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BinsaHue runepriiMKkeMUH Ha IVIOJA IIPH reCTAIMOHHOM M MaHH-
¢decTHOM caxapHOM auadeTe TUIA 2
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@I'BOY BO «Hogocubupckuil 2ocydapcmeettblit meduyuHekuil yHusepcumem» Munadpaea Poccuu

Hyperglycemia effect on fetus in gestational and manifest type 2
diabetes mellitus

Belovodenko M.A., Zenkova E.V.*
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AHHOTAIIUA

JIJ151 OLleHKH BJIMSIHUSA YPOBHS TJINKEMHUU OepeMeHHBIX ¢ rectanroHHbIM (I'C/T) 1 MaHUQECTHBIM caXapHbIM Jiuade-
tom (MC/I) Ha mwiox obciezoBaHO 18 GepeMEHHBIX JKEHIIUH, U3 HUX 8 — ¢ BuepBble BbissBIeHHbIM MC/ u 10 — ¢ T'C/I.
Bceem GepeMeHHBIM NIPOBEZIEHO MOTHOE 0bctenoBanue u Y3 11012 ¥ I1areHThl Ha annapaTe Mindray DC-7 ¢ aTunkom
Cs5-2. B rpynmie ¢ MCJT oTmeuasiuch HanboJsiee BhIpaXkeHHbIe KoiebaHusI TIITMKEMHUH B TEUEHUE CYTOK 110 CPAaBHEHUIO C TPYII-
ot I'C/I, TOCTOBEPHO BHIIIIE B BeUepHUE Yachl. [uneprimkeMus y 6epeMeHHbIX BBIIIIE [IeJIEBbIX 3HAUEHUH — HATOIIAaK 60-
Jiee 5.1 MMOJIb/JI, Uepe3 2 U IIOcJIe el OoJiee 7.0 MMOJIb/JI B BEHO3HOH IIa3Me — COIIPOBOXK/IAJIACh BHIPDAYKEHHBIMU H3Me-
HEHUSIM IUIAIIEeHThl, MHOTOBOJEM, THIIOKCHUECKIMH U3MeHeHusIMuU 1 deronaruei wioaa. Takum o6pazom, mpeGbiBaHmEe
GepeMeHHO KEHIIUHBI B COCTOSIHUY TUIIEPIVINKEMUH B TeUEHHeE IPO/[0/KUTEIHHOTO [TEPUO0/Ia BpeMEH! [IPUBO/IUT K BHY-
TPUYTPOOHBIM OCTIOKHEHUAM O€PEMEHHOCTH, 00YCIOBJIEHHOU MTaTOJIOTHEN TIOZA.

Karouesvle cao8a: TeCTalliOHHBIN caXapHbIi AuabeT, MaHUGbECTHBIN caxapHbIH AnabeT, nuabeTnueckas heTomaTus.

ABSTRACT

The presented study aimed to evaluate the effect of high blood glucose levels on fetus in pregnant women with ges-
tational (GDM) and manifest diabetes mellitus (MDM) based on US examination. The study involved 18 female patients,
including 8 women with fist-identified MDM, and 10 women with GDM. All the patients underwent complete US examina-
tion using the Mindray DC-7 ultrasound machine with the C5-2 transducer. Blood glucose tests in the MDM group revealed
more expressed day changes compared to the GDM group, whose levels were significantly higher in the evening. The ve-
nous hyperglycemia of above 5.1 mmol/1 in fasting and above 7.0 mmol/1 in fed conditions was accompanied by expressed
changes in the placenta, polyhydramnios, hypoxia and fetopathy. Continuous hyperglycemia led to fetal complications.

Keywords: gestational diabetes mellitus, manifest diabetes mellitus, diabetic fetopathy.

BBEAEHHNE

Tecrarronubli caxapubiid auaber (I'C/T) — 3a-
OosieBaHMe, XapaKTEePU3YIOINeecs THUIIePIrIUKeMU-
€li, BIIEPBbIE BBISIBJIEHHON BO BpeMs OepEMEHHOCTH,
HO HE COOTBETCTBYIOIIEH KPUTEPUAM MaHH(ECTHO-

INTRODUCTION

The criteria of gestational diabetes mellitus
(GDM) that is characterized by the hyperglycemia
first indicated while pregnancy are different from
the ones of the so-called manifest diabetes mellitus
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ro caxapHoro jguabera (MC/I) [1]. Pacipoctpanen-
HOCTh TECTAI[MOHHOTO CaXapHOTo JuabeTa BO BCEM
MHUpPE HEYKJIOHHO pacTeT, AocTuras 7—14 % [1—4]. K
¢axTopam BbicOKOro prucka passutusa I'C/] oTHOCAT-
cs: oxkupeHue (MCXoiHbIH, 10 6epemenHoct UMT >
30.0 kr/m?); C]I 2-ro Tuna y OJIvKaiux pojCcTBEH-
HUKOB; JII0Oble HAPYIIIEHHS YIJIEBOAHOTO OOMeHa B
anamuese (I'C/] B mpenpiaylyo 6epeMeHHOCTh, Ha-
PyILIeHHas TOJIEPAHTHOCTh K IVIIOKO3€, HapyIlleHHAas
IJTUKEMUS HATOIAK); TIIOKO3YPHUS; BO3PACT JKEHIIU-
HbI cTapie 30 Jer [5]. s [CIT xapakTepHO OTCyT-
CTBUE ABHBIX KJIMHUYECKUX CHUMIITOMOB M HEBBICO-
Kasl TUIEPIJIMKEMUs], YTO U 00YCJIOBJIMBAET TPY/THO-
CTH JUATHOCTUKU U MO3HIOIO BHISABJIAEMOCTD [6—8].

