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= Hypothesis/aims of study. Academician Vasily G. Baranov’s statement that achieving normal glycemia is the main con-
dition for successful pregnancy outcomes in women with diabetes mellitus has already been proven. Unfortunately, these
tight glycemic targets are hard to be achieved especially in metabolic changes during pregnancy. Glycemic variability is
a new glycemic parameter available due to continuous glucose monitoring (CGM). Pathological glycemic variability can
be an important risk factor for oxidative stress along with chronic hyperglycemia in patients with type 1 diabetes melli-
tus (T1D). However, there is no enough literature confirming the effect of pathological glycemic variability on pregnancy
course and outcomes in T1D women. The aim of the study is to analyze different modes of insulin therapy for glycemic
targets achievement and glycemic variability reduction in T1D pregnant women.

Study design, materials, and methods. 100 women treated with continuous subcutaneous insulin infusion (CSII) and
another 100 women treated with multiple daily injections (MDI) of insulin were examined. Indices of glycemic variability
were estimated.

Results. Glycemic variability was significantly lower in CSII patients compared to the MDI group. The influence of
glycemic variability on endothelial dysfunction was confirmed for T1D pregnant women. CSII proved advantages in
achieving glycemic targets without increasing glycemic variability and hypoglycemia.

Conclusion. CSII combined with CGM is the most optimal insulin therapy for glycemic targets achievement without
an increased risk for glycemic variability and hypoglycemia.

= Keywords: diabetes mellitus type 1; pregnancy; glycemic variability; continuous subcutaneous insulin infusion;
continuous glucose monitoring.
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= Axmyanvnocmy. OOljenpr3HAHHBIM CTal Te3NC akajeMmmka Bacwmmst TaBpmnoBuua BapanoBa o Heo6xommmo-
CTU IOOCTVDKEHUA (bI/ISI/IOIIOI‘I/I‘IeCKI/IX 3Ha‘IeHI/II‘/'[ TJIMKEMUN KaK OCHOBHOTO YCHOBI/IH 6IIaI‘OIIOIIY'~IHOI‘O Te€4YEeHUs U UC-
XOfI0B OepeMeHHOCTHM y XeHImyH ¢ caxapHbiM guaberom (CHI). OpHako AOCTMYb TAKUX IIE/IEBBIX YPOBHEI TPYLHO,
TaK Kak BO BpeMs OepeMEHHOCTM MPOUCXOMAT M3MeHeHMs MeTabo/nm3Ma B OpraHyu3Me MaTepu, CBsi3aHHbIE C obec-
IIeYeHneM pOCTa n paSBI/ITI/IH IIoga. OIIH]/IM 713 HOBBIX HapaMeTpOB TJINMKEMMNYECKOTO IIpO(I)I/UIH, HO}IY‘{EHHOI‘O C I10-
MOIIIbIO HerepI)IBHOFO MOHI/ITOpI/IpOBaHI/IH TJIFOKO3bI, AB/IAETCA BapMa6e}IbHOCTb KOHHeHTpaHI/H/I TJTFOKO3bI. HaTOTIO-
IrmyecKkasna BapI/Ia6eJ'II)HOCTI:> TJTFOKO3bI MOXXET 6I)ITI) 3HAaYVMbIM (baKTOpOM B paSBI/ITI/H/I OKCNJJATUBHOTO CTpecca Hap;my
C XpOHI/I‘{ECKOﬂ I‘I/IHCPI‘HI/IKCMI/ICI‘/'I y IMIAIIMEHTOB C CH 1-ro Tuma. HaHHbIe m/ITepaTypr, HO]ITBep)KJIaIOILU/Ie B/IVIAHME I1a-

MypHan akywepcTsa 1 eHckux GonesHei 2019 Tom 68 Bbinyck 3 ISSN 1684-0461 (Print)
Journal of Obstetrics and Women'’s Diseases Volume Issue ISSN 1683-9366 (Online)



I

TOJIOTMYIECKOIT BaprabeIbHOCTH I/IIOKO3Bl Ha TedeHNe I UCXONbL bepemMeHHOCTH Y >KeHuH ¢ CJI 1-ro Tnma, Mamoduc-
JIEHHBI.

