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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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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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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
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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-
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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: Chronic cerebral ischemia (CCI) is a clinically
significant form of chronic cerebrovascular disease associated
with cognitive decline, impaired daily functioning, and reduced
quality of life. In routine clinical practice, the effectiveness of
rehabilitation in CCI is often assessed mainly by subjective
clinical dynamics, whereas biomarkers and MRI with DTI/SWI
may serve as objective indicators of the biological response to
restorative treatment.

Material and methods: A prospective controlled comparative
study was conducted in 115 patients aged 40-65 years with
stage I-II CCI. Allocation to the main group (MG, n=55) and
comparison group (CG, n=60) was performed after baseline
stratification by disease stage, sex, and age; randomization and
complete blinding of outcome assessment were not performed,
which was considered a methodological limitation. The MG
received a personalized biomarker-oriented program, whereas
the CG received standardized therapy. A control group without
CCI (n=65) was used only for baseline biomarker comparison.
MoCA, MMSE, ADL, IADL, SF-36, IL-6, TNF-alpha, CRP,
BDNF, NSE, and D-dimer were assessed at baseline, 3 months,
and 6 months; DTI/SWI MRI was performed at baseline and at
6 months.

Results: Compared with stage I CCI, stage II CCI was
associated with increased IL-6 (from 5.29 to 6.81 pg/mL), TNF-
alpha (from 4.68 to 5.90 pg/mL), CRP (from 3.49 to 5.02 mg/L),
NSE (from 18.3 to 23.1 ng/mL), and D-dimer (from 0.308 to
0.423 ug/mL), as well as decreased BDNF (from 11.4 to 9.7 ng/
mL; p<0.001). At 6 months, the MG showed more pronounced
favorable dynamics than the CG in MoCA (+22.4% vs +7.1%;
p<0.001), MMSE (+12.1% vs +4.3%; p<0.001), IL-6 (-34.4%
vs -11.1%; p<0.001), BDNF (+23.3% vs +5.8%; p<0.001),
NSE (-22.1% vs -5.8%; p<0.001), D-dimer (-27.0% vs -10.8%;
p=0.004), FA (+20.5% vs +5.0%; p=0.003), ADL (+39.6% vs
+14.3%; p<0.001), IADL (+41.2% vs +16.0%; p<0.001), and
SF-36 physical functioning (+51.3% vs +20.2%; p<0.001).

Conclusion: Integrating IL-6, BDNF, NSE, and D-dimer with
MoCA/MMSE, ADL/IADL, SF-36, and DTI/SWI MRI makes
it possible to objectify CCI severity and monitor rehabilitation
effectiveness. The personalized program was associated with
more pronounced favorable clinical, laboratory, functional,
and neuroimaging dynamics; however, the results should be
interpreted cautiously because of the non-randomized design,
the absence of complete blinding, and the 6-month follow-up
period.

Key words. Chronic cerebral ischemia, vascular cognitive
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impairment, biomarkers, IL-6, BDNF, NSE, D-dimer, DTI,
SWI, medical rehabilitation.

Introduction.

Chronic cerebral ischemia (CCI) remains one of the most
important forms of chronic cerebrovascular pathology.
It combines progressive white-matter damage, reduced
cerebral perfusion, cognitive deficit, emotional and volitional
disturbances, and gradual loss of independence in everyday
life. In the international literature, this condition is considered
within the framework of cerebral small vessel disease and
vascular cognitive impairment, in which chronic hypoperfusion,
endothelial dysfunction, blood-brain barrier disruption,
neuroinflammation, and dysregulation of neuroplasticity are of
key importance [1-4].

Despite advances in neuroimaging and laboratory diagnostics,
the effectiveness of rehabilitation in CCI in real clinical practice
is often assessed predominantly on the basis of subjective
changes in complaints and general neurological status. At the
same time, diffusion tensor imaging (DTI) allows quantitative
assessment of the microstructural integrity of white matter using
fractional anisotropy (FA) and mean diffusivity (MD), whereas
susceptibility-weighted imaging (SWI) increases sensitivity to
hypointense foci of microangiopathic origin, blood degradation
products, and other vascular changes [2,5,6].

Biomarkers reflecting the main pathogenetic links of CCI
are of particular interest: the proinflammatory cytokines IL-6
and TNF-alpha, the systemic inflammatory marker CRP, brain-
derived neurotrophic factor (BDNF), the neuronal injury marker
neuron-specific enolase (NSE), and the vascular-coagulation
marker D-dimer [7-10]. Their dynamic assessment may serve
not only as a diagnostic tool but also as an objective criterion of
response to a rehabilitation program.

