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AIM: The aim of this study was to evaluate soluble fms-like tyrosine kinase-1 (sFlt-1) and placental growth factor (PIGF)
levels in the blood of women with various types of diabetes mellitus, depending on the correction method applied, and to
determine the prognostic significance of the sFlt-1/ PIGF ratio for predicting the development of preeclampsia in this patient
population.

MATERIALS AND METHODS: We examined 140 pregnant women who were included in six main study groups: type 1
diabetes mellitus (with or without pregravid preparation), type 2 diabetes mellitus (diet therapy or insulin therapy), and ges-
tational diabetes mellitus (diet therapy or insulin therapy). The comparison groups consisted of pregnant women with pre-
eclampsia and patients without complications of pregnancy. Using electrochemiluminescence analysis, PIGF and sFlt-1 levels
in the blood serum were determined twice, at 117°-13* and 30*°-33" weeks of gestation. Statistical data processing was
performed using the IBM SPSS Statistics version 23 and GraphPad Prism version 8.0 software packages.

RESULTS: In the blood serum of pregnant women with diabetes mellitus in the first and third trimesters of pregnancy, we
found an increase in sFlt-1 level and a decrease in PIGF level, as well as an increase in the sFlt-1/ PIGF ratio. These changes
were most pronounced in individuals with type 1 diabetes mellitus without pregravid preparation and with type 2 diabetes
mellitus on insulin therapy. In patients with pregestational types of diabetes mellitus, the sFlt-1/ PIGF ratio was a predictor
of preeclampsia already in the early stages of pregnancy. Analysis of the ROC curve showed that the threshold sFlt-1/ PIGF
ratio for predicting preeclampsia in pregnant women with diabetes mellitus in the first trimester was 32.5 (sensitivity 92.9%,
specificity 50.0%) and in the third trimester 71.8 (sensitivity 85.7%, specificity 82.3%) with AUC 0.78 (95% Cl 0.68-0.88) and
0.89 (95% Cl 0.83-0.95), respectively. In the first trimester, the positive and negative predictive values of the sFlt-1/ PIGF ratio
as a predictor of preeclampsia in pregnant women with diabetes mellitus were 63.3% and 97.6%, respectively; in the third
trimester, 38.9% and 93.6%, respectively.

CONCLUSIONS: Blood level alterations of PIGF and sFlt-1 are characteristic of patients with diabetes mellitus in the first
and third trimesters of pregnancy. An increase in the sFlt-1/ PIGF ratio is associated with a higher incidence of unfavorable
perinatal outcomes in women with impaired carbohydrate metabolism. Determination of the sFlt-1 / PIGF ratio is a valid
method for predicting the development or absence of preeclampsia in women with diabetes mellitus.
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OueHKa ypoBHA pacTBopuMoi fms-nopobHou
TUPO3MHKMHa3bI-1 U nnaleHTapHoro ¢pakropa
pocTa AnA npeauKUMM pasBUTUA Npe3KNaMNcUm
y 6epeMeHHbIX ¢ caxapHbiM guabeToM

© P.B. Kanyctun'- 2, EMM. Lpibyk?, C.B. Yenanos', E.H. Anexceenrosa', E.B. KonTeesa?,
0.H. ApxkaHoBa' 2

! HayuHo-MCCNe0BaTebCKUIA MHCTUTYT aKyluepcTBa, FMHeKonorum v penpogyktonormun uM. [0.0. Otra, Cankr-letepbypr, Poccus;
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Llenv — oueHuTb copepanue pactopuMon fms-nogo6bHow TMpo3uHKMHa3bl-1 (sFlt-1) M nnaueHTapHoro daktopa
pocTa (PIGF) B KpOBU Y KEHLUMH C pas3fiMYHbIMK TUNAMM CaxapHoro AuabeTta ¢ y4eToM MeTOAa ero KOPPeKLMM, a TaKkKe
onpesenuTb NPOrHOCTUYECKYH0 3HAYMMOCTb CooTHOLeHNA SFIt-1/PIGF ona npeAnKumMmM pasBUTMA NPEIKNAMNCUM Y AaHHBIX
MaLMEeHTOK.

