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The aim of the article is to evaluate the effectiveness of the thioctic acid preparation in the complex therapy of type 1 diabe-
tes mellitus (TIDM) in children with cardiovascular autonomic neuropathy at the preclinical stage.

Materials and methods. A design is a prospective randomized study. A clinical and instrumental examination of 64 children
with preclinical stage signs of diabetic cardiovascular autonomic neuropathy (DCAN) was carried out. The cohort was divided
into 2 groups: in the main and control groups, glycemic control was normalized by adjusting a dose of insulin therapy; in the
main group, the children additionally received thioctic acid at the dose of 600 mg/day for 3 months. To control the effective-
ness of the therapy, the technique of laser Doppler flowmetry was used.

Results. After the pharmacological intervention, there was an improvement in the disease course, normalization of carbohy-
drate and lipid metabolism, increased vasomotor mechanisms of the regulation of the tissue blood flow due to an increase in
endothelial and neurogenic kinds of activity in combination with a decrease in the intravascular tone and an increase in the
effective perfusion in tissues. An increase in the heart rate variability was detected, positive dynamics of cardiovascular tests
indicators according to D. Ewing, temporal (pNN50%, SDNN) and spectral indicators (VLF) were diagnosed. Achievement and
maintenance of the target values of glycemic control indicators, as well as the absence of glycemic variability, turned out to
be clinically significant for reducing the manifestations of neuropathy. The non-invasive technique of laser Doppler flowmetry
is informative for the early diagnosis of DCAN in TIDM children.

Conclusion. The carried out studies have demonstrated the effectiveness of the lipoic acid use at the dose of 600 mg/day for
3 months in the children with DCAN signs at the preclinical stage. The method of laser Doppler flowmetry for determining in-
dications and monitoring the effectiveness of therapy makes it possible to implement a personalized approach to prescribing
preventive treatment in TIDM children.

Keywords: diabetic cardiovascular autonomic neuropathy; a-lipoic acid; preventive treatment of complications in TIDM
children; laser Doppler flowmetry

Abbreviations: GCP — good clinical practice; HbAlc — glicated hemoglobin; LADA — Latent Autoimmune Diabetes of Adults;
MODY — maturity onset diabetes in youth; pPNN50% — the mean number of times an hour in which the change in successive
normal sinus (NN) intervals exceeds 50 ms; SDNN — standard deviation normal to normal; VLF — very low frequencies; AVA —
arteriolo-venular anastomoses; ALA — Alphalipoic acid/a-lipoic acid; DCAN — diabetic cardiovascular autonomic neuropathy;
VVR — vegetative-vascular regulation; ESPALIPON Il — an octanoic acid bridged with two sulfurs; NATHAN | — Neurological
Assessment of Thioctic Acid in Diabetic Neuropathy; LDF — Laser Doppler Flowmetry; HDLP- High-Density Lipoprotein; LDLP
— Low-Density Lipoprotein; HR — heart rate; TIDM — type 1 diabetes mellitus; TG — triglycerids; ECG — electrocardiography;
BMI —body mass index.
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Lienb. OueHnTb 3pEKTUBHOCTb MpenapaTa TMOKTOBOW KMCNOTbI B KOMM/IEKCHOW Tepanuu caxapHoro anabeta 1 (CA 1) Tuna
Y AeTel C KapAMOBACKYNAPHOM aBTOHOMHOM HelponaTven Ha JOKAMHUYECKOM CTaauu.

Marepuanbl u metoabl. Jn3aliH — NPOCNEKTUBHOE PaHAOMU3MPOBAHHOE UccneaoBaHue. MPoBeAEHO KAMHUKO-UHCTPYMEH-
TanbHoe obcnefoBaHue 64 aetel ¢ NPU3HAKaMU LOKAMHUYECKOM CTaann AnabeTnyeckon KapamMoBacKyAAPHOM aBTOHOMHOM
Heiponatum (OKAH). KoropTa paHKMpoBaHa Ha 2 rpynmbl: B OCHOBHOMW M KOHTPO/IbHOW Fpynnax npoBoAuMiacb HOpManun3a-
LA INIMKEMUYECKOTO KOHTPOIA MYTEM KOPPEKLUM A03bl MHCYIMHOTEPANUK; B OCHOBHOM rpynne AeTW A0MNOJHUTE/bHO Moy-
Yyanu npenapar TUOKTOBOM KMUCNOTbI B fo3e 600 mr/cyTku B TeueHue 3-x mecaues. [1na KoHTponsa 3ddeKTMBHOCTM Tepanum
MCMNONb30BaNaCb METOAMKA SIa3epHOM A0NMNAEPOBCKOW GoyMeTpun.

Pesynbratbl. Mocne dapmakonormyeckolt MHTEPBEHLMN Habaoganock yayylleHne TedeHns 3aboneBaHnsa, Hopmanvsaumsa
roKasaTtesiel YIeBogHOro U IMNUAHOro 0bMeHa, ycuieHe Ba3OMOTOPHbBIX MEXaHU3MOB PErynAaLMM TKAHEBOTO KPOBOTOKA
3a CYET YBENIMYEHWNA SHAOTENNANIBHON U HEMPOreHHOM aKTUBHOCTU B COMETAHUM CO CHUMKEHWEM BHYTPUCOCYAMNCTOrO TOHYCa
1 yBenmueHmem sbdpekTuBHol nepdysnm B TKaHAX, BbIABNEHO YBeMYEHME BapuabesibHOCTM PUTMa cepALa, AUarHoCcTMpo-
BaHa MOJIOXKMUTENbHAA AMHAMUKa MOKasaTenel KapAMoBacKynapHbix TectoB no D. Ewing, BpemeHHbix (PNN50%, SDNN) u
CrneKTpanbHbix nokasatesnen (VLF). KAMHMYecKn 3HaUMMbIM AR YMEHbLUEHUA NMPOABAEHUI HEMPONAaTUKN OKa3anoch AOCTU-
KeHue 1 noaaepKaHue LieNeBbix 3Ha4YeHMI NoKasaTenel MIMKEMUYECKOro KOHTPO/IA, @ TaK¥Ke OTCYTCTBME BapnabenbHoCcTu
IIMKeMUN. HeMHBasMBHaA METOAMKA 1a3epHON AOMN/IepoBCKOM pnoymeTpumn aBasetca MHGOPMaATUBHOM AA paHHeN aua-
rHocTvku OKAH y geteit ¢ CA, Tmna 1.

