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roJIOBHOr0 MO3ra nocJsie KOrHUTMBHOM peabunutauum
y NaLuMeHToB C caxapHbiM guabetoM 1 u 2 TMna
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AHHOTAUNA

BgedeHue. Pe3ynbTaTbl MHOMOUYMCNEHHBIX UCCNIEA0BAHUI YKa3bIBAKOT Ha BbICOKYH0 pacnpoCTpaHEHHOCTb KOTHUTUBHBIX
HapyLUEHWUI cpeay NaLMeHTOB ¢ caxapHbIM auabetom (CO).

Llene. OueHnTb 3¢dEKTMBHOCTL KOMMbIOTEPU3UPOBAHHOIO TPEHMHIA B KOTHWUTWMBHOW peabunutaumu y nuy ¢ CO 1
¥ 2 TMNa C Y4eTOM AMHaMUKK nepdy3nmy FofoBHOTO Mo3ra.

Mamepuanel u Memodel. PaH[oMU3MPOBaHHOE KOHTpONMPYeEMoe uccneaoBaHue. ccnegyemyto rpynny coctaBuam 25
naumentos ¢ C[1 1 Tuna n 30 naumenToB ¢ C[1 2 Tvna B Bo3pacte 23-67 net. B rpynny cpaBHeHuA Bownu 20 nauueHToB
¢ CO 1 tvna (cpepHui Bo3pact 28,4 roga) u 20 naumentos ¢ CIl 2 Tuna (cpepHui Bo3pact 56,0 net). lo 1 nocne Kypca
peabunuTaLMm NaLmeHTbl UCCeAYEMON FpynMbl NPOLLM 06LLEKNMHUYECKOE 06CnejoBaHMe, aHaNM3 KPOBYM Ha NoKasaTtenn
yrneBofHOro 0bMeHa, TeCTUpPOBaHME KOFHUTMBHBIX GYHKLMIA C Mcnonb3oBaHWeM MoHpeanbcKow LWKanbl (aHrn.: Monreal
Cognitive Assessment, MoCA TecT), 6eCKOHTPACTHYI0 Nep¢y3noHHYI0 MarHUTHO-pe30HaHCHYto ToMorpaduio (MPT) ronosHoro
Mo3ra. AKTMBHaA peabunutauma npofonkKanacb 6 MecALEB, OCHOBbIBANacb Ha KOMMbIOTEPU3MPOBAHHOM TPEHWHTE,
BKJTIOYAIOLLLEM YNpaXKHEHWA Ha BepbanbHbIi U HeBEpOanbHbIN UHTENNEKT.

Pe3ynomamsl. Ha MOMeHT NepBMYHOr0 06CNe0BaHMA BCe UccnefyeMble HE UMENW LOCTUTHYTOrO LIeIEBOr0 YPOBHS
FNUKMPOBaHHOMO reMorniobuHa. lMocne 3aBeplleHWMA NpOrpaMMbl TPEHMHra YAanocb OTMETUTb CHUMKEHME YKa3aHHOro
nokasatena B 0bemx rpynnax, a Takke CHUMKEeHWe CpefHero YpoBHA FMMKeMuM Hatowak y nuy ¢ CO 1 tuna. Pesynbtar
HEMpOMCMX0NOrMYECKOro TECTUPOBAHWA Y BCEX MALMEHTOB Ha HayaNbHOM 3Tane COO0TBETCTBOBAN AMArHo3y «KOrHUTMBHAA
AMCOYHKLMAY . KOHTPOBHBIN TECT BbIABMA YAYULLEHUE KOTHUTUBHOIO CTaTyca no obiyeMy banny, Wwkane abcrpakumm, peyu,
NaMATU 1 3pUTENIbHO-KOHCTPYKTUBHBIX HaBbIKOB. KoppenALMOoHHbIN aHanus B rpynne ¢ C[ 1 Tuna nokasan, uto Ha pe3ynbtar
BbIMOJIHEHWA YNPaXHEHWI Ha BU3YalbHOE BHYMaHUWE U CIyX0BOe BOCMIpUATHE BAMAET GyHKLMA namaTu. Y nuy ¢ CO 2 tuna
MOBbILLEHHbIA TNIMKUPOBAHHBIA FEMOTNIOOMH acCOLMMPOBANCS CO CHUMEHWEM KOFHUTMBHBIX GYHKUMIA no obuiemy banny
MoCA TecTa, a TaKe B 3a[jaHWUAX Ha peyb, NaMATb, 3PUTESIbHO-KOHCTPYKTUBHbIE HaBbIKW. [Ipy AMHAMMUYECKOM aHanuse
u3MeHeHnn MPT-KapTuHbI 3apermcTpupoBaHa runonepy3va B 30He MPaBoOro W NeBoro Tanamyca y naumenTos ¢ C[ 1
1 2 TMNa COOTBETCTBEHHO, a TaKKe ycuneHune nepdysum 6enoro BelecTBa NpaBoi TeMeHHoM fonu B rpynne ¢ CO 1 Tuna
1 B 0bnacTu cKopnynbl cieBa y uccnegyemelx B rpynne ¢ CI 2 Tuna.