Huarnoctuka MC/] 2-ro tTuna u I'C/l mpoBoauT-
¢ HA OCHOBAaHWH OIpE/IeJeHUs YPOBHSA TJIIOKO3BI
IUTa3Mbl HATOINAK, TJIMKHPOBAaHHOTO T'eMOTrJIOOWHA
(HbA1c) wu pesynwraros IIT'TT (tab:. 1) [1, 4]. dua-
rHo3 I'C/] craBuTCSA IpU YPOBHE TJIIOKO3BI BEHO3HOU
IJIa3MbI HATOINAK >5.1 MMOJIb/JI, HO <7.0 MMOJIb/JI.
[Ipu ypoBHE IJTIOKO3bI BEHO3HOU IJIa3Mbl HATOIIAK
>5.1 MMOJIb/J1 BceM OepeMeHHBIM, UMEIOIIUM BBI-
cokuil puck passutus I'C/l, cpasy ke IpPOBOJUTCA
IIT'TT ¢ 75 r maroko3el. Juaruno3 MCJI oObIYHO cTa-
BUTCSI TIpU 0OJiee BBICOKOM COJIEPKAHUU TJTIOKO3bI
KPOBH: HATOIIAK >7.0 MMOJIb/JI, TJTIOKO3a BEHO3HOH
IUTa3Mbl BHE 3aBUCUMOCTH OT BpEMEHU CYTOK U IIpHe-
Ma IUIIY TPX HAJTUYUH CHMIITOMOB TUTIEPITUKEMUH
>11.1 MMOJIb/ 1.

BepeMeHHOCTDh COTTPOBOXKIAETCS POCTOM WHCY-
smHopesucTeHTHOCTH (MP), OCHOBHYIO POJIb B 3TOM
mpoIecce HUrparwT (QeTorUianieHTapHble TOPMOHBI
(TmameHTapHBIN JIAKTOTEH W MPOTECTEPOH) U TOP-
MOHBI MaTepu (KOPTHU30JI, 3CTPOTEHBI, MTPOJIAKTHH),
KOHIIEHTpAIMs KOTOPBIX B KPOBH TaK)Ke BO3pacTa-
€T C yBeJINUEeHHEM CPOKOB OepeMeHHOCTH. YacTUUHO
3TOT IMPOIECC KOMIIEHCUPYETCS MOBBIIIIEHUEM IIPO-
JYKIIMU U CHUKEHHEM KJIMPEHCa SH/IOTEHHOTO HH-
cynuHa marepu. 1P ycyrybiisercs: yBesinueHUeM Ka-

Ta6smuua 1. [luarsocruueckue kpurepuu I'C/T u MCJ]
Table 1. GDM and MDM diagnostic criteria

(MDM) [1]. GDM prevalence is growing worldwide
and reaches 7—14 % [1—4]. GDM risk factors include
obesity (prepregnancy BMI > 30.0 kg/m?); type 2
diabetes in family history; any carbonate metabo-
lism disorders (GDM in previous pregnancy; glucose
intolerance, glycemia in fasting condition); glucos-
uria; age above 30 [5]. GDM is usually asymptomat-
ic and characterized by a low level of hyperglycemia,
which makes it hard to diagnose and often leads to
its late detestability [6—8].

Both GDM and type 2 MDM are diagnosed
using a fasting glucose test, oral glucose tolerance
test (OGTT) and a hemoglobin A1c test (Table 1) [1,
4]. The GDM diagnosis is established at the fasting
glucose level from >5.1 mmol/l to <7.0 mmol/l. In
case the fasting glucose is >5.1 mmol/l, the patient
is immediately given OGTT 75 g. The MDM diagno-
sis is established at the higher level of glucose: >7.0
mmol/] — in fasting condition, and >11.1 mmol/l in
presence of hyperglycemia symptoms with no rela-
tion to time and meal.

Pregnancy causes the growth of insulin resis-
tance due to increased fetoplacental (placental lac-
togen and progesterone) and maternal (cortisone,
estrogens, prolactin) hormones. Partly this process
is compensated by increased level and reduced clear-
ance of maternal endogenous insulin. The condition
may be worsened due to high-calorie ration, reduced
physical activity, and growing weight [2]. In pres-
ence of such risk factors as genetic predisposition to
type 2 diabetes, obesity, arterial hypertension, etc.,
insulin secretion may become too low to overcome
insulin resistance, which results in development of
hyperglycemia leading to diabetic fetopathy, chang-
es in the placenta, and polyhydramnios [2, 9, 10].
These complications, in their turn, may lead to the

Kputepwuii / Criterion

I'c / GDM MCJI / MDM

T'J1t0K03a BEHO3HOM I1J1a3Mbl HATOIIAK, MMOJIB/JI (MT/7171)
Venous glucose fasting condition, mmol/l (mg/dL)

>5.1, HO / but <7.0
(292.0 HO/ but <126.0)

>7.0 (2126.0)