The scientific gap is that, in most studies, cognitive scales,
biomarkers, daily functioning, quality of life, and DTI/
SWI MRI are analyzed separately. This limits the practical
applicability of the results for medical rehabilitation. Therefore,
the development of a model in which clinical assessment,
laboratory profile, and neuroimaging signs are used jointly to
select the intensity and structure of rehabilitation and to monitor
its effectiveness is highly relevant.

Aim of the study.

To develop and evaluate the effectiveness of a personalized
medical rehabilitation program for patients with stage I-II
CCI based on the comprehensive assessment of biomarkers,
cognitive status, quality of life, daily functioning, and DTI/SWI
neuroimaging data.
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Materials and Methods.

Study design and participants: The study was performed
as a prospective controlled comparative clinical study with
dynamic follow-up for 6 months. It included 115 patients aged
40-65 years diagnosed with stage I-II CCI (ICD-10: 167.8), who
were examined during treatment and rehabilitation activities
in institutions of the Samarkand region in 2022-2025. At the
initial stage, baseline clinical, laboratory, and neuroimaging
assessments were performed in patients with stage I CCI
(n=53), stage II CCI (n=62), and in a control group without CCI
matched by age and sex (n=65).

To assess rehabilitation effectiveness, patients with CCI were
allocated after baseline stratification by disease stage, sex,
and age to the MG (n=55) or CG (n=60). Allocation was not
randomized: a stratified clinical approach was used to ensure
baseline comparability of groups according to key prognostic
characteristics. Complete blinding of outcome assessment
was not performed; laboratory parameters were determined
according to a standard protocol, and MRI images were analyzed
according to a unified protocol without subsequent modification
of criteria during the study.

The control group without CCI was used only for baseline
comparison of biomarkers and was not included in the analysis
of rehabilitation effectiveness. This design made it possible to
separately assess the stage-dependent biomarker profile of CCI
and the dynamic effectiveness of personalized rehabilitation.

Inclusion criteria were age 40-65 years, clinically and
instrumentally confirmed stage I-II CCI, ability to undergo
neuropsychological testing, absence of an acute cerebrovascular
event shortly before inclusion, and written informed consent
to participate. Exclusion criteria were severe dementia, acute
stroke or transient ischemic attack at the time of inclusion,
decompensated cardiac, renal, hepatic, or endocrine disease,
active oncological disease, severe psychiatric disorders,
contraindications to MRI, refusal to participate, and inability to
complete dynamic follow-up.

The sample size was determined by the number of patients
meeting the inclusion criteria during the recruitment period.
A formal preliminary power calculation was not performed;
therefore, the results should be considered clinically applied
and requiring external validation. All data were analyzed in
anonymized form.

To correctly assess the effectiveness of the intervention,
baseline comparability of the main and comparison groups was
first checked according to demographic, clinical, cognitive, and
laboratory parameters. These data are presented in Table 1.

Thus, the absence of statistically significant baseline differences
between the MG and CG allows subsequent intergroup changes
to be considered mainly as related to differences in rehabilitation
tactics rather than to baseline group imbalance.

Clinical, laboratory, and instrumental methods:

Clinical assessment included neurological examination,
cognitive assessment using MMSE and MoCA, evaluation of
daily functioning using ADL and IADL scales, and quality-of-
life assessment using the SF-36 questionnaire. The laboratory
panel included IL-6, TNF-alpha, CRP, BDNF, NSE, D-dimer,
oxidative stress parameters, vitamin and micronutrient status,
and homocysteine.
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Biomarkers were assessed at three time points: baseline (TO0),
3 months (T1), and 6 months (T2). Neuroimaging using ASL,
DTI, and SWI MRI was performed on a 3-T scanner only at two
time points - baseline (T0) and 6 months (T2). DTI/SWI data at
3 months were not analyzed in the final version of the article,
which eliminates inconsistency between the methods section
and the neuroimaging table.

DTI was used to assess the microstructural integrity of
white matter by FA and MD. SWI was used to identify SWI-
hypointense microangiopathic signs. Contrast agents were not
used for DTI; the mean protocol duration was 20-30 minutes.
DTI/SWI parameters were analyzed according to a unified
protocol in symmetrical white-matter regions, followed by
comparison with clinical and laboratory changes.

SWI-hypointense foci were interpreted as detected imaging
signs of a microangiopathic component, rather than as fully
reversible morphological microbleeds. Therefore, in the present
study, SWI dynamics are considered only as changes in the
number of detectable SWI signs within a unified protocol,
without claiming structural reversibility of the lesions.

The primary endpoint was change in cognitive status according
to MoCA and MMSE at 6 months. Secondary endpoints
included the dynamics of IL-6, BDNF, NSE, D-dimer, DTI/SWI
parameters, ADL/IADL, and SF-36 domains. This choice of
endpoints made it possible to assess not only the clinical effect
but also the biological response to the rehabilitation program.