3axmoyenue. Y naumentoB ¢ CI1 1 1 2 Tmna, a TakkKe C KOTHUTUBHBIM Ae(MUMTOM, NPOLIEALLNX KYPC KOrHUTUBHOM
peabunuTaLMmu C UCrONb30BAHUEM KOMMbIOTEPU3UPOBAHHOMO TPEHWUHIA, YAaNocb OTMETWUTH YNyYlleHWe KOrHUTUBHOIO
cTaTyca, YTo NOATBEPHKOAN0Ch pe3ynbTaTaMu 6eCKOHTpaCcTHOM nepdy3voHHoi MPT.
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Dynamic Changes in Brain Perfusion
after Cognitive Rehabilitation in Patients
with Type 1 and Type 2 Diabetes Mellitus

Ol'ga S. Tonkikh, Yuliya G. Samoylova, Mariya V. Matveyeva™, Lyudmila M. Shuliko

Siberian State Medical University, Tomsk, Russian Federation

ABSTRACT

INTRODUCTION: The results of numerous studies indicate a high prevalence of cognitive impairment among patients
with diabetes mellitus (DM).

AIM: To evaluate the effectiveness of computerized training in cognitive rehabilitation in individuals with type 1 and
type 2 DM, taking into account the dynamics of brain perfusion.

MATERIALS AND METHODS: A randomized controlled study. The study group consisted of 25 patients with type 1 DM
and 30 patients with type 2 DM aged 23 to 67 years. The comparison group included 20 patients with type 1 DM (mean age
28.4 years) and 20 patients with type 2 DM (mean age 56.0 years). Before and after the rehabilitation course, the patients
of the study group underwent a general clinical examination, a blood test for carbohydrate metabolism, cognitive function
testing using the Montreal Scale (MoCA test), contrast-free perfusion magnetic resonance imaging (MRI) of the brain.
Active rehabilitation lasted 6 month; it was based on a computerized training, including exercises on verbal and nonverbal
intelligence.

RESULTS: On the initial examination, all the subjects did not have the achieved target level of glycated hemoglobin.
After completion of the training program, a decrease in the parameter in both groups was noted, as well as a decrease in
the mean level of fasting glycemia in people with type 1 DM. The result of neuropsychological testing in all patients at the
initial stage corresponded to the diagnosis of ‘cognitive dysfunction’. The control test revealed an improvement in cognitive
status according to the overall score, the abstraction scale, speech, memory and visual-constructive skills. Correlation
analysis in the group with type 1 DM showed that the result of exercises on visual attention and auditory perception was
influenced by memory function. In individuals with type 2 DM, increased glycated hemoglobin was associated with a
decrease in cognitive functions according to the overall score of the MoCA test, as well as in tasks for speech, memory,
visual-constructive skills. Dynamic analysis of changes in the MRI picture revealed hypoperfusion in the area of the right
and left thalamus in patients with type 1 and type 2 DM, respectively, as well as increased perfusion of the white matter of
the right parietal lobe in the group with type 1 DM, and in the putamen area on the left in the group with type 2 DM.