ITenv — npoanammanposaTb 9P PeKTUBHOCT PA3INIHBIX PEXKNMOB MHCYIMHOTEPAINH B JOCTVDKEHNY [e/IeBbIX 3HA-
YeHMII IIKeMUM, YMEHbIICHNN BapuabeIbHOCT III0KO3bL ¥ 6epemenHbix ¢ CJI 1-ro Tuma.

Mamepuanvt u memoovt uccnedosanus. IIpoBeneH aHaaM3 IOKa3aTenell BapnabebHOCTY IIIOKO3bI C IIOMOIIIbIO He-
IIPePLIBHOIO MOHMTOPVMPOBAHIA IIIOKO3BI y 100 SKeHIIVH, MCII0/Ib30BABIINX IOCTOSHHYIO IOKOXHYI0 MHY3UIO MHCY-
nmuHa, 1y 100 >XeHIMH, UCI0Ib30BABLINX PEXUM MHOXKECTBEHHDBIX MIH'BEKLIMI MHCY/IMHA.

Pesynvmamuvt uccnedosanus. BapuabelbHOCTb IIIOKO3bI OblIa 3HAYMTENIBPHO HIDKe B TIpymme manyeHtok ¢ ClI
1-ro TuIa, IPUMEHABIINX [OCTOSHHYIO OJKOXHYI0 MHPY3UIO MHCY/INMHA, 10 CPABHEHMUIO C MAIMeHTKaMM, UCIONb30-
BaBIIVMM PEXVM MHOXKeCTBEHHBIX VIHbEKIMII NHCYIMHA. [IoATBep>KaeHa poib BapuabeIbHOCTH III0OKO3BI B Pa3BUTUN
9HIOTE/MNAIBHOTO NMOBpeXXfieHnA y 6epeMenHbIX ¢ ClI 1-ro Tuma. JJokazaHO IpeMMyIecTBO peXVIMa IIOCTOSHHOM MOJ-
KOXKHOI MHQY3UYM VHCYINHA B TOCTVDKEHNN Lie/IeBbIX 3HAYCHMII IIMKeMUM 0e3 YBeIudeHNs CTelleHN BapuabenbHOCTH
TJTIOKO3bI I YaCTOTBI TUIOTTIMKEMUYECKUX COCTOSHUIIA.

3axnrouenue. [TocTosHHAA TORKOXHASA MH(Y3MA MHCYINHA B COYETAaHNM C HEIIPEePbIBHBIM MOHUTOPYMPOBAHMEM ITTIOKO-
3Bl SIB/IAIETCS OTVMA/IBHBIM PEXXIMMOM VHCY/IVHOTePAINH B JOCTYDKEHNMY 1le/IeBbIX 3HAYEHNIT ITIMKeMMH Oe3 yBeIMYeHs
4aCTOTBI TUIIOIIMKEMIYECKIX COCTOSIHIIL U BapMaOeIbHOCTH IIIOKO3BI.

ORIGINAL RESEARCHES / OPUTVIHAJIBHBIE MCCJIEJOBAHIA

= KnroueBsbie cnoBa: caxapHsiit juaber 1-ro Tuma; 6epeMeHHOCTh; BaprabebHOCTh IIIOKO3bI; IIOCTOSIHHASI TOJKOXKHAs

I/IH(bYSI/IH VHCY/IVHA; HEIIPEPPIBHOE MOHUTOPVMPOBAHME ITTIOKO3bI.