Mamepuanel u Memodbl. B vccnepoBanme BrtodeHbl 140 6epeMeHHBIX, KOTOPbIE COCTAaBUAM LIECTb OCHOBHBIX Ipynn:
C caxapHbiM AuabetoM 1-ro TMna (C HaM4MEM U OTCYTCTBMEM NpErpaBUAAPHOMA NOAFOTOBKU) U CaxapHbiM AuabeToM
2-ro TMNa W recTalMOHHbIA CaxapHbIM auabeToM (oueToTepanus, MHCYNMHOTepanuA). B rpynnbl cpaBHeHUsA Bownu be-
peMeHHble C MpesknaMncuelt U nauueHTKM 6e3 ocnoHeHui. KoHueHTpaumio nnaueHtapHoro ¢aktopa pocta (PIGF)
“ MeMbpaHHoro peuentopa fms-nogo6Hon TMpo3mHKKMHa3bl-1 (SFlt-1) B cbiBOPOTKE KpoBM OMpesensnu npy NoMoLLu
3NIeKTPOXEMUTIOMUHECLIEHTHOTO aHanu3a asamabl — B 11'9-13" u B 307°-33* Hepy. CtatncTndeckyio 06paboTKy AaHHbIX
MPoOBOAM/M NPX NOMOLLM NakeToB nporpaMM IBM SPSS Statistics version 23 n GraphPad Prism version 8.0.

Pesynemamel. Y bepeMeHHbIX C CaxapHbiM AMabeToM BbISBMEHO YBENMYeHUe comepanus sFlt-1 u cHukeHue co-
nepanuna PIGF, a Takke yBenuueHue cootHoweHus sFlt-1/PIGF B coiBopoTke KpoBu B | 1 Il TpuMecTpax 6epeMeHHoOCTY.
B HambonbLuelt cTeneHn 3TM M3MEHEHWS BbIf BbIPAMKEHDI Y HEHLLMH C CaxapHbIM auabeToM 1-ro Tmna 6e3 nperpasuaap-
HOM MOATOTOBKM M C CaxapHbIM AMAbeToM 2-ro TMMa Ha MHCYNIMHOTEPanuK. Y MaLMeHTOK C MperecTauuoHHbIMU TUNaMu
caxapHoro auabeta cootHowenue sFlt-1/PIGF ABnAnocb NpefMKTOPOM MPesKNaMICUK yHKe Ha PaHHWX CPoKax. AHanu3
ROC-kpuBoM nokasan, uto noporosoe cooTHolweHue sFlt-1/PIGF anAa npefmKumm npesaknamncum y bepeMeHHbIX € caxap-
HbIM AuabetoM B | TpuMecTpe coctaBuno 32,5 (4yBctButensHocTb — 92,9 %, cneumdmyHocts — 50,0 %), a B Ill — 71,8
(4yBcTBUTENBHOCT — 85,7 %, cneumduyHocTs — 82,3 %) npu nokasatensx AUC 0,78 (95 % M 0,68-0,88) v 0,89 (95 % M
0,83-0,95) cootBeTCTBEHHO. B | TpUMecTpe nonoxuTenbHas MpOrHOCTUYECKas LEeHHOCTb cooTHowweHnus sFlt-1/PIGF Kak
npeAvKTOpa Npeaknamncum y 6epeMeHHbIX C caxapHbIM AnabeToM coctasuna 63,3 %, otpuuarensHas — 97,6 %; B Il Tpu-
mectpe — 38,9 u 93,6 % cooTBETCTBEHHO.

3armoyeHue. N3meHeHWA KoHLeHTpauumin PIGF 1 sFlt-1 xapaKkTepHbl AnA NaLMEHTOK ¢ caxapHbiM aunabetom B | u Il pu-
MecTpax. YBenuyeHue cooTHoweHuA sFlt-1/PIGF accouumpoBaHo ¢ 6onee BbICOKOW 4acTOTOM He6MaronpuATHBLIX NepyHa-
TaNbHbIX UCXOLOB Y HEHLUMH C HapYLLIEHWAMM yrieBogHoro obmeHa. Onpepenenune cootHoweHua sFlt-1/PIGF aenaetca
BaNWAHbLIM METOLOM NPeUKLMM Pa3BUTUA UM OTCYTCTBUA NPEIKNAMICUM Y HEHLLMH C caxapHbiM AnabeToMm.