CONCLUSION: In patients with type 1 and type 2 DM, as well as with cognitive deficit, who underwent a course of
cognitive rehabilitation using computerized training, an improvement in cognitive status was noted, which was confirmed by
the results of contrast-free perfusion MRI. to evaluate the effectiveness of computerized training in cognitive rehabilitation
in people with type 1 and type 2 diabetes mellitus, taking into account the dynamics of brain perfusion.
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LIST OF ABBREVIATIONS

Cl — cognitive impairment

DM — diabetes mellitus

HbA1c — glycated hemoglobin

MoCA Tect — Monreal Cognitive Assessment
MRI — magnetic resonance imaging

INTRODUCTION

Currently, the results of numerous studies
indicate increased prevalence of cognitive impairment
(Cl) among patients with diabetes mellitus (DM)
in comparison with healthy population. Cognitive
dysfunction is a significant factor in limitation of
self-care and working capacity in patients with DM
[1]. The neuropsychological profile of patients with
DM is characterized by a predominance of disorders
in attention, speed of psychomotor reactions, verbal
fluency, ability to switch between tasks, conceptual
thinking, etc. [2].

In patients with type 2 DM, there was noted a
statistically significant association of cognitive decline
and decompensation of glycemic control with duration
of the disease [3]. In a cross-sectional study of the
brain neuroimaging and cognitive functions in 350
patients with type 2 DM, an impairment of visual-
spatial construction, planning, visual memory and
information processing speed was recorded irrespective
of age, gender, educational background and vascular
complications. Type 2 DM was associated with expansion
of liquor-containing spaces and reduction of the total
brain volume (atrophic alterations of the gray matter),
mainly in the temporal, parahippocampal, cingulate
gyri, precuneus, insular and medial frontal areas, and
with signs of neurodegeneration of the subcortical gray
matter in the caudate nucleus region and putamen. The
gray matter atrophy was more pronounced in the left
hemisphere, while morphometric alterations of the
white matter were found primarily in the frontal and
temporal lobes [4].

A prolonged course of type 1 DM is also associated
with the reduction of cognitive abilities regardless
of other complications of the disease [5]. Middle-
aged adults with a long standing type 1 DM had a
partial lesion of the white matter and reduction of
the fractional anisotropy index in the posterior parts
of the brain. In a study with use of a single-photon
emission tomography conducted in patients with type 1
DM, significant differences in cerebral perfusion were
documented in many regions and were most pronounced
in the cerebellum, frontal and fronto-temporal lobes.
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These alterations were associated with a poor glycemic
control and microvascular complications [6].

A meta-analysis of six randomized controlled
studies (16,584 participants) showed that intensive
glucose control in patients with type 2 DM can slow
down the deterioration of cognitive functions, especially
impairment of memory [7]. According to the results of
the ACCORD-MIND cohort study (the Action to Control
Cardiovascular Risk in Diabetes Memory in Diabetes),
strict glycemic control in elderly patients with type 2
DM at a high cardiovascular risk, did not contribute to
the correction of Cl and improvement of the results of
magnetic resonance imaging (MRI) of the brain due to
a variety of comorbid conditions [8]. Therefore, optimal
glycemic control in type 1 DM and the identification
of risk factors, as well as the use of a preventive
approach, are essential to prevent the development of
cognitive insufficiency.

More and more attention is being paid to cognitive
rehabilitation based on training with the use of digital
technologies. Computerized training is effective and
has a multicomponent mechanism of action, since it
contributes both to the improvement of the cognitive
profile of patients, primarily of the elderly ones, and to
the long-term improvement of daily activity [9].

Due to the increasing frequency of cognitive
dysfunction as a DM complication, it is necessary to
search for methods of rehabilitation sensitive to both
conditions.

The aim of this study to evaluate the effectiveness
of computerized training in cognitive rehabilitation of
individuals with types 1 and 2 diabetes taking into
account the dynamics of brain perfusion.

MATERIALS AND METHODS

The protocol of the study was considered and
approved by Ethics Committee of Siberian State Medical
University (Protocol No. 5265 of May 02, 2017). Each
patient provided a written informed consent.