III'TT c 75 r riroko3el, MMouib/ a1 (mr/m) / OGTT 75 g, mmol/1 (mg/dL)

uepes 14 / after 1 hour

yepes 2 u / after 2 hours

>10.0 ( 2180.0) —

>8.5 (2153.0) —

T'y1roK03a BEHO3HOU IJIa3Mbl BHE 3aBUCUMOCTHU OT BpE€MEHU CYyTOK U IIpuemMa — >11.1

MUIIY TP HAJTUYUH CHMIITOMOB TUTIEPTIHKEMUU, MMOJIb/J1 (MT/1171)

(=200.0)

In presence of hyperglycemia symptoms with no relation to time and meal,

mmol/] (mg/dL)
HbA1c / HbA1c (%)

— >6.5
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JIOPUHHOCTH TPUHUMAEMOU MaTEPHIO ITHUIITU, CHUKE-
HHeM (QUBNYECKOH aKTUBHOCTH M NPUOABKOU Beca
[2]. ITpu HaMUMK HAKTOPOB PHICKA, TAKHX KAaK Ha-
CJIeJICTBEHHAs IIPEPACIIOIOKEHHOCTD K CaXapHOMY
nuabery 2-ro tuma (C/[2), oxxupenwne, Al' u nip., ce-
Kpenysl WHCYJINHA CTAHOBUTCS HEJOCTATOYHOU IS
npeonosieHusa VP, 4To U NPUBOAUT K TUIIEPIJINKe-
Mud. 'unepriankeMus y MaTepu 00ycIOBINBAET pas-
BuTHe Muabernueckort peromatuu (D), usmeHneHne
IIAIEHTHI, MHOTOBOAYE [2, 9, 10]. DTH OCIOKHEHU
I'C/] u MC]] ciocoOGCTBYIOT IpPEKIEBPEMEHHBIM PO-
aM, acHUKCUU NPU POKIEHUH, MeTaboIImIecKuM
HapyIIEHUAM aJalTallil HOBOPOXKEHHBIX K BHEY-
TPOOHOU KU3HU U ABJIAIOTCS HanboJiee 4acTod mpu-
YMHOU HEOHATAJIbHBIX 60JIe3HEN U CMEPTHOCTH.

OEJDb UCCJIEAOBAHUNA

O1eHKa BIUSHUS YPOBHS TJIMKEMUU OepeMeH-
HBIX C TECTAIIMOHHBIM CaXapHBIM AUA0ETOM M MaHHU-
(ecTHBIM caxapHBIM TUabeTOM Ha ILIOJ IO Pe3yJIb-
TataMm Y 3.

MATEPHUAJIBI 1 METO/ABI

O6cnenoBano 18 GepeMeHHBIX KEHIIUH, Cpe-
au HuX 8 — c Bmepshie BoIsiBAeHHBIM MC/] (cpes-
HUH Bo3pacT 34.1 + 5.2 roaa) u 10 — ¢ I'C/I (cpeguuni
BO3pacT 35.6 + 5.1 roia), TOCIUTAIM3UPOBAHHBIX B
sHAOKpUHOJIorHUeckoe otaenenue 'bY3 HCO «I'o-
cynapcrBenHast HoBocubupckast obstacTHast KIHHU-
veckas 6ospHUIIa» (THOKB) B epros ¢ 09.2015 110
12.2016. IlepBas rocuuTau3anys y 2 HalueHTOK C
MC/ u 6 ¢ I'C]T mpoBezieHa BO BTOpOM TpUMeCTpe bOe-
pemenHoctH, y 6 ¢ MC/l u 4 namuenTtok ¢ I'C/ — B
TpeTheM TpuMecTpe GepeMeHHOCTH. Bcem obGciezo-
BaHHBIM IIpoBeAieHO Y3U mioza u miareHThl Ha all-
napate Mindray DC-7 ¢ matunkom C5-2. Onpeness-
JIUCh YPOBEHD IVTUKEMHUH HATOIIAK U Yepes 2 Y IocsIe
kakaoro npuéma muiu, HbA1c; anaausupoBatnch
aHaMHEe3bI )KU3HU U 3a00J1eBaHUS.

VY Bcex GepeMeHHBIX BBISBIISLIN (haKTOPHI PHCKA
pasButus caxapHoro auabera (tabs. 2). OTMeueHa
BBICOKasi YacTOTa HaCJIECTBEHHOU ITPEPacIIOsio-
JKEHHOCTU U OKUPEHUS.

PE3YJIDBTATBI 1 OBCYKAEHUNE

B rpynmie 6epemennsix ¢ MC/] auaruos GbUT 1m0-
CTaBJIEH B 1-M TpuMecTpe 6epeMeHHOCTH Ha OCHOBA-
HUM TJINKEMHUHU HATOIaK GoJsiee 7.0 MMoJIb/J1. Cpen-
HUHM ypoBeHb HbAlc Ha MOMEHT TOCIUTATA3AINH
B rpymme ¢ MC/I cocraBuia 6.7 + 1.3 %. Bcem 601b-
HBIM cpa3y ObLIa Ha3HAueHa WHCYJIUHOTepanusa. B
rpymme 6epeMeHHbIX ¢ ['C/I muarHo3 66T OCTaBIEH
B MoMeHT rocuutanuzanuu B 'HOKDB Ha ocHoBaHUu
IVIHKEMUM HaTolak GoJiee 5.1 MMOJIb/JI, BceM Oe-

premature delivery, birth asphyxia and metabolic
disorders that are the most common reasons of neo-
natal diseases and mortality.

