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OOHUM U3 MANCENBIX NPOPECCUPYIOUUX COCYOUCbIX 0CA0NCHeHUl caxapHozo duabema 1 muna (CI1) seasemcs nopaxcerue
YEeHMPANbHOU HePBHOIL CUCMeMbL, NPOABAIIOUeeCs KOSHUMUBHBIMU HAPYWeEeHUAMU 8credcmaue MemadoaudeckKux uiu CmpyKmyp-
Hblx usmenenuil. CyujecmeerHnvie mpyoHocmu OUAZHOCMUKU KOSHUMUBHOU OUCQYHKYUU CBA3AHbL C CYOBEKMUBUIMOM MEemM0008
uccaedo8anus.

Ileas. Onpedenenue poau Helipocheyuguueckux Mapkepos 6 duazHocmuke KoeHUMUGHoU duc@ynxyuu y nayuenmog ¢ CJ 1.
Mamepuaawvt u memodot. bvino o6caedosano 58 nayuenmos ¢ C/ 1 6 sozpacme 16-30 nem; epynny konmpoas cocmasuau 29 300-
POBbIX MOA0ObIX AH00€il, CONOCMABUMbIX NO NOAY U 8o3pacmy. Komnaekc 006cae008anUs 8KAOUAA KAUHUKO-1a00pamopHoe o0cae-
dosaHue, NCuUxon02UMecKoe mecmupo8anue U MaecHUmMHo-pe3oHancHyro momoepaguio (MPT) eonoenoeo mozea. [ns ckpununea
KOSHUMUBHbIX HapYueHull ucnoavzosarace Moupeansckas wxkansa (MoCa mecm). [lns udenmugukayuu paHHux mapKepos pas-
eumus KoeHumugHoll ducyukuyuu 6viau onpedenserst Helipocneyuguueckue 6eaxu — npomeun S100, eauanrvHoiil pubpusIspHbL
kucavtit 6enok (GFAP), ocnoenoii benok mueauna (MBP). s oyenku cmpyKmypHuIX usmeHeHUll YeHMpPaibHOU HePEHOU CUCmeMbl
ovira evinoanena MPT 2on06H020 mo3ea na annapame Siemens Magnetom 1,0 Ta.

Pe3yavmamot. B pe3ysvmame nposedeHH020 Uccied08aHUsl BbisiGAEH NOBbIUIEHHDLI YPOBEHb 8ceX Helipocneyuguueckux oen-
K08, KOMOPbLIL KOPPEAUPOBas ¢ NOKA3amenamu euneperukemuy u KoeHumusnosim degpuyumom (MoCa mecm menee 26 6a1108).
MPT-kapmuna 201061020 MO32a NOKA3AAA HAAUYUE NPUSHAKO8 AMPOPUU Cepoco 8elyecmea, nopaicetus 0en02o geuyecmaa 2o-
A08HO20 M0O32d, KOMOPble KOPPEAUPOBAAU ¢ HAAUUUEM XPOHUYECKOU eunepeiuKemul, KOCHUMUBHbIMU HAPYULEHUAMU, MUKPOCOCY-
OUCMBIMU OCAOICHEHUSMU.

3akarouenue. [uneperuxkemus npu caxapHom ouabeme moxcem Obimb 4acMbl0 NAMOEHEMUUECK020 MeXAHUZMA PA38UMUS
namoao2uu YeHmpaivbHoll HePEHol CUCMeMbl U (POPMUPOBAHUS KOSHUMUBHbIX HapyuleHUll. Bzaumocenss caxaprozo duabema
U NamoAocUU YeHmpaibHoU HepeHoll cucmembsl mpebyem danvHeliue2o Usy4eHus 6 nPOCHeKMUGHbIX KOHMPOAUPYEeMbIX U Ha-
01100amenbHbIX UCCAe008AHUAX 045 pa3pabomiu dg@exmusHbvix cpedcme npopuUAGKMUKY U AeYeHUs COOMEemMCmEYHUuiux
paccmpoiicma.

