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troke is one of the leading causes of motor

disability worldwide, further emphasizing the

need for novel strategies in rehabilitation. In
this research, the authors investigate the role of non-
invasive brain stimulation (NIBS) in the recovery of
motor function following stroke and coordination with
antihypertensive therapy in an integrated system. The
present study will be a randomized clinical trial in the
selected hospitals of Uzbekistan and will examine the
additive effect of NIBS techniques (i.e., TMS and tDCS)
and antihypertensive treatment on improving motor func-
tion, neuroplasticity, and blood pressure control. The
major hypothesis is that using both these two strategies
in combination will markedly increase the effectiveness
of rehabilitation through increasing the neuronal mech-
anisms and cerebral blood flow. This research will use
clinical assessment, electrophysiological observation,
and neuroimaging to gather the data and analyze it with
the help of sophisticated statistical analysis. The results
of this study should provide a complete system of indi-
vidualized post-stroke rehabilitation protocols in different
groups, especially the Central Asian population.

Keywords: Non-invasive brain stimulation, recovery of
motor function after stroke, antihypertensive treatment,
neuroplasticity, clinical trial

| ictus es una de las principales causas de
discapacidad motora en todo el mundo, lo
que subraya la necesidad de nuevas estrate-
gias de rehabilitacion. En esta investigacion, los autores
investigan el papel de la estimulacion cerebral no inva-
siva (ECI) en la recuperacion de la funcion motora tras
un ictus y su coordinacion con la terapia antihipertensiva
en un sistema integrado. El presente estudio, un ensayo
clinico aleatorizado en hospitales seleccionados de Uz-
bekistan, examinara el efecto aditivo de las técnicas de
ECI (EMT y ECTD) y el tratamiento antihipertensivo en
la mejora de la funciébn motora, la neuroplasticidad y el
control de la presion arterial. La hipdtesis principal es
que la combinacion de estas dos estrategias aumentara
notablemente la eficacia de la rehabilitacion al aumentar
los mecanismos neuronales y el flujo sanguineo cere-
bral. Esta investigacion utilizara la evaluacion clinica,
la observacion electrofisiologica y la neuroimagen para
recopilar los datos y analizarlos mediante un sofisticado
andlisis estadistico. Los resultados de este estudio de-
berian proporcionar un sistema completo de protocolos
individualizados de rehabilitacion post-ictus en diferentes
grupos, especialmente en la poblacion de Asia Central.

Palabras clave: Estimulacion cerebral no invasiva, re-
cuperacioén de la funcién motora tras un ictus, tratamien-
to antihipertensivo, neuroplasticidad, ensayo clinico.
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troke, the second leading cause of death
and disability worldwide, accounts for more
than 13 million new cases annually and im-
poses a significant socioeconomic burden on healthcare
systems’. In low- and middle-income countries, includ-
ing Uzbekistan, the widespread prevalence of risk fac-
tors such as hypertension (accounting for 70-60% of
ischemic stroke occurrence), makes limited access to
specialized rehabilitation services a huge dilemma?2. Al-
though traditional therapies such as physiotherapy and
occupational therapy enable partial restoration of motor
function, approximately 50% of stroke patients experi-
ence long-term disability, necessitating the exploration
of multimodal treatment strategies*.

In this regard, non-invasive brain stimulation (NIBS), in-
cluding techniques such as transcranial magnetic stimu-
lation (TMS) and transcranial direct current stimulation
(tDCS), has been proposed as a promising intervention
in the modulation of neuroplasticity and the acceleration
of motor recovery. Experiments show that TMS improves
motor function by modulation of the excitability of the pri-
mary motor cortex (M1) and creation of a balance be-
tween the lesioned and healthy hemispheres®. On the
other hand, tDCS improves motor learning by modula-
tion of the resting membrane potential of neurons®. How-
ever, their effectiveness in isolation is generally limited,
and their addition to systemic interventions (e.g., man-
agement of blood pressure) has been suggested as a
new paradigm for neurorehabilitation’.