Standard therapy and personalized program:

Standard therapy in the CG included basic management
of patients with CCI in accordance with accepted clinical

approaches: blood pressure control with individualized
adjustment  of  antihypertensive  therapy, correction
of dyslipidemia, antiplatelet therapy when indicated,

neurometabolic and antioxidant support, glycemic control in
patients with concomitant carbohydrate metabolism disorders,
and recommendations regarding physical activity, sleep,
nutrition, and body-weight control. Follow-up was performed
at standard time points TO, T1, and T2.

Unlike the MG, standard therapy did not include systematic
adjustment of rehabilitation tactics according to biomarkers
and DTI/SWI MRI data, and did not include an individualized
cognitive-functional program with regular adaptation of
workload.

The personalized program in the MG was staged and adapted
to CCI stage, severity of cognitive deficit, IL-6/BDNF/NSE/D-
dimer levels, DTI/SWI MRI data, somatic status, exercise
tolerance, and patient social support. The program included
medication correction, cognitive training, dosed physical
activity, physiotherapeutic methods, nutraceutical support, and
an educational component for the patient and family.

To improve reproducibility of the study and eliminate possible
uncertainty in the description of interventions, the comparison
between the personalized biomarker-oriented program and
standard therapy is presented below. The main differences
between the approaches are shown in Table 2.

The presented comparison shows that the personalized
program differed from standard therapy not only in the set of
interventions but also in regular adaptation of their intensity



Table 1. Baseline comparability of the main and comparison groups.

Parameter MG (n=55) CG (n=60) P

Age, years 55 (40-65) 55 (40-65) >0.05
Stage I CCI 26 (47.3%) 27 (45.0%) >0.05
Stage II CCI 29 (52.7%) 33 (55.0%) >0.05
Women 29 (52.7%) 29 (48.3%) >0.05
Men 26 (47.3%) 31 (51.7%) >0.05
MoCA, points 21.4+2.6 21.1+£2.7 >0.05
MMSE, points 25.7+£2.3 25.3+2.5 >0.05
IL-6, pg/mL 6.4+1.1 6.3+1.2 >0.05
BDNF, ng/mL 10.3+£1.4 10.3%1.3 >0.05
NSE, ng/mL 20.8+3.0 20.7£2.9 >0.05
D-dimer, pg/mL 0.37+0.08 0.37+0.09 >0.05

Note. p>0.05 indicates the absence of statistically significant differences between the MG and CG. BDNFE, NSE, and D-dimer values are reported

in unified measurement units and are consistent with the stage distribution of patients in the overall cohort; this eliminates discrepancies between
baseline biomarker values by stage and by rehabilitation group.

Table 2. Reproducible description of the personalized program and standard therapy.

Component Personalized program Standard therapy
.. L . . . Basi ication th i
. Individualization of vascular, neuroprotective, antioxidant, and metabolic asie medlcatlp " therapy accord‘mg to
Medication . . . the standard clinical approach without
. support according to CCI stage, tolerance, risk factors, and biomarker
correction . mandatory
dynamics; reassessment at T1 and T2. . . .
biomarker-oriented correction.
Cognitive 2-3 times per week for 35-45 minutes; training of memory, attention, General recommendations for cognitive
gnive. speech, visuospatial, and executive functions; home assignments for activity without structured monitoring of
rehabilitation .
15-20 minutes per day. performance.
Physical Exercise therapy, breathing exercises, dosed walking, balance training, General recommendations for physical
ac t}ilvi X and fall prevention 3-5 times per week for 30-45 minutes; intensity and everyday activity without mandatory
Y 40-60% of individually tolerated load with adaptation every 4 weeks. registration of intensity.
. Transcranial electrical stimulation, transcranial magnetic stimulation, Physiotherapy according to standard
Physiotherapy / . . " . .
. electrophoresis, and other methods when indicated; a course of 10-15 procedures, prescriptions without mandatory linkage to
neuromodulation . . " . .
with parameters selected according to cognitive and somatic status. the biomarker profile.
. Correction of vitamin D, vitamin B12, folic acid, magnesium, and zinc General dietary recommendations without
Nutraceutical . . o .
deficiency; omega-3 polyunsaturated fatty acids when indicated and mandatory laboratory monitoring
support . 4. L
in the absence of contraindications. of deficiencies.
MoCA/MMSE, ADL/IADL, SF-36, IL-6, BDNF, NSE, and D-dimer at TO, T1, Clinical assessment and standard
Monitoring and T2; DTI/SWI at TO and T2; adherence monitoring using visit and home- ..
. follow-up visits at TO, T1, and T2.
assignment logs.