AIM OF THE RESEARCH

To assess the effect of high blood glucose levels
on fetus in pregnant GDM and MDM patients based
on the results of US examination.

MATERIALS AND METHODS

Under the study, 18 pregnant women were ex-
amined, including 8 patients with first-identified
MDM (mean age 34.1 + 5.2 years), and 10 — with
GDM (mean age 35.6 + 5.1 years) admitted to En-
docrinology Department of Novosibirsk State Re-
gional Clinical Hospital from 09.2015 to 12.2016.
Two MDM and six GDM patients were admitted in
their second trimester, and 6 MDM and 4 GDM pa-
tients — in their third trimester. All the patients un-
derwent fetus and placental US examination using
Mindray DC-7 ultrasound machine with the C5-2
transducer. Their glycemia levels were established
in fasting and fed (2 hours after every meal) condi-
tions. All of them had their HbA1c level tested and
past medical history examined.

Table 2 demonstrates the patients’ disposition
to DM complications, especially when such factors
as genetic predisposition and obesity are concerned.

RESULTS AND DISCUSSION

In the MDM group, the diagnosis was estab-
lished in the first trimester based on the fasting glu-
cose of over 7.0 mmol/l. Their average HbA1c level
at the time of admission was 6.7 + 1.3 %. All the
patients were immediately given insulin therapy. In
the GDM group, the diagnosis was established at the
time of admission based on the fasting glucose over
5.1 mmol/1. All the patients were administered insu-
lin. Their average HbA1c level was 5.8 + 0.6 %.

Upon admission, before the treatment, the
MDM patients had the average fasting glucose
level of 4.9 £ 0.9 mmol/l. Their average post-
prandial after-lunch level was 6.0 + 3.5 mmol/l,
and after dinner — 7.9 + 1.7 mmol/l. In the GDM
group, the average fasting glucose level was 5.1 + 1.0
mmol/1, while their average postprandial level was
5.4 + 0.6 mmol/1 (after lunch) and 5.5 + 1.3 mmol/]
(after dinner).

Analysis of glucose changes in the MDM group
demonstrated more expressed fluctuations within a
day if compared to the GDM group, and the differ-
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Ta6smna 2. ®axropsl pucka pazsutus ['C/T u MC]I (%)
Table 2. GDM and MDM complication risks (%)

dakTrop / Factor ?7/[1(::[[8/) L2l D {nCE lég;DM
HacnencrBennocts / Genetic predisposition 62.5 90.0
Oxupenue / Obesity 62.5 40.0
AT / Arterial hypertension 87.5 40.0
Bospacr »KeHIIUHBI cTapiie 30 et / Age over 30 87.5 8o.0
Kypenue / Smoking 0.0 20.0

peMeHHBIM Takke ObLIa Ha3HAUYEHA WHCYJINHOTEpA-
nust. Cpeguuit yposens HbA1c B rpymme ¢ I'C/I 611
5.8 £ 0.6 %.

I[Ipu mocTylieHUH B 9HAOKPHUHOJIOTHYECKOe
ormenenue 'HOKB, no sieuveHwusi, B rpymme OGepe-
meHHBIX ¢ MC/l cpelHHIl YpOBEeHb IJIMKEMHUH Ha-
TOIIAK COCTABWI 4.9 + 0.9 MMOJIb/JI, CPETHUHA YPO-
BEHb ITOCTIPAHUAIBHON [JINKEMHH HocsIe obena —
6.0 + 3.5 MMOJb/JI, HOCTIPAH/JIUAIBHON TJIHKe-
MUH TIOCJIe YKHHA — 7.9 + 1.7 MMOJb/J. B rpym-
e O6epemeHHbIx ¢ I'C/] cpemHUU ypOBEHb IJIUKeE-
MHH HATOIAK — 5.1 £ 1.0 MMOJIb/JI, CDETHUU ypO-
BEHbB MMOCTIIPAHUATIPHON TJIMKEMUU T10CIIe 00e1a —
5.4 £ 0.6 MMOJIb/JI, IOCTIPAHIUATLHON TJTUKEMUH
TocJIe Y>KUHa — 5.5 + 1.3 MMOJIb/JI.

B rpynme 6epemenubix ¢ MCJ] dbuxcupoBaiu
HaunboJiee BhIpaXKEHHbIE KOJIeOaHUs TJIMKEMUU B Te-
JeHHe CyTOK IO cpaBHeHUIo c¢ rpynnoil I'C/, mpu-
YeM JIOCTOBEPHO BhIIIE (P < 0.004) B BeUepHHE Yachl

(puc. 1).

Haromak
Fasting

MCI
MDM

ence was statistically significant (p < 0.004) for the
evening hours (Fig. 1)

There are ambiguous opinions concerning es-
timation of postprandial glycemia. While some au-
thors consider the glucose levels obtained in one or
two hours after meal to be the most informative, the
monitoring of 65 pregnant women performed by
A. Ben-Haroush et al. [11] proves the maximum glu-
cose level occurs in the pregnant in 90 minutes after
meal. In our study, the patients’ level of glycemia
was accessed in two hours after meal.