Karwuesoie caosa: caxapuuiii duabem 1 muna; koenumuenas oucyukuyusi; Heupocneyuguueckue 6eaKu; MaeHUMHO-Pe30HAHCHAS
momoepaghus
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Background. Impairment of the central nervous system manifested as cognitive dysfunction caused by metabolic or structural changes
is a severe progressive vascular complication of type 1 diabetes mellitus (T1DM). Significant difficulties in the diagnosis of cognitive
dysfunction are associated with subjective diagnostic techniques.

Objective. To identify the role of neurospecific markers in the diagnosis of cognitive dysfunction in patients with T1DM.

Materials and Methods. A total of 58 patients with TIDM aged 16—30 years were included in this study. The control group included 29
healthy young adults matched by gender and age. The survey included clinical and laboratory examinations, psychological testing and
magnetic resonance imaging (MRI) of the brain. The Montreal Cognitive Assessment (MoCA) was used fo screen for cognitive impair-
ment. The levels of neurospecific proteins (S100, glial fibrillary acidic protein and myelin basic protein) were determined to identify
early markers of cognitive impairment. MRI of the brain was performed using a Siemens Magnetom 1.0 T system to assess structural
changes in the central nervous system.

Results. The study revealed increased levels of all neurospecific proteins, which correlated with parameters of hyperglycaemia and
cognitive deficit (MoCA scores of <26 points). MRI of the brain revealed signs of grey matter atrophy and involvement of white matter,
which correlated with the presence of chronic hyperglycaemia, cognitive impairment and microvascular complications.
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Conclusion. Chronic hyperglycemia can be involved in the pathogenesis of cognitive dysfunction in T1DM patients. More studies (pro-
spective controlled and observational trials) are needed to clarify the relationship of diabetes and central nervous system impairment.
Keywords: type 1 diabetes mellitus; cognitive dysfunction; neurospecific proteins; magnetic resonance imaging
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here has been a steady increase in the worldwide
I incidence of diabetes mellitus (DM), reaching the
proportions of a noninfectious epidemic. Analysis
of the data from the Russian State Diabetes Mellitus
Registry shows that the incidence of type 1 diabetes mellitus
(T1DM) has increased over the past 10 years by 35.7% in
children (from 59.4 to 80.6 per 100,000), 68.9% in adolescents
(from 108.5 to 183.5 per 100,000) and 2.36% in adults (from
224.5 to 229.8 per 100) [1]. The central nervous system is
adversely affected by hyperglycaemia even in the early stage of
the disease. The clinical implications of this process include
cognitive dysfunction, which, in turn, reduces patients’
compliance with physician’s recommendations and their
quality of life [2]. Although changes in higher brain functions in
patients with DM have been documented, no general concept
describing these dysfunctions has been accepted. Thus, no
data on brain disorders associated with DM are available in the
International Classification of Diseases. However, attempts
have been made to describe these changes using medical
terminology. For example, DeJong RN introduced the term
‘diabetic encephalopathy’ (DE) in 1950 [3]. According to
Trudeau F et al., DE represents persistent cerebral pathology
caused by acute, subacute and chronic diabetic metabolic and
vascular disorders that manifest clinically as neurosis-like
and psychosis-like disorders and organic neurological and
autonomic symptoms, including characteristic biochemical,
electrophysiological and morphological changes [4].

The Montreal Cognitive Assessment (MoCA),
which was developed as a tool for rapid assessment of
various cognitive dysfunctions, is currently widely used
by researchers to assess the overall severity of cognitive
dysfunction in different nosological entities. However,
bias introduced through human factors and the possibility
of generating false-positive and false-negative results
cannot be excluded when evaluating the results of this test
[5]. Because neuropsychological testing may be subject to
bias, researchers are focusing on identifying neurospecific
markers of brain damage. For example, the levels of
neurospecific proteins vary quantitatively in various
traumatic, oncological and metabolic diseases and can
serve as markers for ketoacidosis-related brain oedema and
hypoglycaemia [6, 7, 8]. The levels of glial fibrillary acidic
protein (GFAP) and S100 serve as markers of astrocyte
death and those of myelin basic protein (MBP) indicate
damage to oligodendrocytes [9, 10, 11].