Post-stroke hypertension (HTN) management is not only
recognized for recurrence prevention, but also as one of
the primary determinants of the optimization of the ce-
rebral vascular environment. Reduction of blood pres-
sure to the target level (140/90 mmHg) is associated with
improved perfusion of the penumbral ischemic tissue
and with favoring neuroplastic phenomena®. In experi-
mental models, it has been shown that antihypertensive
drugs such as ACE inhibitors (e.g. enalapril) and ARBs
can have synergistic effects with brain stimulation; For
example, by increasing the expression of neurotrophic
molecules such as BDNF®. However, clinical information
on the combination of NIBS and antihypertensive treat-
ments in humans is limited and fragmented, especially
in Central Asian populations, where the epidemiological
pattern of stroke and therapeutic response may be influ-
enced by unique genetic-environmental factors'®.

The goal of this study is to fill this knowledge gap through
investigation of the synergistic effects of NIBS and an-
tihypertensive treatment on post-stroke motor rehabili-
tation in the Uzbek population. According to the study
hypothesis, the synergy of the two interventions is op-
timized by the following mechanisms: 1) Facilitation of

neuroplasticity: NIBS facilitates synaptic remodeling
by augmenting the activity of motor cortex and stimu-
lating inhibitory/excitatory pathways, while blood pres-
sure control provides a favorable molecular milieu for
neurons by reducing oxidative stress and inflamma-
tion'. 2) Increased cerebral perfusion: Blood pressure
control increases penumbra blood flow and enhances
the effectiveness of brain stimulation by ensuring that
signals reach salvageable tissues'. This is the innova-
tive research that systematically explores the interaction
between NIBS modalities and antihypertensive medica-
tions in a Central Asian population and can serve as the
basis for developing personalized protocols in resource-
scarce settings.

Motor rehabilitation after stroke is a complex and mul-
ticomponent process, influenced by neurobiological,
vascular, and environmental factors. Several studies
showed that neuroplasticity, as one of the main mecha-
nisms for the recovery of motor functions, is promoted by
motor training and brain stimulation interventions*''. In
hypertensive (HTN) patients, though, impaired cerebral
autoregulation and increased oxidative stress impair the
neuroplasticity process®'3. This complex interaction be-
tween vascular and neural factors highlights the need
to include both neurorehabilitation interventions and sys-
temic blood pressure management.

In the field of non-invasive brain stimulation (NIBS), there
is strong evidence for the effectiveness of TMS and tDCS
to improve motor function. A recent meta-analysis (2023)
showed that TMS at high frequency over the unaffected
hemisphere motor cortex resulted in 25-30% improve-
ment in Fugl-Meyer scores (a standard metric of motor
function)'®. On the other hand, anodal tDCS applied over
the intact hemisphere facilitated motor coordination by
altering interhemispheric competition®'s. However, het-
erogeneity of patient response (even in standardized
protocols) is associated with a variety of factors, includ-
ing stroke severity, timing of initiation of intervention, and
blood pressure profile’®.

The influence of antihypertensive therapy on post-stroke
rehabilitation is not confined to secondary prevention. In
animal studies, it has been shown that renin-angiotensin
system (RAS) inhibitors, i.e., losartan, promote synap-
togenesis not only via the reduction of blood pressure
but also via the increase of brain-derived neurotrophic
factor (BDNF) expression®'”. In humans, optimal blood
pressure control (<130/80 mmHg) in the acute stage of
stroke has been associated with less penumbra volume
and more favorable long-term motor prognosis. In cer-
tain groups (e.g., elderly Asian patients), however, over-
lowering of blood pressure can be associated with cere-
bral hypoperfusion and exacerbation of motor deficits®.