The issue of the effect glycemia has on a fetus
is topical in modern-day publications. The authors
studying the problem have revealed that in pregnant
GDM patients only the postprandial glucose level
correlates with fetal macrosomia [6]. In our study,
the cases of macrosomia were registered in the 6
MDM patients who experienced high glucose fluc-
tuations after dinner [6]. According to different au-

Yepes 2 u mocsie obeza  Uepes 2 4 mocsie y:KuHa
2 hours after lunch

2 hours after dinner

Tcho

GDM

Puc. 1. Yporens rimukemuu npu MCJI u T'C/T (MmoJib/1)
Fig. 1. Glucose level in MDM and GDM patients (mmol/1)
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HeonHO3HAUYHO MHEHHE O BpEMEHH OIEHKU
MMOCTIIPAHUAIPHON IJTUKEMUH. P51 aBTOpOB Hanbo-
Jiee THPOPMATHBHBIMU CYUTAIOT I0KA3ATEIIN IJIHKeE-
MHH Yepe3 1 U 2 U I0CJIe eIbl, OTHAKO JaHHbIE MO-
HUTOPUPOBaHUS 65 GepeMeHHbBIX JKeHIINH, KOTOPoe
610 TIpoBezieHo A. Ben-Haroush et al. [11], cBuge-
TEJIBCTBYIOT O TOM, UTO MaKCHMAaJIbHOE MTOBBIIIIEHIE
caxapa KpoBW y OGepeMeHHbBIX HACTYIaeT 4epe3 90
MUH TI0CJTe e/ibl. B Hale# pabote ypoBHU IVIMKEMUU
OIIEHUBAJIUCH Uepes 2 U MoCjIe MPUEMa MUIIH.

B HacTosIee BpeMs B JINTepaType 00CYKIAI0T-
cs1 BOIIPOCHI BJIUSHUA TJIMKEMHUU Ha IUIOZ. Psamom
aBTOPOB OBLIO MOKa3aHO, UTo ¥ 6epemeHHBIX ¢ ['CJ
TOJIBKO IIOCTIIPAH/IMAJIbHBIN YPOBEHD IJIFOKO3BI KPO-
BH KOPPEJIMPOBAJ ¢ MaKpocoMuel mwioza [6]. B na-
IIeM KCCIEIOBAHUM MAaKpPOCOMHUS IUIOA OTMeue-
Ha y 6 sxeHIuH ¢ MCJI, UMeIIIuX BHICOKHE Koseba-
HUS TJINKEMUU TI0CTIe YKHHA. PacmpocTpaHeHHOCTh
TaKOU IMATOJIOTHH, KaK KPYIHBIA 107 (=90-TO 1ep-
LEHTIIS), 110 JJAHHBIM PA3HBIX aBTOPOB, HEYKJIOHHO
pacrer. O6Iasi pacnpoCcTpaHEHHOCTh MaKPOCOMUHU
(24000 1) cocTaBisIeT 17—29 % y JKEHIIUH ¢ Hesleue-
HBIM T'eCTaIllOHHBIM Auaberom [12, 13].

Ha 13-i1 Hen GepeMeHHOCTH THUIIEPHHCYJIMHE-
MU MaTePU MIPUBOAUT K U3OBITOYHOMY IIOCTYILIIE-
HUIO TJIIOKO3bI K IUIOLY, BBI3BIBAIOIIEMY THIIEPTPO-
¢duro u runepruiasuio ero B-kierok, a 3areM (e-
TQJIbHYI0 THIEPUHCYJIMHEMHIO, YTO OOYCJIOBIUBA-
€T JaJbHEeHIe MaToJIOTHYecKie U3MeHeHUs, pas-
BUBAOINMeECS V IIIoAa [2, 9, 14]. [TiukemMus matepu
BBIIIE 5.8 MMOJIB/JI HATOIIAK U 7.8 MMOJIb/JI TIOCTIE
€/1bl TIOBBIIIAET PHUCK Pa3BUTHSA KPYITHOIO IUIO/A B
5—Q pa3 0 CPAaBHEHUIO CO 37I0POBBIMH JKEHIIMHA-
MH, Y KOTOPBIX YPOBEHb IJIFOKO3bI KOJIEOIETCS OT 3.3
J10 6.6 MMoJib/J1 [6, 9]. ITocse 28-ii Hesr GepeMeHHO-
CTH IIJIOJT HAUMHAET CAMOCTOATEILHO CHHTE3UPOBATh
TPUTJIHIEPU/IBI U (POPMUPOBATH HMOAKOKHYIO KUPO-
BYIO KJIETUATKY, (DeTabHAS TUIIEPUHCYTUHEMUS CTa-
HOBHTCSI OCHOBHOU IIPUYHMHON CHH/IPOMA OIlepeKe-
HUS BHYTPUYTPOOHOTO Pa3BUTHUS IUIOIA BCJIEJICTBUE
CTUMYJIUPOBAHHOM aKTUBAIMU Jiunorenesa [15]. Tu-
arHOCTHKA MAaKpPOCOMUHU ITPOBOJAUTCS HA OCHOBAHUH
JlaHHbIX Y3U: yBesrueHne OCHOBHBIX pa3MePOB ILJIO-
Jla B CPABHEHUH C PeaJIbHBIM CDOKOM recTanuu 6osiee
yeM Ha 2 HeJl, WX >90-TO IePIEeHTWIs Mo TabIule
JMMHAMUKH BHYTPUYTPOOHOTO pocTa mwioza [16]. Ipy-
TUMU YIBTPa3ByKOBBIMHU (Y3) IpU3HAKaMH HAYMHA-
foieiics nuabernaeckol dperonatun (JIP) sBIIsIOT-
CsI: IUCIIPOTIOPIUSA Pa3MEePOB IIJI0/Ia, OTEUHOCTD TKa-
HEH U MOJKOKHOH JKUPOBOU KJIETYATKH, UTO TaKIKe
00yCJIOBJIEHO THIIEPUHCYJIMHEMUEN Y IIJI0ZIa BCJIE/I-
cTBHUe AekomieHcaruu C/I matepu [2].

