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Abstract

Introduction. Comorbidity is an independent risk factor for mortality and significantly influences the prognosis and quality of
life.

Purpose: to evaluate the impact of high-tone HiTOP 4 touch therapy on cognitive disorders and quality of life in the complex
treatment of patients with comorbid pathology.

Methods: complex treatment of 2 groups of patients with inclusion in the basic treatment regimen of high-tone therapy was
carried out - a total of 80 patients (men - 34, women - 46) aged 41 to 79 years old, group I - patients with hypertension and
chronic cerebral ischemia (CCI) - 38 patients and group II - patients with hypertension, CCI and concomitant diabetes mellitus
(DM) type 2 - 42 patients. The average age in group I was 61.5, in group II - 65.5. Group I received lisinopril and amlodipine in
one tablet, group II received metformin in addition to the above therapy. Both groups received a course of 10 sessions of high-
tone therapy using the device HiTOP 4 touch (Germany) according to the general method: 2 electrodes on the feet, 2 on the
forearms and one on the neck-collar area. All the patients were assessed for their cognitive condition, degree of anxiety and
depression, and estimated for quality of life before and after a course of high-tone therapy. In order to do this, we used valid
assessment tests, such as the Montreal Cognitive Assessment Scale (MoCA), the Hospital Anxiety and Depression Scale
(HADS), and the SF-36 Quality of Life Questionnaire. Results: the course of high-tone therapy for patients with hypertension
and CCI led to improved quality of life, on all indicators of the SF-36 scale, except for pain intensity, increased cognitive
functions by 3.52 points on the MoCA scale, reduced anxiety by 2.06 points and depression by 1.92 points on the HADS scale.
The course of high-tone therapy for patients with CCI, hypertension and type 2 DM resulted in a significant improvement of 5
out of 8 quality of life indicators on the SF-36 scale, cognitive functions by 2.27 points on the MoCA scale and reduced anxiety
by 4.3 points, and depression by 0.53 points on the HADS scale.

Conclusion: the inclusion of high-tone therapy in the complex treatment of patients with comorbid pathology improves cognitive
functions, reduces anxiety and depression, improves quality of life.
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INTRODUCTION

Comorbidity is an independent risk factor for mortality —more than 110 million in 2050. Vascular dementia is the

and significantly influences the prognosis of disease and
life. The number of comorbid diseases increases with
age: 10% - under the age of 19 and 80% - persons aged
80 and older [1].

According to a British study (2000-2014), the most
common comorbidities in age- and sex-standardized
models were hypertension (28.9%), depression (23.0%),
arthritis (20.9%), and asthma (17.7%) and anxiety
(15.0%). In the presence of comorbid pathology, the
severity of its course increases and the prognosis
worsens; difficult primary diagnosis of the disease;
treatment of several diseases requires taking into account
the interaction of drugs; a significant increase in medical
resources i1s needed; risks of side effects increases;
patients’ adherence to treatment decreases; the need for
additional research grows [2].

The prevalence of dementia reaches 40 million people
worldwide and is expected to double every 20 years to

second most common disease after Alzheimer’s disease,
which is estimated to account for about 20% of cases [3,
4, 5]. Type 2 DM doubles the risk of dementia and
Alzheimer's disease. It has been suggested that
Alzheimer’s disease may be a consequence of a particular
form of cerebral insulin resistance and impaired glucose
regulation [6, 7].

Patients with vascular dementia have a lower rate
of decline in cognitive function in comparison with
patients with Alzheimer's disease. The progression of
vascular cognitive impairment can be slowed or stopped
by using optimal approaches to therapy that emphasizes
the need to consider new methods of physiotherapy,
which include high-tone therapy [8].

Complex treatment corresponds to the WHO’s direction
“Rehabilitation ~ 2030”:  in-depth  integration  of
rehabilitation services into the health care system and
strengthening of cross-sectoral linkages to meet the needs
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of population and the inclusion of rehabilitation services
into the range of public health services. Currently, 2.4
billion people in the world have health problems that
need rehabilitation [9].