Increased blood levels of neurospecific proteins indicate
damage to the nervous tissue and allow clinicians and
researchers to make intravital assessment of the status of
the central nervous system and to study the dynamics of
neurodegenerative processes. The morphological substrates
of cognitive impairment can include cerebral atrophy,
single and multiple low-density foci in the cerebral cortex

and subcortical substances combined with expanded
cerebrospinal fluid (CSF) transport pathways [12, 13].

OBJECTIVES

Therefore, the objective of our study was to determine
the utility of neurospecific markers of brain damage for
diagnosing cognitive dysfunction in patients with TIDM.

MATERIALS AND METHODS

We studied 58 patients with TIDM aged 22.45 + 4.62
years, including 29 males and 29 females. The mean disease
duration was 6.6 = 3.95 years. The control group comprised
29 healthy individuals matched by age (22.37 £ 4.72 years),
including 14 males and 15 females without chronic or
acute diseases (Table 1). The group of patients with TIDM
comprised high school or college students (56.9%) and
employed individuals (43.1%). The Ethics Committee of
the Siberian State Medical University, Ministry of Health
of the Russian Federation, approved the study protocol. All
patients provided voluntary informed consent to participate
in the study.

The inclusion criteria were as follows: signed informed
consent to participate in the study, T1DM and age between
16 to 30 years. The study included only patients without
hypoglycaemic or ketoacidotic coma during the previous
2 months and without neurological infections, perinatal
damage to the central nervous system or hematologic,
oncological, severe infectious or traumatic diseases
(Table 1).

All patients underwent physical examination and
detailed analysis of their medical history. The diagnosis
of TIDM was verified on the basis of the algorithms of
specialized medical care for diabetic patients (2013), which
recommend age-specific assessment of the target values of
carbohydrate metabolism [14]. Therefore, the patients were
divided into a group that included 12 adolescents aged 16—18

Table 1

Characteristics of patients

Groups T1DM patients ezl
group
Sex Males | Females | Males | Females
n/% 29 (50) | 29 (50) |14 (48,3)|15(51,7)
|Age, years 22,454,627 22,374,727
Glycated haemoglobin * *
(HbA..), % 8,5%1,83 5,0%0,64
Fasting glucose, 10,0+4,95* 5,0£0,725*
mmol/I

* p <0.001 indicates a significant difference between control
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Table 2

Age-specific target values of HbA,

g |eve! of carbohydr9te Patients aged 16—18 |HbA,_levels taking into account the individual selection Patients aged

metabolism compensation =12 ; 19-30 years (young),

(HbA.) years, n = of freatment targets n=46

Compensation stage 3 (25%) No severe complications/risk of severe hypoglycaemia 0

(HbA,, <7.5%) i HbA,, <6.5%

Subcompensation stage o Severe complications/risk of severe hypoglycaemia o

(HbA, ., 7.5%-9%) 8 {25%)] HbA.,., <7% 4.(9%]
No severe complications/risk of severe hypoglycaemia 34 (74%)

Decompensation stage (HbA,, 6 (50%) HbA,, >6.5%

>9%) Severe complicafion;{;\sk of;f/vere hypoglycaemia 8 (17%)

10 >/ 70

years and a group that included 46 adults aged 19—30 years.
Analysis of glycated haemoglobin (HbA,,) levels showed
that 50% adolescents and 94.6% adults did not reach the
target values of carbohydrate metabolism (Table 2).

Blood glucose levels were determined using a Hitachi
912 biochemical analyser (Hoffmann La Roche Ltd./
Roche Diagnostics GmbH). HbA,, levels were evaluated
using high-pressure liquid chromatography with a DS5
Glycomat glycated haemoglobin analyser (Drew Scientific
Company, Netherlands). Continuous monitoring of blood
glucose levels was performed using iPro®2 (Medtronic) and
CGM System Gold (Medtronic) systems with Paradigm
Veo and Paradigm REAL-Time MMT-722 insulin pumps
(Medtronic). ComLink software was used.

