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Kiaunanueckue, MeTaboIMuecKe U TOPMOHAJIbHbIE 0COOEHHOCTH
¢dopMuUpOBaAaHUA CUHAPOMA HAPYIIIEHUS PACIIO3HABAHUSA
TUIIOTVINKE MU

N.A. PeBa, U.A. boHaps

®OI'6OY BO «Hosgocubupckuil 2ocydapcmeeHHblit meduyuHckuil ynusepcumem» Munadpasa Poccuu

AHHOTAIIUA

B 0630pe mpezicTaBIeHbl PACIPOCTPAHEHHOCTD, TATOTEHETHUECKIE aCIIEKThl PA3BUTHS CHHPOMA HapYIIEHHUsI paco3Ha-
BaHSI TUTIOTJIMKEMUU TIPY caXxapHOM inabeTe v ero BIMSHUE HAa TeYeHHEe OCHOBHOTO 3a60sieBans1. KITIOueBbIM aclieKToM
B IIaTOT€He3€e HEePACIIO3HAHHBIX TUIIOIVIMKEMUN ABJIAETCA aJjalTallksA TOJOBHOTO MO3Ta K HU3KON KOHIIEHTPALMH TJII0-
KO3BI B KPOBH, UTO BJIEUET 32 COOOH HApyIIIeHHEe TOPMOHAJIBHOTO OTBETA HA THIIOTJINKEMHUIO. J[aHHBIN IPOIIeCC Mpe/ICTaB-
JiseT cob0i aBTOHOMHYIO TUCHYHKITHIO, ACCOIUUPOBAHHYIO C THIIOTIINKeMHUeH. OTMeueHa poJib HapyIIeH!s paclo3HaBa-
HUS TUIIOTINKEMUH B PA3BUTHH CEP/IE€IHO-COCYIUCTHIX OCJIOKHEHUH, KOTHUTHBHBIX HApYIIIEHUH U MaTOJIOTUN OepeMeH-
HOCTH y 6OJTbHBIX CAaXapHBIM JTHA0ETOM.
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Clinical, metabolic and hormonal features of the formation
of impaired hypoglycemia awareness
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ABSTRACT

The review presents the prevalence, pathogenetic aspects of the development of impaired hypoglycemia awareness in
diabetes mellitus and its effect on the course of the disease. A key aspect in the pathogenesis of atypical hypoglycemias is
the brain adaptation to a low glucose concentration in blood, which entails a disorder of hormonal response to hypogly-
cemia. This process is an autonomous dysfunction associated with hypoglycemia. It is noted the role of atypical hypogly-
cemia in the development of cardiovascular complications, cognitive impairments and pregnancy failure in patients with
diabetes mellitus.
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HecMoTpst Ha BBICOKHE TEMIIbI Pa3BUTHS COBpE-
MEHHOH JUabeTOJIOTUH, OCTAeTCA  OTKPBITHIM
BOIIPOC, KacaloIHUiCs MaTOTeHEeTUUYECKUX 0COOEHHO-
CTel HapyIIeHUsI PacIIO3HABAHUS TUIOTJIMKEMUYE-
CKHX COCTOSIHUM (CKPBITBIX, HETUITUYHBIX THIIOTJIN-
KeMui) y 60JbHBIX caxapHbIM auabetom (CJI), uro
3aTpyAHAeT Pa3paboTKy 3(DGdEeKTHUBHBIX JieueOHO-
poGWIAKTUYECKUX MEPOIIPUATUH 10 Pa3PeIIeHHI0
JaHHOW mpobseMbl. HapylieHue pacrmo3HaBaHUS
TUIIOTVIMKEMHUH Yy MTaIl[HeHTOB aCCOIIMHUPOBAHO C Pas-
JIMYHBIMU HeOJIarOIMPUATHBIMY TIOCIEICTBUSIMU U
yxynmeHueM tedernus C/I.

M3BeCTHO, YTO TUIIOIJINKEMUH SIBJISAIOTCS Hanubo-
Jlee YaCThIM OCJIO’KHEHHEM CaxapOCHUIKAOIIEeH
Tepalyuyd U OTPAHUYUBAIOT BO3MOKHOCTHU B JIOCTHU-
JKEHUM IIeJIEBBIX IMOKa3aTeJed IVIMKeMUM. THIIud-
Hasi TUITOTJINKEMUSI XapaKTEPU3YETCS YPOBHEM TJII0-
KO3bI KDOBU MeHee 3.9 MMOJIb/J1 (770 MT'/ /1) ¥ COTIPO-
BOJK/IaeTCsl BEr€TaTUBHBIMH U HEHPOTJIMKOIIEHUYe-
ckuMHu cumrromamu [1]. K BereTraTuBHBIM aipeHEP-
THYECKUM CHMIITOMAM OTHOCATCA cepleOneHue,
TpeMop, 0J1eTHOCTh, TPEBOKHOCTD, K BET€TATUBHBIM
XOJIMHEPIUYECKUM — IIOTOOT/IeJIEHUE, UYBCTBO
roJiozia, mapecresuu. HeHporanKkoneHn4ecKue CuM-
IITOMBI TIPOSIBJISIOTCS B BUJIE CJIA00CTH, YTOMJISIEMO-
CTH, CHHYKEHUS KOHIIEHTPAIlU BHUMAHUsI, TOJI0BO-
KPY?KE€HWsI, W3MEHEeHHs TOBeJeHUs, HapylIeHus
co3HaHus [2].

OnHako HEOOXOUMO YUHUTHIBATh, YTO KIMHUYE-
CKH€ MMPOSIBJIEHHUsI TUITOTJINKEMUH MOTYT OBITh HETH-
MMUYHBIMH WK BOBCE OTCYyTCTBOBAaTh Ha (hOHE CHU-
JKeHHUs KOHI[EHTPAIUM IJIIOKO3bl B KPOBH MeHee
3.9 mmoJib/i1 (70 mr/an) [3]. Eme B 1922 T., BCKOpe
TocJjIe TIEPBOr0 MPUMEHEHUS MHCYJIUHA B JIEUEHUH
C/, E.P. Joslin 3aMeTHJI, YTO THIIOIJINKEMUS MOMKET
BO3HHUKATh 0€3 CHUMIITOMOB-TIPEIBECTHUKOB [4].
B wuccnemosanuu DCCT (Diabetes Control and
Complications Trial) 6p110 mOKazaHo, uTo GOJIEE
TPETU 3MU30/I0B TSKEJIOH TUIIOTJIMKEMUU, KOTOPbIE
BO3HHUKAIOT B 4Yachl 0O/IpCTBOBAHUS, HE COIMPOBO-
JKJTAIOTCS CUMIITOMaMU-IIPEABECTHUKAMH, TaKHUMU
KaK 4YyBCTBO TOJIO/Ia, TPEMOP, CepAIeOneHne, moT-
JINBOCTH, arpeCCUBHOCTh, U Y MHOTUX IaI[E€HTOB,
MOJIyYaloNX  HWHCYJMHOTEPAIINIO, Pa3BUBAETCS
COCTOSTHHE, TIPU KOTOPOM HX CHOCOOHOCTH UJIEHTH-
(umupoBaTh HAYaJIO TUIOTJIUKEMHUU HAPYIIAETCS.
Takoe IaTOJIOTUYECKOE COCTOSTHUE HA3bIBAIOT HAPY-
[IEHUEM pAaCIO3HABAHUS THUIOIVIMKEMUHU [4, 5].
Kpowme Toro, Takue mamueHThl MOT'YT OTMeYaTh HEeTH-
[IUYHBIE CUMIITOMbBI THIIOTJIMKEMUN: TOJIOBOKPYIKE-
HHe, ¢1ab0CTh 0 yTpaM, HapyIlleHne 3peHus, HoU-
HbIE KOIIIMaphbl WJIW IJIOXHE CHBI, IOJIaBJIEHHOCTD,
BHE3AITHYIO MMOTJIUBOCTD, VIAZO0K CHJI U HapYyIIeHHe
cHa [6]. Hanuune CKPBITHIX THITOTJIMKEMUM 3aTPY-