KnioueBble coBa: npesknaMncus; caxapHblil auabeT; nnaLeHTapHbIA GakTop pocTa; pacTBopuMas fms-noaobHana Tupo-
3WHKMHa3a-1; sFlt-1/PIGF.
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BACKGROUND

Preeclampsia (PE) occurs in 2%-8% of pregnant
women and is one of the leading causes of adverse ma-
ternal and perinatal outcomes worldwide [1, 2]. Although
the exact pathogenetic mechanisms of its occurrence are
still unknown, we know that the placenta plays a key role
in the pathogenesis of this gestational complication [3].
Its ischemic damage due to insufficient cytotrophoblast in-
vasion into the coiled uterine arteries results in an impair-
ment of the synthesis of angiogenic factors. As a result,
vascular factors are released into the maternal blood-
stream in excess amount leading to systemic endothelial
dysfunction and subsequently cause the entire range of
clinical manifestations of PE [1, 3, 4].

Angiogenic factors contribute to the development and
maturation of placental vessels. The main angiogenic factor
is placental growth factor (PIGF) which belongs to the family
of vascular endothelial growth factor and enhances its
angiogenic activity. The action of these proteins is mediated
through the fms-like tyrosine kinase-1 (sFlt-1) membrane
receptor [5]. However, under unfavorable conditions, the
production of this protein in its soluble form is excessively
increased and it interacts with angiogenic factors circulating
in the bloodstream. This leads to a significant decrease in
the levels of free PIGF, thereby preventing its binding to
membrane receptors [4, 5]. A decrease in the plasma level of
PIGF and an increase in sFlt-1 are characteristic of women
who will develop PE from early pregnancy [4, 6-8].

There is currently a steady increase in the incidence
of diabetes mellitus (DM) among pregnant women. Recent
studies reveal that hyperglycemia accompanies every
sixth pregnancy, with gestational diabetes mellitus (GDM)
accounting for the majority (84%) [9]. This condition is
associated with a high incidence of adverse perinatal
outcomes. Thus, the risk of PE increases by 2-4 times in the
presence of maternal DM [10]. With insufficient compensation
of carbohydrate metabolism in in patients with DM, the
number of immature villi in the placenta increases, and
peripheral villi become ischemic. Enhanced angiogenesis
under hypoxic conditions leads to pathological changes in
the placenta similar to processes occurring in PE [11, 12].
Thus, the pathogenesis of both PE and DM is based on similar
pathological reactions: endothelial dysfunction, oxidative
stress, angiogenic imbalance, and systemic inflammatory
response [2, 12, 13]. This is associated with changes in the
levels of angiogenic factors in patients with DM in the early
stages of pregnancy, regardless of the further development
of PE. In some studies, it is noted that the concentration
of free PIGF in women with pregestational types of DM is
significantly lower even in comparison with pregnant women
from high-risk groups for PE [14], as opposed to the level of
sFlt-1 [15]. In patients with DM, the sFlt-1/PIGF ratio takes
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on higher values relative to patients without carbohydrate
metabolism disorders throughout pregnancy [16]. This
greatly complicates the diagnosis of PE and the possibility
of predicting its development in patients with DM. Paucity
of information is available on this subject and findings are
often contradictory. However, early identification of pregnant
women with a high risk of this hypertensive complication is
necessary for more careful monitoring and for a timely start
of prevention of its occurrence [17, 18].

We therefore aimed at assessing the blood levels of
sFlt-1 and PIGF in women with different types of DM at
11*0-13* and 30"°-33* weeks of pregnancy, considering
the method of DM correction and the presence of pregravid
preparation, as well as determining the prognostic signifi-
cance of the sFlt-1/PIGF ratio for predicting the development
of PE in these patients.

MATERIALS AND METHODS

Study design

A prospective cohort single-center study was per-
formed in the D.0. Ott Scientific Research Institute of
Obstetrics, Gynecology, and Reproduction. We analyzed
the clinical and laboratory parameters of pregnant women
registered at the dispensary and received inpatient treat-
ment within the period from 2017 to 2019. The type of DM
and diagnosis of PE was established based on relevant
national clinical guidelines [19, 20]. We included those
with singleton pregnancy, the presence of DM (type 1,
type 2, GDM), and have consented to participate in the
study. Exclusion criteria included multifetal pregnancy,
cancer, severe somatic pathology, diabetes insipidus, and
refusal to participate in the study.