Patients underwent neurological consultation.
Neurological testing was performed using MoCA that
rapidly screens for mild to moderate cognitive impairment
and evaluates different cognitive functions as follows:
visual—spatial perception (clock and cube drawing tests),
executive functions (creating alternative pathways and
testing ability to think in abstract terms), attention,
concentration and short-term memory (serial subtraction
of 7 and reproducing a numerical series in forward and
reverse orders). Verbal function was assessed according to
a subject’s ability to identify depicted animals, repeat two
syntactically complex sentences as well as speech fluency,
which also evaluated executive functions [15].

S100 levels were quantitated using the COBAS test
(Roche Elecsys 1010). GFAP levels were determined using
an enzyme-linked immunosorbent assay (ELISA) and a
reagent kit provided by the manufacturer (Human Fas
ELISA, Bender MedSystems GmbH, Vienna, Austria)
according to the manufacturer’s protocols. MBP levels were
determined using a Roche kit (USA).

The combination of obligatory diagnostic methods
included MRI of the brain using a Siemens Magnetom 1.0
T system (Diagnostic and Treatment Center, International
Institute of Biological Systems) that was routinely conducted
in the axial, sagittal and coronal projections (T2- and T1-
weighted images) using FLAIR software.

The data were processed using Microsoft Excel 2010
and IBM SPSS Statistics 21.0 software. The arithmetic
mean (m) and standard deviation (SD) were calculated for
quantitative parameters. The significance of the differences

between the independent data samples with abnormal
distribution of data was assessed using the Mann—Whitney
and Kolmogorov—Smirnov tests, including determination
of Z (Kolmogorov—Smirnov) and U (Mann—Whitney)
values. For normally distributed data (MoCA), a t-test for
independent samples was used, including calculation of the
p-value for the Spearman correlation coefficient (r). When
conducting correlation analysis, correlation between the
data was considered to be strong at an absolute r value of
>0.70, average at the r value of 0.69—0.30 and weak at the
r value of <0.29. When testing statistical hypotheses, the
statistical significance was defined as p <0.05 [16].

RESULTS

Analysis of carbohydrate metabolism revealed that the
average HbA,, levels of patients with TIDM were 8.84%
+ 1.833%, and their fasting glucose levels were 11.52 +
4.957 mmol/l. Therefore, the patients had unsatisfactory
metabolic control and did not reach the target values
of carbohydrate metabolism, which were <7.5% for
adolescents, <6.5% for patients aged 19—30 years in
the absence of severe complications and risk of severe
hypoglycaemia and <7% in the presence of these factors.
The most frequent complication of TIDM was diabetic
retinopathy, which occurred in 82.8% (48) patients
[nonproliferative in 74.1% (43) patients, preproliferative in
6.9% (4) patients and proliferative in 1.7 % (1) patients].
Diabetic neuropathy was detected in 72.4% (42) patients
[sensorimotor in 55.2% (32) patients and autonomous, akin
to asymptomatic hypoglycaemia, in 17.2% (10) patients].
Diabetic nephropathy was identified in 37.9% (22) patients
[microalbuminuria in 34.5% (20) patients and proteinuria
in 3.4% (2) patients].

The present study reveals a significant increase in the
levels of S100, MBP and GFAP in patients with TIDM
compared with control subjects (p <0.001) (Table 4).
Furthermore, the levels of GFAP were much lower in
females than in males (U = 643.000, Z = -2.418, p <0.05).