Despite the high rate of modern diabetology
advancement, the question remains regarding the
pathogenetic features of impaired awareness of
hypoglycemia (latent, atypical hypoglycemia) in
patients with diabetes mellitus (DM), which compli-
cates the development of effective therapeutic and
prophylactic measures to resolve this problem.
Impaired hypoglycemia awareness in patients is
associated with various adverse consequences and
worsening of the course of diabetes mellitus.

It is known that hypoglycemia is the most fre-
quent complication of antihyperglycemic therapy
and limits the ability to achieve target levels of glyce-
mia. Typical hypoglycemia is characterized by a blood
glucose level of less than 3.9 mmol/I (70 mg/dl) and
is accompanied with autonomic and neuroglycopenic
symptoms [1]. Autonomic adrenergic symptoms
include palpitations, tremors, pallor, anxiety, auto-
nomic cholinergic — sweating, hunger, paresthesia.
Neuroglycopenic symptoms are manifested in the
form of weakness, fatigue, decreased concentration,
dizziness, changes in behavior, impairments of con-
sciousness [2].

However, it should be borne in mind that the
clinical manifestations of hypoglycemia may be
atypical or completely absent when there is a
decrease in blood glucose concentration of less than
3.9 mmol/l (70 mg/dl) [3]. Back in 1922, shortly
after the first use of insulin in the treatment of DM,
E.P. Joslin noted that hypoglycemia can occur with-
out warning symptoms [4]. The DCCT (Diabetes
Control and Complications Trial) study showed that
more than a third of episodes of severe hypoglyce-
mia that occur during waking hours are not accom-
panied with warning symptoms such as hunger,
tremors, palpitations, sweating, aggressiveness, and
in many patients, those receiving insulin therapy
develop a condition in which their ability to identify
the onset of hypoglycemia is impaired. This patho-
logical condition is called impaired hypoglycemia
awareness [4, 5]. In addition, these patients may
experience atypical symptoms of hypoglycemia: diz-
ziness, weakness in the morning, vision impair-
ments, nightmares or bad dreams, despondency,
sudden sweating, loss of energy and sleep distur-
bance [6]. The presence of latent hypoglycemias
makes it difficult to adequately assess this condition
and, accordingly, leads to untimely assistance and
unfavorable outcomes, in particular, to hypoglyce-
mic coma.

The prevalence of impaired hypoglycemia aware-
ness ranges from 15 to 45% among patients with
type 1 and type 2 DM [7—9]. At the IDF (Interna-
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HSET aJIEKBAaTHYIO OIEHKY 3TOTO COCTOSIHUSA U, COOT-
BETCTBEHHO, IPUBOJIUT K HECBOEBPEMEHHOMY OKa3a-
HUIO TIOMOIIW ¥ HeOJIATONPHUATHBIM HCXOJaM, B
YACTHOCTH, K PA3BUTHIO TUIIOTTTUKEMUYECKOU KOMBI.

PacmipocTpaHeHHOCTh HapyIIEHHUs paclio3HaBa-
HUS TUIIOTJIMKEMUH KOJ1e0IeTCS OT 15 710 45 % cpenu
nanuenToB ¢ C/I 1-ro u 2-ro tuna [7—9]. Ha koH-
rpecce IDF (International Diabetes Federation) B
nexkabpe 2017 T. GBUIN NIPEACTABIEHBI PE3YIBTATHI
npoekta HAT (Hypoglycemia Assessment Tool), B
KOTOPOM IIPUHSIIN YYacThe 24 cTpaHbl. Cpemu 6071b-
ubIX C/] 1-TO THIIA OTCYTCTBUE PACIIO3HABAHUSA TUIIO-
TJIMKEMUY BBISABIIEHO Y 16.5 %, CHU)KeHMe paclio3Ha-
Ba"nusa — y 38.5 %. Ilpu C]I 2-ro Tuma oTCcyTCTBHE
pacro3HaBaHUSA THUIOTIUKEMUM OBLIO JOKYMEHTHU-
poBaHo y 25 % 00ciieJOBAaHHBIX, 4 CHIYKEHHE PACIIO-
3HaBaHUusA — y 30 % [10].

Pacro3HaBaHuWe THUIIOTJINKEMUM OIIPEZEISETCS
(PUBHOJIOTHYECKUMU PEAKIUSAMH OpraHu3Ma Ha
CHIDKEHME KOHI[EHTPAIUM TJIIOKO3bI B KPOBH, a
TaKKe CIHOCOOHOCTHIO TOJIOBHOTO MO3Ta HAJJIeXKa-
UM 00pa3oM BOCIIPUHHUMATHh U 00pabaThIBaTh 3TH
peakuuu. COOTBETCTBEHHO, IIpU JAUCHYHKIINU
CUCTeM, OTBETCTBEHHBIX 32 paclliO3HaBaHUE U (Pop-
MHPOBAHHE OTBETHBIX PEAKIIUI Ha TUIIOTTUKEMHIO,
XapaKTEPHOU [T BTOTO COCTOSHUS CUMIITOMATUKHU
He Habmogaercs. Cpeau (pakToOpoB, BIMAIONUX HA
CIIOCOOHOCTh PacIO3HABaTh TUIIOTJIMKEMUIO, BbIJE-
JISIOT BapuabesbHOCTh TJIMKEMUU, BPEMs HaXOXK/ie-
HUS B [I€JIEBOM JIUANIa30He TJITNKEMUU, YaCThIe TUIIO-
TJIMKEMUM, TICUXOJOTUYECKUU (POH, Upe3MepHBIE
(usnueckre HArpy3Ku, NMpUeM HEKOTOPBIX JIeKap-
CTBEHHBIX CPEJICTB, AJIKOTOJISA, OCTPBIe 3a00JIeBaHUSA
[11, 12]. S. Cardona et al. B cBoemM ucciieoBaHUN
OTMETHJIH, UTO JJIs1 MAIUEHTOB C CUHIPOMOM Hapy-
[IEHUS PACIIO3HABAHNS THIIOTTINKEMUY OBLITH XapaK-
TEpHBI BO3PACT cTapiie 65 JeT, IPEUMYIIECTBEHHO
MY’KCKOU TIOJI, a Takke OoJiee HU3KHE TOKa3aTeTH
[JINKUPOBAHHOTO TeMOIJIOOMHA B OTJIWYHUE OT
TPYIIIBI OOJIBHBIX C TUITTYHON CUMIITOMATHKOU [13].