The study included 140 pregnant women who divided into
six main groups depending on the type of DM, the method
of its correction (diet/insulin), and pregravid preparation.
The comparison group included women with PE without DM,
and the control group included conditionally healthy patients:
+ type 1 DM — unplanned pregnancy, the level of glycated

hemoglobin (HbATc) > 6.5% (n = 20);

+ type 1 DM — planned pregnancy, HbAlc level < 6.5%

(n=20);

+ type 2 DM (insulin therapy) — n = 20;
+ type 2 DM (diet therapy) — n = 15;

+ GDM (insulin therapy) — n = 20;

+ GDM (diet therapy) — n = 20;
 comparison group, PE —n=10;

« control group — n = 15.

The levels of sFlt-1 and PIGF were determined in
patients with pregestational types of DM and in the control
group twice, at 11*9-13* and 30*%-33* weeks of gestation.
In patients with developed GDM and PE, measurements were
performed at 30 30°-33* weeks.
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Electrochemiluminescence assay

After obtaining peripheral venous blood and serum, the
samples were stored at -70°C until analysis. The levels of
sFlt-1 and PIGF in peripheral blood serum was determined
by electrochemiluminescence assay using commercial
test systems; Elecsys sFlt-1 and Elecsys PIGF made by
Roche Diagnostics GmbH (Germany) on an automatic
immunochemical analyzer Cobas e411 (Japan). The study
results were evaluated quantitatively (pg/mL).

Statistical analysis

Data was analyzed using SPSS V. 23.0 (USA) and Prism
8-GraphPad (USA). The distribution parameters of the
sample were assessed using the Kolmogorov-Smirnov
test. Statistical significance of the differences between the
guantitative parameters of the normally-distributed vari-
ables was determined, and one-way analysis of variance
was performed with the calculation of a 95% confidence in-
terval (Cl). For nonparametric distribution of varaibles, the
Kruskal-Wallis test of multiple group comparisons was used
with interquartile ranges (IQR). Dunn’s post hoc test was
used in calculations. The Mann-Whitney U test was used
to compare two independent groups. Statistical processing
of qualitative attributes was performed using the Pearson
2 test. To assess the predictive value of biomarker concen-
trations, a ROC analysis was performed and the areas under
the curves (AUC), positive (PPV) and negative (NPV) predic-
tive values obtained were calculated with the determination
of 95% CI. The hypothesis of equality of mean values in the
studied groups was rejected at a significance level of p < 0.05.

RESULTS

Clinical characteristics of the study groups

The characteristics of the studied groups are presented
in the Table 1. Female patients with type 2 DM and GDM
were older and had a higher pregestational body mass index
compared to patients in other groups (p < 0.05). The average
level of HbATc was consistently higher throughout pregnancy
with type 1 DM without pregravid preparation relative to the
values of the other groups (Table 1).

The highest body weight at birth was in children from
mothers with type 1 DM and GDM (Table 1). Women with
type 1 DM and those without disorders of carbohydrate
metabolism were more primiparas, while those with
type 2 DM and GDM were more multiparous. Four women
who were in the GDM groups on insulin therapy and with PE,
conceived through assisted reproductive technologies.

Most pregnant women with type 1 DM (70%) had diabetic
microangiopathies. In groups with type 2 DM, microvascular
complications occurred in only 30% of women who received
insulin. Every third patient with type 1 DM without pregravid
preparation had diabetic nephropathy (35%) (Table 1).
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Hypertensive complications of pregnancy were signifi-
cantly more frequent in patients with various types of DM.
In most cases, PE developed late, and severe forms of this
disease were typical for pregnant women with more pro-
nounced metabolic disorders (on insulin therapy). However,
PE most often occurred in women with type 1 DM without
planning pregnancy (40%) and with type 2 DM who received
insulin (50%). The average time of the PE manifestation on-
set did not differ significantly between the groups, but in
women with type 1 DM without pregravid preparation and
type 2 DM on insulin therapy, this disease was diagnosed
a little earlier than in pregnant women in other groups, on
average, at week 34. In patients with DM, childbirth occurred
earlier than full-term and ended in a low-birth-weight fe-
tus compared with women in the control group. The highest
prevalence of preterm hirth (40%) and low birth weight (30%)
were recorded among pregnant women from the compari-
son group (PE). Cases of fetal macrosomia were most com-
mon in patients with type 1 DM and GDM (27.5%) (Table 1).

Assessment of sFlt-1 and PIGF levels

During the study of the levels of sFlt-1 and PIGF
during pregnancy, differences were found in the serum
concentration of these biomarkers in women with disorders
of carbohydrate metabolism and PE as compared with
patients in the control group (Table 2, Fig. 1).