Introduction

The possibility of childbearing in female patients
with type 1 diabetes mellitus (DM1) depends on
the degree of compensation of diabetes-related
carbohydrate metabolism disorders. Metabolic
changes in pregnancy are due to the increasing
production of placental hormones during
late pregnancy, reaching maximum values in
trimester III. The insulin resistance that develops
during pregnancy leads to increased use of lipid
metabolism products, while glucose, which is the
main energy substrate, is saved for the nutrition
of the fetus. Glucose passes through the placental
barrier by accelerated diffusion depending on
the concentration gradient and is utilized by the
fetus two to three times faster than an adult [1].
In early terms of physiological pregnancy, glucose
utilization is increased because of the high rate of
glucose transplacental transition to the fetus and
the accumulation of adipose tissue in the maternal
body. Fasting glycemia in the mother decreases by
0.5-1.0 mmol/L and amounts to 3.8-4.2 mmol/L.
During embryogenesis from week 8 to week 13
of pregnancy, the need for insulin decreases by
5 %-20 % [2, 3]. The average daily glycemia during
physiological pregnancy is lower during the day,
and the level of glycemia in the fetus is 10 %-20 %
lower than in the mother [4]. This increases the
risk of hypoglycemic conditions and requires the
adjustment of insulin therapy (both bolus doses
and basal doses of insulin).

Metabolic changes in the pregnant woman’s
body with DM1 can affect significantly the state of
carbohydrate metabolism, lead to the progression of
DM vascular complications, and require adequate

glycemic control and optimization of the insulin
therapy mode. The primary condition for the
prevention of acute vascular complications of DM1
and progression of chronic ones during pregnancy
is the compensation of metabolic disorders typical
for DM, both at the planning stage and throughout
the pregnancy period.

Insulin therapy in DM1 patients is mainly
aimed at the compensation of insulin deficiency
and the maximum reproduction of physiological
fluctuations in its blood level. When choosing
a mode of insulin therapy, the specialists are
guided by the task of achieving the target levels
of glycemia in DMI1 female patients during
pregnancy. However, achieving physiological
targets for blood glucose during pregnancy can
increase the risk of occurrence of hypoglycemic
conditions and pathological glucose variability and
lead to complications both in the mother and in her
unborn child [5-7].

Achievement of physiological values of glucose
during pregnancy in DM1 female patients is the
main condition for a successful course and outcome
of pregnancy [8]. At present, target glycemia values
(in the absence of severe vascular complications of
DM) should be within the following limits: fasting
glucose should be < 5.1 mmol/L, that 1 h after
meal should be < 7.0 mmol/L in blood plasma,
and glycated hemoglobin level (HbAlc) must be
< 6.0 % [9]. The target glycemic values after meals
in a pregnant woman with DM1 can be achieved
with a correct estimate of the consumed amount of
not only carbohydrates but also proteins and fats,
which affect significantly the nature of the glycemic
profile after meals. It should be known and taken
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into account that the amount of protein and fat
equivalent to 100 kcal (418.4 kJ) corresponds to
1 XE and leads to an increase in blood glucose
levels after meals by 3-4 h. Calculation of a bolus
(prandial) dose of insulin is difficult for patients,
and often, postprandial hyperglycemia is associated
with an incorrect dose of insulin before meals.

Because of the introduction in the clinical
practice of a new method of round-the-clock
monitoring of glucose, it was possible to obtain
information on fluctuations in glucose levels during
the day in DM patients [10, 11, 13]. Various indices
are currently used to assess glucose variability. The
mean amplitude of glucose excursion (MAGE)
index was originally designed to estimate the degree
of glucose level fluctuations using the interval
between the data. The mean of daily differences
(MODD) index shows the circadian periodicity of
glycemic changes and thereby specifies the duration
of glucose variability. The continuous overall net
glycemic action (CONGA) index reflects changes
in the rate of glucose fluctuations to a greater extent,
and the standard deviation shows the difference in
the maximum values of glucose level. A decrease
in glucose variability reduces the likelihood that
glucose readings become within the range of
hypoglycemia of <3.5 mmol/L [14].