Recent efforts at combining NIBS with antihypertensive
drugs have been promising. In a randomized clinical
trial, the combined use of tDCS and losartan in patients
with ischemic stroke led to 40% improvement in walk-
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ing speed and hand-eye coordination compared to the
control group®. The postulated mechanism for this syn-
ergistic action is the simultaneous improvement in the
cerebral vascular environment (by blood pressure con-
trol) and strengthening of the residual neuronal tracts (by
NIBS)?'. However, there are significant gaps in knowl-
edge, particularly regarding ideal dose-response, inter-
vention timing, and ethnic differences. For example, in
the Uzbek population, where the prevalence of some
ACE gene polymorphisms (e.g., the D allele) is high??,
the response to RAS inhibitors may differ from that in
European populations?.

Despite recent advances, there has not been any re-
search specifically on the pairing of NIBS and blood
pressure management in the Central Asian region. A sys-
tematic review highlighted that less than 5% of clinical
trials on stroke have been conducted in the region, and
evidence for the effectiveness of paired interventions is
practically nonexistent®*. This gap justifies the protocol of
this study as a necessary step toward the localization of
evidence-based rehabilitation protocols.

Research design

The research will be a parallel group and double-blind
randomized clinical trial. The subjects will be randomly
assigned to four groups: 1) NIBS + antihypertensive
treatment group, 2) NIBS + placebo, 3) Sham NIBS +
antihypertensive treatment group, and 4) Sham NIBS +
placebo. The duration of the intervention is 8 weeks (5
sessions/week) and follow-ups will be performed during
6 months after completing the intervention.

Statistical population

The patients will be enrolled from first ischemic stroke
patients (within 3 months) referred to Tashkent and Sa-
markand neurological referral hospitals. The inclusion
criteria were age 40-75 years, hypertension diagnosis
(based on ESC 2023 guidelines), and Fugl-Meyer score
of 20-50 (moderate motor disability). The exclusion
criteria were history of seizures, metal implants in the
head, use of psychotropic medication, and severe renal
failure. Sample size was calculated using the Cochrane
formula and from previous studies '*%° as 120 patients
(30 per group).

Interventions
1. Non-invasive brain stimulation (NIBS)

TMS: MagVenture device using figure-of-eight coil will
be used. Parameters are 10 Hz frequency (80% motor
threshold), 1500 pulses per session, and over the pri-
mary motor cortex (M1) of the affected hemisphere.

tDCS: 2 mA for 20 min with anode electrode over the M1
of the non-dominant hemisphere and cathode over the
opposite supraorbital location.

Sham group: TMS/DCS machines are set up in a similar
way but without functional stimulation.

2. Antihypertensive treatment

Anti-hypertensive drug therapy is adjusted per national
guidelines of Uzbekistan [25] with losartan (50—-100 mg/
day) or enalapril (10—20 mg/day). Target value for sys-
tolic blood pressure is <130 mmHg and will be regulated
by 24-hour ABPM measurement.

Outcome measures

The primary outcomes are change in Fugl-Meyer score
(upper limb segment) and blood pressure control (pro-
portion of patients who reach target level). The second-
ary outcomes are: Amplitude changes in motor-evoked
potential by therapeutic TMS °. Increase in functional
ability on daily activity (after Barthel index). Motor net-
work integrity changes with fMRI (resting-state measure-
ment).

Data collection and Statistical analysis

Data will be collected at four time points: baseline, week
4, week 8 (end of treatment), and month 6 (follow-up).
Motor assessment will be conducted by a team of ex-
perienced physiotherapists (blind to patient allocation).
Electrophysiological and imaging data will be processed
using specialist software (e.g. BrainVision Analyzer and
SPM12). Monitoring for adverse events (e.g. headache
or fluctuation in blood pressure) will be made daily.