IIpu obcnemoBanun 40 6oabHbIXx CJI 2-rO THIA,
cpeHUE BO3pacT 59.38 + 6.05 roja, ¢ UCIOJIb30Ba-
HUEM aHKETHPOBAHHUS, BOIPOCHI KOTOPOTO YIUTHI-
BJIM YaCTOTY U XapaKTep TUIIOTJINKEMHUM, CKPBIThIE
THUIOTJIUKEMUN OBLIN 3aPETUCTPUPOBAHBI Y 16 Uell.
(44 %). bonbHBIE C HapyIlIeHWEM pacCIO3HABAHUA
TUIIOTJIMKEMUY UMEJTH JIJTUTEJIHHOE JIEKOMIIEHCHPO-
BaHHoe TeueHnne CJI, 6osee pe3kue KoebaHUs TIIH-
KEMHH, OOJIBIIYIO JUTUTELHOCTh WHCYJIMHOTEPATTUH
C WCIIOJIb30BAHUEM BBICOKHX 03 HMHCYJIWHA. Bblia
II0OKa3aHa 3aBUCUMOCTh Pa3BUTHS HEPACTIO3HAHHBIX
TUIIOIJINKEMHUHA OT JauabeTUdYecKoll aBTOHOMHON
HEUPOIaTHUHU, HO IPYU CPAaBHEHUU PACIIPOCTPAHEHHO-
CTH APYTUX XPOHUUYECKUX OCJIOKHEHUU B HCCIIEye-

tional Diabetes Federation) congress in December
2017, the results of the HAT (Hypoglycemia Assess-
ment Tool) project were presented, in which 24
countries took part. Among patients with type 1 DM,
severely impaired hypoglycemia awareness was
found in 16.5%, a decrease in hypoglycemia aware-
ness — in 38.5%. In type 2 DM, severely impaired
hypoglycemia awareness was documented in 25% of
the subjects, and a decrease in hypoglycemia aware-
ness — in 30% [10].

Hypoglycemia awareness is determined by the
body’s physiological responses to a decrease in blood
glucose concentration, as well as the ability of the
brain to properly perceive and process these
responses. Accordingly, with dysfunction of the sys-
tems responsible for awareness and formation of the
reactions to hypoglycemia, the symptomatology
characteristic of this state is not observed. Among
the factors affecting the ability for hypoglycemia
awareness, we can note glycemic variability, the time
spent in the target glycemic range, frequent hypogly-
cemias, psychological background, excessive physi-
cal exertion, taking certain medications, alcohol, and
acuteillnesses [11, 12]. S. Cardona et al. in their study
noted that patients with impaired hypoglycemia
awareness were characterized by age over 65 years,
predominantly male, as well as lower levels of gly-
cated hemoglobin, in contrast to the group of patients
with typical symptoms [13].

When examining 40 patients with type 2 DM, the
mean age of 59.38 + 6.05 years, using a question-
naire that took into account the frequency and nature
of hypoglycemia, latent hypoglycemias were recorded
in 16 people (44%). Patients with impaired hypogly-
cemia awareness had a prolonged decompensated
course of DM, sharper glycemia fluctuations, and a
longer duration of insulin therapy with high doses of
insulin. The dependence of the development of hypo-
glycemia unawareness on the diabetic autonomic
neuropathy was shown, but when comparing the
prevalence of other chronic complications in the
study groups, no statistically significant differences
were found [14].

The underlying causes of impaired hypoglycemia
awareness are still unclear. For many years, the role
of diabetic autonomic neuropathy has been actively
discussed, which is confirmed by the results of
numerous studies. The most important adrenergic
symptoms of hypoglycemia are caused by the activa-
tion of the autonomic nervous system, the impair-
ment of which leads to the loss of the ability to rec-
ognize the symptoms of hypoglycemia. However,
from the point of view of pathological physiology,
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MBIX TPYIIIAX CTATUCTHYECKH 3HAUYMMBIX Pa3JIMUMI
He ObLIO BBIABJIEHO [14].

[TpuuuHbL, JiexKalre B OCHOBE HAPYIIIEHU pac-
[IO3HABAHUSA TUIOTJINKEMHUM, JI0 CHUX IIOP HESCHBL.
Ha nporsikeHnH MHOTHX JIET aKTUBHO 00CYK/aeTCs
posb rabeTHUecKo aBTOHOMHOI HEHPOTIATUH, UTO
MIOATBEPKJAIOT  PE3YJIbTAaThl  MHOTOYHCIEHHBIX
uccaeoBaHUN.  BakHelIue — aJpeHepruyecKre
CUMIITOMBI THIOTJIUKEMUU OOYCJIOBJIEHBI aKTHBA-
M€l BEreTaTUBHOU HEPBHOU CHCTEMBI, TTOPAYKEHHE
KOTOPOH TIPUBOJIUT K yTpaTe CIIOCOOHOCTU PacIio-
3HABATh CUMIITOMBI-IIPE/IBECTHUKN TUIIOTTHKEMUHU.
OHAKO C TOYKH 3PEHUS TaTOJOTHUUECKOH (PHU3HOIIO-
MU HapylIeHHe Paclo3HAaBaHUS THIIOTJIMKEMUN —
60J1ee MIUPOKUI TPOIIECC, BEAYIIYIO POJIb B KOTOPOM
WUTpaeT He TOJIBKO aBTOHOMHAS HEHPONATHs, HO U
JIpyTie  HeHpoMeTaboJMYecKHe  COCTaBJIAIOIINE
(n3MeHeHMe YTIJIEBOJTHOTO OOMeEHA, MEPEKIIoUeHNe
Ha aJbTEPHATUBHBIE IIyTH 5HEProoOpasoBaHUSI B
ITHC, yBesimueHre aKTUBHOCTH TOPMO3HBIX HEHPO-
MeJIUaTOPOB, HApYIIeHNe KOHTPPETYJISITOPHBIX TOP-
MOHAJIbHBIX PEaKIui u zip.) [15—17].

ITo coBpeMeHHBIM IPEACTABIEHUSAM Pa3BUTHIO
ATUMUYHBIX THIOTJIUKEMUU CIOCOOCTBYIOT YacTo
IIOBTOPSIOIINECS SITU30AbI CHI?KEHUS YPOBHS TJII0-
KO3bI B KPOBH U aJIalITallisA FOJIOBHOTO MO3Ta, Ghop-
MUPYIOIIFE IIOPOYHBIA KPYT B COUETAHUU C HEa/leK-
BATHOU OTBETHOH peakIuell Ha THUIIOTJIUKEMUIO CO
CTOPOHBI KOHTPUHCYJIAPHBIX TOPMOHOB. KiTtoueBbIM
aCIeKTOM B IMaTOTeHe3€e aTUIMMYHBIX TUITOTJIMKEMUH
SIBJISIETCSL Q/IaNTaIvsA TOJIOBHOTO MO3Ta K HU3KOU
KOHITEHTPAIIUH TJIFOKO3bI B KPOBH, UTO BJIEYET 3a
coboii HapyllleHue TOPMOHAJIIBHOTO OTBETA B OTBET
Ha THIOTINKEMUIO. JlTaHHBIN IPOIIecC IIPeCTaBIIsAET
co00Wl aBTOHOMHYIO JTUC(YHKIIHIO, aCCOIMUPOBAH-
Hyio c¢ runorukemueil (hypoglycemia-associated
autonomic failure (HAAF)) [18].