JITUTEeNIbHOCTD THUIIEPTJINKEMUN y OepeMeHHbIX
B rpyune ¢ I'C/I cocraBuiia B cpefiHeM 2.8 + 1.4 Hen,
B rpynne ¢ MCJ] — 21.7 + 4.7 Hex, (p < 0.05).

thors, the prevalence of such pathology as big fetus
(=90th percentile) keeps growing. The general prev-
alence of macrosomia (>4000 g) comprises 17—29 %
in women with untreated GDM [12, 13].

In the 13th week of pregnancy, maternal hyper-
insulinemia leads to excessive glucose supply in fetus
that results in the hypertrophy and hyperplasia of its
[-cells, and fetal hyperinsulinemia determining the
development of further fetal pathologies [2, 9, 14].
The maternal glycemia above 5.8 mmol/l in fasting
and 7.8 mmol/] in fed condition increases the risk
of macrosomia 5—9 times compared with healthy
women whose glucose level varies from 3.3 to 6.6
mmol/l [6, 9]. After the 28th week, a fetus starts to
synthesize triglycerides and form subcutaneous fat
tissue. In this case, fetal hyperinsulinemia becomes
the main reason of advanced prenatal development
due to stimulated lipogenesis in fetus [15]. Diagnos-
tics of macrosomia is carried out based on US data:
fetus enlargement in comparison with more than
2-week gestation period, or >90 percentile based on
prenatal growth tables [16]. Other US indicators of
diabetic fetopathy (DF) include fetal size dispropor-
tion and subcutaneous tissue edema due to the fetal
hyperinsulinemia caused by maternal DM decom-
pensation [2].

The duration of hyperglycemia in the GDM
group was 2.8 + 1.4 weeks in average, and in the
MDM group — 21.7 + 4.7 weeks (p < 0.05).

In the MDM group, 3 women developed polyhy-
dramnios; 5 — degenerative changes in the placen-
ta; 5 — macrosomia; 2 — fetal hypoxia. In the GDM
group, 1 woman developed polyhydramnios, and
2 — placental insufficiency.

In our study, most of the fetal and placental pa-
thologies were registered in the MDM group (Table
3).

Maternal hyperglycemia causes excessive glu-
cose rate in fetus, as maternal ketonemia leads to
ketone bodies trigger diabetic fetopathy [2]. Hyper-
glycemia leads to morphological changes in a form-
ing placenta causing the last to increase in size due
to cytotrophoblast and villi proliferation, and the
edema and fibrosis of villi stroma. Reduced intervil-
lous space leads to reduced fetoplacental blood flow
and the chronic fetal hypoxia already triggered by
the high level of maternal HbA1c (analogous to oxy-
gen) [2, 9, 17].

Thus, the obtained results confirm the data
proving that hyperglycemia in pregnant women can
be one of the reasons of macrosomia, placental in-
sufficiency and chronic fetal hypoxia [6, 13].

38

Journal homepage: http://jsms.ngmu.ru



Belovodenko M.A. et al. / Journal of Siberian Medical Sciences 2 (2018) 34—42

B rpymme 6epemennsix ¢ MC/I y 3 »xeHIuH Oe-
PEMEHHOCTh OCJIOKHUJIACh MHOTOBOZIMEM, V 5 ObLIH
3a(pUKCUPOBAHBI JleTeHePAaTUBHbIE NU3MEeHEeHUs II1a-
LIeHTHI, TAK)Ke ¥ 5 MAIlUEeHTOK — Y3 IIPHU3HAKU KPYII-
HOTO IUIOZA, V 2 OepeMeHHBIX — THIIOKCHA IUToa. B
rpyme 6epemenHsix ¢ I'C/1y 1 6epemenHo ObutH Y3
MIPU3HAKU MHOTOBOZIUS, ¥ 2 GepeMeHHbIX JlereHepa-
THUBHBIE U3MEHEHN S IIJIAlleHTHI.

ITo mapHBIM Y3 maTOJIOTHIO ILIOAA U ILJIalleH-
THI TIPEUMYINECTBEHHO HAOJI0AaIu B rpyIe Gepe-
MeHHbIX ¢ MC/] (Tabu. 3).