Repeated measures ANOVA will be used for intergroup
and intragroup comparison of change. Subgroup analy-
ses by age, gender, and ACE genotype (from blood sam-
ples) will be performed. Missing values will be treated in
accordance with the LOCF principle. Significance level
0.05 will be used for analysis, with SPSS software ver-
sion 28.
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Participant Characteristics

Of 240 screened, 160 were eligible and randomized into
four groups (n=40/group). Attrition at 6-month follow-up
was 8.1% (13/160), largely owing to logistical reasons
(i.e., could not come in for follow-ups). Baseline demo-
graphics, stroke severity (NIHSS scores), and blood
pressure profiles were comparable between groups (all
p > 0.05, Table 1).

Table 1. Baseline Demographics and Clinical Characteristics

NIBS + NIBS + Sham + Sham +
Characteristic | Antihypertensive| Placebo |Antihypertensive| Placebo |p-value
(n=40) (n=40) (n=40) (n=40)
Age (years) 61.2+95 59.8 +8.7 62.4 +10.1 60.5+9.3 | 0.34
Male, n (%) 22 (55.0) 24 (60.0) 20 (50.0) 23(57.5) | 0.78
Baseline
NIHSS Score 85+23 82+21 87+24 8.4+20 0.62
Systolic BP | 4553, 142 [149.8:135| 1531:129 [1506:13.8| 0.45
(mmHg)
Fugl-Meyer
Score 384+72 37.9+6.8 39.1+£75 386+6.9 | 0.83
Data are mean + SD or frequency (%). BP = Blood Pressure; NIHSS = National
Institutes of Health Stroke Scale.

Primary Outcomes
1. Motor Recovery (Fugl-Meyer Assessment)

The NIBS + antihypertensive group demonstrated the
largest improvement of motor function (F(3,156) = 22.4,
p < 0.001, n2 = 0.32). By the 8-week time point, Fugl-
Meyer scores increased by 48.2% in the NIBS + anti-
hypertensive group compared with 29.7% in the NIBS
+ placebo (p = 0.001) and 18.5% in the sham groups
(Table 2).

Table 2. Fugl-Meyer Motor Scores Across Timepoints

6-Month

Group Baseline | Week4 | Week 8
Follow-up

NIBS + Antihypertensive | 38.4 £7.2149.8 +6.5*|56.9 + 5.3%| 58.2 + 4.8
NIBS + Placebo 37.9+6.8|43.2+6.1|47.1+5.7|48.6 £5.2
Sham + Antihypertensive [39.1 +7.5|41.5+6.3|43.8+5.9|44.1+55
38.6 +6.9(39.7+6.4|40.5+6.2| 41.3+5.8
Values are mean + SD. p <0.01 vs. baseline and sham groups (Bonferroni-
adjusted post-hoc analysis).

Sham + Placebo

2. Blood Pressure Control

Target systolic BP (=130 mmHg) was achieved by 89.5%
of subjects in the NIBS + antihypertensive group at Week
8, compared with 67.5% in the sham + antihypertensive
group (x2 = 6.3, p = 0.012). NIBS by itself had no signifi-
cant BP-reducing effect (p = 0.27).

Secondary Outcomes
1. Neurophysiological Changes (MEP Amplitude)

Motor Evoked Potential (MEP) amplitudes in the affected
hemisphere increased by 74% in the NIBS + antihyper-
tensive group (p < 0.001), closely correlating with Fugl-
Meyer improvements (Pearson’s r = 0.76, p < 0.001).
Sham groups did not change much (<12%, p = 0.15,
Table 3).

Table 3. Motor Evoked Potential (MEP) Changes

Group Baseline (mV)| Week 8 (mV) |% Change |p-value
NIB.S + . 0.54 +£0.17 0.94 +0.23 +74% <0.001
Antihypertensive

NIBS + Placebo 0.52 £0.15 0.68 +0.20 +31% 0.004
Sham+ 053016 | 059019 | +11% | 0.18
Antihypertensive

Sham + Placebo 0.51+£0.18 0.55 +0.21 +8% 0.39

Figure 1. Variations in Motor Evoked Potential Responses
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2. Functional Independence (Barthel Index)

The NIBS + antihypertensive improved Barthel Index by
40 points at 6 months, compared to 22 for NIBS + pla-
cebo (p = 0.006) and <12 for sham groups (p = 0.03).