MRI of the brain revealed indirect signs of grey matter
atrophy in the frontal lobes and partially in the parietal lobes,
indicated by the presence of arachnoid cysts containing CSF
in 93.1% patients and widening of the convexital spaces
containing CSF in 72.4% patients. White matter atrophy

85 2/2014

DOI: 10.14341/DM2014283-90



Diagnosis, Control, Treatment

Diabetes mellitus. 2014;(2):83-90

Table 3

MoCA results

Pahen(t: \:Ighell)-] 2 Females (n=29) Males (n =29) Control group (n=29)

m SD m SD m SD m SD
Alternative pathway 1,00 0,45 1,0 0,46 1,00 0,47 1,00 0,00
Cube 1,00 0,42 1,0 0,46 1,00 0,39 1,00 0,00
Clock 3,00 0,41 3,00 0,28 3,00 0,47 3,00 0,00
Naming 3,00 0,84 3,00 0,20 3,00 0,17 3,00 0,00
Memory 3,00* 1,29 3,00* 1,17 3,00* 1,36 5,00* 0,00
Numerical series 2,00* 0,63 1,00** 0,65 2,00* 0,62 2,0* 0,00
Letter A 1,00 0,87 1,00 0,20 1,00 0,17 1,00 0,00
Serial subtraction 2,00* 0,82 2,00* 0,81 2,00* 0,78 3,00* 0,00
Repeating sentences 2,00 0,38 2,00 0,29 2,00 0,46 1,83 0,37
Fluency of speech 1,00 0,78 1,00 0,82 1,00 0,76 0,87 0,34
Abstraction 2,00 0,43 2,00 0,5 2,00 0,36 2,00 0,00
Orientation 6,00 0,23 6,00 0,00 6,00 0,29 6,0 0,00
Total score 25,00* 0,81 25,00* 1,82 25,00* 2,27 30* 0,43

*p<0.001, **p <0.01 indicate significant differences between controls and patients with TIDM; m - median;

SD - standard deviation

was not detectable. However, areas of gliosis and lesions
of leukoaraiosis were observed in 15.5% and 19% patients,
respectively.

DISCUSSION

Neurospecific proteins were investigated as possible
objective diagnostic biomarkers of cognitive impairment.
Their levels were high in patients with TIDM, which
is indicative of microstructural brain damage. Further,
patients with unsatisfactory control of carbohydrate
metabolism had higher S100 levels. The positive correlation
of S100 levels with HbA,_ levels and fasting glucose levels
is shown in Figs. 1, 2 (p <0.05), demonstrating the role of
chronic hyperglycaemia in the apoptosis of neural tissue
cells. In contrast with these observations , Strachan MWJ]
et al. reported that S100 levels were significantly higher in
patients who died of hypoglycaemia. [17]. Nevertheless,
these processes mediate the destruction of brain tissue to
greater or lesser extents.

No studies are published that focus on the relationship
between MPB levels and carbohydrate metabolism

Table 4
Levels of neurospecific proteins
Control group
T1D =

Neurospecific proteins M {n=58) (n= 29)

m SD m SD
Myelin basic protein, 0,13* |0,043| 0,10* 0,036
ng/ml
Glial fibrillary acidic protein, 0,11* |0,041| 0,08* 0,033
ng/ml
Il 121,65*| 66,39 | 62,85* | 19,66
ng/ml

*p <0.01 indicates a significant difference between control subjects
and patients with TIDM.

parameters in patients with TIDM. Here we show a positive
correlation of MBP levels with HbA,, levels and fasting
glucose levels (p <0.05) (Figs. 3, 4).

The present study demonstrates a positive correlation
between the parameters of carbohydrate metabolism
and the levels of GFAP (p <0.05), which indicates that
hyperglycaemia affects the mechanism of astrocyte apoptosis
(Figs. 5, 6). There is no unanimous opinion regarding the
relationship between the levels of GFAP and the parameters
of carbohydrate metabolism. For example, Coleman E et al.
demonstrated that there is a significant increase in GFAP
levels in the hippocampus, cerebellum and white matter of
rats with experimentally induced TIDM [18].

By themselves, the high levels of neurospecific proteins
in patients with T1DM do not support the conclusion that
they serve as markers of cognitive impairment. Therefore,
the relationship between protein levels and the MoCA
score was analysed. We observed that S100 levels correlated
negatively with MoCA parameters such as memory
(r = -0.617, p <0.05). Thus, S100 levels may indicate
impaired memory (Fig. 7).