At present, only a few works are presented in
the literature, which demonstrates the influence of
pathological glucose variability on pregnancy and
the growth and development of the fetus [15, 16].

For more than 30 years, the mode of continuous
subcutaneous insulin infusion (CSII) using an insulin
pump has been used to optimize glycemic control.
Over the past decades, the technical capabilities of
the insulin pump have been improved significantly.
A bolus calculator has been introduced into insulin
dispensers, which optimize the dose of bolus insulin
depending on the meal or the necessary correction
of hyperglycemia. The insulin dispenser simulates
the fast and slow phases of the secretion of insulin
taken with food, which enables it to obtain glycemic
postprandial glucose profile close to a physiological
one [17]. One of the important functions of an
insulin pump is the possibility of reducing the
speed or stopping the administration of insulin,
which is the main mechanism that simulates a
decrease in insulin secretion while lowering the
level of glucose in the blood of a healthy person.
A number of authors emphasize a decrease in
the incidence of hypoglycemic conditions when
using CSII during pregnancy. Hypoglycemia is a
predictor of pathological glucose variability. Both
hypoglycemia and glucose variability are factors

ol

in the development of oxidative stress and can
initiate macrovascular and microvascular DM
complications [18, 19].

This study aimed to analyze the efficacy of
various modes of an insulin pump to reduce glucose
variability and achieve target glycemia values in
pregnant female patients with DM1.

Materials and Methods

Continuous glucose monitoring (CGM) was
conducted to 100 pregnant female patients with
DMI1 who used CSII and to 100 women who
used multiple insulin injections (MII) to evaluate
the efficacy of these insulin therapy modes in
achieving glycemic target values. For this purpose,
the 24-h (continuous) Paradigm real-time
glucose monitoring system, the Guardian system,
and the Paradigm® VeoTM system (Medtronic)
were used. The total monitoring duration for
each woman ranged from 288 to 432 h. Over
the entire monitoring period, between 85,000
and 99,000 glucose samples in the intercellular
tluid were taken from each patient. The transfer
to CSII was conducted at the Center for High-
Tech Methods for Treatment of Diabetes Mellitus
in the Reproductive Endocrinology Department
of the D.O. Ott Scientific Research Institute
of Obstetrics, Gynecology and Reproduction
based on recommendations for the provision
of specialized care for DM patients in the
Russian Federation “Algorithms for specialized
care for DM patients,” as well as local practice
conditions [9].

The age of women ranged from 18 to 38 years.
The average ages in the groups of women who
used CSII and MII were 26.5 + 5.6 and 25.2 + 6.1
years, respectively. The duration of DM in the
CSII group was 11.0 (5.0-17.9) years and in
the MII group was 11.0 (5.0-15.0) years. The
frequency of DM1 complications significant for
pregnancy was comparable in both groups, and
their median for diabetic proliferative retinopathy
was 11.5% (8.0 %-12.8 %) and for diabetic
nephropathy, chronic kidney disease C2, A2- A3
stages was 13.0 % (7.5 %-16.8 %). To analyze
the nature of the glycemic profile in all pregnant
women enrolled in the study, the amplitude of
glucose excursions was evaluated, and the glucose
variability indices MAGE, MODD, and CONGA
were calculated.

To compare the studied parameters with
different methods of insulin administration, the
nonparametric Mann-Whitney U-test or ¢-test for
independent samples was used. When conducting
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multiple comparisons, either single-factor analysis
of variance and the posthoc Tukey or the Kruskal-
Wallis H-test was used. Correlation analysis was
performed using the Spearman rank correlation
assessment. When comparing the indicators
measured in the nominal or ordinal scale, the chi-
squared test (x2) was used, and for small samples,
this criterion was calculated with Yates” correction.
Statistical processing was performed using the
Statistica 10.0 program.

