z3OW0sBMBSLMD
053530067900 BJAHMOHOOL d9L5x35L90s©
24959mygbgd gm0 04bs dMogz5¢(33c09@0b0 rmyolBo3Mmo
693M9b05 3MMgJBH0MYdIMEo Foblgdol 3mgz303096¢Jo0L
2350MmM300.

39092900:  3mb30Eswobsoolsll NLR-ob 9096960
05639690900 ogm 2.67 (1.85; 4.36). NLR 9609369crm3bsco
05050 04 BoGow)Mo 9990l ddmbg 35309639000,
300069 osMbhgbowgddo (4.73 [2.30; 8.91] 2.50-oL
fobsowdegy [1.83; 3.77]; p<0.001). NLR-0b w5360 ds@seo
05639690900 SLME0MHYIMES 0BV EHOL MFBGHM oo
10ddodglm9b s B496 30N F9IAOOL A9MMGLGdLID
(NIHSS s mRS gegdolb mg3dm dsemswo 95839690gd0)
HMamO 3 306039, 315939 99-10 CEL. FM53503560056E v
9bseoBdo, 1logNLR  sLemEomhgdm@s  Lesgsdymeamdo
10330000l 50%-000 ZSBOPO SEPBIMMBILMSD, TogMod
990929035  LEAHGHOLEHOZMMS©  F6083bgEmzsbo  3g®
doopfos (p=0.142).

sb33bs: MB035Mm056FGHWw 9b65¢r0Bdo
30b30EHowoBoEoolsl NLO-I dmds@gdyeno 5839690 gdo
©5353006900s  Mg®Oem  ddodg  Bggzmmermyonm®
©IBOEOAMD, BM6J309MH0 Fggagd0L JogsEmglgdalmsb
Qo L593500dgmgmdo 1033000 05BMBSLIB.
96535¢0356056 G dmngwdo  LEIGHOLEGH0IMGSE
9600369¢m3560 590130009090 39380600l
365MLGdMBdOL Jobgszs, NLO dgodegds bsomgowml



3396306 353 Jd0m bgedolsfizmd domdsM39Ms©

0098060 0bbEol ddmbg 353096@9dd0 sEMgMwo
6Hol3oL LAHMGH0R035300LMZ0L. 360b03MG 3GMogE035d0

dobo  3MMmbmbHBMo  ©oMmYPIMEgIOL  FobEM3IZ9390
LoFo®ms  dgdymdo  dslGRMMo  3gMb3gddomwo
33wg390%0-

bo3356dm bo@yzgdo: 0d9009960 0Bl @o,

B0GHOMGBoadoLs s WoIBME0EJOIOL M9BsBIOOMD;
26 gds; 30mabmbo; NIHSS; mRS.
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1. NLR-ob 8s@swo mbg 3608369¢m3bs sbimzotqds
0bbye@Eol  Loddodob  BOEILME s BMbJzoMHo
900 M3oM9MdOL 45509l dslosb.

2. NLR-ob 9s0oo @mbg sbmEgo®gds Lssgsdymamdo
10330OE056MBILG.

3. NLR-b 5d3b 3m@gbgoswo, 6md Lossgodymgmdo
1033OE05BMBdOL  MOLZOL sTdEJIOMO  BdOMTSMIGHOL
3B6g0s 99olieryenmbs.
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