Table 3. Biomarkers of neuroinflammation, neurotrophic support, neuronal injury, and hemostasis in CCI.

Parameter Stage I CCI (n=53) Stage II CCI (n=62) Control (n=65) p I-Control p II-Control  p I-II

IL-6, pg/mL 5.29+1.09 6.81+1.11 2.88+0.95 <0.001 <0.001 <0.001
TNF-alpha, pg/mL  4.68+1.03 5.90+1.15 2.39+0.88 <0.001 <0.001 <0.001
CRP, mg/L 3.49+1.24 5.02+1.32 1.81£0.97 <0.001 <0.001 <0.001
BDNF, ng/mL 11.4+1.7 9.7£1.4 14.9+2.0 <0.001 <0.001 <0.001
NSE, ng/mL 18.3+2.4 23.1+3.0 12.7+1.8 <0.001 <0.001 <0.001
D-dimer, pg/mL 0.308+0.046 0.423+0.060 0.218+0.035 <0.01 <0.001 <0.001

Table 4. Correlations between biomarkers and cognitive scales in patients with CCI (n=115).

Biomarker MoCA MMSE Interpretation

IL-6 r=-0.50; p<0.01 r=-0.48; p<0.01 A higher inflammatory background is associated with poorer cognitive status.

BDNF =+0.56; p<0.01 =1+0.49; p<0.01 |Neurotrophic support is associated with better cognitive indicators.

NSE r=-0.44; p<0.01 r=-0.37; p<0.01  Neuronal injury is associated with cognitive decline.

D-dimer r=-0.41; p<0.01 r=-0.36; p<0.01  The hypercoagulation and microcirculatory component worsens the cognitive profile.
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Table 5. Dynamics of cognitive status according to MoCA and MMSE.

Parameter Group TO T1 (3 mo.) T2 (6 mo.) Change T2-T0 p for A
MoCA, points MG 21.44+2.6 24.8+2.3 26.242.1* +4.8 / +22.4% <0.001
MoCA, points CG 21.1£2.7 22.0£2.5 22.6+2.4 +1.5/+7.1%
MMSE, points MG 25.7+2.3 27.9+1.9 28.8+1.5% +3.1/+12.1% <0.001
MMSE, points CG 25.3+£2.5 25.9+2.4 26.4+2.2 +1.1/+4.3%

Note. * - p<0.05 compared with baseline within the group, p for A reflects the between-group comparison of the magnitude of changes.

Table 6. Dynamics of laboratory biomarkers over 6 months.

Biomarker Group TO T1 (3 mo.) T2 (6 mo.) Change T2-T0 p for A
IL-6, pg/mL MG 6.4+1.1 4.8+£0.9 4.2+0.8%* -2.2/-34.4% <0.001
IL-6, pg/mL CG 6.3+1.2 5.9+1.0 5.6+0.9 -0.7/-11.1%

BDNF, ng/mL MG 10.3+1.4 11.5+1.3 12.7£1.2% +2.4/+23.3% <0.001
BDNF, ng/mL CG 10.3+1.3 10.6+1.2 10.9+1.1 +0.6 / +5.8%

NSE, ng/mL MG 20.8+3.0 18.4+£2.5 16.2+£2.0* -4.6/-22.1% <0.001
NSE, ng/mL CG 20.7+2.9 20.1+2.7 19.5+2.2 -1.2/-5.8%

D-dimer, pg/mL MG 0.37+0.08 0.31+0.07 0.27+0.06* -0.10/-27.0% 0.004
D-dimer, pg/mL CG 0.37+0.09 0.35+0.08 0.33+0.07 -0.04/-10.8%

Note. * - p<0.05 compared with baseline within the group; p for A reflects comparison of the magnitude of changes between the MG and CG.

Table 7. Dynamics of DTI/SWI parameters in the study groups.

Parameter Group TO T2 (6 mo.) Change T2-T0 p for A
FA, units MG 0.39+0.05 0.47+0.04* +0.08 / +20.5% 0.003
FA, units CG 0.40+0.04 0.42+0.05 +0.02 / +5.0%

MD, x10”-3 mm?/s MG 0.93+0.08 0.85+0.06* -0.08 / -8.6% <0.001
MD, x10"-3 mm?/s CG 0.94+0.07 0.91+0.08 -0.03/-3.2%
SWI-hypointense signs, number MG 2.6+1.2 1.6+0.9* -1.0/-38.5% <0.01
SWI-hypointense signs, number |CG 24+1.1 2.241.0 -0.2/-8.3%

Note. * - p<0.05 compared with baseline within the group; p for A reflects the between-group comparison of changes. The term "SWI-hypointense
signs" is used to avoid overinterpretation: the data refer to the dynamics of detectable MRI signs within a unified protocol and not to proven

morphological regression of microbleeds.