Results

To choose the optimal bolus for controlling
postprandial glycemia in pregnant female patients
with DMI1, a comparative analysis of bolus
effectiveness was performed using MII, a standard
bolus, and a multi-wave bolus using CSII. The
diet of a pregnant woman with DM1 involves
a rational ratio of proteins, fats, carbohydrates,
and fiber, which requires fast and slow action of
insulin. The ratio of fast and slow parts of the bolus
in the CSII mode was distributed as follows: for
breakfast, the fast part was 58.8 % * 4.5 %, and
the slow part was 41.2 % + 4.0 %. For lunch and
dinner, the percentage distributions of fast and
slow parts of the bolus were 68.5 % + 5.5 % and
31.5 % * 5.5 %, respectively (Fig. 1). The frequency
of application of a multi-wave bolus during the day
was 75.55 % *+ 8.80 %. Under MII mode, the entire
bolus dose of fast-acting insulin was administered
as a single stage, which could cause hypoglycemic
conditions after 2.5-3 h.

%
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3aBTpak Obepn, Y3KUH
Breakfast Lunch Dinner
B Meg/ieHHas YyacTb MHOTOBOIHOBOrO 6otoca
Rapid bolus delivery
BbIcTpas YacTb MHOroBo/IHOBOroO 60toca
Slow bolus delivery
Fig. 1. Percentage distribution of rapid and slow bolus

delivery in type 1 diabetes mellitus pregnant women trea-
ted with continuous subcutaneous insulin infusion

T[IpolieHTHOE pacrpefiesieHne OBICTPONl U Mefi-
JICHHOJI YacTell MHOTOBOIHOBOTO 60Ji0ca y 6epeMeHHBIX
C caXapHbIM [yabeToM 1-ro THUIIA, MCIIONIb30BABIINX pe-
>KVM TIOCTOSTHHOI TTOIKOXHOI MH(YSUM MHCY/INHA

The ratio of the bolus and basal daily doses
of insulin during pregnancy did not significantly
differ in the CSII and MII groups (Fig. 2).

In the group of pregnant women who used the
double (multi-wave) bolus mode using an insulin
pump, the levels of postprandial glycemia reached
the target values after breakfast, lunch, and dinner
(p < 0.05) and were lower than in pregnant women
who used a simple bolus in the CSII and MII modes
(Fig. 3).

It is noteworthy that glucose variability after
meals in terms of standard deviation in the group
of pregnant women who had injections of a multi-
wave bolus using an insulin pump was lower at
1.8 £ 0.6 compared with the data of pregnant
female patients with DM1 who used only a simple
bolus both in the MII (2.5 + 0.8) and FII (2.1 + 0.6)
modes (p < 0.01).

One of the important characteristics of efficacy
and safety of various modes of insulin therapy is the
frequency of hypoglycemic episodes in DM1 patients.
The frequency of hypoglycemic episodes per week
with self-monitoring of glycemia (measurement
frequency of 8-10 times a day) in the CSII group
was significantly lower in trimesters I, II, and III of
pregnancy compared with the MII group (Fig. 4).

The duration of the hypoglycemic state according
to the CGM results in the group of women using
CSII was less and amounted to 8.0 (0-12.6) min
per 24 h, and in the group of women treated in
the MII mode, it was 20.0 (2.5-63.3) min per 24 h
(Z = 4.56; p < 0.001).

In the course of the work, the average glucose
level, the minimum and maximum values of the
glucose level in the extracellular fluid for the entire
examination period were analyzed in both the CSII
(Fig. 5a) and MII (Fig. 5b) groups.

As can be seen from the data presented, the
amplitude of fluctuations in glucose levels was
significantly lower in women who used the CSII
mode (Fig. 5a).