High-tone therapy is a new step in the field of
electrotherapy. Its main mechanism of action is a direct
effect on cell metabolism, in order to transfer as much
energy as possible through high frequencies in the range
between 4096 and 32768 Hertz. Capacity frequencies up
to 5000 mW enter directly into the body. The main
direction of the action of high-tone therapy is to increase
the number of mitochondria, which play an important
role in comorbid diseases [10].

In order to date, the mitochondrial bioenergetic etiology
of many diseases has been proven. The bioenergetic
paradigm of metabolic and degenerative diseases, cancer
and aging was proposed by Dr. Douglas Wallace and he
was later awarded the Paul Jansen Prize by Johnson &
Johnson in the field of biomedical research in 2017. This
bioenergetic paradigm is presented in Figure 1 [11].

The brain needs a lot of energy, especially in conditions
of insufficient blood supply in the process of chronic
cerebral ischemia. It is necessary to maintain the resting
potential, to restore the concentration of ions after
synaptic transmission (from 40 to 60% of ATP energy),
to support synthetic and catabolic processes. The brain
has neither glucose nor ATP reserves, so the brain is
critically dependent on the every second supply of
glucose, oxygen and ATP production, which occurs
mainly in mitochondria [12].

Purpose: to evaluate the impact of high-tone HiTOP 4
touch therapy on cognitive disorders and quality of life in
the complex treatment of patients with comorbid
pathology.
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Fig.1 Bioenergetic paradigm for metabolic and

degenerative diseases, cancer, and aging.

Materials and methods. Complex treatment of 2 groups
of patients with inclusion in the basic treatment regimen
of high-tone therapy - a total of 80 patients (men - 34,
women - 46) aged 41 to 79, group I - patients with
hypertension and CCI - 38 patients and II group - patients
with hypertension, CCI and concomitant type 2 DM - 42
patients. The average age in group I was 61.5, in group II
- 65.5. The diagnosis of hypertension was established
based on the criteria of the recommendations of the
European Society of Cardiology and the European
Society of Hypertension (ESC/ ESH 2018) [13], the
diagnosis of type 2 DM was established according to the
criteria of the American Diabetes Association (ADA
2018) [14]. The diagnosis of CCI, which corresponds to
the term cerebral small vessel disease, was confirmed on
the basis of the criteria of the recommendations of the
European Stroke Organization (ESO 2018) [15]. Group I
received lisinopril and amlodipine in one tablet, group II
received metformin in addition to the above therapy.
Both groups received a course of 10 sessions of high-tone
therapy using the device HiTOP 4 touch (Germany)
according to the general method: 2 electrodes are placed
on the feet, 2 - on the forearms and one - on the neck-
collar area.

All the patients were assessed for the level of their
cognitive condition, degree of anxiety and depression,
and estimated for quality of life before and after a course
of high-tone therapy. In order to do this, we used valid
assessment tests, such as the Montreal Cognitive
Assessment Scale (MoCA), the Hospital Anxiety and
Depression Scale (HADS), and the SF-36 Quality of Life
Questionnaire.

Among the screening scales for revealing cognitive
disorders, the most common are the Montreal Cognitive
Assessment Scale (MoCA) and the Mini Mental State
Examination (MMSE). The MoCA scale is considered to
be more sensitive to vascular cognitive impairments than
the MMSE scale [16].

The sensitivity of the MoCA scale to mild cognitive
impairments is 90%, and to Alzheimer’s disease is 100%.
MoCA is an "ideal" screening test for moderate cognitive
impairments. The sensitivity of the MMSE scale to mild
cognitive impairments is 18%, and to Alzheimer’s
disease is 78%. MMSE is more suitable for detecting
dementia, with a low sensitivity to mild cognitive deficit
[17].

Assessment of the quality of life of patients with DM and
comorbidities is a necessary tool in the practice of
physicians, which is confirmed by the global interest in
this issue - over the past 5 years, 1950000 articles have
been published [18].