[Ipy HASTMYMY TUIIEPTTINKEMUN Y MaTepH K ILIO-
JIy TaKKe IOCTYyIIaeT N30bITOYHOE KOJTHMIECTBO IJIIO-
ko3bl. [Ipu KeToHEMUM y MaTrepu 4epe3 IUIANEHTY
OecIpensATCTBEHHO MTPOHUKAIOT U KETOHOBBIE TeJIa,
SABJIAIOIINECS OCHOBHBIMU TPUITEPHBIMU BelllecTBa-
MH B 3amycke MexaHusMma paszsurtus 1@ [2]. T'unep-
IJINKEMUS IPUBOAUT K MOPQOJIOTUYECKUM U3MeEHe-
HUAM (POPMUPYIOIIEHCS TITAIEHTDI, TIOCJIEHSS YBe-
JIMYMBAETCS B pazMepax 3a cueT Iposudepanyu nu-
ToTpodobiacra, oTeka U GpuOpo3a CTPOMBI BOPCHUH,
pa3BeTBJIEHUS U YBEJIMUYEHUs UX OOIIel IMOBEPXHO-
CTH. YMeHbIlIeHHe 00beMa MEeXBOPCUHUYATOTO IIPO-
CTPAHCTBA BBI3BIBAET CHIKEHHE KPOBOTOKA B (PETO-
IJIalleHTapHOM KOMILJIEKCE B XPOHUYECKYI0 THIIOK-
CHIO IIJIOZIA, KOTOPAs yKe PAa3BUBAETCS IIPH BBICOKOM
conep:xanuu HbA1c (MMero1ero BbICOKOE CPOICTBO
K KHCJIOPO/ly) Yy Martepu [2, 9, 17].

Takum 06pazom, IOyuyeHHbIE Pe3YIbTATHI IO/~
TBEPKIAIOT JaHHbBIE [6, 13] O TOM, YTO THIIEPIJIHKE-
MU BO BpeMs OepEMEHHOCTU SIBJISETCS OHOH M3
IIPUYUH MaKpocoMuH, heToILIalleHTApHO! HeJI0CTa-
TOYHOCTH, XPOHUYECKOHN BHYTPUYTPOOHOI TUITOKCUHU
IUTOIA.

OZHUM U3 caMbIX PAaHHHUX IPU3HAKOB THUIIEP-
IVINKEMUH Y MAaTEPU MHOTHE aBTOPHI CUUTAIOT Pa3BU-
THE MHOTOBO/IHS, KOTOPOE OCJIOJKHSAET TeueHue Oepe-
menHoctu ripu I'C/] B 20—60 % HabmoaeHu# [3, 15].
B Hamem wmccieoBaHUM MHOTOBOJIMEM OCJIOXKHU-
Jjach OepeMeHHOCTh Y 10 % keHmuH ¢ I'C/l, uato co-
otHOcuTcA ¢ manubivu JI.E. Pagenkoi u coasT. [18]
(MHOTOBOZIIEM OCJIOXKHWIWIACH OEpEeMEHHOCTh y 11
(23.9 %) xkenmun ¢ I'CI u3 46), a takxke M.®. Kuce-

Many authors consider polyhydramnios as an
early sign of maternal hyperglycemia. In GDM pa-
tients, this complication develops in 20-60 % of
cases [3, 15]. Our study demonstrates 10 % com-
plication rate, which is comparable with the results
of L. Radetskaya at al. [18], where polyhydramnios
developed in 11 GDM patients to be 23.9 % of 46
females studies; and with the results of M. Kiselev-
ich et al. [19], where the complication developed in
11.2 % of 322 women.

It is considered that fetal polyuria plays a major
role in polyhydramnios pathogenesis, when the caul
reacts to excessive amount of glucose in the amni-
otic fluid when the first passes the placental barrier.
Moreover, 89 % cases of maternal hyperglycemias
are accompanied by amniotic epithelium dysfunc-
tion that manifests itself by increased concentra-
tions of glucocorticosteroids, which is never a case
in uncomplicated pregnancy. DM polyhydramnios
may also be related to swallow disruption due to
chronic hypoxia [3, 15].

DM decompensation in the third trimester it-
self can be the reason for prenatal losses. During the
36—38th week, the transitory daily-based increase of
maternal glucose above 7.8 mmol/] (whole capillary
blood) may result in intrauterine fetal death. Even
in case of screening and intensive treatment of GDM
patients, the amount of newborn complications var-
ies from 12 to 28 % [2]. Thus, women with one or
more risk factors of GDM or type 2 DM should be
thoroughly supervised by gynecologists, physicians,
endocrinologists, since their increased blood glu-
cose level may provoke such complications as poly-
hydramnios, macrosomia, placental insufficiency
and fetal hypoxia, and as it has been confirmed by
our study, the blood glucose level and hyperglyce-
mia duration become the crucial factors.

CONCLUSION

Hypoglycemia is pregnant women that ex-
ceeds 5.1 mmol/l in fasting condition and 7.0 mmol/1

Taoauna 3. YactoTta OCJI0KHEHUH IJI0/]a U TUTAIEHTHI TI0 pe3ysibratam Y3U (%)

Table 3. Fetal and placental complication rate (%)

Ocnoxuenust / Complications SLCAL L ol L CI0nA
(n=238) (n=10)

Mmuorosozue / Polyhydramnios 37.5 10.0

JlereHepaTrBHbBIE U3MeHeHUs M1aneHTs! / Degenerative changes in the pla- 62.5 20.0

centa

Kpymssiii wios / Macrosomia 62.5 0.0

T'unokcus wiona / Fetal hypoxia 25.0 0.0

Journal homepage: http://jsms.ngmu.ru

39



Benosodenxo M.A. u dp. / Journal of Siberian Medical Sciences 2 (2018) 34—42

JIEBUY U cOaBT. [19] (MHOTOBOIMEM OCIOMKHUIACH Oe-
PEMEHHOCTD ¥ 11.2 % KEeHIIUH U3 322).