The analysis of changes in glucose variability
in the dynamics in trimesters I, II, and III of
pregnancy with various modes of insulin therapy
was performed. The glucose variability indices (the
MAGE, MODD, and CONGA indices) improved,
as already from trimester II of pregnancy in
pregnant female patients with DM1 who used the
CSII mode, which was not registered in women
treated in the MII mode (Fig. 6).

Glucose variability was significantly lower in the
group of DM1 patients who used CSII compared
with pregnant DM1 female patients who used the
MII mode.
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Daily dose ratio of basal to bolus insulin in type 1 diabetes mellitus pregnant women treated with continuous

subcutaneous insulin infusion (a) and multiple daily injections of insulin (b)

A CootrHoleHne CyTOYHBIX 7103 6a3aMbHOrO M GOMIOCHOTO MHCYIMHA y GEPEMEHHBIX C CAXaPHBIM IrabeToM
1-r0 THITA, MCTIONB30BABIINX PEXUM TIOCTOSAHHOIN MOJKOXKHON MH(Y3UM MHCYMMHA (a) M PEKNM MHOXKECTBEHHBIX

MHDBEKLIMI MHCYINHA (b)

12
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8 [ I .

: | | .,

4
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0 75 7 6,8 7,2 6,4 6,3
3aBTpak Obep, YXUH
Breakfast Lunch Dinner

B bontoc (MHOKECTBEHHbIE UHBEKLMW UHCYIMHA)
Simple bolus (multiple daily injections of insulin)

CTaHAapTHbINM 6oatoc (NOCTOAHHAA NOAKOXKHAA MHAY3UA UHCYMHA)
Standard bolus (continuous subcutaneous insulin infusion)

[1BOIHOM 60nt0C (MOCTOAHHAA NOAKOMKHAA UHDY3UA MHCYNMNHA)
Multiwave bolus (constant subcutaneous insulin infusion)

Fig.3. Levels of postprandial glycemia in type 1 dia-
betes mellitus pregnant women who used a simple bolus
via multiple daily injections of insulin, a standard bolus
via continuous subcutaneous insulin infusion, and a mul-
tiwave bolus via constant subcutaneous insulin infusion
(*p < 0.05, when compared to the “bolus via multiple daily
injections of insulin” group)

[N VYpoBeHDb MOCTIPaHAMAIBHOI [IMKeMUN y Gepe-
MEHHBIX C CaXapHBIM AyabeToM 1-To THIIA, UCIIONb30BAB-
IIUX IIPOCTOI GOIOC B PeXKVMe MHOXECTBEHHbBIX NHDbEK-
LIWi1 MHCY/IMHA, CTAHIAPTHBIN 6O/IOC B PeKMMe MOCTOSH-
HOJI TOAKOXKHOI MHQY3UM MHCYIMHA ¥ MHOTOBOTTHOBOI!
60m0C B peXMMe IOCTOSHHON IOKOXKHON WHQY3UM
nHcymuHa (¥ p < 0,05 — oTIndne MeXAYy rpynmaMu «6o-
JIIOC B PEXIUME MHOXKECTBEHHDBIX MHDBEKLMII MHCYIMHA»
U «MHOTOBOJTHOBOII OO/IOC B PEXIMMe MOCTOSAHHOI MOf-
KOYXHOUI MH(Y3UM MHCY/INHA»)

A positive correlation was revealed between the
duration of DM and glucose variability, namely,
the indices MAGE (r = 0.47; p < 0.001), MODD
(r=0.39; p<0.001), and CONGA (r=0.23;
p < 0.05) for the entire period of CGM in pregnant

Hepenn
2’5 *H%
2 *ok
*
1,5
1 I I
0,5 I
0
| TpumecTp Il Tpumectp Il TpumecTp
| trimester II trimester Il trimester
MocTosHHAs NOAKOXHAA MHDY3NA MHCYNUHA
Continuous subcutaneous insulin infusion
B MHOXeCTBEHHbIE MHBEKLMM UHCYMHA
Multiple daily injections of insulin
Fig. 4. Frequency of hypoglycemic episodes (per week)

in type 1 diabetes mellitus pregnant women treated with
continuous subcutaneous insulin infusion and mul-
tiple daily injections of insulin (*p < 0.05, **p < 0.01,
***p < 0.001, when compared to the constant subcutane-
ous insulin infusion regimen in the relevant trimesters of
pregnancy)