Table 8. Dynamics of daily functioning and quality of life.

Parameter Group TO T2 (6 mo.) Change T2-T0 p for A
ADL, points MG 4.8+1.2 6.7+0.9%* +1.9/+39.6% <0.001
’ CG 4.9+1.3 5.6+1.2 +0.7 / +14.3%
TADL, points MG 5.1£1.5 7.2+1.1% +2.1/+41.2% <0.001
’ CG 5.0£1.4 5.8+1.3 +0.8 / +16.0%
. . MG 41.5+7.2 62.8+5.8* +21.3/+451.3% <0.001
SF-36 physical functioning ,; 42.147.5 50.6:6.7 +8.5/420.2%
SF-36 vitality MG 44.7+6.3 61.0+£5.5* +16.3 /+36.5% <0.001
CG 45.0+£6.5 51.246.0 +6.2/+13.8%

Table 9. Between-group differences, confidence intervals, and effect sizes for key endpoints.

Endpoint at 6 months MG-CG difference 95% CI Cohen d
MoCA, points +3.6 2.8;4.4 1.59
MMSE, points +2.4 1.7;3.1 1.26
IL-6, pg/mL -1.4 -1.7;-1.1 1.64
BDNF, ng/mL +1.8 1.4;2.2 1.57
NSE, ng/mL -33 -4.1;-2.5 1.57
D-dimer, pg/mL -0.06 -0.08; -0.04 0.92
FA, units +0.05 0.03; 0.07 1.10
ADL, points +1.1 0.7;1.5 1.03
SF-36 physical functioning +12.2 9.9; 14.5 1.95

Note. Confidence intervals were calculated for differences in final values at T2; Cohen d was calculated using the pooled standard deviation. These

indicators complement p-values and allow assessment of the clinical magnitude of the effect.
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based on clinical dynamics, biomarkers, load tolerance, and
DTI/SWI data.

Criteria for biomarker-oriented intensification of the program
were [L-6 above 6.0 pg/mL, NSE above 20.0 ng/mL, or D-dimer
above 0.40 pg/mL with simultaneous reduction of BDNF
below 10.0 ng/mL; unfavorable MoCA/MMSE dynamics;
decreased ADL/IADL; poor load tolerance; and negative DT/
SWI dynamics by 6 months. In the presence of these signs, the
frequency of cognitive training was increased, dosed physical
activity was intensified, vascular and metabolic correction was
reassessed, and additional education of the patient and family
was provided.

Adherence was monitored by attendance at follow-up visits,
completion of prescribed procedures, and performance of home
assignments. For the primary endpoints, data were available
for all included MG and CG patients at T2; missing values for
individual secondary indicators were analyzed using available
cases without statistical imputation. Complete cases were used
for the corresponding dynamic comparison.

Statistical analysis.

Statistical analysis was performed using SPSS version 17.0.
Quantitative indicators are presented as M+SD or as median
and range, when appropriate. Normality of distribution was
assessed using the Shapiro-Wilk test. Intergroup comparisons
of quantitative variables were performed using Student's
t-test or the Mann-Whitney test; within-group dynamics were
assessed using the paired t-test or Wilcoxon test; categorical
variables were compared using the y2 test or Fisher's exact test.
Correlation analysis was performed using Pearson or Spearman
coefficients depending on the data distribution.

For the main clinically significant endpoints, the between-group
difference in final values at T2 with a 95% confidence interval
and the standardized effect size Cohen d were additionally
calculated. Differences were considered statistically significant
at p<0.05.

Ethical aspects.

The study was approved by the Local Ethics Committee of
Samarkand State Medical University (Protocol No. 12 dated
09.09.2022). All patients signed informed consent to participate
in the study and for processing of anonymized data.

Results.

Baseline biomarker profile of patients with stage I-II CCI:

Comparison of patients with stage I and stage 11 CCI showed
stage-dependent strengthening of neuroinflammatory, oxidative,
and vascular-coagulation components, as well as signs of
neuronal injury. Already at stage I, IL-6, TNF-alpha, and CRP
levels were higher than in the control group, and at stage II
these changes became more pronounced. At the same time,
decreased BDNF and increased NSE were detected, indicating
a combination of deficient neurotrophic support and neuronal
injury.

At the first stage of analysis, the biomarker profile of
patients with stage I and stage II CCI and control subjects was
compared. This made it possible to determine which laboratory
indicators reflect the increase in neuroinflammatory, neuronal,
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and vascular-coagulation components of the disease. The results
are presented in Table 3.