OnHuM u3 Hawbosiee 3HAYUMBIX KOMIIOHEHTOB
HAAF siByisieTcs u3MeHeHre MeTaboIu3Ma TTI0KO3bI
B HEHpOHAX W AKTHUBAIUSA AJTbTEPHATHUBHBIX ITyTEH
9Heproobpa3oBaHUsl B I[EHTPAJbHOH HEPBHOU
cucTeMe, IMOCTENEHHO MPUBOMAININX K HU3MEHEHHIO
[IOpOTa YyBCTBUTEIHLHOCTH K THIIOTJIMKEMUN COOTBET-
CTBYIOLIUX CTPYKTYp rosioBHOro mosra. J.T. Dunn et
al. ¢ momomipio Meroma II9T-KT (mmo3uTpoHHO-
SMUCCUOHHAS U KOMIIBIOTEpHAs ToMOrpadus) cpas-
HUBAJId WHTEHCUBHOCTh PETHMOHAPHOU mepdy3un
TOJIOBHOT'O MO3Ta BO BPEMsI SyTVIMKEMUHU, TUIIOTJINKE-
MUH U B IEPUOJT BOCCTAHOBJIeHU Y 601bHBIX C/I 1-TO
THIIA C HAPYIIIEHHEM PACIIO3HABAHUS TUIIOTJIMKEMIHU
Y HOPMaJIbHBIM OTBETOM Ha TUIOTIMKeMuo. Hapy-
[IEHNE PACIO3HABAHUS TUIOTIMKEMUM ACCOIHHPO-
BJIOCh CO CHUKEHHOW aKTHBAIMEH HCCIIETyeMBbIX
obJtacteit Mmo3ra. HabioieHe TakoH peakIiuy mpes-

impaired hypoglycemia awareness is a broader pro-
cess, in which not only autonomic neuropathy plays
a leading role, but also other neurometabolic com-
ponents (changes in carbohydrate metabolism,
switching to alternative pathways of energy produc-
tion in the central nervous system, an increase in
the activity of inhibitory neurotransmitters, impair-
ment of counter-regulatory hormonal reactions,
ete.) [15—-17].

According to modern concepts, the development
of atypical hypoglycemia is facilitated by frequently
repeated episodes of a decrease in blood glucose
level and adaptation of the brain, which form a
vicious circle in combination with an inadequate
response to hypoglycemia from counter-regulatory
hormones. A key aspect in the pathogenesis of atypi-
cal hypoglycemias is the adaptation of the brain to a
low blood glucose level, which entails an impairment
of the hormonal response to hypoglycemia. This pro-
cess is hypoglycemia-associated autonomic failure
(HAAF) [18].

One of the most significant components of HAAF
is a change in glucose metabolism in neurons, and
the activation of alternative pathways of energy pro-
duction in the central nervous system, gradually
leading to a change in the threshold of sensitivity to
hypoglycemia of the corresponding brain structures.
J.T. Dunn et al. using PET-CT (positron emission
tomography/computed tomography), the intensity
of regional cerebral perfusion was compared during
euglycemia, hypoglycemia, and during the recovery
period in patients with type 1 DM with impaired
hypoglycemia awareness and a normal response to
hypoglycemia. Impaired hypoglycemia awareness
was associated with decreased activation of the
studied areas of the brain. Observation of such a
reaction presupposes adaptation of the higher
regions of the central nervous system to hypoglyce-
mia, which leads to a change in hypoglycemia aware-
ness and an impairment of the counter-regulatory
response to insulin-induced hypoglycemia [19]. It
has been shown that latent hypoglycemias are asso-
ciated with a compensatory increase in the level of
glycogen in the structures of the brain, however, a
causal relationship between the accumulation of
glycogen and atypical hypoglycemias have not yet
been established. During long-term starvation, the
brain is able to maintain metabolic processes in cells
by activating an alternative pathway of energy pro-
duction. Lactic acid (lactate) and ketone bodies
(acetone, acetoacetic acid, beta-hydroxybutyric
acid) can be used as a substrate. As a result of pro-
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roJjiaraeT ajlanTanuio Beiciux otAesioB ITHC k rumo-
IJIMKEMUU, YTO IPUBOAUT K U3MEHEHUIO PaCIIO3HaBa-
HUSI TUMIOTJIUKEMHUM U HAPYIIEHUI0O KOHTPHUHCYJISP-
HOTO OTBETA Ha FUIIOTJIMKEMHUIO [19]. Bply1o moKaszaHo,
YTO HEepaClIO3HAHHBbIE THIOIVIMKEMUU UMEIOT acco-
[MAIH C KOMIIEHCATOPHBIM yBEJIMYEHUEM YPOBHS
IVIMKOT'eHa B CTPYKTypaX TOJIOBHOT'O MO3ra, OJIHAKO
[IPUYNHHO-CJIE/ICTBEHHBIE CBA3U MeEXK/Iy HAKOILIe-
HHUEM TJIUKOT€HA U aTUMUYHBIMU THIIOTJIMKEMUSIMHI
JIO CHIX IIOP He YCTAaHOBJIEHHBI. Bo Bpems myinteIpHOTO
TOJIO/TAHMS TOJIOBHOW MO3T CIIOCOOEH IO/I/IEP>KUBATH
0oOMeHHBIe TPOIECCHl B KJIETKAX IyTEM AKTHUBAIIMH
aJIBTEPHATUBHOTO ITyTH SHEeproobpasoBanus. B kaue-
cTBe cyOcTpaTa MOTYT OBITh HCIIOJIB30BAHBI MOJIOY-
Hasa Kucaora (JIakTaT) ¥ KeTOHOBbIE Tesa (alleToH,
al[ETOYKCYCHAsT KUCJIOTA, -OKCUMAC/IsTHAS KUCIIOTA).
B pesysibrare obecniedeHrsI HEPBHOM CHUCTEMBI SHEP-
THel, ICTOYHUKOM KOTOPOH SBJISIIOTCS JTAHHBIE Bellle-
CTBA, ITPOUCXOIUT CHIKEHNE aKTUBHOCTH HEUPOTOP-
MOHAQJIBHBIX PEAKIUMH B OTBET HA T'HIIOIVINKEMHUIO,
IIOCKOJIPKY TOJIOBHOM MO3T aJIallTUPYeTCA K HOBOMY
HUCTOYHUKY Hepruu [19—21].