The design of study a simple randomized controlled
study. Patients were randomly selected using a random
number table.
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Inclusion criteria: patients diagnosed with type 1
ortype 2 DM (the age was from 23 to 67 years); the duration
of the disease, the level of glycemia, the presence/
absence of complications and the type of therapy were
not taken into account when forming the sample.

Exclusion criteria: use of medical drugs/
substances that stimulate or suppress cognitive
functions; chronic heart failure above Il functional class
or in decompensation stage, acute coronary syndrome
and transitory ischemic attack in the previous 6 months,
contraindications to brain MRI, organic brain lesions.

The main study group included 25 patients with
type 1 DM aged 29.8 (25.3-30.0) years and 30 patients
with type 2 DM aged 58.5 (46.0-66.5) years. The
comparison group included 20 patients with type 1 DM
and 20 patients with type 2 DM, the mean age 28.4
(23.5-31.5) and 56.0 (49.0-62.5) years, respectively,
who were followed up but did not undergo rehabilitation
measures.

Each participant was assigned an individual number
and underwent a common clinical examination, a blood
test for glycemia and glycated hemoglobin (HbA1c),
tests for cognitive functions on Monreal scale (Monreal
Cognitive Assessment MoCA), perfusion MRI of the
brain. MRl was performed on a 1.5 T Signa Creator
E tomograph (GE Healthcare, China). Non-contrast
brain perfusion was performed by using the arterial
spin labeling technique, field of view 250 mm, matrix
64 x 64, repetition time 2 500, echo time 12.0, number
of scan repetitions 1, slice thickness 8 mm. In the
reference regions, dimensions of the area of interest
were outlined in such a way as not to involve large
vessels (arteries and veins).

Before being included in the groups, the patients
were tested using the Russian universal questionnaire
for quantitative evaluation of adherence to treatment
(Rus. KOIM-25). All the patients had a high level of
adherence — 75% and above. Active rehabilitation
lasted 6 months, and in the next 6 months, the control
of the effectiveness, determination of the time of end
result and correction of the disorders were conducted.

For cognitive rehabilitation, a computerized training
based on the Scientific brain training digital platform
(HAPPYNeuronPro) was used, consisting of 8 modules of
exercises for verbal and nonverbal intelligence (spatial
memory, visual memory, information processing speed,
executive functions, etc.). At the beginning of the study,
a personal area was created for each patient with
instructions on navigation in the program. The training
was conducted twice a week, with the duration of one
session 45 minutes.

After completion of the rehabilitation program, all
the subjects underwent repeated blood sampling, neuro-
psychological testing and non-contrast perfusion MRI.
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Five patients with type 1 diabetes were excluded
from the sample due to the failure to adjust to the
training schedule. Currently, the patients are on follow-
up until the end of the study. The patients were warned
about using only hypoglycemic therapy during the study
and not any other therapy (which might affect changes
in brain perfusion), and to report all new appointments
from the attending physician or other specialists to the
center for registration.

During the study, no use of medications that
could significantly affect the results of the study was
reported.

For statistical evaluation of the data obtained, a
Russian version of IBM SPSS Statistics 19.0.0 analytical
software (IBM SPSS Inc., USA) was used. The normality
of the distribution of the variable was checked using
Shapiro-Wilk W-test, the normal distribution — using
Student's t-test. Unrelated samples were compared
using Mann-Whitney U-test. The calculation of the
arithmetic mean and the error of mean were used as
descriptive statistics. The critical significance level
(p) when testing statistical hypotheses in the study
was assumed to be 0.05. Spearman's coefficient (r)
was used to assess the correlation dependence of the
parameters.

RESULTS

All the patients with type 1 DM were of young
age and were comparable in gender. On the initial
examination, the mean HbAlc level in the group of
type 1 DM was 7.9%. In 6 months after the completion
of the training program, HbAlc level reduced by 0.7%.
The mean fasting glycemia level before and after
rehabilitation was 9.6 and 8.0 mmol/l, respectively.
The comparison group were patients with comparable
parameters before the rehabilitation; with no significant
differences in the parameters after the follow-up period
(Table 1).