Brain MRI results revealed signs of cerebral atrophy such
as arachnoid CSF-containing cysts and widened convexital
spaces containing CSF. These findings are in agreement
with published data. For example, one study described grey
matter atrophy in patients with decompensated ketoacidosis
with high HbA,, levels, which were mainly detected in the
frontal lobes and the central portions of the parietal lobes and
were associated with cognitive impairment [19]. Our present
results are consistent with these data, because widening of
the convexital spaces was significantly more pronounced in
patients with high HbA,_ levels (x2 = 16.276, p = 0.039) and
fasting glucose levels (%2 = 27.620, p = 0.024). Correlation
analysis of the results of examining the same patients revealed
cognitive impairment and memory (%2 = 12.872, p = 0.025)
and attention loss (x2 = 6.820, p = 0.033) as assessed by
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Fig. 1. S100 levels vs HbA,_levels

Note: HbA, : glycated haemoglobin; S100: S100 neurospecific
protein

MBP
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Fig. 3. MBP levels vs HbA,_ levels

HbA,: glycated haemoglobin; MBP:
myelin basic protein

MoCA. Brands AMA et al. revealed that cerebral atrophy is
significantly less pronounced in patients who receive insulin
pump therapy with satisfactory glycaemic control [12]. Such
patterns were not detected in the present study.

The volume of white matter is significantly lower in
patients with diabetic retinopathy, which is associated with
impaired cognitive function that may be partially mediated

Diabetes mellitus. 2014;(2):83-90
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Fig. 2. S100 levels vs fasting glucose levels

S100: S100 neurospecific protein
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Fig. 4. MBP levels vs fasting glucose levels

MBP: myelin basic protein

by damage to small blood vessels [20]. The present study
reveals a correlation between damage to white matter, such
as the presence of dyscirculatory foci, and the development
of proliferative retinopathy in patients with TIDM (%2 =
9.124, p = 0.028). A reduction in the total score of MoCA
was observed for all patients with focal changes in their
white matter (x> = 4.539, p = 0.033).
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Fig. 5. GFAP levels vs HbA,_ levels
HbA,: glycated haemoglobin;
GFAP: glial fibrillary acidic protein
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Fig. 7. $100 levels vs. MoCA scores

S100: S100 neurospecific protein; MoCA5: memory function

according to the MoCA score
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Fig. 6. GFAP levels vs fasting glucose levels

GFAP: glial fibrillary acidic protein

CONCLUSIONS

The present findings indicate that chronic hyperglycaemia
is one of the major causes of cognitive impairment. Most
MoCA test parameters that determine cognitive impairment
were reduced in patients with TIDM, such as tasks to evaluate
memory function and attention. Highly significant differences
in the levels of neurospecific proteins that correlated with
carbohydrate metabolism decompensation and the presence of
cognitive deficits were detected in patients with T1DM. Changes
in brain MRI results were detected in patients with short-
duration TIDM accompanied by chronic hyperglycaemia.
Signs of grey matter atrophy in the frontal and parietal
lobes, which correlated with hyperglycaecmia and cognitive
impairment, were the most common morphological changes in
the central nervous system. Further, analysis of brain MRI data
revealed small dyscirculatory foci and mild leukoaraiosis in the
white matter that was accompanied by cognitive impairment
and microvascular changes.

FUNDING AND DISCLOSURE
INFORMATION

The authors declare no conflicts of interest in connection
with the writing of this article.

The study was sponsored by Siberian State Medical
University (Tomsk, Russian Federation) and “International
Institute of Biological Systems” LLC (Tomsk, Russian
Federation).

DOI: 10.14341/DM2014283-90

2/2014 88

Diabetes mellitus



Diabetes mellitus

—_

b2

&

e

N

Diagnosis, Control, Treatment

Diabetes mellitus. 2014;(2):83-90

REFERENCES

CyHuos tOW, bonortckas J1J1, Macnoea OB, Kasakoe MB.
Snupemmronorus caxapHoro auabera u NporHos ero
pacnpoctpaneHHoctH B Poceuitckoit Pepepaumm.