3aknioueHue. poBeseHHbIe UCCNeA0BaHUA MPOAEMOHCTPUPOBAAN 3GPEKTUBHOCT MPUMEHEHMA NIUMOEBON KWUCIOTbI B
£o3e 600 Mr/cyTku B TeueHue 3-x MecAueB y AeTei ¢ npusHakamu JKAH Ha SOK/AMHWMYECKoWn ctaguun. MeTtog nasepHoi
AonnnepoBcKon GnoymeTpum AnA onpeaeneHna NoKasaHUni U KoHTpoia 3dPeKTMBHOCTU Tepanu NO3BOAET peann3oBaTb
NepcoHaIM3MPOBaHHbIV NOAXOZ A/1A Ha3HAYEHUA NPEBEHTUBHOIO IeYEHUA Y AeTel ¢ caxapHbiM gnabetom 1 Tuna.
KnioueBble cnoBa: Anabetnyeckas KapaMoBacKynspHaa aBTOHOMHAA HEMPOMATUA; Ol-MMOEBAA KUCN0TA; MPEBEHTUBHOE Ne-
YeHue ocnoxKHeHui y aeteit ¢ C[ Tvna 1; nasepHas AonnaepoBckas GoymeTpus

Cnucok cokpaleHuit: GCP — Hagnexalan KAMHUMYeckaa npakTuka; HbAlc — rnknpoBaHHbIK remornobuH; LADA — naTeHT-
HbI ayTOUMMYHHbIV anabeT B3pocabix; MODY — guabet 3penoro tuna y monogblx; pPNN50% — npoueHT (fona) nocneno-
BaTe/IbHbIX MHTEPBANOB, Pasanyne mexay KotopbiMmu npesbiwaet 50 mc; SDNN — cTaHAapTHOe OTK/I0HEHMEe BENNYNH HOP-
ManbHbIX MHTepPBanoB; VLF — oueHb HM3Ko4YacToTHble; ABA — apTepnono-BeHynApHble aHacTomosbl; AJIK — anbda-nvnoesasn
kucnota; DECAN — lepmaHCcKoe uccnefoBaHWe KapauanbHOW aBTOHOMHOM Heliponatumn; BCP — Bereto-cocyamcrasn peryns-
umns; OKAH — anabetmyeckan KapamoBacKynAapHas aBTOHOMHan HelponaTtua; ESPALIPON Il — adpdeKkTMBHOCTL NpenapaTtos
TMokToBOWM KMcnoTbl; NATHAN | — HeBponoruyeckasn oueHKa addeKTa TMOKTOBOW KMCNOTbI Npu AnabeTnyeckoi HelponaTum;
NA® — nasepHas gonnaeposckana paoymetpusa; JINBIM — AMNnonpoTenHbl BbICOKOM NAoTHOCTK; JINHI — iMnonpoTenHbl HX3-
KoM naoTHocTK; YCC — YacToTa cepaeyHbIx CoKpaleHnin; CO, 1 — caxapHbiit anabet tuna 1; TT — Tpuranuepuabl; KM — anekT-
pokapauorpadua; UMT — nHaekc maccol Tena.

INTRODUCTION dren remain unresolved [2]. One of the most formidable
Type 1 diabetes mellitus (TLDM) remains one of the  complications of type 1 diabetes mellitus in children is

most urgent problems of modern pediatrics due to the
high level of disability and mortality [1, 2]. Alongside
with the development of diabetology, an early detection
and treatment of cardiovascular complications in chil-
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diabetic cardiovascular autonomic neuropathy, which
is characterized by denervation of the autonomic ner-
vous system that regulates a vascular tone and a cardiac
activity [1, 3]. Due to the complexity of diagnosing dia-
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betic cardiovascular autonomic neuropathy (DCAN), the
data on the occurrence frequency are contradictory. The
analysis of the literature shows that this index ranges
from 20 to 60% [4, 5]. The main mechanism for the de-
velopment of DCAN is microcirculatory disorders, which
are accompanied by a decrease in the formation of ni-
tric oxide, endoneural hypoxia, leading to the ischemic
damage to nerve fibers [1, 6, 7]. Due to the development
of glucose toxicity, metabolic disorders also play an im-
portant pathogenetic role [7-9]. There is a relationship
between an increase in blood glucose levels and the se-
verity of an oxidative stress. With hyperglycemia, there
is an increase in lipid peroxidation, a violation of the
nitric oxide formation by the vascular endothelium, an
increase in the synthesis of pro-inflammatory adhesion
molecules, and an increase in the sensitivity of smooth
muscle cells of the vascular wall to vasoconstrictive sti-
muli [10-12]. The oxidative stress accompanies meta-
bolic TIDM disorders in, which result in contributing to
the development of late vascular complications.