XA Yacrora rUmornMKeMmuuecKuX SMu3ofoB (B Hefle-
m0) y 6epeMeHHBIX C caXapHbIM AnabeToM 1-ro Tua, uc-
II0/Ib30BABIINX PEXVM IIOCTOSHHON HOAKOXHOI MHY-
3UV MHCY/IHA U PEXUM MHOKECTBEHHbIX MHBEKIINIT H-
cymuHa (*p < 0,05, **p < 0,01, **p < 0,001 — oTmmuus
MEX/y IPYIIIAMU «PeXVMM MHOXXECTBEHHDBIX VHBEKIMI
VHCY/IMHA» U «PEXIM TIOCTOSHHOI OAKOXHOI MHY3UN
VHCY/IMHA» B COOTBETCTBYIOIIUX TPMUMeCTpax OepeMeH-
HOCTI)

women who used CSII. The data obtained can be
applied when choosing an insulin therapy mode
for women with a long duration of the disease.
The data are important, which are the evidence
of a positive correlation between the duration of
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Fig.5. The average, minimum and maximum values of glucose in the intercellular fluid during the period of conti-

nuous monitoring in pregnant women with type 1 diabetes mellitus, using the mode of continuous subcutaneous insulin
infusion (a) and the mode of multiple insulin injections (b)
T3 Cpepnue, MyHMMANbHbIE ¥ MAKCUMA/IbHbIE 3HAYEHMS YPOBHA IMIOKO3bl B MEXKKIETOYHOM >KMAKOCTH 32
[epUOJ, IPOBEJEHNsI HEIPEPBIBHOIO MOHUTOPMPOBAHNMS y OEpPEMEHHBIX C CaxapHbIM AyabeToM 1-ro Tuma, MCIONb-
30BABIINX PEXNM IIOCTOSHHON ITOAKOXXHOU MHQY3UM MHCYIVMHA (d) M PeXMM MHOXXECTBEHHBIX MHDBEKIMI MHCY-
muHa (b)

the hypoglycemic state in the group of pregnant conditions in women who used CSII for the entire
DM1 female patients and the von Willebrand factor ~ period of CGM, which, in our opinion, is associated
indices in the study group (r=0.23, p <0.001) with the functions of the insulin pump.

and the group of women who used CSII (r = 0.25,

P <0.01). Discussion

The dependence of glucose concentration According to Tay [20], postprandial glycemia
variability indices and the endothelial damage determines 46 % of the total HbAlc and 80% of
index of the von Willebrand factor was studied. The  the average daily glycemia level. It is also the main
dependence of the CONGA glucose variability index ~ factor in endothelial damage as well as causes
(determination of glucose level changes over time)  somatomegaly in newborns from DM1 mothers. In
on the von Willebrand factor (r = 0.17; p < 0.05) was  our work, the frequencies of insulin administration
revealed. In the group of pregnant female patients in DMI1 female patients using the CSII and MII
with DM1, who used MII, the correlation coefficient ~ modes were 8.20 +0.55 and 3.90 £ 0.65 times
of the MAGE index and von Willebrand factor was  a day, respectively (p < 0.01), which enabled to
0.54 (p < 0.05) and of the MODD index and von  achieve the target values of postprandial glycemia
Willebrand factor was 0.52 (p < 0.05). in the CSII group for most time of the day.