ITpy n3ydueHNN B3aUMOCBSI3H CKPBITHIX TUIIOTIIN-
KEMHH C peakIedl HEHPOHHBIX CBA3EH TOJIOBHOTO
MO3Ta Ha BBICBOOOXKIEHNE KJIACCUUYECKUX TOPMO3-
HBIX HeHpoMeJuaTopoB, OCHOBHBIM IID€JICTaBUTE-
JIeM KOTODBIX sIBJISIETCS TaMMa-aMHUHOMAC/ITHAS
kuciaota (FTAMK), 6b1I0 TTOKa3aHO, YTO PEIUUBU-
pyIolye TUIOTJINKEMUM IPUBOAAT K 3HAUUTEJIb-
HoMmy yBennuyeHutoo I'AMK B runoranamyce. Poct
T'AMK koppenupyeT cO CHHXKEHHUEM OTBeTa IJII0Ka-
TOHA U a/IpeHINHA U MTOATBEPIK/AeT POJIb JAHHOTO
HeripoMmeauatopa B pazsutuu HAAF. I1o Bcelt Busimn-
MocTH, u30bITOuHBIH ypoBeHb 'AMK o06ycioBien
WHTEHCUBHBIM MeTa00JIN3MOM JIAKTaTa B FOJIOBHOM
Mo3Te BBUAY AebUIUTa TII0K03bI. TakuM o6paszom,
JIAKTAT B OOJIBIITUX KOJTUYIECTBAX IIOCTYIIAET B TOJIOB-
HOH MO3T, I/le UCIOJIb3YeTCs He TOJIBKO B KauecTBe
HMCTOYHHKA Y9HEPTUHU, HO U KaK CyOCTpaT JIsl CHHTE3a
TF'AMK, a Takke CTUMyJIUPYeT 0Opa30BaHHE 3TOTO
HelpoMeZinaTopa, OCPeZCTBOM IIOBBIIIIEHN aKTHB-
HocTu nmukiaa Kpebea. Kpome Toro, B yCI0BUSIX THIIE-
PHUHCYJIMHEMUU ITPOUCXOAUT MOOMIN3AINSA aMITHO-
KUCJIOT, B YAaCTHOCTH, IJIyTAMUHOBOH KHCJIOTHI,
ocHoBHOrO cyberpara TAMK, uto Takke cmoco0-
CTBYET YBEJINUEHUIO CUHTE3a TAHHOTO HeHpoMeaa-
Topa [22, 23].

B pazButuu HAAF Taxske mpenanosiaraercs y4a-
ctue omuouyioB. B IITHC omuouibl CriocoOCTBYIOT
Pa3BUTHIO aBTOHOMHOU HEHPOIIATHU Yepe3 aKTHBa-
[UI0 OMHOUIHBIX PEIENTOPOB, JOKATHU30BAaHHbBIX B
TajlaMyce U THUIIOTajlaMyce, OTBETCTBEHHBIX 32 BOC-
IpuATHE IVIIOKO3Bl. B 3KclleprMeHTe Ha KpbIcax
OBLIO TIOKA3aHO, UTO BBeZleHUE -oHAOP(UHA Hemmo-

viding the nervous system with energy, the source of
which are these substances, there is a decrease in
the activity of neurohormonal reactions in response
to hypoglycemia, since the brain adapts to a new
source of energy [19—21].

When studying the relationship of latent hypogly-
cemias with the response of neural connections in
the brain to the release of classical inhibitory neu-
rotransmitters, the main representative of which is
gamma-aminobutyric acid (GABA), it was shown
that recurrent hypoglycemias lead to a significant
increase in GABA in the hypothalamus. The increase
in GABA correlates with a decrease in the response of
glucagon and adrenaline, and confirms the role of
this neurotransmitter in the development of HAAF.
Apparently, the excess GABA level is caused by the
intensive metabolism of lactate in the brain due to
glucose deficiency. Thus, lactate in large quantities
enters the brain, where it is used not only as a source
of energy, but also as a substrate for the GABA syn-
thesis, and also stimulates the production of this
neurotransmitter by increasing the activity of the
Krebs cycle. In addition, under conditions of hyper-
insulinemia, amino acids are mobilized, in particu-
lar, glutamic acid, the main substrate of GABA, which
also contributes to an increase in the synthesis of this
neurotransmitter [22, 23].

Opioids are also expected to be involved in the
development of HAAF. In the central nervous sys-
tem, opioids promote the development of autonomic
neuropathy through the activation of opioid recep-
tors localized in the thalamus and hypothalamus,
which are responsible for glucose uptake. In an
experiment on rats, it was shown that the introduc-
tion of beta-endorphin directly into the brain inhib-
its hypothalamic responses to hypoglycemia. In
addition, endogenous opioids cause suppression of
adrenal catecholamine release, also contributing to
the development of HAAF [24].

The role of serotonin in the development of HAAF
is currently being studied. It is known that seroto-
nergic  pathways modulate neuroendocrine
responses, and serotonin neurons in the caudate
nucleus of the brain are sensitive to glucose. It was
found that the use of selective serotonin inhibitors
restored the activity of the sympathetic nervous sys-
tem, counter-regulatory hormonal and metabolic
reactions to hypoglycemia; however, in most
patients, the complete recovery of sensitivity to
hypoglycemia was not observed [25, 26].

In experimental studies on rats, it was shown that
ATP-dependent K* channels in the hypothalamus
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CPEeJICTBEHHO B MO3T MHTHOUPYET THIIOTajaMuye-
CKHMe peakIuy Ha Tunoraukemuio. Kpome Toro,
SH/OTEHHbIE OIIMOHWABI BBI3BIBAIOT IOJABJIEHHE
BBICBOOOIKIEHNS KATEXOJIAMHHOB  HAAIOUYEUHH-
KaMH, TaKke crocobcTBys pazsutuio HAAF [24].

B Hacrosiiiiee Bpems U3y4yaeTcs 3HAUEHHE Cepo-
ToHUHA B pa3zButuu HAAF. M3BecTHO, YTO CcepoOTO-
HUHEPTUYECKHE IyTH MOJYJIUPYIOT HEUPOIHI0-
KPUHHBIE PEeakI[iM, a CEPOTOHUHOBBIE HEHPOHBI B
XBOCTATOM sI/ipe TOJIOBHOTO MO3Ta YyBCTBUTEJIHHBI K
IJII0KO3€e. BbL1o 00HapyxkeHo, uTo Ha (oHe mpreMa
CeJIEKTUBHBIX THT'HOUTOPOB CEPOTOHUHOBBIX Pelern-
TOPOB BOCCTAHABJIWBAJIACh aKTUBHOCTh CUMITaTHUe-
CKOU HEPBHOU CHCTEMBI, KOHTPPETYJIATOPHBIE TOP-
MOHAaJIbHbIE U MeTaboIuYecKrne peakluyd Ha THIT0-
TJITUKEMHIO, OJTHAKO y OOJIBIITMHCTBA OOJIBHBIX ITOJI-
HOTO BOCCTAHOBJIEHUSI UYBCTBUTEJIBHOCTH K THUIIO-
IJINKEMUH He HabJII0ganoch [25, 26].