Promising drugs for the treatment of DCAN are a-li-
poic acid preparations, which have antioxidant, neuro-
trophic and hypoglycemic effects [8, 9, 13—15]. In diabe-
tes mellitus in adult patients, the neuroprotective effect
of alpha-lipoic acid (ALA) has been proven due to a de-
crease in the formation of advanced glycation endprod-
ucts of proteins in nerve cells, endoneural hypoxia and
ischemia, as well as an increase in the concentration of
the antioxidant glutathione [16—-20]. In the DCAN study
carried out by the German Cardiac Autonomic Neuropa-
thy Research, the treatment of TIDM patients with DCAN
by thioctic acid resulted in a significant improvement in
the function of the nerve fibers of the autonomic nervous
system, which was manifested by an increase in the heart
rate variability [21]. The effectiveness of therapy in clini-
cal DCAN is 30%, while the regression of disorders during
the pharmacological intervention at the preclinical stage
of DCAN is observed in 70% of patients [22, 23]. However,
the studies on the pediatric population are singular, the
indications and regimens for prescribing the thioctic acid
preparation have not been determined, and the effective-
ness of its use at the preclinical stage of DCAN has not
been proven. One of the obstacles to the development of
pathogenetic therapy for DCAN is the lack of “a gold stan-
dard” of preclinical diagnostics, which makes it possible to
determine the indications for prescribing in this category
of patients. It has been proven that the earliest changes in
T1DM occur in the microvasculature. Therefore, an early
functional diagnosis of cardiovascular complications, their
dynamic control and the possibility of the early pathoge-
netic treatment are very important [1, 3, 10].

Currently, to assess the functional state of the mi-
crovasculature, a modern non-invasive technique of la-
ser Doppler flowmetry (LDF) is used, which determines
the tissue perfusion by measuring the Doppler frequen-
cy shift during probing and emitting a helium-neon la-
ser at the wavelength of 632.8 nm and registering this

Tom 10, Beinyck 1, 2022

radiation [9]. During the study, fluctuations in the blood
flow in the microvasculature are recorded [24-27]. The
use of LDF for the early diagnosis of DCAN opens up new
prospects for personalized approaches to the preventive
treatment of TIDM children.

THE AIM of the article is to evaluate the effective-
ness of the thioctic acid preparation in the complex the-
rapy of TIDM children with cardiovascular autonomic
neuropathy at the preclinical stage.

MATERIALS AND METHODS

Study design

The principles of World Medical Association Decla-
ration of Helsinki (WMA)*! and the Rules of Good Clinical
Practice (GCP)? of the Eurasian Economic Union served
as the basis for a prospective, randomized, simple com-
parative study in parallel groups.

The Ethics Committee of the Federal State Budget-
ary Educational Institution of Volgograd State Medical
University of the Ministry of Health of Russia (proto-
col No. 17 dated September 16, 2019) approved of the
study. Written informed consent (IC) to participate in it
was signed by all patients or their legal representatives
prior to the inclusion in the research.

94 children aged 10 to 17 years with a verified di-
agnosis of TIDM, were examined. The exclusion criteria
were: the age under 10 or over 17; T2DM, latent auto-
immune diabetes in adults (LADA) and maturity onset
diabetes in youth (MODY); the presence of primary ar-
terial hypertension and other cardiovascular pathology
not associated with TIDM; concurrent participation in
another clinical trial; lack of a signed informed consent
(IC) to participate in the study.

The withdrawal criteria were as follows: a refusal to
participate in the study at any stage; decompensation
of carbohydrate metabolism with ketoacidosis; somatic
diseases at the acute stage in combination with TIDM.

Monitored parameters

The study was conducted on the basis of the endo-
crinology department of the Volgograd Regional Chil-
dren’s Clinical Hospital. All patients underwent clinical,
anamnestic and laboratory examinations, including the
determination of fasting plasma glucose, HbAlc, total
cholesterol, TG, LDLP, HDLP. The instrumental examina-
tion included the following: 24-hour ECG monitoring us-
ing the Cardiotekhnika-04-3 hardware-software complex
(Inkart, Russia) under the conditions of free activity of

* Declaration of Helsinki by the World Medical Association (WMA).
Ethical principles for conducting medical research involving a person
as a subject. Adopted by the 18th WMA General Assembly, Helsinki,
Finland, June 1964, amended by the 64th WMA General Assembly,
Fortaleza, Brazil, October 2013. Available from: https://www.wma.
net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-
medical-research-involving-human-subjects/

2 Decision No. 79 “On Approval of the Rules of Good Clinical Practice
of the Eurasian Economic Union” dated November 03, 2016. Available
from: https://docs.cntd.ru/document/456026110
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the subject, 24-hour blood pressure monitoring (ABRM-
04 model, Meditech, Hungary); D. Ewing cardiovascular
tests were performed: a slow breathing test (6 per mi-
nute), Valsalva test, Shelong test (orthostatic test), 30:15
test, an isometric load test. The assessment of the state
of the microvasculature was carried out using the LDF
method based on a two-channel laser Doppler flowme-
ter LAKK-OP (NPP LAZMA, Russia, Moscow) according to
the attached methods for studying skin areas with arteri-
olo-venular anastomoses and without arteriolo-venular
anastomoses. The basic state of microcirculation was as-
sessed; the amplitude-frequency spectrum of perfusion
fluctuations, the endothelial and neurogenic sympathe-
tic activity, passive frequency ranges (respiratory and
cardio rhythms) were analyzed [25].

After the examination, 64 children were diagnosed
with DCAN signs of varying severity.