CaxapHbii guabert. 2011;(1):15-18 [Suncov Jul,

Bolotskaja LL, Maslova OV, Kazakov IV. Epidemiology

and prognosis of diabetes mellitus prevalence in the

Russian Federation. Diabetes mellitus 2011;(1):15-18.]

DOI: http://dx.doi.org/10.14341/2072-0351-6245

Kodl CT, Seaquist ER. Cognitive Dysfunction and Diabetes
Mellitus. Endocrine Reviews. 2008;29(4):494-511.

DOlI: http://dx.doi.org/10.1210/er.2007-0034

Dejong RN. The nervous system complications

of diabetes mellitus, with special reference to

cerebrovascular changes. The Journal of Nervous

and Mental Disease. 1950;111(3):181-206. DOI:
http://dx.doi.org/10.1097/00005053-195011130-00001
Trudeau F, Gagnon S, Massicotte G. Hippocampal

synaptic plasticity and glutamate receptor regulation:
influences of diabetes mellitus. European Journal

of Pharmacology. 2004;490(1-3):177-186.

DOlI: http://dx.doi.org/10.1016/].ejphar.2004.02.055
3axapos BB. Heiponcuxonoruueckue tectsl. Heobxoammocts
1 BoamoxHocTb npumenenns. CONSILIUM MEDICUM. 2011;
13(2):82-90 [Zakharov VV. Neyropsikhologicheskie testy.
Neobkhodimost' i vozmozhnost' primeneniya. CONSILIUM
MEDICUM. 2011; 13(2):82-90]

lprwanoea TI, Byaaes AB, lpuropses EB, Basuh I'B.
MoepexaeH1e ronoBHOro MoO3rd Npu TsXeNon TPABME:
3HAYUMOCTb KITMHUHECKMX LKA M HEMPOHANbHBIX MOPKEPOB.
Mepmumna e Kysbacce.2010; (3):3—-8. [Grishanova TG,
Budaev AV, Grigor'ev EV, Vavin GV. Pathogenesis, markers of
brain injury and integral evaluation of condition of patients with
severe combined traumas. Meditsina v Kuzbasse 2010;(3):3-8.]
Mclintyre EA, Abraha HD, Perros P, Sherwood RA. Serum
S-100beta protein is a potential biochemical marker

for cerebral oedema complicating severe diabetic
ketoacidosis. Diabet Med. 2000;17(11):807-809.

DOI: hitp:/ /dx.doi.org/10.1046/i.1464-5491.2000.00370.x
Sahin K, Tuzcu M, Orhan C, Ali S, Sahin N, Gencoglu H, et al.
Chromium modulates expressions of neuronal plasticity markers
and glial fibrillary acidic proteins in hypoglycemia-induced
brain injury. Life Sciences. 2013;93(25-26):1039-1048.
DOI: http://dx.doi.org/10.1016/].1fs.2013.10.009

Zimmer DB, Weber DJ. The Calcium-Dependent Interaction

of STOOB with Its Protein Targets. Cardiovascular

Psychiatry and Neurology. 2010;2010:1-17.

DOI: http://dx.doi.org/10.1155/2010/728052

10. Jing L, He Q, Zhang J, Li PA. Temporal Profile of Astrocytes

89 2/2014

and Changes of Oligodendrocyte-Based Myelin Following
Middle Cerebral Artery Occlusion in Diabetic and Non-

11.

12.

13.

14.

15.

16.

17.

18.

20.

diabetic Rats. Int. J. Biol. Sci. 2013;9(2):190-199.

DOI: http://dx.doi.org/10.7150/ijbs.5844

Petzold A, Keir G, Green AJE, Giovannoni G, Thompson EJ.
An ELISA for glial fibrillary acidic protein. Journal of
Immunological Methods 2004;287(1-2):169-177.

DOI: http://dx.doi.org/10.1016/].jim.2004.01.015

Brands AMA, Biessels GJ, de Haan EHF, Kappelle LJ, Kessels RPC.
The effects of type 1 diabetes on cognitive performance:

a meta-analysis. Diabetes Care. 2005;28(3):726-735.