At the initial stage, the result of neuropsychological
testing corresponded to the diagnosis ‘cognitive
dysfunction’ (score < 26). In both groups, functions on
the memory (main: U = 38.0, p = 0.000002; control:
U= 142.5, p = 0.04), and on the attention scale (main:
U=56.0, p=0.000002; control: U=92.5, p=0.03) were
reduced (Table 2).

The control neuropsychological test in the main
group revealed an improvement of the cognitive status
according to the total score, the abstraction scale,
in speech, memory and visual-constructive skills. In
addition, memory function influenced the result of
performing visual attention and auditory perception
exercises (r = 0.5, p = 0.03; r = 0.54, p = 0.02). There
were no significant changes in the comparison group.
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Table 1. Characteristics of Patients with Type 1 Diabetes Mellitus, Parameters of Carbohydrate Metabolism before and after

Rehabilitation
Patients with Type 1 DM, Patients with Type 1 DM,
Parameters . .
Main Group Comparison Group
n 25 20
Age, years 29.8(25.3-30.0) 28.4(23.5-31.5)
Duration of type 1 DM, years 13.5(8.4-20.0) 11.5(7.8-18.0)
Gender, male/female, % (n) 58.0 (11)/42.1 8) 60.0 (12)/40.0 (8)
Mean HbA1c level, %
(before rehabilitation/follow-up) 79(60-93) 75(62-90)
Mean glycemia level, mmol/l ~ B
(before rehabilitation/follow-up) 9.6 (7.4-106) 98(7.2-115)
Mean HbA1c level, %
(after rehabilitation/follow-up) 72(9-88) 7664-9.)
Mean glycemia level, mmol/l 8.0 (6.9-9.3) 9.5 (7.0-11.1)

(after rehabilitation/follow-up)

Notes: type 1 DM — type 1 diabetes mellitus; HbA1c — glycated hemoglobin

Table 2. Cognitive Function on Montreal Scale in Patients with Type 1 Diabetes Mellitus before and after Rehabilitation Course

Patients with Type 1 DM, Main Group Patients with Type 1 DM, Comparison Group
Tasks

before rehabilitation after rehabilitation before follow-up after follow-up
n 25 25 20 20
Total score 24.5(23.0-28.0) 27.0 (26.5-27.5)* 25.0(23.0-28.0) 24.5(23.0-28.0)
Visual-constructive skills 3.5(3.0-45) 4.5 (4.0-5.0)* 4.0 (3.0-4.5) 35(3.0-45)
Naming 3.0(3.0-3.0) 3.0(3.0-3.0) 3.0(3.0-3.0 3.0(3.0-3.0)
Attention 5.5 (6.0-6.0) 5.5 (6.0-6.0) 5.5(6.0-6.0) 5.5 (6.0-6.0)
Speech 2.0(2.0-3.0) 2.5(2.0-3.0)* 2.0(2.0-3.0) 2.0(2.0-3.0)
Abstraction 1.5(1.0-2.0) 2.0 (2.0-2.0)* 1.5(1.0-2.0) 1.5(1.0-2.0)
Memory 3.0(3.0-4.0) 3.5(3.0-4.0)* 3.0 (3.0-4.0) 3.0(3.0-4.0)
Orientation 6.0 (6.0-6.0) 6.0 (6.0-6.0) 6.0 (6.0-6.0) 6.0 (6.0-6.0)

Note: * — p < 0.05; type 1 DM — type 1 diabetes mellitus

In the dynamic analysis of the brain perfusion,
hypoperfusion of the right thalamus area (p = 0.01) and
increased perfusion of the white matter of the right
parietal lobe (p = 0.03) were recorded after rehabilitation
in the group with type 1 diabetes (Table 3).

When studying the dynamics of non-contrast
perfusion, no changes were identified in the comparison

group.