In the trimester | of pregnancy, the highest average
sFlt-1 values were recorded in patients with type 1 DM
without pregravid preparation and in those with type 2 DM on
insulin therapy, which were more than 2 times higher than
the level of PIGF in pregnant women in the control group
(p < 0.001). The PIGF concentration was lower in women
with pregestational types of DM, regardless of the type of
correction and pregnancy planning, compared with values in
healthy patients (p < 0.01). The opposite tendency was noted
for the sFlt-1/PIGF ratio: significantly higher in pregnant
women with DM, and the highest value was registered
in women with type 1 DM without pregravid preparation
(p < 0.001) (Table 2, Fig. 1).

In trimester Il of pregnancy, the levels of these
biomarkers differed between the groups in a similar way.
However, in patients with PE, the differences in sFlt-1 and
PIGF concentrations from those in the control group were
most pronounced. Among pregnant women with DM, the
highest concentrations of sFlt-1 were revealed in patients
with type 1 DM without pregravid preparation and with
type 2 DM on insulin therapy. Patients with GDM were also
characterized by an increase in sFlt-1 level, but to a lesser
extent than women with pregestational types of DM.
This indicator was strongly influenced by the type of DM
correction. Thus, in pregnant women on insulin therapy, the
sFlt-1 concentration was almost twice higher than in patients
with GDM on a diet. The lowest PIGF values were found in
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Table 2. Levels of sFlt-1 and PIGF in trimesters | and lIl of pregnancy
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sFlt-1, pg/mL

PIGF, pg/mL

| sFlt-1/PIGF

11*9-13*¢ weeks

2555.46* (1583.75-3628.75)
1790.3* (1559.25-2006.38)
2268.15* (1305.75-2863.75)
1793.5* (1346-2187)
927.01 (665.3-1113)
34.5
<0.001

42.46* (32.66-50.51)
43.45* (25.75-54.6)
43.43* (35.25-51.51)
43.76* (31-51.07)
69.94 (48.7-78.4)
15.31
<0.01

65.17* (34.7-81.08)
48.99* (30.06-65.34)
58.92* (29.01-69.94)
44.09* (35.42-49.82)
15.05 (9.42-20.16)
36.37
<0.001

30*9-33*¢ weeks

Group n
T1DM (no planning) 20
T1DM (planning) 20
T2DM (insulin) 20
T2DM (diet) 15
Control 15
XZ
p
T1DM (no planning) 20
T1DM (planning) 19
T2DM (insulin) 20
T2DM (diet) 14
GDM (insulin) 20
GDM (diet) 20
Control 15
Preeclampsia 10
XZ
p

7473.1* (5086.5-9009.75)
5204.42* (3876-6620)
6689.12* (4601.5-8813.85)
4743.96™ (6213.88-5096.88)
4911.9* (3613-6127.5)
2495.95 (1545.5-3211.5)
1828.47 (1506-2194)
8568.1* (6277.75-10499)
81.79
<0.001

70.85* (37.43-83.21)
89.81* (67.8-112)
102.32* (39.98-133.83)
104.92* (66.76-135.71)
117.69 *(62.87-170.28)
214.23* (163.26-289.65)
320.54 (250.8-379.32)
54.8 (36.68-76.33)
62.49
<0.001

189.07* (83.76-294.39)
66.77* (34.47-94.47)
140.57* (32.97-187.77)
48.79* (32.5-69.88)
72.62* (29.16-115.68)
19.56 (6.62-32.5)
7.08 (4.24-8.29)
171.09* (122.95-190.84)
65.73
<0.001

Note. TIDM — type 1 diabetes mellitus; T2DM — type 2 diabetes mellitus; GDM — gestational diabetes mellitus. Data are presented as
median (IQR). *p < 0.05 relative to the control group.
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Fig. 1. Levels of sFlt-1 and PIGF in trimesters | and Il of pregnancy: T1DM — type 1 diabetes mellitus; T2DM — type 2 diabetes mellitus;

GDM — gestational diabetes mellitus
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patients with PE, as they were six times lower than those in
the control group. Among patients with DM, the lowest PIGF
values were revealed in patients with type 1 DM. The sFlt-1/
PIGF ratio was highest in pregnant women with type 1 DM
without pregravid preparation. In other types of DM, the
value of this indicator was significantly influenced by the
method of glycemic correction. With insulin therapy, the
sFlt-1/PIGF ratio was higher (Table 2, Fig. 1)
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Changes in the concentrations of angiogenic and antian-
giogenic factors in women with disorders of carbohydrate
metabolism were assessed, depending on the subsequent
development of PE (Table 3).