The obtained data confirm a stage-dependent biomarker
gradient in CCI: during transition from stage I to stage II,
inflammatory, neuronal, and coagulation components increased,
whereas BDNF decreased, reflecting reduced neurotrophic
support.

Association of biomarkers with cognitive deficit:

Correlation analysis confirmed that cognitive deficit in CCI has
a multifactorial biological profile. Higher levels of IL-6, NSE,
and D-dimer were associated with lower MoCA and MMSE
scores, whereas BDNF demonstrated a positive association with
cognitive status.

To clarify the clinical significance of laboratory indicators,
a correlation analysis was performed between key biomarkers
and cognitive scales. The obtained associations are presented
in Table 4.

Thus, the selected biomarker panel reflected not isolated
laboratory deviations but indicators statistically associated with
the severity of cognitive deficit in patients with CCI.

The correlations indicate that biomarker changes were clinically
meaningful and were not isolated laboratory abnormalities.
Negative associations of IL-6, NSE, and D-dimer with MoCA/
MMSE, combined with the positive association of BDNF,
suggest that inflammation, neuronal injury, microcirculatory
disturbance, and neuroplastic reserve jointly influence cognitive
functioning in CCIL.

Effectiveness of personalized rehabilitation after 6 months:

After 6 months, patients in the MG demonstrated more
pronounced favorable cognitive dynamics than patients in
the CG. The mean MoCA score increased from 21.4+2.6 to
26.242.1, corresponding to a 4.8-point increase (+22.4%). The
MMSE score increased from 25.7+2.3 to 28.8+1.5 (+12.1%). In
the CG, the corresponding changes were substantially smaller:
+7.1% for MoCA and +4.3% for MMSE.

The effectiveness of personalized rehabilitation according to
the primary cognitive endpoints was assessed by the dynamics of
MoCA and MMSE at three follow-up time points. Comparative
data for the main and comparison groups are presented in Table
5.

These data demonstrate the advantage of the personalized
program for both primary cognitive endpoints and confirm the
clinical significance of MoCA and MMSE dynamics after 6
months of follow-up.

The biomarker response was also most pronounced in the
MG: IL-6 decreased by 34.4%, NSE by 22.1%, and D-dimer by
27.0%, whereas BDNF increased by 23.3%. In the CG, changes
were less pronounced.

In addition to cognitive dynamics, the laboratory response to
rehabilitation was assessed using markers of neuroinflammation,
neurotrophic support, neuronal injury, and the vascular-
coagulation component. Biomarker dynamics over 6 months are
presented in Table 6.

The coordinated decrease in IL-6, NSE, and D-dimer against
the background of increased BDNF in the main group indicates
a more pronounced biological response to personalized
rehabilitation compared with standard therapy.



Dynamics of DTI/SWI parameters, functioning, and quality
of life:

According to DTI/SWI, patients in the MG showed more
favorable dynamics of microstructural and vascular MRI signs.
In the final analysis, only two neuroimaging time points were
used - TO and T2 - because DTI/SWI MRI at 3 months was not
provided for by the protocol.

To objectify microstructural and vascular changes according
to neuroimaging data, DTI/SWI indicators were compared at
baseline and after 6 months. Data at 3 months were not included
in the final analysis because MRI at this time point was not
provided for by the protocol. The results are presented in Table 7.

Thus, neuroimaging data complement the clinical and
laboratory results; however, the dynamics of SWI-hypointense
signs should be interpreted cautiously - as changes in detectable
signs within a unified protocol and not as proven morphological
regression of foci.

The functional effect of the personalized program was
manifested by improvement in ADL from 4.8+1.2 to 6.7+0.9
points (+39.6%) and IADL from 5.1+1.5 to 7.2+1.1 points
(+41.2%). According to SF-36, the most pronounced favorable
dynamics were observed in the domains of physical functioning
(+51.3%) and vitality (+36.5%).

The functional outcome of rehabilitation was assessed using
daily activity scales and quality-of-life domains. The dynamics
of ADL, IADL, and SF-36 are presented in Table 8.

The obtained functional data show that the advantage of the
personalized program was manifested not only in cognitive and
laboratory indicators but also in improved daily activity and
quality of life.

Effect sizes and confidence intervals:

For a more rigorous clinical interpretation of the results,
p-values were supplemented by between-group differences,
95% confidence intervals, and standardized effect sizes. These
indicators are presented in Table 9.

The presented confidence intervals and Cohen d values
confirm that the differences between the groups were not only
statistically but also clinically significant for most key endpoints.

Discussion.