SF-36 consists of 8 scales, where a higher index proves a
higher quality of life:

1) Physical Functioning (PF), which reflects the degree to
which physical condition limits the performance of
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physical activity. Low indexes on this scale indicate that
the patient’s physical activity is significantly limited by
his health.

2) Role-functioning due to physical condition (Role-
Physical Functioning - RP) - the impact of physical
condition on daily role-playing activities. Low indexes on
this scale indicate that daily activities are significantly
limited by the patient’s physical condition.

3) The intensity of pain (Bodily Pain - BP) and its impact
on the ability to engage in daily activities, which also
includes work at home and outside the home. Low
indexes on this scale indicate that pain significantly limits
the patient’s activity.

4) General Health (GH) - patient’s assessment of his
current health and treatment prospects. The lower the
index on this scale, the lower the health index.

5) Vital activity (Vitality - VT) means feeling full of
strength and energy or, conversely, exhausted. Low
indexes indicate fatigue and decreased vital activity of
the patient.

6) Social Functioning (SF) is defined by the degree to
which a physical or emotional condition limits social
activity or communication. Low indexes confirm a
significant restriction of social contacts, a decrease in the
level of communication due to the deterioration of
physical and emotional state.

7) Role-functioning due to emotional state (Role-
Emotional - RE) involves assessing the degree to which
the emotional state interferes with work or other daily
activities (including large expenditures of time, reducing
the amount of work, decreasing its quality). Low indexes
on this scale are interpreted as a limitation in the
performance of daily work due to deteriorating emotional
state.

8) Mental Health (MH) characterizes mood, the presence
of depression, anxiety, a general indicator of positive
emotions. Low rates indicate the presence of depressive,
anxious feelings, mental distress.

The calculation of all values for the assessment of quality
of life was performed in accordance with the instructions
for processing data obtained using the SF-36
questionnaire and computer programs, according to
special algorithms [19, 20].

Statistical analysis of the obtained data was performed
using the packages STATISTICA 7.0 and Microsoft
EXCEL 2003 with the integration of AtteStat 12.5, SISA
Internet calculator (Simple Interactive Statistical
Analysis). The average sample values of quantitative
characteristics are given in the form of M = m, where M
is the sample average, m is the mean error. Shares
(percentages) are presented with 95% confidence
intervals. In all the procedures of statistical analysis when
testing null hypotheses, the critical level of significance p
was assumed to be equal to 0.05.

Results and discussion. The results of MoCA testing
before and after the rehabilitation course in group I
(hypertension, CCI) are presented in Figure 2.

MoGA

Fig. 2. Results of the MoCA test before and after
undergoing high-tone therapy in group 1.

After the course of high-tone therapy, the results of the
MoCA test increased by 3.52 points: from 23.5 to 27.02
points (p <0.001).

Data from testing of cognitive disorders in patients of
group II are presented in Figure 3.
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Fig. 3. Results of the MoCA test before and after
undergoing high-tone therapy in group II.
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The initial indicators of MoCA testing in group II were
23.23 points, and after the course with the use of hith-
tone therapy - 25.5 points. Improvement of cognitive
functions by 2.27 points (p <0.05). High-tone therapy for
patients of group II is less effective that fact can be
explained by more complex metabolic brain damage in
concomitant type 2 diabetes, namely impaired insulin
signaling, neuroinflammatory and oxidative stress, as
well as defects in mitochondrial metabolism and
regulation of coactivator la receptor, sirtuin proliferator
and peroxisome proliferator of SIRT-PGC-la receptor
and tau protein signaling. Cognitive disorders can occur
in the earliest stages of diabetes and is further
exacerbated by metabolic syndrome. It should be noted
that the strengthening of glycemic control in type 2
diabetes is not associated with improved cognitive
function [21].