B skcriepuMeHTaIbHBIX UCCIEOBAHUAX HA KPbI-
cax OpLTO 1OKaszaHo, uto K* AT®-3aBucumsblie
KaHabl B THIIOTAJIaMyCe WTPAIOT BaXKHYIO POJIb B
pacro3HaBaHUU TUIIOTJIMKEMUH, B YaCTHOCTH, HEM-
POHBI TIPOOMMOMEIAHOKOPTHHA B BEHTPAJIbHOU
YacTH THUIIOTaJaMyca JOTIOJTHUTETBHO 3KCIIPECCH-
PYIOT BHYTPEHHHE TpPSIMble KaJIeBble KaHaJIbI
(Kir 6.2), mo3BoJIsIOIIME pearupoBaTh Ha M3MEHe-
HUS KOHIIEHTPAIINH TJTFOKO3bI B OKPY:KaIOIIEeH cpeie.
BBeneHne nuazokcusia TPUBOAMIIO K aKTHBAIUU
JIAHHBIX KAHAJIOB B HEHPOHAX BEHTPAJIBHOI'O T'HIIO-
TaJlaMyca, YTO BBI3BIBAJIO PEMOJIIPU3AIUIO KAHATIOB
YU aKTHBHYIO II0/Ia4y CHTHaJa K NepugepUudecKuM
SHIOKPUHHBIM Kejie3aM JJIsI BhIOpOca KOHTPHUHCY-
JIIPHBIX TOpMOHOB [25]. B pabore P.S. George et al.
OBLIO JIOKa3aHO, YTO BBEJIEHUE JTUA30KCHUIA UJTH TJIy-
6upuga maruentam ¢ CJI 1-r0 TUIIa B TeuyeHHE
12-94acoBOTO TEPHOJA /10 PA3BUTHSA THIIOTJIHKEMU-
YECKOTO COCTOSTHHS CIIOCOOCTBOBAJIO BBIPAXKEHHOU
TOPMOHAJIBHON peakIUi Ha TUMOTJIMKEMUIO, UTO
MTOATBEPKIAI0 yuacTHe K* KaHasoB B pacro3HaBa-
HUM TUIIOTJINKEMUH [27].

KiroueBbim 3BeHOM HAAF siBisieTcst HapyleHue
KOHTPPETYIATOPHOM TOPMOHA/JIBHON peakIuu B
OTBET Ha CHUKEHHE yPOBHs IVIIOKO3bI. B ucciienoBa-
uun Y.A. Rhyu et al. y nariuentos ¢ CII 2-1o Tuma ¢
PEeNUAUBUPYIONIAMH TUIOTJIUKEMUSIMHU HaOII07a-
JIOCh HapyllleHHe OTBeTa KOPTH30Jia U TOPMOHA
pocta B 20.5 U 73.2 % cJy4aeB COOTBETCTBEHHO.
HccnemoBatenn OOBSCHSIN JaHHBIE H3MEHEHUS
HapyIIIeHHUEM PETYJISIUU CO CTOPOHBI IIEHTPATbHOU
HEPBHOU CHCTEMBI, a TaKK€ TUIEPUHCYJINHEMUEH,
KOTOpasti MOKET OCJa0JATh KOHTPPETYJIATOPHBIH
OTBeT. Y OOJIbHBIX C COUETAHHBIM CHUKEHUEM KOP-
TH30J1a ¥ TOPMOHA POCTa B OTBET Ha TUMIOTVIMKEMHUIO
Ob1  OOHapy:keH 0Oojiee  BBICOKHI  YPOBEHb

play an important role in hypoglycemia awareness,
in particular, the proopiomelanocortin neurons in
the ventral part of hypothalamus additionally express
the inward-rectifier potassium ion channels (Kir 6.2),
allowing to respond to glucose concentration changes
in the environment. The administration of diazoxide
led to the activation of these channels in the neurons
of the ventral hypothalamus, which caused repolar-
ization of the channels, and active signaling to the
peripheral endocrine glands for the release of insulin
counter-regulatory hormones [25]. In the work of
P.S. George et al. it was proved that the administra-
tion of diazoxide or glubirid to patients with type 1
DM within a 12-hour period before the development
of a hypoglycemic state, contributed to a pronounced
hormonal response to hypoglycemia, which con-
firmed the participation of K* channels in hypoglyce-
mia awareness [27].

The key link in HAAF is the impairment of the
counter-regulatory hormonal reaction in response
to adecrease in glucose level. In a study by Y.A. Rhyu
et al. in patients with type 2 DM with recurrent
hypoglycemia, there was an impaired cortisol and
growth hormone responses in 20.5 and 73.2% of
cases respectively. The researchers attributed these
changes to dysregulation of the central nervous sys-
tem, as well as hyperinsulinemia, which can weaken
the counter-regulatory response. In patients with a
combined decrease in cortisol and growth hormone
in response to hypoglycemia, a higher level of
C-peptide was found, while in an isolated impair-
ment of the response of these counter-regulatory
hormones, the level of C-peptide increased insigni-
ficantly [28].

In contrast, patients with type 1 DM are more
likely to experience impaired response from adrena-
line than from cortisol and growth hormone. In
addition, in type 1 DM, as a result of absolute defi-
ciency of beta cells of the pancreas, the ability to turn
off endogenous insulin secretion during hypoglyce-
mia is lost, and paracrine autoregulation of alpha
and beta cells is impaired, which leads to a defect in
glucagon secretion. In addition, the expression of
many genes necessary for the normal secretion of
glucagon is reduced in alpha cells of the damaged
islets of Langerhans, which also contributes to the
impairment of glucagon secretion in response to
hypoglycemia [29—31].

The change of the physiological response to hypo-
glycemia with the development of impaired hypogly-
cemia awareness can be caused by the variability of
glycemia in DM. Meanwhile, frequent episodes of
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C-menTuza, TOrAa Kak MpU U30JIUPOBAHHOM Hapy-
[IEHUU OTBETAa JJAHHBIX KOHTPUHCYJISAPHBIX TOPMO-
HOB ypoBeHb C-TeNTH/Ia TOBBIIIAJICA HE3HAYU-
TesIpbHO [28].

s maruenTtoB ¢ CJI 1-1o THIIa, HATPOTHUB, OoJiee
XapaKTepPHO HapyIlIeHHe OTBETA CO CTOPOHBI a/[peHa-
JIMHA, YeM KOPTH30J1a ¥ TOpMOHa pocTa. Kpome Toro,
npu CJ/] 1-ro Thma B pe3yJsibTaTe abCOJIFOTHOU HEJI0-
CTaTOYHOCTU [-KJIETOK TOJKETYIOYHOHN >KeJie3bl
YTpauuBaETCs CIOCOOHOCTD OTKIIIOYATD SH/IOTEHHYTO
CEKPEIUI0 WHCYJIMHA BO BpPEMs TUIIOTJIUKEMHU, a
TaKKe HapyIIaeTcsl MapaKpUHHAs ayTOPEeryJIAIus
0- U [-KJIETOK, UTO MPHUBOJUT K JIeEKTY CeKperuu
IIoKarona. Kpome Toro, B a-KJIeTKax MOPaKEHHBIX
OCTPOBKOB JlaHTepraHca CHIDKAETCA JKCIPECCUs
MHO?KECTBA T€HOB, HEOOXOAUMBIX IS KOPPEKTHOM
CEKpEIUH TJIFOKAroHa, UYTO TaKKe CIIOCOOCTBYET
HapyIIeHUIO CEKPEINH IJTI0KaroHa B OTBET Ha TUIIO-
IJINKEMUIO [29—31].