D0l https://doiarg/10.17816/PAVLOVI125618

When assessing the parameters of carbohydrate
metabolism of the main group with type 2 diabetes
(n = 30), at the initial stage, the average level of HbA1c
exceeded the target level — 7.6%. After a rehabilitation
course, the parameter declined to 6.9%. Here, the
patients from the comparison group were comparable,
and after the follow-up period, a mild increase in the
level of glycemia and HbA1c was noted (Table 4).
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Table 3. Dynamics of Results of Non-Contrast Perfusion Using Arterial Spin Labeling Technique in Patients with Type 1 Diabetes

Mellitus before and after Rehabilitation

Cerebral Circulation, ml/100 g/min Before Rehabilitation After Rehabilitation P
Right lobe, gray matter 76.4+155 622+133 0.44
Left lobe, gray matter 58.8+17.2 60.4+93 0.15
Right frontal lobe, white matter 284+68 442127 0.41
Left frontal lobe, white matter 294+99 33.0£5.1 0.29
Right parietal lobe, gray matter 73.6£242 69.8+188 0.68
Left parietal lobe, gray matter 67.6+£19.3 79.4£13.6 0.37
Right parietal lobe, white matter 350+117 318+56 0.03*
Left parietal lobe, white matter 39.6+97 338107 0.58
Right occipital lobe, gray matter 748 £28.9 748 +24.7 0.66
Left occipital lobe, gray matter 69.2+20.9 60.4+10.1 0.07
Right occipital lobe, white matter 37.0+157 42.6+125 0.80
Left occipital lobe, white matter 37.4+127 364+78 0.54
Right temporal lobe, gray matter 472+105 51.0£8.6 0.82
Left temporal lobe, gray matter bbb +25 63.4+183 03
Right temporal lobe, white matter 43.0+94 AW EN A 0.71
Left temporal lobe, white matter 36.0+105 42471 0.3
Right putamen 43866 422105 0.37
Left putamen 40.8+8.0 37054 0.67
Right amygdala 478+86 520+6.1 0.49
Left amygdala 448+10.8 51.6+10.5 0.93
Right head of caudate nucleus 532+162 55.2+84 0.39
Left head of caudate nucleus 51.6+14.6 50.8+ 137 0.77
Right pale globe 364+63 28.6+4.9 0.38
Left pale globe 348+63 28.6+49 0.42
Right thalamus 772+15.6 61.6+69 0.01*
Left thalamus 64.2+20.8 59.2+9.1 0.35

Note: * — p < 0.05

All the subjects had cognitive deficit, that is, the
total score was below 26. The most significant reduction
was noted on the scales of visual-constructive skills,
speech, abstraction and memory. Control testing in
the main group revealed a significant improvement of
cognitive functions in the total score, on the scales of
naming, speech, abstraction and memory. The results
of the comparison group did not show any significant
changes (Table 5).

DOl https://doi.arg/10.17816/PAVLOVI125618

A positive correlation relationship was identified
betweenahigh level of HbATc and cognitive disordersin the
total MoCA score (r = -0.41, p = 0.04), in the tasks
for speech (r = -0.33, p = 0.0003), memory (r = -0.39,
p = 0.04), visual-constructive skills (r = 0.36, p = 0.05).

In patients with DM 2, the following alterations in
the neuroimaging of the brain were found: a pronounced
reduction of perfusion of the left thalamus (p = 0.01)
and enhancement in the putamen area on the left
(p = 0.03, Table 6).
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Table 4. Characteristics of Patients with Type 2 Diabetes Mellitus, Parameters of Carbohydrate Metabolism before and after

Rehabilitation
Patients with DM Type 2, Patients with DM Type 2,
Parameters . .

Main Group Comparison Group
n 30 20
Age, years 58.5 (46.0-66.5) 56.0 (49.0-62.5)
Duration of DM 2, years 5.5(2.0-8.5) 6.0 (2.0-9.0)
Gender, male/female, % (n) 26.7 (8)/73.3 (22) 56.7 (17)/43.3 (13)
Mean HbA1c level, %
(before rehabilitation/follow up) 76(67-84) 69(62-76)
Mean glycemia level, mmol/l ~ -
(before rehabilitation/follow up) 856490 66(59-19
Mean HbA1c level, %
(after rehabilitation/follow up) 6.9 (6.2-8.0) 6.8 (6.0-7.8)
Mean glycemia level, mmol/l . B
(after rehabilitation/follow up) 67(6.1-78) 70(62-73)

