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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 μg/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 

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: I67.8), 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.

Biomarkers were assessed at three time points: baseline (T0), 
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 T0, 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 
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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, μg/mL 0.37±0.08 0.37±0.09 >0.05

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

Note. p>0.05 indicates the absence of statistically significant differences between the MG and CG. BDNF, 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.

Component Personalized program Standard therapy

Medication 
correction

Individualization of vascular, neuroprotective, antioxidant, and metabolic
support according to CCI stage, tolerance, risk factors, and biomarker 
dynamics; reassessment at T1 and T2.

Basic medication therapy according to 
the standard clinical approach without
mandatory
biomarker-oriented correction.

Cognitive 
rehabilitation

2-3 times per week for 35-45 minutes; training of memory, attention, 
speech, visuospatial, and executive functions; home assignments for 
15-20 minutes per day.

General recommendations for cognitive
activity without structured monitoring of
performance.

Physical 
activity

Exercise therapy, breathing exercises, dosed walking, balance training, 
and fall prevention 3-5 times per week for 30-45 minutes; intensity 
40-60% of individually tolerated load with adaptation every 4 weeks.

General recommendations for physical
and everyday activity without mandatory
registration of intensity.

Physiotherapy / 
neuromodulation

Transcranial electrical stimulation, transcranial magnetic stimulation,
electrophoresis, and other methods when indicated; a course of 10-15 procedures,
with parameters selected according to cognitive and somatic status.

Physiotherapy according to standard
prescriptions without mandatory linkage to
the biomarker profile.

Nutraceutical 
support

Correction of vitamin D, vitamin B12, folic acid, magnesium, and zinc
deficiency; omega-3 polyunsaturated fatty acids when indicated and 
in the absence of contraindications.

General dietary recommendations without 
mandatory laboratory monitoring 
of deficiencies.

Monitoring
MoCA/MMSE, ADL/IADL, SF-36, IL-6, BDNF, NSE, and D-dimer at T0, T1,
and T2; DTI/SWI at T0 and T2; adherence monitoring using visit and home-
assignment logs.

Clinical assessment and standard 
follow-up visits at T0, T1, and T2.

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

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, μg/mL 0.308±0.046 0.423±0.060 0.218±0.035 <0.01 <0.001 <0.001

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

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 r=+0.56; p<0.01 r=+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.

Table 4. Correlations between biomarkers and cognitive scales in patients with CCI (n=115).
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Parameter Group T0 T1 (3 mo.) T2 (6 mo.) Change T2-T0 p for Δ
MoCA, points MG 21.4±2.6 24.8±2.3 26.2±2.1* +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%

Table 5. Dynamics of cognitive status according to MoCA and MMSE.

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

Biomarker Group T0 T1 (3 mo.) T2 (6 mo.) Change T2-T0 p for Δ
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, μg/mL MG 0.37±0.08 0.31±0.07 0.27±0.06* -0.10 / -27.0% 0.004
D-dimer, μg/mL CG 0.37±0.09 0.35±0.08 0.33±0.07 -0.04 / -10.8%

Table 6. Dynamics of laboratory biomarkers over 6 months.

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

Parameter Group T0 T2 (6 mo.) Change T2-T0 p for Δ
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, ×10^-3 mm²/s MG 0.93±0.08 0.85±0.06* -0.08 / -8.6% <0.001
MD, ×10^-3 mm²/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 2.4±1.1 2.2±1.0 -0.2 / -8.3%

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

Note. * - p<0.05 compared with baseline within the group; p for Δ 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.

Parameter Group T0 T2 (6 mo.) Change T2-T0 p for Δ

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%

IADL, 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%

SF-36 physical functioning MG 41.5±7.2 62.8±5.8* +21.3 / +51.3% <0.001
CG 42.1±7.5 50.6±6.7 +8.5 / +20.2%

SF-36 vitality MG 44.7±6.3 61.0±5.5* +16.3 / +36.5% <0.001
CG 45.0±6.5 51.2±6.0 +6.2 / +13.8%

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

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 -3.3 -4.1; -2.5 1.57
D-dimer, μg/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

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

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 IL-6 above 6.0 pg/mL, NSE above 20.0 ng/mL, or D-dimer 
above 0.40 μg/mL with simultaneous reduction of BDNF 
below 10.0 ng/mL; unfavorable MoCA/MMSE dynamics; 
decreased ADL/IADL; poor load tolerance; and negative DTI/
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 χ2 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 II 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, 

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 CCI.
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 
26.2±2.1, 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.
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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 - T0 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 

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 
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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, 

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 CCI, 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.
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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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