Cognitive deficits in CCI are manifested not only by
slowing of mental activity, impaired attention, decreased
speech activity and memory impairment, but also by
affective and personality changes (depression, apathy,
abulia, anxiety, irritability, emotional lability,
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deceleration) that in case of progressing can lead to the
development of vascular dementia. Determining the level
of anxiety and depression in this group of patients is
extremely important, as in the presence of increased
anxiety increases the likelihood of fatal myocardial
infarction by 2.3 times, and the risk of sudden death
increases by 4.5 times [22, 23]. According to a study by
the Helmholtz Center in Munich (n = 3428 men, 45-74
years, 10 years of follow-up), it was determined that the
effects of depression on the cardiovascular system have
the same effect as obesity and high cholesterol.
Therefore, it has been recommended to standardize
diagnostic tests to check for depression in patients with
heart disease, as it plays a vital role in the impact on their
health [24].

The level of anxiety and depression using the Hospital
Anxiety and Depression Scale (HADS) before and after a
course of high-tone therapy in group I is presented in
Figure 4.

In group I (hypertension, CCI) the level of anxiety
at the beginning was 8.63 points, which corresponds to
subclinically expressed anxiety, and after undergoing a
course of high-tone therapy - 6.57 points, i.e. the level of
anxiety decreased by 2.06 points (p <0.01).

Before treatment, the level of depression was at the upper
limit of normal - 6.86 points, and then decreased to
normal - 4.94 points (- 1.92 points), (p <0.05).
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Fig. 4. The level of anxiety and depression on the HADS
scale before and after the course of high-tone therapy in
group I.

In determining the level of anxiety and depression in
group II the results were obtained and presented in Figure
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Fig.5. Level of anxiety and depression on the HADS
scale before and after the course of high-tone therapy in
group II

In group II, the initial level of anxiety was 1.77 points
higher than in group I, and amounted to 10.4 points,
which corresponds to clinically pronounced anxiety.
After undergoing a course of high-tone therapy it was 6.1
points, i.e. returned to normal, the difference was 4.3
points (p <0.01).

The level of depression at the beginning of therapy was
7.03 points, which corresponds to subclinically expressed
depression, and after undergoing a course of high-tone
therapy, it decreased by 0.53 points to normal (6.5 points)
(p <0.05).

A comparative analysis of the initial data of groups I and
II for each criterion for assessing the quality of life of SF-
36 was carried out. It is presented in table 1 and figure 6.

Table 1 - Comparison of the original data of groups I and
II on the scale SF-36

Quality of life I group II group P
indicators (hypertension, (DM,
CCI)+m hypertension,
CCDH£+£m
PF 76,84+2,85 57,38+4,1 <0,001
RP 50+4,78 55,57+4,51 >0,05
BP 58,89+4,31 43,19+£3,79 <0,05
GH 62,23+2,37 49,38+3.,43 <0,01
VT 47,5+3,17 41,9+3,87 >0,05
SF 62,18+3,9 60,83+3,85 >0,05
RE 44,57+5,64 41,33+6,55 >0,05
MH 52,52+3,14 40,14+1,84 <0,01

Fig. 6. Comparison of the original data on the SF-36
scale between groups I and II.

Note: BP - pain intensity, GH - general health, MH -
mental health, PF - physical functioning, RE - role
functioning due to emotional state, RP - role functioning
due to physical condition, SF - social functioning, VT -
vital activity.

According to the results of comparison of the initial data
in group I (hypertension, CCI), the following indicators
were higher: PF - physical functioning (p <0.001), BP -
pain intensity (p <0.05), GH - general health (p < 0.01),
MH - mental health (p <0.01), which indicates a better
initial general health of this group of patients than in
patients with concomitant type 2 DM. Only one indicator
was lower in group I compared to group II - RP - role
functioning due to physical condition, but this indicator
did not reach the level of statistical significance.
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It should be noted that according to the literature sources,
patients with type 2 DM have a low quality of life, which
is often associated with depression, and also they have
complications in the form of diabetic polyneuropathy,
which also leads to a lower pain intensity and general
condition indicators [18, 25].