After the inclusion in the study, at the preclinical
stage, the DCAN patients were divided into 2 groups
by a simple randomization method. The main group
included 32 children (15 girls and 17 boys), the mean
age was 13.53%2.54 years; in the control group there
were 32 children (16 girls and 16 boys), the average
age was 13.15%2.03 years. The groups were compara-
ble in terms of the age, sex, duration of the disease,
the level of compensation for carbohydrate and lipid
metabolism (Table 1). All the patients were on bolus
insulin therapy, and the insulin therapy was adjus-
ted if necessary. According to the ESPALIPON II study
(the effectiveness of thioctic acid preparations), the
same efficacy and safety of oral and infusion forms
of thioctic acid at the dosage of 600 mg were proved.
Therefore, the patients of the main group received a
thioctic acid preparation (Lipoic acid, Marbiopharm,
Russia) at the dose of 600 mg/day within 3 months.
After 3 months, a re-examination was carried out.

Statistical processing

The Shapiro-Wilk test was used to assess the distri-
bution of quantitative indicators. In the form of mean
values (M % SD), the results of the normal distribution of
features are presented, in the non-normal distribution,
the median (Me) and quartiles (25" and 75" percentiles)
are presented. The non-parametric Wilcoxon test was
used to assess the statistically significant difference in
related quantitative traits. Contingency tables with the
two-tailed Fisher’s exact test were used to assess the
significance of the relationship between two variables.
At p<0.05, the difference was statistically significant. The
statistical package STATISTICA 10.0 (StatSoft, Tulsa, USA)
was used to process the results.

RESULTS AND DISCUSSION

For 3 months, the dose of insulin was adjusted to
the patients under control by a pediatric endocrinolo-
gist. The indicators of carbohydrate metabolism are pre-
sented in Table. 2. During the observation period, the
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indicators of carbohydrate metabolism compensation
improved in both groups. After 3 months, a decrease in
the level of glycated hemoglobin was observed in most
patients. However, in the group of the children treated
with lipoic acid, there was a more significant decrease
in the studied indicator than in the control group (7.45
[6.4; 8.2] and 7.9 [6.84; 9.1], respectively (p=0.0378).
The presence of positive dynamics in the two study
groups at once can be primarily explained by an increase
in the level of patients’ compliance during the participa-
tion in the study.

A more pronounced decrease in the level of glycated
hemoglobin in the main group may be associated with
the hypoglycemic effect of alphalipoic acid (ALA) due to
improving the utilization of glucose by peripheral tissues
and increasing insulin sensitivity (a decrease in the glu-
cose-insulin index).

The improved glucose utilization by ALC tissues
seems to be associated with phosphorylation of tyrosine
residues of insulin receptors, activation of glucose trans-
porters, and a number of other effects in insulin-depen-
dent tissues. These factors increase glucose uptake by
adipocytes and increase the activity of tyrosine kinase
and serine/threonine kinase [28].

In 1999, in a placebo-controlled study, there was
an increase in the insulin sensitivity in T2DM patients
after a month of using ALA at the dose of 600 mg/day
[29]. Ansar H. et al. [17] recorded a decrease in plasma
glucose levels on an empty stomach and 2 hours after a
meal, insulin resistance in T2DM patients while taking
ALA at the dose of 300 mg/day. In another randomized
study, in T2DM patients, taking ALA at the dose of 300
to 1200 mg/day for six months improved the glycemic
profile and reduced indicators of an oxidative stress [30].
The multicenter, double-blind, placebo-controlled study
NATHAN | (Neurological Assessment of Thioctic Acid
in Diabetic Neuropathy) showed a decrease in HbAlc
levels [31].

The systematic review and meta-analysis [13] of 20
randomized clinical trials investigating the effect of ALA
on glycemic profile in the patients with metabolic disor-
ders showed that its administration at the dose of 200-
1800 mg/day from 2 weeks to 1 year, led to a decrease
in glucose levels and fasting plasma insulin, HbAlc con-
centration and insulin resistance.

It is known that lipid profile indicators in TIDM chil-
dren and adolescents depend on glycemic control [3, 8,
9]. In addition, dyslipidemia and hyperglycemia are the
main pathogenetic factors of diabetic neuropathy, which
lead to neurodegeneration through metabolic and in-
flammatory mechanisms. In T1IDM children with lipid
metabolism disorders, changes that indicate the initial
manifestations of autonomic heart rhythm dysregula-
tion in the form of hypersympathicotonia and electrical
myocardial instability, have been identified [27].

In this study, all the groups were initially comparable
in terms of lipid metabolism (Table 3). Lipid metabolism
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Table 1 — Clinical and laboratory characteristics of the groups under study

. Main grou Control grou
Indicator (n :332) P (n= ng) P p
Disease duration 5.12+3.1 4.96+4.35 p=0.87
Debut 7.86+3.12 8.2+4.28 p=0.72
Glucose variability 7.93+3.41 7.61+4.07 p=0.73
HbA1lc level 8.2 [7.5; 9.6] 8.6[7.3;9.8] p=0.85
Average daily insulin dose 0.97 [0.7;1.01] 0.91[0.67; 1.14] p=0.82
Total cholesterol 4.34+0.86 4.22+0.94 p=0.60
Triglycerides 0.82 [0.48; 1.26] 0.79 [0.59; 1.21] p=0.71
BMI 19.89+2.68 19.26+2.96 p=0.83

Table 2 - Indicators of carbohydrate metabolism in the study groups at baseline and after 3 months
of therapy with thioctic acid

Main group Control group
. (n = 32) (n = 32)
Indicator
. After 3 months . After 3 months
Baseline Baseline

of therapy of therapy
Glucose variability 7.931£3.41 6.3413.15 7.61+4.07 6.45+2.19
HbA1c level 8.2 [7.5; 9.6] 7.45%1[6.4; 8.2] 8.4[7.3;9.8] 7.9%2%3(6.84; 9.1]

Average daily insulin dose

0.97 [0.7; 1.01]

0.99 [0.81; 1.18]

0.91[0.67; 1.14]

0.96 [0.75; 1.26]

Note: *!p=0.013 compared to baseline; *2p=0.019 compared to baseline; *3p=0.033 compared to group 1.