N3meneHne GU3MOJ0TIUECKOrO OTBETA HA TUIIO-
IJINKEMHIO C Pa3BUTHEM HapyIIeHUN pacro3HaBa-
HUS TUIOIVIMKEMHUN MOXKeT OBITh BBI3BAHO BapHa-
6enpHOCTBIO Tyikemud nipu C/I. IIpu sToM yacTeie
SIU30/1bl TUIIOTJIMKEMHUH ITPUBOIMIIN K HAPYIIIEHUIO
KOHTPPETYJIATOPHOTO OTBETA M CHIDKEHUIO BBIPA-
JKEHHOCTH CUMIITOMOB THIIOT/IMKeMuu [32]. B To xke
BpeMsi y 6osbHbIX C]] 2-TO THIA ¢ YACTHIMH THIIO-
[JINKEMHUSIMU BBIABJIEHbI BBICOKHE IIOKA3aTeTH
BapuabeJIbHOCTH TJIMKEMHHU, KOTOpblE HApAAy C
[JTIOKO30TOKCUYHOCTBIO CITIOCOOCTBOBAIM IIPOTrpec-
cuposanuo ociokaeHnuu CJI [33].

Hepacrno3HaHHBIE THUIIOTJIMKEMUU OKAa3bIBAIOT
HEraTUBHOE BJIMSHUE Ha JIOCTIKEHIE [IeJIEBbIX 3HA-
YeHUH TJINKEMUH, a TAK)Ke YBEJIMINBAIOT PUCK pas-
BUTHA PAa3JIMYHBIX IATOJIOTUYECKUX COCTOSHUM.
B ucciemoBanun M.M. Henriksen et al. 6p1111 mos1y-
YeHBl IIOJIOKUTEbHBIE KOPPEJISIHUN HapyIIeHUs
pacro3HaBaHUsA TUIIOTJIMKEMHUU ¢ PUCKOM Pa3BUTHUSA
TSDKEJTBIX TUIMOTJIMKEMUYECKUX COCTOSTHHH C IOTe-
peti cosnanus [34]. Y.K. Lin et al. Takxxe ycraHo-
BWIH, YTO BBISBJIEHHOE MO ompocHukam Gold u
Clarke HapyiieHve pacrio3HaBaHUs TUMIOTJIMKEMUIH
y marueHToB ¢ C/I acconMMpoBaHO C IMOBHIIIEHUEM
PHICKa Pa3BUTHA TSIKEJIOU THUIIOTJIMKEMUH U OoJee
BBICOKMMHU 3HAUEHHUSIMH HHEKCAa BapHaOeJbHOCTH
rukeMuu [35]. TakuMm o6pa3om, Hepaclo3HAHHBIE
TUTIOTJIMKEMUM  ABJISIOTCA CEPbE3HBIM  ITPEIIsT-
crBueM B ynpaeieHuun CJ] ¥ CHMKAIOT KadyecTBO
JKU3HU 3TUX OOJIbHBIX.

PenmuBupyrompe Hepacro3HAHHbIE THUITOTJIN-
KEMUHU TOBBIIIAIOT PUCK PA3BUTHSA MAaKPOCOCYIU-
CTBIX OCJIOKHEHUU, B YaCTHOCTH, OCTPOTO HH(MAPKTA
MHOKap/la, THUIEPTOHUYECKOTO KpH3a, OCTPOTO
KOPOHAPHOTO CHHAPOMA, (PUOPH/UIALIMH Tpeacep-

hypoglycemia led to an impairment of the counter-
regulatory response and a decrease in the severity of
symptoms of hypoglycemia [32]. At the same time,
patients with type 2 DM with frequent hypoglyce-
mias showed high levels of glycemic variability,
which, along with glucose toxicity, contributed to the
progression of diabetes complications [33].

Latent hypoglycemias have a negative influence
on the achievement of target glycemic values, and
also increase the risk of developing various patho-
logical conditions. In a study by M.M. Henriksen
et al., positive correlations of impaired hypoglyce-
mia awareness with the risk of developing severe
hypoglycemic conditions with loss of consciousness
were obtained [34]. Y.K. Lin et al. also found that
impaired hypoglycemia awareness in patients with
diabetes revealed by the Gold and Clarke question-
naires is associated with an increased risk of deve-
loping severe hypoglycemia and higher values of the
glycemic index [35]. Thus, the hypoglycemia
unawareness is a serious obstacle in the manage-
ment of DM, and reduces the quality of life of these
patients.