The results of the assessment of quality of life before and
after undergoing a course of high-tone HiTOP 4 touch
therapy in group I (hypertension, CCI) are presented in
Figure 7.
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Fig. 7. Indicators of the SF-36 scale in group I before and
after undergoing high-tone therapy

In the pathogenesis of CCI in hypertension there is
arteriosclerosis (lipohyalinosis) of small penetrating
arteries and arterioles (hypertensive arteriopathy) [22].
The use of supra-tone frequency currents improves
microcirculation, including in the brain, which can help
restore the patient’s psycho-neurological status and
improve his quality of life. Thus, in group I, such
indicators of the SF-36 scale as MH - mental health (p
<0.001), RE - role functioning due to emotional state (p
<0.001), VT - vital activity (p <0.001) greatly increased
and reached the maximum statistical significance.

The use of high-tone therapy in group I led to an increase
in quality of life in other indicators: GH - general health
(p <0.05); PF - physical functioning (p <0,05); RP - role
functioning due to physical condition (p <0.01), SF -
social functioning (p <0.01).

Only the indicator of BP - pain intensity did not reach
the level of statistical significance (p> 0.05). It should be
noted that the intensity of pain in group I may have been
due to concomitant pathology of the musculoskeletal
system, which according to the literature occurs in 52%
of patients with hypertension [26].

Figure 8 shows the dynamics of quality of life on the SF-
36 scale before and after undergoing a course of high-
tone therapy in group II.

SF-36LA

BP GH nH PF RE RP SF VT

MNokasH

8C
80
70
60
SC
a0
30
20
10

| L L

(<}

W Nouarox

W SaxiHuerHs

Fig. 8. Indicators of the SF-36 scale in group Il before
and after undergoing high-tone therapy

During the analysis of indicators after undergoing a
course of high-tone therapy in group II, the following
indicators of quality of life improved: BP - pain intensity
(p <0,01), MH - mental health (p <0,05), RE - role
functioning due to emotional state (p <0.01), RP - role
functioning due to physical condition (p <0.05), SF -
social functioning (p <0.05).

The indicator of pain intensity in group II of patients was
mainly due to diabetic polyneuropathy as a complication
of DM (according to ambulatory cards 80% of patients
with type 2 diabetes). It indicated statistically significant
regression after the rehabilitation course.

Thus, 5 out of the 8 indicators of quality of life on the
SF-36 scale have undergone a statistically significant
improvement, which proves the high efficiency of this
rehabilitation method in comorbid pathology and
substantiates its use. Up to this date, studies have shown
little or moderate benefit in improving the quality of life
of patients with DM [18].

Thus, the use of supra-tone frequency currents in patients
with comorbid pathology (hypertension, CCI, type 2 DM)
significantly improves cognitive function, reduces
anxiety and depression, improves quality of life.

To understand the mechanism of action of supra-tone
frequency currents on the pathogenesis of CCI, we must
remember that we primarily influence the mitochondria.
As mentioned above, the main mechanism of action of
high-tone therapy is to increase energy balance due to
influence on mitochondria. To date, mitochondrial
function in lymphocytes has been shown to be a potential
biomarker of neurodegeneration progression, as
peripheral mitochondrial function is associated with
moderate  cognitive disorders due to impaired
mitochondrial ATP production, oxidative stress, and
increased proton outflow. Thus, high-tone therapy is
pathogenetically substantiated in the cerebral small vessel
disease [27].