DOI: http://dx.doi.org/10.2337/diacare.28.3.726

Ho MS, Weller NJ, Ives FJ, Carne CL, Murray K, vanden Driesen
Rl, et al. Prevalence of Structural Central Nervous System
Abnormalities in Early-Onset Type 1 Diabetes Mellitus.

The Journal of Pediatrics. 2008;153(3):385-390.

DOI: http://dx.doi.org/10.1016/|.jpeds.2008.03.005
AnropuTMBI CNELUANM3UPOBAHHON MEAULIMHCKON MOMOLLM
6onbHbIM caxapHbim auabetom. Mog pepakumein U.A.

Henoea, M.B. LLlecrakosoi (6-i sbinyck). CaxapHeiit auaber.
2013;(1s):1-121. [Dedov |, Shestakova M, Aleksandrov A,
Galstyan G, Grigoryan O, Esayan R, et al. Standards of
specialized diabetes care. Edited by Dedov Il, Shestakova MV
(6™ edition). Diabetes mellitus. 2013;(15):1-120.]

DOI: http://dx.doi.org/10.14341/DM20131S1-121
Montreal Cognitive Assessment. [Internet]. 2013. Available
from: http:/ /www.mocatest.org

Inany C. Meaunko-6nonornyeckas cratuctuka. Mep. ¢ anrn. M:
MpakTnka; 1998 [Glanc S. Biomedical statistics [translation from
English]. Moscow: Praktika; 1998.]

Strachan MWJ, Abraha HD, Sherwood RA, Lammie AG,
Deary 1), Ewing FME, et al. Evaluation of serum

markers of neuronal damage following severe
hypoglycaemia in adults with insulin-treated diabetes
mellitus. Diabetes Metab. Res. Rev. 1999;15(1):5-12.
DOI: http://dx.doi.org/10.1002/(SICI)1520-
7560(199901/02)15:13.0.CO;2-S

Coleman E, Judd R, Hoe L, Dennis J, Posner P. Effects

of diabetes mellitus on astrocyte GFAP and glutamate
transporters in the CNS. Glia. 2004 Nov;48(2):166-178.
DOI: http://dx.doi.org/10.1002/glia.20068

. Hoffman WH, Arilett CM, Zhang W, Kreipke CW,

Passmore GG, Rafols JA, et al. Receptor for advanced glycation
end products and neuronal deficit in the fatal brain edema

of diabetic ketoacidosis. Brain Res. 2008;1238:154-162.
DOI: http://dx.doi.org/10.1016/.brainres.2008.08.04 1

Van Duinkerken E, Klein M, Schoonenboom NS,

Hoogma RP, Moll AC, Snoek FJ, et al. Functional brain
connectivity and neurocogpnitive functioning in patients with
longstanding type 1 diabetes with and without microvascular
complications. Diabetes. 2009 Oct;58(10):2335-43.

DOI: http://dx.doi.org/10.2337/db09-0425

DOI: 10.14341/DM2014283-90



Diagnosis, Control, Treatment Diabetes mellitus

Diabetes mellitus. 2014;(2):83-90

INFORMATION ABOUT THE AUTHORS

Yuliya G. Samoylova MD, PhD, Professor of the Endocrinology and Diabetology Department, Siberian State Medical
University, Tomsk, Russian Federation
Mariya V. Novoselova Resident Physician of the Endocrinology and Diabetology Department, Siberian State Medical

University, Tomsk, Russian Federation
E-mail: novoselova.mariia@yandex.ru

Natal'ya G. Zhukova MD, PhD, Professor of the Neurology and Neurosurgery Department, Siberian State Medical
University, Tomsk, Russian Federation
Ol'ga S. Tonkikh MD, PhD, radiologist at the Diagnostic and Treatment Centre, International Institute of Biological

Systems, Tomsk, Russian Federation

2/2014 90
DOI: 10.14341/DM2014283-90