In patients with type 1 DM without pregravid preparation
(n = 20), already in the trimester |, a high level of sFlt-1 was
associated with the development of PE in late pregnancy
(n=8) (p<0.05). The sFlt-1/PIGF ratio, which was

Table 3. Levels of sFlt-1 and PIGF in patients with diabetes mellitus depending on the development of preeclampsia

n T1DM (no planning) U p n T1DM (planning) U p
Indicator
11%9-13* weeks
SFIt-1, pg/mL NoPE—12  2097.83 (1493.75-2448.5) , NoPE—14 186335 (16265-21835) . ...,
PE—8 32419 (2215.9-3888.25) 22 0.045" pp_¢ 1619.83 (1263.75-1876.8) :
PIGF, pg/mL  NoPE—12 4478 (35.01-53.09) No PE — 14 46.12 (27.62-59.12)
PE—8 38.98 (28.53-49.23) 53 025 pp_y 37.23 (24-50.08) 345 0536
SFIt-1/PIGF No PE — 12 52.34 (30.2-60.73) 11 oggy NoPE—14 48.38 (29.7-64.69) 9 o
PE —8 84.4 (70.88-99.71) S PE_ 6 50.4 (30.61-72.67) :
30*0-33* weeks
SFIt-1,pg/mL NoPE—12  6543.58 (4338-7801.25) NoPE—14 438554 (3455-49285) oo,
PE—8 8867.38 (6147.25-119915) 26 0.09 pp_ ¢ 6978.67 (5874.5-7984.5) :
PIGF, pg/mL  NoPE—12  82.18 (462.28-125.18) NoPE—14  100.32 (88.05-117.5) .
PE—8 53.85 (18.55-79.58) 34 028 pp_ ¢ 67.04 (5049-80.03) 100 0012
SFI-1/PIGF~ NoPE—12  110.11(93.39-121.74) No PE — 14 45.64 (31.28-53.68) .
PE—8 307.52 (81.52-646.75) 30 0165 pp_ ¢ 116.07 (73.58-148.83) 6 0003
n T2DM (insulin) | U | p | n T2DM (diet) | U | p
Indicator
11*%-13* weeks
sFlt-1,pg/mL NoPE—10  1657.2 (1022.75-2058.5) No PE — 11 1816.59 (1605-2187)
PE — 10 2879.1(1959.25-3906.25) 16 001 pp_ 1730 (1321.75-2256.25) 17 0:699
PIGF, pg/mL  No PE —10 43.12 (31.9-47.17) No PE — 11 43.07 (32-50.92)
PE— 10 43.75 (35.75-52.36) 425 037 pp_ 4 4567 (27.25-7022) 22 099
SFIt-1/PIGF No PE —10 45.15 (20.39-69.91) No PE — 11 43.7 (35.42-46.9)
PE—10 72.69 (36.54-108.85) 23 PE—4 45.18 (24.53-62.78) 17 0514
309-33* weeks
sFlt-1, pg/mL No PE—10  5337.74 (3188.5-7202.85) _NoPE—11  4647.07 (4059.5-5096.88)
PE — 10 80405 (6339.16-9491.68) 20 0.023" pp_ 4986.2 (4567.9-5601.25) 10 048
PIGF, pg/mL No PE —10 152.41 (89.7-213) _NoPE—11  120.13(95.85-147.01) .
PE—10 5223 28.94-827) &9 0002" pp_ 4 66.9 (54.75-81.95) 15 0.009
SFI-1/PIGF No PE —10 51.77 (20.08-77.54) _NoPE—11 38.16 (28.16-48.46) .
PE — 10 229.37 89.65-282.12) & 0001 pg_ 78.01 (59.93-102.15) 0.009
n GDM (insulin) U P n GDM (diet) U p
Indicator
30*9-33*¢ weeks
SFit-1, pg/mL NoPE—14  4516.64 (3146-5352) NoPE—18  2359.06 (1506.5-2982.75) .
PE—6 5834.17 (49735-6800) ¢ 0098 pp_ o 3728 (55.91-7400.09) 0.044
PIGF, pg/mL  NoPE—14  144.81 (92.74-173.1) _NoPE—18 22857 (183.96-301.73) .
PE—6 54.4 (31.08-79.58) 6 0003 pp_, 85.17 (7.28-163.06) 0.044
sFIt-1/PIGF No PE —14 35.8 (22.04-48.18) _NoPE—18 16.82 (3.02-30.61)
PE—6 157.85 (71.46-241.1) 1 0001" pp_» 44.26 (39.48-128) 26 0.119