High anxiety is often combined with several pathologies
of the nervous system. Existing treatments (e.g.,
cognitive-behavioral therapy and anxiolytic drugs) help
to achieve remission in only 50% of adults, while more
than a third of patients with anxiety disorders are resistant
to treatment. Due to the limited effectiveness of existing
(psychological and pharmacological) treatments, there is
a need to develop new methods of treatment based on a
deeper understanding of the molecular mechanisms
underlying the pathogenesis of anxiety [28, 29, 30].
Recent studies show that impaired neuroplasticity and
stability may underlie the pathophysiology of anxiety
disorders. It has been suggested that the release of
mitochondrial calcium (Ca2 +) plays a key role in
modulating the tone of synaptic plasticity in various
neuroanatomical areas, including those involved in the
pathophysiology of anxiety. Mitochondria also play a
role in calcium homeostasis. Calcium (Ca2 +) is the main
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secondary messenger that helps regulate both
neurotransmission and short-term and long-term
plasticity of neurons in the brain [31]. The fine spatial
and temporal organization of intracellular calcium signals
is important for the functioning of the central nervous
system (CNS). Signals are transmitted throughout the
CNS due to local changes in the concentration of Ca2 +.
Thus, Ca2 + signals that are required for synaptic
transmission and, therefore, for the transmission of
information throughout the CNS are transmitted to the
mitochondria, where it is assumed that Ca2 + modulates
mitochondrial metabolism with activation of the
tricarboxylic acid cycle, ATP synthase and aspartate
carrier, followed by ATP increase [32, 33].

A study of the relative role of mitochondrial buffering
and the endoplasmic reticulum Ca2 + showed that
dendritic mitochondria rapidly accumulate Ca2 +, while
the endoplasmic reticulum shows a more delayed
increase in Ca®" during high-frequency stimulation. Thus,
it is possible that the regulation of mitochondrial function
plays an important role in regulating the synaptic power
of neurons that mediate complex behavior [34].
Identification of key pathophysiological components is
vital for the development of new approaches to therapy,
such as the use of high-tone therapy, which directly
influences the mechanism of metabolic dysfunction of the
brain and has a confirmed result according to MoCA
testing.

There is another extremely important mechanism in the
effect of high-tone HiTOP 4 touch therapy on
mitochondria in  the pathogenesis of many
neurodegenerative diseases. N-acetylaspartate (NAA) is
synthesized in the mitochondria of neurons from
aspartate and acetyl-coenzyme by  aspartate-N-
acetyltransferase (ANAT), and is a precursor of an
important neurotransmitter and one of the most common
dipeptides contained in the human brain. That is,
influencing the mitochondria, we enhance the synthesis
of NAA in the neurons of the brain. After synthesis of
neurons in the mitochondria, NAA enters glia cells -
oligodendrocytes and astrocytes. It is established that
NAA is one of the main regulators of osmotic processes
in the brain and is considered as a signaling molecule in
the system of neuron-glia interaction, also involved in the
synthesis of brain lipids, can serve as a source of
aspartate, acyl groups in myelin synthesis. From neurons
to oligodendrocytes, it enters as a key metabolite for
myelin synthesis. Therefore, by influencing the
mitochondria, we trigger neurorepair processes that are
important in many diseases of the brain, including CCI
[35].

Thus, the use of high-tone therapy in patients with
comorbid pathology (hypertension, CCI, type 2DM)
improves cognitive impairments, reduces anxiety and
depression, improves quality of life, which is probably

due to the influence of supra-tone frequency currents on
the molecular mechanisms of cells, and it is on the
mitochondria.

Conclusions
1. Patients with hypertension and CCI indicators on the
scale of quality of life SF-36 had significantly better
indicators of physical functioning (p <0.001), pain
intensity (p <0.05), general health (p <0.01 ), mental
health (p <0.01) in comparison with patients with
concomitant DM. The level of anxiety was significantly
higher in the group patients with type 2 DM than in the
other group of patients with hypertension (p <0.05).

2. The course of high-tone therapy given to patients with

hypertension and CCI led to an improved quality of life,

on all indicators of the SF-36 scale, except for pain

intensity (p> 0.05), increased cognitive function by 3.52

points on the MoCA scale 0.001), reduction of anxiety by

2.06 points (p <0.01) and depression by 1.92 points (p

<0.05) on the HADS scale.

3. Carrying out a course of high-tone therapy in patients

with CCI, hypertension and type 2 DM led to a

significant improvement of 5 out of 8 indicators of

quality of life on the SF-36 scale, cognitive functions by

2.27 points (p <0.05) on the MoCA scale, reduction of

anxiety by 4.3 points (p <0.01) and depression by 0.53

points (p <0.05) on the HADS scale.
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