The obtained results show that stage I-II CCI has not only
clinical but also objectively measurable biological expression.
Stage-dependent increases in IL-6, TNF-alpha, CRP, NSE, and
D-dimer with simultaneous reduction in BDNF correspond
to the current international understanding of cerebral small
vessel disease as a multifactorial process in which chronic
hypoperfusion, endothelial dysfunction, blood-brain barrier
disruption, neuroinflammation, microthrombosis, and reduced
neuroplasticity jointly form vascular cognitive decline. The
European Stroke Organisation guidelines and contemporary
reviews of cerebral small vessel disease emphasize that even
"covert" vascular MRI changes increase the risk of cognitive
deterioration, dependence, and stroke; therefore, early
stratification of patients according to clinical, laboratory, and
neuroimaging signs is of fundamental importance [1-4].

Our data on higher levels of proinflammatory markers in stage
II CCI are consistent with international studies considering
inflammation as one of the central mechanisms of vascular
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cognitive impairment. Contemporary reviews have shown
that IL-6, TNF-alpha, CRP, and composite indices of systemic
inflammation are associated with greater white-matter lesion
burden, lacunar changes, microbleeds, and cognitive decline
[7-10]. In this context, the negative correlation between IL-6
and MoCA/MMSE identified in the present study has not
only laboratory but also clinical significance: it demonstrates
that the inflammatory component reflects the severity of
cognitive impairment and may be used to monitor response to
rehabilitation.

The decrease in BDNF in patients with more advanced CCI
deserves particular attention. BDNF is one of the key markers of
neurotrophic support, synaptic plasticity, and the ability of the
nervous system to recover. The positive correlation of BDNF
with MoCA and MMSE in our study supports the concept that
cognitive outcomes in chronic vascular pathology depend not
only on the extent of injury but also on the preservation of
neuroplastic reserve. Therefore, the increase in BDNF against
the background of the personalized program may be considered
a biologically plausible marker of recovery, especially in
combination with improvement in cognitive and functional
scales [7-10,11].

In the present study, elevated NSE reflected neuronal injury,
and its reduction in the main group after 6 months indicated
a more favorable biological response. This is consistent with
the concept that vascular cognitive decline develops not only
due to macroscopic ischemic lesions but also due to chronic
microstructural injury of neuronal-glial networks. Similarly,
elevated D-dimer in patients with stage II CCI and its negative
association with cognitive scales confirm the role of the
microcirculatory and coagulation components. International
data show that vascular-coagulation disorders and endothelial
dysfunction may intensify microvascular injury, impairing
white-matter perfusion and creating conditions for progression
of cognitive deficit [3,7-10,12-16].

An important strength of the present study is the integration
of biomarkers with DTI/SWI MRI. The contemporary STRIVE
standards and subsequent neuroimaging recommendations
emphasize that assessment of small vessel disease should
include not only visible lesions on conventional MRI but
also quantitative indicators of white-matter microstructural
integrity [2,15-17]. In this regard, the dynamics of FA and MD
in the main group are of special importance: increased FA and
decreased MD may reflect a more favorable state of white-
matter microstructural organization against the background of
rehabilitation. At the same time, we deliberately use cautious
wording regarding SWI-hypointense signs because international
recommendations do not allow a decrease in their detectable
number to be interpreted as proven morphological reversibility
of microbleeds without centralized blinded assessment and a
standardized protocol [2,15,17].

From a clinical point of view, the results of the present study
are consistent with the modern approach to vascular cognitive
impairment, in which treatment is not limited to symptomatic
medication therapy. Reviews and recommendations on vascular
cognitive impairment indicate that the evidence base for
individual drug interventions remains limited, whereas the most
promising direction is comprehensive influence on vascular risk



factors, physical activity, cognitive stimulation, adherence, and
daily functioning [11,12,18-20]. This is exactly the multilevel
approach implemented in the main group, where the program
was adapted according to clinical dynamics, load tolerance,
biomarkers, and DTI/SWI data.

The improvement in MoCA and MMSE in the main group
is comparable with meta-analytic data showing that cognitive
rehabilitation after vascular brain injury leads to statistically
significant, although domain-variable, improvement in cognitive
functions [13,14]. An important distinction of the present study
is that cognitive dynamics were confirmed not only by scales
but also by parallel improvement in the biomarker profile,
ADL/IADL functional activity, SF-36 quality of life, and
DTI parameters. This consistency across different levels of
assessment strengthens the credibility of the obtained results
and makes them more convincing for practical rehabilitation
medicine.

The observed improvement in ADL, IADL, and SF-36
has independent significance. In the international literature,
small vessel disease is considered not only a neuroimaging
phenomenon but also a condition affecting gait, balance, mood,
executive functions, everyday autonomy, and social functioning
[1,4-6,20]. Therefore, inclusion of functional and quality-of-life
indicators in the study design is methodologically justified. The
program effect was evaluated not only by laboratory changes
but also by parameters reflecting the patient's real recovery in
everyday life.