Notes: DM 2 — type 2 diabetes mellitus; HbATc — glycated hemoglobi

Table 5. Cognitive Function on Montreal Scale in Patients with Type 2 Diabetes Mellitus before and after Rehabilitation Course

Patients with DM 2, Main Group Patients with DM 2, Comparison Group
Task

before rehabilitation after rehabilitation before follow-up after follow-up
n 30 30 20 20
Total score 20.0 (18.0-27.0) 25.0 (21.0-28.0)* 21.0(18.0-27.0) 21.0 (18.0-27.0)
Visual-constructive skills 3.0 (2.0-4.0) 3.5(3.0-4.0) 3.0 (2.0-4.0) 3.0 (2.0-4.0)
Naming 2.0(3.0-3.0) 3.0(3.0-3.0 3.0(3.0-3.0) 3.0(3.0-3.0
Attention 45 (4.0-6.0) 5.0 (5.0-6.0) 45 (4.0-6.0) 45 (4.0-6.0)
Speech 1.5(1.0-2.0) 2.5(2.0-3.0)* 1.5(1.0-2.0) 1.5(1.0-2.0)
Abstraction 1.0 (0-2.0) 2.0(2.0-2.0)* 1.0 (0-2.0) 1.0(0-2.0)
Memory 2.0(1.0-4.0) 3.0 (2.0-4.0)* 2.0 (1.0-4.0) 2.0 (1.0-4.0)
Orientation 6.0 (6.0-6.0) 6.0 (6.0-6.0) 6.0 (6.0-6.0) 6.0 (6.0-6.0)

Notes: * — p < 0.05; DM 2 — type 2 diabetes mellitus

In patients with DM2 of the comparison group no
changes in perfusion were found.

According to the results of a survey of participants
about satisfaction with the process of computerized
cognitive rehabilitation, 90% of participants gave a

D0l https://doiarg/10.17816/PAVLOVI125618

positive answer and agreed to continue the course.
The reasons for the refusal of training in the remaining
patients were lack of time (n = 8) and difficulties in
performing exercises (n = 2).
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Table 6. Dynamics of Results of Non-Contrast Diffusion Using Arterial Spin Labeling Technique in Patients with Type 2 Diabetes

Mellitus before and after Rehabilitation

Cerebral Blood Flow, ml/100 g/min Before Rehabilitation After Rehabilitation P
Right lobe, gray matter 9.8+8.1 60.7+£18.0 0.21
Left lobe, gray matter 120+88 575+163 0.41
Right frontal lobe, white matter 132+93 38.0+102 0.72
Left frontal lobe, white matter 138+95 33.0+85 0.58
Right parietal lobe, gray matter 128+11.8 725+16.0 032
Left parietal lobe, gray matter 120+86 685+135 0.77
Right parietal lobe, white matter 125+89 312+65 0.56
Left parietal lobe, white matter 11.0+£82 345+89 0.85
Right occipital lobe, gray matter 65+23 54.7+9.5 0.03*
Left occipital lobe, gray matter 108+9.0 52.7+185 0.27
Right occipital lobe, white matter 120+9.6 368+88 0.86
Left occipital lobe, white matter 127+92 307+118 0.46
Right temporal lobe, gray matter 152112 40.1+£112 0.86
Left temporal lobe, gray matter 373+148 LL0+45 0.26
Right temporal lobe, white matter 120+86 328+148 0.28
Left temporal lobe, white matter 14293 378+11.2 0.77
Right putamen 208+ 147 44.2 £14.1 0.53
Left putamen 21.0+15.9 408+83 0.03*
Right amygdala 218+177 468+104 0.08
Left amygdala 293+253 463124 0.06
Right head of caudate nucleus 250+253 56+12.3 0.05
Left head of caudate nucleus 207117 485+108 0.68
Right pale globe 213+168 345+103 0.12
Left pale globe 237+220 333+115 0.32
Right thalamus 258+214 463+197 0.47
Left thalamus 117.8 £ 184.1 428+103 0.01*