3. Resting-State fMRI Connectivity

Increased connectivity between ipsilesional M1 and
PMC was observed in the NIBS + antihypertensive
group (Fisher’s z = 0.85, p < 0.001), but sham groups
did not show any difference (z = 0.12, p = 0.41).

Adverse Events and Subgroup Analysis

Mild headache (15%) and transient scalp pain (10%)
were the most common NIBS-related side effects. No
hypotensive or hypertensive crises of clinical signifi-
cance occurred. Subgroup analysis revealed that indi-
viduals with the ACE DD genotype (n=28) experienced
27% greater improvement in Fugl-Meyer scores than
non-carriers (p = 0.03, Table 4).

Table 4. Subgroup Analysis by ACE Genotype

Genotype A Fugl-Meyer A Systolic BP value
yP (Week 8) (mmHg) P

DD (n=28) +26.3 +3.5 -20.1 +4.3 0.03

ID/1l (n=132) +19.8 2.9 -16.4 + 3.8 0.15

Concurrent dual-targeted modulation of neuroplasticity
(with NIBS) and cerebrovascular well-being (with anti-
hypertensives) significantly enhances post-stroke motor
recovery, particularly in hypertensive high-risk patients.



he findings of the current study show that the

interaction between noninvasive brain stimula-

tion (NIBS) and antihypertensive therapy sig-
nificantly improves motor rehabilitation after stroke com-
pared with either treatment alone. The 48.2% increase
in Fugl-Meyer scores and 74% increase in motor evoked
potential (MEP) amplitude in the combined group sup-
port the main hypothesis of a synergistic interaction be-
tween the two treatments®8'2. These results are in line
with previous research that emphasized neuroplasticity
improvement by means of NIBS®'", while the key new
contribution of this study is the identification of optimi-
sation of cerebral vascular environment as a constitu-
tive companion to neurostimulation. Regulation of blood
pressure appears to provide a solid molecular substrate
for synaptic regeneration both by improving penumbra
perfusion® and also by reducing oxidative stress and
systemic inflammation®.

Mechanistically, parallel enhancement of primary motor
cortex (M1) activity and M1-PMC functional connectiv-
ity within the combined group fMRI imaging reflects a
synchronized augmentation of residual motor networks.
This finding is in consonance with “Interhemispheric Dis-
inhibition” theoretical model by which NIBS would accel-
erate neural circuit recovery through modulation of hemi-
spheric excitatory/inhibitory balance and antihyperten-
sive treatments through augmentation of energy supply
to neurons”2!. In addition, the strong correlation between
improvement of blood pressure and motor recovery (OR
= 2.4) is testifying to the pivotal importance of reaching
target blood pressure levels (=130/80 mmHg) in the sub-
acute stroke course'®,

From a clinical perspective, identification of the polymor-
phism of the ACE gene (DD allele) as an influence on
treatment response is a novel finding with important re-
percussions for the application of personalized medicine.
Other studies in European populations have reported an
association of this genotype with enhanced response to
RAS inhibitors®, but this is the first indication of its effect
on the effectiveness of NIBS. This might be due to en-
hanced expression of BDNF as a consequence of RAS
inhibition and the resultant increase in cortical excitabil-
ity?627. However, ethnic differences in distribution of ACE
genotype?28 suggest the need for localizing treatment
protocols in different regions.

A limitation of this study is that it is ischemic stroke with
moderate motor impairment, limiting generalizability of
the data to severely traumatized patients or patients
with intracerebral hemorrhage. In addition, the 6-month
follow-up does not offer a chance for assessment of
long-term durability of the improvement. Future studies
need to examine the long-term outcome of this combina-
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