Note. CI1 — type 1 diabetes mellitus; C12 — type 2 diabetes mellitus; GDM — gestational diabetes mellitus; PE — preeclampsia. Data are

presented as median (IQR). *p < 0.05.
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Fig. 2. Assessment of the predictive ability of the sFlt-1/PIGF index
in relation to the development of preeclampsia in women with
diabetes mellitus at 11*-13* and 30*°-33* weeks of gestation

significantly higher in patients with PE , turned out to be
informative from the point of view of early prediction of PE.
For patients with type 1 DM who underwent pregravid
preparation, in trimester I, higher sFlt-1 concentrations,
increase in the sFlt-1/PIGF ratio, and decrease in the PIGF
level with the development of PE were characteristic.
However, none of these indicators in the trimester | of
pregnancy differed significantly in patients who were
subsequently diagnosed with PE. Nevertheless, the indicators
in the trimester | of pregnancy in the groups of type 1 DM did
not differ significantly.

The development of PE in the early stages in women
with type 2 DM, who received insulin, can be assumed by
determining the plasma level of sFlt-1. In trimester Il of
pregnancy, these patients had higher levels of sFlt-1, low
levels of PIGF, and an increase in the sFlt-1/PIGF ratio
(p < 0.05). In the case of correction of type 2 DM by diet, no
differences in the levels of angiogenic and antiangiogenic
factors were revealed in trimester | of pregnancy. However,
in late gestation, patients with PE showed a decrease in the
plasma PIGF level and an increase in the sFlt-1/PIGF ratio
by almost 2 times (p < 0.01).

In pregnant women diagnosed with GDM, on insulin
therapy, a low PIGF level and an increased sFlt-1/PIGF ratio
in trimester Ill was associated with the development of PE
(p < 0.05). A decrease in the PIGF level was also associated
to the development of PE for patients on diet therapy, but the
sFlt-1 level increased more (p < 0.05) (Table 3).
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The ROC analysis revealed that sFlt-1/PIGF ratios higher
than 32.5 (sensitivity 92.9%, specificity 50%) in trimester |
and higher than 71.8 (sensitivity 85.7%, specificity 82.3%)
in trimester Il of pregnancy could predict the risk of PE in
pregnant women with various types of DM. AUC for these
indicators was 0.78 (95% CI 0.68-0.88) and 0.89 (95% CI
0.83-0.95) in trimesters | and Il of pregnancy, respectively
(p < 0.001) (Fig. 2). For sFlt-1/PIGF indicators in trimester I,
the positive predictive value (PPV) was 63.3%, the negative
predictive value (NPV) was 97.63%; and for the sFlt-1/PIGF
ratio at 30-34 weeks of gestation, PPV was 38.9% and NPV
was 93.6%.

DISCUSSION

This study confirms that pregnancy patients with DM are
associated with a significant increase in the incidence of PE
and other adverse perinatal outcomes.

When studying the concentrations of angiogenic
and antiangiogenic factors in women with disorders of
carbohydrate metabolism, an increase in the serum level of
sFlt-1 and a decrease in PIGF (increase in the sFlt-1/PIGF
ratio) were observed in trimester | of pregnancy.

Similar results have been obtained in a few previous
studies. Thus, when determining the level of angiogenic
biomarkers in pregnant women with a high risk of PE,
it was revealed that in women with pregestational DM,
the concentration of PIGF was lowest compared to that in
other patient groups [14]. Cohen et al. (2013) noted that
in pregnant women with type 1 and type 2 DM without
subsequent hypertensive complications, the sFlt-1/PIGF
ratio were higher at the early stages of gestation relative
to patients without DM. At later stages, this value exceeded
the indicators in the control group by a factor of 3 [16].
When studying the degree of placenta insufficiency in
pregnant patients with DM (pregestational and gestational
types), immunoexpression of sFlt-1 was significantly
pronounced in them [15]. There was also a significant
increase in the concentration of sFlt-1 in the blood of these
women compared to that of healthy patients. A similar
tendency was also noted in relation to PIGF, of which an
increased synthesis in the placenta was accompanied by an
increase in its blood serum level [15]. In another study by
Ong et al. (2004), it was revealed that in pregnant women
with disorders of carbohydrate metabolism in trimester
| of pregnancy, the PIGF values were significantly higher
than those in women with uncomplicated pregnancy [21].
The patients with diagnosed GDM were also characterized
by an increase in the concentration of serum PIGF at
the end of trimester Il of pregnancy. This increase is
compensatory for the enhancement of angiogenesis under
conditions of hyperglycemia-induced placental hypoxia [22].
The difference in results was probably due to the method
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for determining the concentration of PIGF. In studies that
reported an increase in the concentration of this biomarker,
enzyme immunoassay was used to measure its general
form (bound and unbound) [21, 22]. In studies where
a decrease in the factor was found, only free PIGF was
determined [14].