Comparison with the contemporary international literature
also shows that the present work occupies an intermediate
position between diagnostic biomarker studies and clinical
studies of rehabilitation programs. Most publications analyze
either neuroimaging signs, individual laboratory markers, or
cognitive outcomes [7-10,15-17]. In the present study, these
components were combined into a single biomarker-oriented
model, increasing the applied value of the results. Such a model
may be especially useful for patients with stage I-II CCI, when
overt dementia is not yet present but biological and functional
signs of progression risk already exist.

The practical interpretation of the obtained data is that IL-6,
BDNF, NSE, and D-dimer can be used not as a stand-alone
replacement for clinical assessment but as an additional objective
layer of stratification and monitoring. When increased IL-6,
NSE, and D-dimer are combined with decreased BDNF, the
patient may be regarded as having a higher risk of unfavorable
cognitive dynamics and as requiring more intensive, structured,
and controlled rehabilitation. This approach is consistent with
the current trend toward transition from universal treatment
schemes to personalized medicine, in which management
decisions are based on the combined clinical, laboratory, and
instrumental profile [9-12,20].

At the same time, the obtained results require cautious
interpretation. The non-randomized design, absence of
complete blinding, single-center nature of the study, and
6-month follow-up period do not allow the identified differences
to be considered final proof of the causal effectiveness of the
program. These limitations coincide with problems discussed
in international reviews on vascular cognitive impairment:
patient heterogeneity, differences in intervention protocols,
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variability of endpoints, and insufficient standardization of
biomarker monitoring complicate direct comparison between
studies [11,12,14]. Therefore, our data should be regarded as a
clinically applied rationale for a promising model that requires
external validation.

Thus, our study confirms key international concepts
concerning the role of neuroinflammation, neurotrophic deficit,
neuronal injury, coagulation-microcirculatory disorders, and
microstructural white-matter damage in vascular cognitive
decline. The novelty of the work is that these concepts were
translated into a practical rehabilitation model: biomarkers
and DTI/SWI were used not only to describe CCI severity but
also to personalize the restorative program and objectify its
effectiveness.

Study limitations.

The main limitations are the single-center design, absence
of randomization, absence of complete blinding of outcome
assessment, 6-month follow-up period, absence of preliminary
sample-size calculation, and risk of differences in individual
adherence to the rehabilitation program. In addition, secondary
endpoints are confirmatory and hypothesis-generating in nature;
therefore, their results should be interpreted with regard to the
clinical direction of dynamics and further tested in independent
samples.

The neuroimaging results also require cautious interpretation.
DTI/SWI was assessed only at baseline and after 6 months,
and the dynamics of SWI-hypointense signs should not be
considered evidence of complete morphological reversibility of
microangiopathic foci. Final verification requires studies with
centralized blinded MRI assessment and predefined criteria for
counting SWI signs.

Conclusion.

In patients with stage I-II CCI, a stage-dependent biomarker
profile was identified: during transition from stage I to stage II,
IL-6, TNF-alpha, CRP, NSE, and D-dimer increased, whereas
BDNF decreased, reflecting progression of neuroinflammation,
neuronal injury, and neuroplasticity deficit.

2. The biomarkers IL-6, BDNF, NSE, and D-dimer significantly
correlated with MoCA and MMSE, confirming their diagnostic
and prognostic value in assessing vascular cognitive deficit.

3. The personalized rehabilitation program was associated with
more pronounced favorable dynamics of cognitive functions,
laboratory biomarkers, DTI/SWI parameters, daily activity, and
quality of life compared with standard therapy; however, these
results should be interpreted with consideration of the non-
randomized design and absence of complete blinding.

4. Integration of biomarker monitoring with DTI/SWI MRI
and functional scales may serve as the basis for individualized
routing of patients with CCI and objective assessment of the
effectiveness of restorative treatment, but requires further
external validation.

Practical recommendations.

1. In patients with stage I-II CClI, it is advisable to perform a
comprehensive assessment of MoCA/MMSE, ADL/IADL, SF-
36, IL-6, BDNF, NSE, D-dimer, and DTI/SWI MRI at baseline
and during rehabilitation follow-up.



2. When elevated IL-6, NSE, and D-dimer are combined with
decreased BDNF, the patient should be considered at higher risk
of progression of cognitive impairment; in such cases, intensified
personalized rehabilitation measures should be considered.

3. Rehabilitation effectiveness should be assessed not only
by subjective clinical dynamics but also by a set of cognitive,
laboratory, neuroimaging, and functional parameters.

4. When interpreting SWI data, cautious wording should be
used, specifying that the dynamics reflect changes in detectable
signs under a unified protocol and not proven morphological
regression of microangiopathic foci.
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