Note: * — p < 0.05

DISCUSSION

According to the data of the Swedish National
Diabetes Register (378,299 patients with DM 2), the
risk of vascular dementia and probability for Alzheimer
disease in patients with HbAlc levels > 10.1% was
higher by 93% and 34%, respectively, compared to
patients with HbA1c levels < 6.9% [10]. In our study,
all the patients with DM had a deficit of cognitive
functions. In the subjects with DM 2, the highest deficit

DOl https://doi.arg/10.17816/PAVLOVI125618

was in the parameters of visual-constructive skills,
speech, abstraction and memory, and in patients with
DM 1 in the parameters of attention and memory.
Correlation analysis in the DM 1 group showed the
effect of the memory function on the result of exercises
for visual attention and auditory perception. Besides, a
positive correlation relationship has been established
between a high level of HbAlc and a cognitive
dysfunction in the total MoCA test score, and in the
tasks for speech, memory, visual-constructive skills.




OPATHATIBHBIE MCCTIEAOBAHNA Tom 31,

Currently, digital technologies are being widely
applied in cognitive rehabilitation [11]. Elderly
people with an increased risk of dementia due to DM
demonstrated improvements in both intellectual activity
and self-control of the disease after computerized
cognitive training at home [12]. In another study,
cognitive rehabilitation resulted in improvement of
cognitive abilities specific to the abilities trained,
compared with the control group, which continued
5 years after the initiation of the intervention [13].
Australian scientists have shown a positive effect
of 30-minute daily sessions during a month of
computerized cognitive training of attention, speed
of cognitive functions, visual memory and executive
functions in elderly patients with moderate cognitive
disorders [14]. Our results agree with previous
studies. After 6 months of cognitive rehabilitation, the
parameters of neuropsychological testing in patients
with type 1 and type 2 diabetes improved.

Disorders of cerebral perfusion are often put
forward as a cause of cognitive deficit in patients
with DM. An evident association is shown between
hypoperfusion of the caudal part of the cingulate gyrus
and precuneus and a cognitive deficit in patients with
DM 2 [15]. A decrease in the blood flow velocity in the
white and gray matter area of the frontal, occipital,
temporal lobes and putamen has been documented in
patients with type 1 diabetes and cognitive dysfunction
[16]. There is an assumption that cognitive training
enhances neuronal activity increasing blood supply to
these regions through nervovascular coupling [17]. The
dynamic analysis of perfusion after a computerized
cognitive training session showed enhanced perfusion
of the white matter of the right parietal lobe in patients
with DM 1, and in the putamen region on the left in
patients with DM 2, which evidences importance of
neurocognitive training in improvement of perfusion of
some regions of the brain. However, in both types of
DM, hypoperfusion of the right thalamus and evident
hypoperfusion of the left thalamus were recorded
in cognitive rehabilitation. We assign these results
to certain factors. Thus, it has been shown that a
multidisciplinary approach, additional use of exercises,
permits to reduce cognitive deficit and to improve the
brain hemodynamics [18, 19]. Another likely mechanism
is a probable development of thalamic dementia which
resembles Cl in DM and is associated with such risk
factors as arterial hypertension, dyslipidemia, etc. [20].

CONCLUSION

Patients with diabetes mellitus are at high risk
of cognitive decline. The primary or diabetes-induced
cognitive dysfunction negatively affects patients’ self-
control, leading to the development or progression of
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complications and impairment of quality of life. This
evidences the need to define them as a target group
for prophylaxis.

In patients with type 1 and type 2 diabetes mellitus
and with cognitive deficit, who underwent a course of
cognitive rehabilitation using computerized training
based on the Scientific brain training digital platform
(HAPPYNeuronPro), an improvement in cognitive status
was noted, which was confirmed by contrast-free
perfusion magnetic resonance imaging.

Thus, it is essential to improve specialized cognitive
training programs for training the speed of information
processing, attention, short-term memory, executive
functions, verbal and visual-spatial skills, and to use
them in the development of prevention and rehabilitation
measures in treatment of diabetes mellitus.
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