Table 3 - Indicators of lipid metabolism in the study groups at baseline and after 3 months of therapy
with thioctic acid

Indicator

Main group
(n=32)

Control group
(n=32)

Initially

After 3 months of
therapy

Initially

After 3 months of
therapy

Total cholesterol

4.34[3.91; 5.22]

4.07*1 [3.69; 4.51]

4.28[3.79; 5.31]

4.22*7%3[3.72; 4.98]

0.78 [0.46; 1.08]

0.79 [0.59; 1.21]

0.80 [0.58; 1.24]

2.25%4[2.07; 2.88]

2.96 [2.30; 3.11]

2.90[2.28; 3.12]

Triglycerides 0.82[0.48; 1.26]
LDLP 2.83[2.33; 3.04]
HDLP 1.75[1.26; 2.06]

1.89%5[1.34; 2.27]

1.78 [1.22; 2.14]

1.81[1.20; 2.17]

Atherogenic index 1.89+£0.82

1.78+0.71 1.87+0.78 1.89+0.97

Note: *1p=0.028 compared to baseline; *?p=0.039 compared to baseline; **p=0.031 compared to group 1; **p=0.015 compared to baseline;

*5p=0.044 compared to baseline.

disorders in 14 children in the study group (43.7%) and
in 12 children in the control group (15.6%) were mani-
fested as an increase in total cholesterol above the tar-
get values (>4.5 mmol/I). In 10 of them in the first group
and in 9 in the second, an increase in LDLP was deter-
mined (>2.5 mmol/l). At the same time, the atherogenic
index was within the normal range. In most children in
the study group, the level of TG was within the reference
values, however, in 5 children of the intervention group
(15.6%) and in 7 children of the control group (21.8%) it
was increased.

By the end of the study, the lipid levels had reached
significant differences between the groups. The analy-
sis of lipid spectrum indicators in the main and control
groups revealed a statistically significant decrease in the
level of total cholesterol (p=0.028 and p=0.039, respec-
tively). It should be notified that by the end of the obser-
vation, a decrease in total cholesterol had been notified
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only in the children of the control group with a signifi-
cant decrease in the level of glycated hemoglobin and
glycemia (21.8%; 7/32). However, in the children of the
intervention group who had been receiving lipoic acid,
this indicator was significantly lower at the end of the
study (p = 0.033).

The TG level had a pronounced downward trend
in almost all patients in the main group (25/32), but it
was not statistically significant (p = 0.22), and did not
change in the control group, while there was no signifi-
cant difference between the groups (p =0.29). However,
it turned out that the children who had been receiving
lipoic acid were significantly more likely to have a de-
crease in this indicator relative to outcomes (71.8% vs
28.1%, p = 0.024). The presence of positive changes in
blood lipids in the comparison group can be explained
by the improved control of hyperglycemia, as well as
increased adherence of patients to medical prescrip-
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Table 4 — Indicators of basic microcirculation and the amplitude-frequency spectrum of blood flow fluctuations
in TIDM children in the area without arteriolo-venular anastomoses before therapy

Main group (n = 32)

Control group (n = 32)

Indicator — —
Initially Initially p
M 6.64 [4.37; 8.71] 6.28 [4.28; 7.57] p=0.324
G 0.845 [0.7; 0.96] 0.86 [0.7; 0.97] p=0.76
Cv 12.89 [9.81; 16.34] 14.29 [10.01; 19.39] p=0.042
P 1.43[1.14;2.91] 1.51[1.33; 2.06] p=0.31
Ae 0.16 [0.12; 0.21] 0.19 [0.16; 0.27] p=0.68
ET 4.67 [3.38; 6.08] 4.28[3.21; 5.89] p=0.46
Ae/3c 7.16 [5.52; 9.95] 7.27 [5.32; 10.05] p=0.37
Ae/M 2.61[1.6;4.18] 3.41[1.4;5.11] p=0.56
An 0.21 [0.16; 0.3] 0.26 [0.21; 0.4] p=0.34
NT 3.87 [2.87; 5.29] 3.89 [2.6; 5.84] p=0.047
An/3c 8.62 [6.81; 11.67] 8.44 [6.74; 10.61] p=0.63
An/M 3.62 [1.84; 6.88] 3.04 [1.68; 7.34] p=0.52
Am 0.23[0.17; 0.34] 0.32[0.21; 0.38] p=0.08
MT 3.43[2.22; 5.09] 3.2 [2.69; 4.58] p=0.54
Am/3c 7.84 [5.97; 13.63] 8.01 [6.03; 14.28] p=0.28
Am/M 2.66 [1.95; 6.5] 3.02 [2.09; 7.86] p=0.65
Ar 0.22[0.17; 0.38] 0.28 [0,14; 0,42] p=0.39
Ar/3c 6.72 [5.16; 10.43] 6.84 [6.02; 9.89] p=0.27
Ar/M 4.89 [3.14; 6.07] 4.62 [3.23; 5.54] p=0.57
Ac 0.26 [0.24; 0.51] 0.24[0.21; 0.49] p=0.84
Ac/3c 14.02 [11.03; 18.29] 12.82 [12.43; 17.49] p=0.047
Ac/M 5.62 [3.25; 8.94] 5.17 [3.07; 7.36] p=0.778
Ac/Ar 1.7 [1.22; 2.35] 1.57 [1.17; 2.67] p=0.28
Sl 0.94 [0.88; 1.09] 0.93 [0.75; 1.12] p=0.08
IVT 0.66 [0.59; 0.85] 0.57 [0.56; 0.64] p=0.37

Note: M — mean perfusion; ¢ — standard amplitude deviation of blood flow fluctuations; Cv — coefficient of variation; P~ effective perfusion;
Ae —fluctuations of neurogenic nature; ET — endothelial tone; An — neurogenic fluctuations; NT — neurogenic tone; Am — fluctuations of myogenic
nature; MT — myogenic tone; Ar — fluctuations of respiratory nature; Ac — fluctuations of cardiac nature; A/M — amplitude of fluctuations relative
to mean perfusion; A/30 — amplitude of fluctuations relative to mean modulation of blood flow; SI — shunt index; IVT — intravascular tone.

tions, strict adherence to dietary recommendations and
lifestyle modifications during their participation in the
study.