The proportions of DM1 patients who reached One of the priorities of our study was to
an HbAlc level of <6 % were 40 % in the CSII  assess glucose variability in DM1 female patients
group and 21.5 % in the MII group in trimester 1,  at different terms of pregnancy and its role in
70% in the CSII group and 50 % in the MII group  the development of endothelial dysfunction. In
in trimester II, and 56 % in the CSII group and recent decades, data have been presented, which
35 % in the MII group in trimester III. The target =~ demonstrate the significant role of pathological
level of HbAlc (< 6.0 %) was achieved in a large  glucose variability in the occurrence of endothelial
percentage of cases without an increase in glucose ~ damage, which is one of the causes of vascular
variability and the frequency of hypoglycemic  complications of DM [18, 21-24].
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Fig. 6. MAGE index (a), MODD index (b) and CONGA

index (c) values in I, II, and III trimesters of pregnancy in
type 1 diabetes mellitus pregnant women treated with con-
tinuous subcutaneous insulin infusion and multiple daily
injections of insulin (*p < 0.05; *p < 0.05, when compared
to the I trimester value in the relevant group)

A Iloxasarenu mupmekca MAGE (a), MODD (b)
1 CONGA (c) 81, Bo Il u B III TpumecTpax 6epeMeHHOCTI
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JIMHA ¥ PEeXUM MHOXXECTBEHHBIX MHDBEKLMII MHCYIMHA
(*p < 0,05 p < 0,05 — oTIMYMe TOKA3aTeNA OT €ro 3Ha-
4eHys B | TpuMecTpe B COOTBETCTBYIOLIEH I'PYIIIIe)

Morrow [25] found that oxidative stress markers
8-iso-prostaglandin F2/creatinine correlate with both
high levels of postprandial glycemia and the glucose
concentration variability index MAGE (r = 0.676
and r=0.457, respectively). The correlation of
oxidative stress markers was more powerful with
glucose variability indices (r = 0.69, p < 0.001) than
with HbA1c levels (r = 0.33, p < 0.001). The authors
suggested that “acute” glucose fluctuation may be a
significant factor in the development of oxidative stress
along with chronic hyperglycemia in DM1 patients,
which is consistent with the data on correlation
dependence of glucose variability in pregnant female
patients with DM1 on the von Willebrand factor.

Some researchers suggest that the fluctuation
of glucose can reduce the expression of
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genes regulating the decomposition of free
radicals [26].

One of the common causes of pathological
glucose variability is the hypoglycemic state.
In response to hypoglycemia, a series of
compensatory reactions are initiated in the body,
aimed at maintaining blood glucose levels within
physiological values. The level of catecholamines,
acetylcholine, and cortisol in the blood increases,
which in turn leads to responsive hyperglycemia.
Changing the concentration of glucose levels causes
hypercalcemia and hypomagnesemia, increases
the strength of heart contractions, cardiac output,
and peripheral systolic pressure, and activates the
processes of coagulation. This leads to a change
in hemodynamics, an increase in blood pressure,
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and an exacerbation of disorders in the hemostatic
system in pregnant female patients with DM1
[27-29]. The duration of the hypoglycemic state
in the group of women using CSII in our study was
8.0 (0-12.6) min per 24 h and was less than that of
women who applied the MII mode (20.0 [2.5-63.3]
min per 24 h; Z = 4.56; p < 0.001).

Analysis of the study results revealed a positive
relationship between the DM duration and
hypoglycemia duration during the period of CGM
(r=-0.19; p <0.05). These data can be used to
determine the strategy of insulin therapy to reduce
the risk of hypoglycemic conditions in women with
a long duration of DM.

Conclusions

The data obtained confirm the effectiveness of
the use of CSII and CGM in DM1 female patients
during pregnancy to achieve the target values of
glycemia, decrease the frequency and severity of
hypoglycemic conditions, and reduce glucose
variability. A decrease in the degree of glucose
variability in DM1 female patients during pregnancy
can be a condition to prevent the development of
endothelial dysfunction, which underlies obstetric
and perinatal complications in this category of
patients..
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