CunTaercsi, YTO B IaTOTeHe3e€ MHOTOBOJAMS OC-
HOBHYIO POJIb UTPAeT MOJINYPHSA IUIOJIa — PeaKIus
BOZTHOM O0OOJIOUKH ILJIOJIA HA IOBBIIIEHHOE COJIEP-
JKaHUe TUIIOKO3bI B OKOJIOILJIO/THBIX BOJIaX, TaK Kak
OHAa MIPOXOJIUT Yepes IIalleHTapHbIi 6apbep. Kpome
TOTO, THUIEPIIIUKEMUS Y MaTepu B 89 % cirydaeB co-
MPOBOK/IAeTCs M3MeHeHneM (DYHKIIMM aMHHOTHYe-
CKOTO BIUTEHs, IPU STOM B aMHHOTHYECKOH KU~
KOCTH OOHApPYKUBAIOTCA B MOBBIIIIEHHBIX KOHI[EHTPA-
[USIX TIIOKOKOPTUKOCTEPOU/Ibl. MHOTOBOIHE v Oepe-
MeHHBIX ¢ C/I Tak»ke CBSA3BIBAIOT C HAPYIIIEHUEM TJI0-
TaTeJIbHBIX JABIKEHUH Y IJI0/1a, KOTOPOE MOSBJISIETCS
B YCJIOBUSIX XPOHUYECKOH TMITOKCHH [3, 15].

Cama mo cebe nmexommencanusa CJ] Bo Bpems
3-TO TPUMeECTpPa MOKET SIBUTHCS MPUYUHOU MEPH-
HaTaJIbHBIX TIOTEPh. TPAaH3UTOPHBIE TTOABEMBI YPOB-
HS IVIHKEMUM Y MaTtepu Ha 36—38-ii Hes OGepeMeH-
HOCTH B TEUEHHeE JIHA [epe;] IpueMamMu Uiy 6osiee
7.8 Mmoib/71 (LeTbHAA KaIWLIAPHASA KPOBb) MOTYT
MIPUBECTH K aHTEeHATaJIbHOU rubenu mioga. Jlaxke c
BBeIEHHEM CKPHUHWHTA U HHTEHCHBHOTO JIEUEHHs
607bHBbIX ¢ ['C]T 4KCiIo OCTOKHEHUN Y HOBOPOIKIEH-
HBIX, poauBIIuxcsa oT matepeit ¢ I'C/I, Bappupyet oT
12 710 28 % [2]. Takum ob6paszom, KEHITUHBI, UMEI0-
e OAWH MM HECKOJIbKO (DAKTOPOB PHCKA pa3BU-
tust I'C/l, caxapHoro auabera 2-ro THIIA, IIPU ILJIa-
HUPOBAaHUHM OEPEMEHHOCTH JOJDKHBI HaXOJIUTHCS
IO/ TIPUCTAJIBHBIM HAOJII0/IEeHUEM TUHEKOJIOTOB, Te-
pameBTOB, SHAOKPHHOJIOTOB, TaK KaK IMOBBIIIEHHE
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in two hours after meal in venous plasma is accom-
panied by excessive placental insufficiency, fetal hy-
poxia and fetopathy. Being in such a condition for a
long period of time leads to prenatal complications.
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VPOBHSI TJIMKEMUHM MOKET ITPOBOIMPOBATH Pa3BHU-
THE TaKUX OCJIOKHEHUH OEpeMEHHOCTH, KaK MHOTO-
BOJIMIe, KPYITHBIN ILUIO/T, IeTeHEPaTHBHbIE U3MEHEHU s
IUTIAIEHTHI, TUIOKCHS IIOZA, IPUYEM YPOBEHD TJIU-
KEMUHU U TPOJOJLKUTEIBHOCTh TUIIEPTIIUKEMHUN Oy-
JIyT UMETh pelrarolinee 3HaUeHne, YTO OTBEPIK/IA-
€T Hallle HCCJIeIOBaHHE.

3AK/IIOYEHMUE

Pa3BuTHE TUTIEPTIIUKEMUN Y OEPEMEHHBIX BBIIIIE
5.1 MMOJIb/J1 HATOIIAK U OoJiee 7.0 MMOJIb/JI Yepe3
2 Y [I0CJIE €/IblI COTIPOBOXK/AETCS BHIPAYKEHHBIMH U3-
MEHEHHSM IUIAIeHThl, MHOTOBOJAVEM, THIIOKCHYe-
CKUMU U3MeHeHHUs MU U deTonaruei mwiozga. [Ipedpr-
BaHHe OepeMeHHOU KEHIIUHBI B COCTOSHUU TUIIEP-
IVINKEMUH B TeUeHUEe MPOJIOJIKUTETHHOTO BPEMEeHH
IIPUBOAUT K BHYTPUYTPOOHBIM OCJIOKHEHHSAM Oepe-
MEHHOCTH, 00YCJIOBJIEHHBIM MTATOJIOTHEH TIIO/A.

KoHnduKT nHTEepeCcoB. ABTOPHI 3a5BJISIOT 00
OTCYTCTBUM KOH(QIIMKTA UHTEPECOB.
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CBEAEHHUA Ob ABTOPAX

BesoBoaenko MapuHa AjlekcaHAPOBHA — KJINHUYeE-
CKUU uHTepH Kadenprl sHAokpuHosoruu ®I'6OY BO
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yHuBepcuteT» Munsapasa Poccun.
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