It has been established that ALA increases the syn-
thesis of coenzyme A, promotes the transfer of fatty ac-
ids and acetate into the mitochondrial matrix, and also
has a positive lipotropic effect [3, 9, 28]. Recent studies
have shown that ALA shifts the spectrum of blood lipids
towards unsaturated fatty acids, reduces the content of
total cholesterol, and increases the HDLP fraction.

In the process of observation, in the main group of
the children treated with lipoic acid, there was a statisti-
cally significant increase in HDLP (p=0.044). There were
no significant changes in the control group, while the
indicator, in general, tended to increase (p=0.19). The
positive dynamics in LDLP was observed in the main
group. By the end of the study, the level of this indicator
had decreased (p=0.015), in the control group it had not
changed significantly in most patients, while, in gener-
al, it had also tended to decrease in the group (p=0.24).
These studies are consistent with the results obtained by
other authors for TLDM and T2DM patients and indicate
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the ability of ALA to have a direct effect on lipid metabo-
lism. So, Wollin S. et al. reported an increase in HDLP le-
vels with the use of ALA [32] . In 2009, Gianturco V. et al.
established that taking ALA at the dose of 400 mg/day
reduces the indicators of an oxidative stress and the an-
tiatherogenic fraction of cholesterol in T2DM patients
[16]. In another study, Zhang Y. et al. also found out a
decrease in cholesterol, LDLP and TG (p <0.01) with the
use of ALA [33].

Cardiovascular autonomic neuropathy is detected
at the early stages of the disease in DM patients and
can be subclinical, i.e., it is manifested only in special
tests [1, 4, 5, 22, 32]. The study of cardiovascular re-
flexes, which have a high sensitivity and a good repro-
ducibility, is “a gold standard” for the clinical DCAN de-
tection [1, 3, 5, 9]. Resting tachycardia is often an early
clinical sign of developing neuropathy. In DCAN, the
vagus nerve is the first to be affected, which leads to
an increase in sympathetic influences on the heart and
the appearance of resting tachycardia. In this study,
resting tachycardia was initially detected in 11 children
in the main group (34.4%) and in 10 children in the
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Table 5 — Indicators of basic microcirculation and amplitude-frequency spectrum of blood flow fluctuations
in TIDM children in the area without arteriolo-venular anastomoses after 3 months of therapy with thioctic acid

Indi- Main group (n = 32) Control group (n = 32)
cator Initially After 3 months p Initially After 3 months p
M 6.64 [4.37; 8.71] 6.21 [4.26; 7.68] p=0.061 6.28 [4.28; 7.57] 6.01 [4.18; 8.11]* p=0.234
s 0.845 [0.7; 0.96] 1.09 [0.82; 1.56] p=0.035 0.86 [0.7; 0.97] 0.84 [0.66; 1.07]* p=0.67
Cv 12.89[9.81; 16.34] 27.06 [14.97;28.71] p=0.0004 14.29 [10.01;19.39] 19.63 [9.72;22.12]* p=0.048
P, 1.43 [1.14; 2.91] 2.2 [1.58; 4.28] p=0.034  1.51[1.33;2.06] 1.64 [1.18; 2.94]* p=0.12
Ae 0.16 [0.12; 0.21] 0.3 [0.18; 0.42] p=0.008  0.19[0.16; 0.27] 0.21[0.19; 0.37]* p=0.07
ET 4.67 [3.38; 6.08] 4.22[3.03; 5.1] p=0.004 4.28 [3.21; 5.89] 4.18 [3.09; 4.99]* p=0.37
Ae/3s 7.16 [5.52; 9.95] 7.91[6.52; 10.99] p=0.33 7.27 [5.32; 10.0] 7.65 [6.13; 9.97]* p=0.28
Ae/M 2.61[1.6;4.18] 5.54[2.31;9.93]  p=0.019 3.41[1.4; 5.11] 3.34[1.82; 7.63]* p=0.45
An 0.21[0.16; 0.3] 0.28 [0.19; 0.6] p=0.054 0.26 [0.21; 0.4] 0.24 [0.18; 0.34]* p=0.23
NT 3.87[2.87;5.29] 3.19 [2.26; 4.37] p=0.03 3.89 [2.6; 5.84] 4.01[2.73; 6.09]* p=0.048
An/3s 8.62 [6.81; 11.67] 8.55 [5.5; 12.82] p=0.71 8.44 [6.74; 10.6] 8.69 [5.8; 11.67]* p=0.54
An/M  3.62[1.84;6.88] 5.07 [3.8; 10.72] p=0.07 3.04 [1.68; 7.34] 3.17 [1.75; 6.99]* p=0.43
Am 0.23 [0.17; 0.34] 0.4 [0.24; 0.6] p=0.09 0.32[0.21; 0.38] 0.34 [0.17; 0.34]* p=0.09
MT 3.43[2.22; 5.09] 3.29[2.19; 4.88] p=0.234 3.2 [2.69; 4.58] 3.18 [2.39; 4.46]* p=0.44
Am/3s  7.84[5.97;13.63] 9.19 [5.5; 14.96] p=0.63 8.0 [6.03; 14.28] 8.14 [6.3; 13.44]* p=0.37
Am/M  2.66[1.95; 6.5] 7.45[4.43;11.58]  p=0.02 3.02 [2.09; 7.86] 3.24[1.91; 8.03]* p=0.56
Ar 0.22 [0.17; 0.38] 0.185[0.13;0.26]  p=0.04 0.28 [0.14; 0.42] 0.26 [0.15; 0.36]* p=0.28
Ar/3s 6.72 [5.16; 10.43] 7.44 [6.57; 10.04] p=0.12 6.84 [6.02; 9.89] 7.24 [5.75; 10.0]* p=0.38
Ar/M 4.89 [3.14; 6.07] 3.3[2.98; 3.52] p=0.04 4.62 [3.23; 5.54] 4.97 [3.01; 5.87]* p=0.65
Ac 0.26 [0.24; 0.51] 0.26 [0.22; 0.5] p=0.89 0.24 [0.21; 0.49] 0.26 [0.22; 0.43]* p=0.73
Ac/3s  14.02 [11.03; 18.29] 8.5[6.72; 11.75] p=0.0003 12.82[12.43;17.49] 10.42[8.73; 15.27]** p=0.02
Ar/M 5.62 [3.25; 8.94] 6.07 [3.56; 8.64] p=0.36 5.17 [3.07; 7.36] 5.92 [3.34; 8.04]* p=0.67
Ar/Ac 1.7 [1.22; 2.35] 1.26 [1.0; 1.64] p=0.021 1.57 [1.17; 2.67] 1.63 [1.34; 2.12]* p=0.19
S| 0.94 [0.88; 1.09] 0.92 [0.65; 1.17] p=0.33 0.93 [0.75; 1.12] 0.96 [0.95; 1.28]* p=0.07
VT 0.66 [0.59; 0.85] 0.46[0.38;0.63]  p=0.003  0.57 [0.56; 0.64] 0.54 [0.48; 0.91]* p=0.28