Recurrent latent hypoglycemia increases the
risk of developing macrovascular complications, in
particular, acute myocardial infarction, hyperten-
sive crisis, acute coronary syndrome, atrial fibrilla-
tion, effort angina, acute cerebrovascular accident,
transient ischemic attacks, diabetic foot syndrome,
atherosclerosis of different localization, sharply
increasing the number of hospitalizations [36, 37].
T.P.B. da Silva et al. investigated the relationship
of latent hypoglycemias with heart rate variability
in patients with DM. In their work, they noted that
as awareness of hypoglycemia deteriorated, the
heart rate variability decreased, which indicates a
progressive loss of parasympathetic activity of the
heart, and entails various adverse consequences
for the cardiovascular system [38]. As a result of
impaired glucose metabolism due to recurrent
atypical hypoglycemias, the mitochondrial dys-
function, impaired fatty acids metabolism, lipid
peroxidation, and other pathological processes
that are important in the pathogenesis of cardio-
myopathy in diabetes develop [39, 40]. The conse-
quence of this is the development of myocardial
contractility disorders, aggravated by metabolic
disorders and deficiency of high-energy com-
pounds [41]. Frequent episodes of hypoglycemia
are associated with the development of oxidative
stress, activation of proinflammatory cytokines
and the blood coagulation system, and the forma-
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JINH, CTEHOKAP/IMU HAMPSKEHUsI, OCTPOTO HapyIile-
HHSI MO3TOBOTO KPOBOOOpAIllEHUs, TPAH3UTOPHBIX
HIIEMUYECKUX AaTak, CHHApPOMa JAuHabeTHYeCKOu
CTOIIBI, aTEPOCKJIEPO3a PA3IUYHOU JIOKAIMBAIIHH,
PE3KO YBeTMYUBAs YHUCIIO TOCITUTAIIN3AIUH [36, 37].
T.P.B. da Silva et al. ucciegoBasii B3aUMOCBA3b
CKPBITBIX TUIOIJIMKEMUN C BapHabeTbHOCTHIO cep-
JleqHoro puTtMa y manueHToB ¢ C/I. B ux pabore 66110
OTMEYEHO, YTO [0 Mepe yXy/IIIeHUsI paclIO3HaBaHUA
THUIIOTJIMKEMHH BapuabeIbHOCTh CEP/IEYHOT0 PUTMAa
MMaIeHTOB YMEHbIIaIach, YTO YKa3bIBaeT Ha IIPO-
TPECCUPYIOIIYI0  IOTEPI0  MapacHMIIaTUUYECKON
aKTUBHOCTH CEP/IA U BJIeUeT 32 cOO0H pa3IndHbIe
HeOIATONPUATHBIE TIOCJIE/CTBUS [IJIsI  CEPAEUHO-
cocyauctoli cucrembl [38]. B pesysbrare Hapyiie-
HUs MeTaboIM3Ma IJII0KO3bl Ha (POHE PEIUUBUDPY-
OIUX AaTUIUYHBIX THUIIOIJIUKEMUN pa3BUBAETCS
MUTOXOH/IpHaJIbHAA  AUCHYHKIUA, HapyIIeHUe
MeTaboIu3Ma JKUPHBIX KUCJIOT, ITEPEKUCHOE OKHC-
JIeHWe JIUIUJIOB U JIPyrHe IaTOJIOTMYeCcKHe IIPo-
IlecChl, IMEIe 3HAaUeHHE B MMaToreHe3e Kapauo-
muonatun npu CJI [39, 40]. CneacrBueMm 3TOTO
SABJISIETCS PA3BUTHE HApYIIEHUH COKPATHTETHHOU
CIIOCOOHOCTH MHOKap/ia, YCyTyOIsIoIeicss B yCao-
BUsAX MeTabOJUUYEeCKUX HapyIIeHuW u Jedunura
MaKpo3proB [41]. YacTele 31130/l TUIIOTJIMKEMUH
acCOIMUPOBAHbI € PA3BUTHEM OKHCIUTETHHOTO
cTpecca, aKTUBAIUEeH TPOBOCITATUTEBHBIX ITUTOKH-
HOB U CBEPTHIBAIOIIEH CHCTEMBI KPOBH, DOPMUPOBA-
HHUEM BHOTETHAIPHON MUCOYHKIIUN, YTO 3HAYM-
TEJIPHO  yXVAIIAeT TedYeHWe  COIYTCTBYIOIIHNX
CepIeYHO-COCYyIUCThIX 3aboseBanuit [42]. Cocynu-
CThle HapyIIeHUs HapsAAy ¢ THOeIbi0 HEHPOHOB Ha
(poHEe ATUNMMYHBIX TUNOIIMKEMHH CIOCOOCTBYIOT
CHU’KEHUIO BHUMAHUS U CKOPOCTH IICUXOMOTOPHBIX
MIPOIECCOB, CYIIECTBEHHO IMOBBINIAIOT PUCK Pa3BH-
TUsl JieMeHnuu. IloBpexkaaroliee JIEUCTBUE THIIO-
[JIAKEMUN [IPEUMYIIECTBEHHO CKa3bIBaeTCs Ha
MarieHTax MOKUJIOTO BO3pPAcTa, KOTOPhIE B CHIIY
0oJiee HU3KOTO KOTHUTHBHOTO pe3epBa M HHU3KOU
MJIACTUYHOCTH B MEHbIIIEH CTEIIEHH CIIOCOOHBI HUBE-
JIMPOBATDH MOCEACTBUS MTOBPEKIEHUA. Y MOJIOABIX
6os1pbHBIX C/], HECMOTpPSI HA BBICOKYIO YaCTOTY THIIO-
[VTHKEMUYECKUX DIU30/I0B, CYIIECTBEHHOTO KOTHU-
TUBHOTO CHUJKEHUs, Jla’ke TIPU MHOIOJIETHEM
HaOomeHnu, He orMedeHo [43]. V. Perea et al.
OTMETWIHN BJIWsHUE HapYIIEHUs Paclo3HaBaHUs
TUTIOTVIMKEMHUH Ha MeTaboJMYeCKHH KOHTPOJIb U
HCXO/IbI 6epeMeHHOCTH Y nanueHTok ¢ C/I 1-To tuma.
HcenemoBanre MoKa3auio, 4To B TPYIIIE JKEHIIUH C
ATUIHUYHBIMU THIIOTJIMKEMUSIMH PUCK PECITHPATOP-
HOTO JIUCTPECCa HOBOPOXKJEHHBIX U IMPEIKIAMIICHH
OBLI CTATUCTUYECKH 3HAYKMMO BBIIIE B OTJIMYHE OT
KOHTPOJIBHOU TPYIIIIHI [44].

tion of endothelial dysfunction, which significantly
worsens the course of concomitant cardiovascular
diseases [42]. Vascular disorders, along with the
death of neurons, developing due to atypical hypo-
glycemia, contribute to a decrease in attention and
speed of psychomotor processes, and significantly
increase the risk of dementia. The damaging effect
of hypoglycemia predominantly endangers elderly
patients who, due to a lower cognitive reserve and
low plasticity, are less able to neutralize the conse-
quences of lesion. In young patients with DM,
despite the high frequency of hypoglycemic epi-
sodes, no significant cognitive decline, even with
long-term follow-up, was observed [43]. V. Perea
et al. noted the effect of impaired hypoglycemia
awareness on metabolic control and pregnancy
outcomes in patients with type 1 DM. The study
showed that in the group of women with atypical
hypoglycemia, the risk of neonatal respiratory dis-
tress and preeclampsia was significantly higher
than in the control group [44].

CONCLUSION

Impaired hypoglycemia awareness syndrome has
a high prevalence and is related to a decrease in the
quality of life and the development of various com-
plications of DM. Despite the significant number of
assumptions about the mechanisms of the hypogly-
cemia unawareness development, the most proven is
the adaptation of the brain to hypoglycemia, and the
development of autonomic dysfunction associated
with hypoglycemia.
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3AK/IIOYEHUE

CuHJZIpOM HapyIIEeHHs PacllO3HABAHUS TUIIOTJIH-
KEMHH HMeeT BhICOKYIO PACIIPOCTPAHEHHOCTh U B3a-
WMOCBSI3b CO CHMI>KEHHEM KauecTBa KU3HU U Pa3BU-
THEM pasiuyHbIX ocnoskHeHud CJI. Hecmorps Ha
3HAYUTEJIbHOE KOJHUYECTBO IMPEINOIOKEHNH O
MeXaHU3MaxX Pa3BUTHs HEPACIIO3HAHHBIX THUITOTJIH-
KeMHi, HanboJiee JOKAa3aHHBIM SBJISIETCS ajalTa-
U TOJIOBHOTO MO3Ta K TUIIOTJINKEMUN U PA3BUTHE
ABTOHOMHOM JUCHYHKIIUHM, AaCCOIIMUPOBAHHOU C
TUIIOTJIMKEMUEH.

KondaukT nHTEpEeCcOoB. ABTODHI 3a5BJISIOT 00
OTCYTCTBUM KOH(JIMKTA NHTEPECOB.
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