Note: M — mean perfusion; ¢ — standard amplitude deviation of blood flow fluctuations; Cv — coefficient of variation; P

. — effective perfusion;

Ae —fluctuations of neurogenic nature; ET — endothelial tone; An — neurogenic fluctuations; NT — neurogenic tone; Am — fluctuations of myogenic
nature; MT — myogenic tone; Ar — fluctuations of respiratory nature; Ac —fluctuations of cardiac nature; A/M —amplitude of fluctuations relative to
mean perfusion; A/3c — amplitude of fluctuations relative to mean modulation of blood flow; SI — shunt index; IVT —intravascular tone; * — p<0.05

compared to the main group; ** — p>0.05 compared to the main group.

control group (31.25%). At the end of the study, resting
tachycardia was observed only in 5 children in the main
group (15.63%; p=0.08), and in 7 children in the control
group (21.88%; p=0.4).

When performing a slow breathing test in the main
group, there was an increase in the difference between
the minimum and maximum heart rates (HRs) after a
course of drug therapy with lipoic acid (initially it was
12.0445.41, after 3 months — 17.18+2.14; p<0.001).
In the control group, the increase was not statistical-
ly significant (initially — 13.14+4.75, after 3 months —
14.36%3.98; p=0.27).

During the Schelong test, there was a decrease in
the blood pressure fall in the children treated with lipoic
acid (initially it was 18.0+8.4, after 3 months—11.45+7.8;
p=0.002). According to D. Ewing, in the control group,
there were no significant changes in the results of car-
diovascular tests.

Since the largest number of parasympathetic and
sympathetic fibers are located in the sinus and atrioven-
tricular nodes of the heart conduction system, changes
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in the vegetative status significantly affect functioning of
the cardiac conduction system, contribute to the deve-
lopment of atrioventricular tachycardia and life-threa-
tening ventricular arrhythmia. The cause of a sudden
cardiac death in diabetic patients may be a neuropath-
ic prolongation of the QT interval, which is associated
with changes in sympathetic and parasympathetic func-
tions [1, 3, 4, 10, 22, 23, 33]. Therefore, the study of the
heart rate variability, the measurement of the corrected
QT interval and the dispersion of the QT interval are ne-
cessary methods in the diagnosis of autonomic neuro-
pathy. In this study, a statistically significant decrease
in the corrected QT interval in the main group was not
obtained, however, a tendency to its normalization was
revealed (initially, it was 0.452 [0.431; 0.467], after 3
months —0.446 [0.425; 0.455], p = 0.063). During the ini-
tial examination, the heart rate variability was reduced
in every third child in both groups (in the main group
n=10, 31.25%; in the control group n=11, 34.4%). After
3 months, according to the Holter ECG monitoring, the
heart rate variability was observed only in 6 children in
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the main group (18.75%; p=0.09), in the control group —
in 10 children (31.2%). After the treatment course in the
main group, there was a trend towards normalization of
temporary heart rate indicators (initially, pPNN50% was
16 [8; 23], after 3 months it was 21 [19; 36], p=0.03;
initially, SDNN was 128 [109; 166], after a month it was
164.5 [115; 172], p=0.048). In the control group, no
statistically significant change in the indicators of time
analysis was received. When assessing the spectral anal-
ysis of the heart rate variability in the children treated
with lipoic acid, an increase in slow waves was revealed
(initially, VLF were 2403 [1698; 3132], after 3 months —
3417 [2443; 4621], p = 0.01), in the control group there
was a tendency to a decrease in waves in the slow range
(initially, VLF were 2632 [1758; 3956], after 3 months —
2412 [1703; 3423], p=0.07).

Thus, the administration of lipoic acid improves a
heart parasympathetic regulation in TIDM children.
This is consistent with the results of a randomized
study of vegetative-vascular regulation (VVR) in Korea,
in which the authors found a positive trend in some
parameters of VVR in DM patients who had been tak-
ing ALA 600 mg/day p. o. for the first 12 weeks and
1200 mg/day for the next 12 weeks. The DCAN study
showed an improvement in the heart rate variability
comparedto placebo (p<0.05)in T2DM patients withim-
paired VVR who had been on ALC therapy at the dose of
800 mg/day [21].

In the groups under study, no statistically significant
changes in the sympatho-parasympathetic balance in-
dex and daily blood pressure profile were found out.

Violation of microcirculation is the cause for nerve
hypoxia, which is involved in the pathogenesis of diabet-
ic neuropathy. It has been established that in DCAN pa-
tients, blood oxygen saturation and blood flow velocity in
the vessels supplying the nerves, are reduced. These data
indicate the importance of vascular factors along with hy-
perglycemia in the pathogenesis of neuropathy [3, 4, 7-9,
33, 35]. The prospective results of this microcirculation
study are presented in Tables 4 and 5. Initially, the groups
were comparable to each other (Table 4).

In the analysis of the basic microcirculation in the
children of the studied groups, no pronounced change
in the mean perfusion was detected, while a statisti-
cally significant increase in the coefficient of variation
was observed, and in the main group, there was also an
increase in the standard deviation of the amplitude of
blood flow fluctuations (Table 5). These changes may be
associated with an improved glycemic control, accom-
panied by a decrease in the glycemic variability during a
day, which contributed to the functioning improvement
of microvasculature regulatory systems. This assump-
tion proves a significant increase in the effective perfu-
sion index during treatment with lipoic acid in the main
group (p=0.034).

When assessing fluctuations in the active to-
nus-forming range, in the children of the main group, a
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decrease in the endothelial-dependent component of
the vascular tone (p=0.0004) was revealed. It was com-
bined with an increase in the activity of fluctuations in
the endothelial tonus-forming range (p=0.008) and an
increase in the normalized amplitudes of the endothe-
lial range relative to the mean perfusion (p=0.019). In
the control group, no statistically significant difference in
the amplitudes of fluctuations in the endothelial range
was obtained, however, there was a tendency to in-
crease them after improving glycemic control (p=0.07).
In the main group, at the end of the treatment course,
a decrease in the neurogenic component of vascular
tone was observed (p=0.03), a tendency to an increase
in the amplitudes of fluctuations in the active neuroge-
nic range (p=0.54) was revealed. In the control group, an
increase in the neurogenic component of the vascular
tone was diagnosed (p=0.048), which indicates a gradu-
al progression of neuropathy against the background of
stable compensation of carbohydrate metabolism. The
results obtained are confirmed by the DCCT study (The
Diabetes Control and Complications Trial), which proved
that after achieving a stable compensation of carbohy-
drate metabolism, the regression of diabetic neuropathy
is doubtful [12].

When assessing the amplitude spectrum in the pas-
sive range against the background of therapy in the main
group, a decrease in the amplitude of fluctuations in the
respiratory range was observed (p=0.04).

The total indicator of intravascular tone on the back-
ground of the therapy in the main group significantly
decreased (p=0.003). These changes may indicate the
restoration of compensatory mechanisms due to an in-
crease in the influence of active tone-forming factors and
a decrease in intravascular tone. These trends indicate
an improvement in microcirculation due to a decrease
in the tone of metarteriols and precapillary sphincters in
the microvasculature and, as a result, an improvement
in the nutritional blood flow. Against the background of
the therapy, the total indicator of the intravascular tone
in the main group significantly decreased (p=0.003).
These changes may indicate the restoration of compen-
satory mechanisms due to an increase in the influence
of active tone-forming factors and a decrease in the in-
travascular tone. These trends indicate an improvement
in microcirculation due to the decrease in the tone of
metarteriols and precapillary sphincters in the microvas-
culature and, as a result, an improvement in the nutri-
tional blood flow.

CONCLUSION

Thus, the inclusion of lipoic acid in the complex ther-
apy of T1IDM children, leads to an improvement in the
course of the disease, contributes to the normalization
of carbohydrate and lipid metabolism. The results ob-
tained indicate the need to achieve and maintain opti-
mal glycemic control with the absence of high glycemic
variability, especially in the children with the first DCAN
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signs but this does not guarantee a complete regression
of neuropathy manifestations.

To diagnose the initial manifestations of DCAN by
studying the functional state of the microvasculature
and its reserve capabilities, it is rational to operate with
modern non-invasive LDF methods, which can be also
used to control the ongoing therapy. The use of lipo-
ic acid preparations at the daily dose of 600 mg for 3
months in the complex therapy in TIDM children with
DCAN improves glycemic control, blood lipids, and also
leads to anincrease in vasomotor mechanisms of a tissue
blood flow regulation due to an increase in endothelial
and neurogenic activities accompanied by a decrease in
intravascular tone and an increase in effective perfusion

in tissues. The observed positive dynamics of D. Ewing
cardiovascular tests, time (pNN50%, SDNN) and spectral
parameters (VLF) of the heart rate variability during lipo-
ic acid therapy can be explained, among other things, by
the antioxidant and neuroprotective effects of the drug.
The carried out study makes it possible to suggest that
the use of thioctic acid at the dose of 600 mg/day for
3 months in the complex therapy of TIDM children at
the preclinical stage of DCAN, leads to a regression of
nerve fiber damage. The use of the LDF method for an
early DCAN diagnosis and monitoring the effectiveness
of therapy makes it possible to implement a person-
alized approach to the implementation of preventive
treatment of TIDM children.
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