In our study, the levels of these biomarkers were
analyzed in various types of DM (T1DM, T2DM, GDM) as
well as methods of correcting hyperglycemia. The most
pronounced changes were established in women with
type 1 DM without planning pregnancy and in those with
type 2 DM on insulin therapy. With the development of GDM,
these parameters changed in a similar way in the third
trimester of pregnancy, but to a lesser extent than in the case
of pregestational types of DM. In DM with insulin correction,
the differences in the concentration of vasotropic factors
were more pronounced than in patients with DM with diet
therapy. However, maximum changes in the levels of these
biomarkers in trimester Ill of pregnancy was characteristic
of PE patients without diabetes mellitus.

On assessing the levels of sFlt-1 and PIGF in pregnant
patients with DM we found that they could be considered
as predictors of the development of PE. In some groups of
patients with severe disorders of carbohydrate metabolism
(with type 1 DM without pregravid preparation and with
type 2 DM on insulin therapy), the predictive use of
these biomarkers was already possible from trimester |.
Earlier studies mainly examined pregnant women with
pregestational types of DM without differentiation into
types 1 and 2; they also did not consider the method of
correction of metabolic disorders, and their results often
contradicted with each other. In one of the first works
on this subject, Cohen et al. (2007) assessed the level of
biomarkers in ten pregnant women with pregestational
DM at full term. Patients with PE were characterized by
similar changes, but the difference in indicators was more
pronounced, as the PIGF level was 3 times lower, the
average sFlt-1 value was 5 times higher, and the sFlt-1/
PIGF ratio increased significantly [23]. Similar results were
demonstrated by Yu et al. (2009) in patients with 32 weeks
of gestation. They studied the concentration of angiogenic
factors throughout pregnancy in patients with type 1 DM,
while women with microalbuminuria, diabetic nephropathy,
and other concomitant systemic diseases were excluded
from the study. In the early stages, the levels of these
biomarkers did not change significantly with respect to the
outcome of pregnancy, thereby rendering their predictive
use irrelevant [24]. The same conclusions were made by
Cohen et al. (2013) when studying the concentrations of
sFlt-1 and PIGF at different stages of pregnancy in women
with type 1 and type 2 DM [16].

The largest study to date on the role of angiogenic and
antiangiogenic factors in predicting PE in pregnant women
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with type 1 DM involved 540 patients, and 94 (17%) of them
had PE [25]. The levels of biomarkers at week 26 differed
significantly in patients with PE compared with those who
did not develop it. They were characterized by a decrease
in the PIGF level and an increase in the sFlt-1 level. At the
same time, the sFlt-1/PIGF coefficient was most predictive
for assessing the risk of PE. Thus, the addition of this ratio to
a logistic model containing only risk factors for PE in patients
with DM will improve significantly its quality (AUC 0.846).
Holmes et al. (2013) explored different indicators of patients
with various diabetic complications. Due to this, it was
possible to obtain results in the majority of pregnant women
with type 1 DM [25].

Some studies indicate the absence of significant differ-
ences in the concentrations of angiogenic and antiangiogenic
factors in patients with DM, depending on the development
of PE [24, 26]. Powers et al. (2010), in a study of high-risk
pregnant women with PE, did not reveal significant changes
in the levels of sFlt-1 and PIGF in patients with pregesta-
tional DM on insulin therapy in the event of PE. Nevertheless,
the chances of developing PE were reduced by a factor of
two for each two-fold increase in the level of PIGF in the
maternal bloodstream when pregnant women were included
in the study [14].

There is paucity of data on the role of angiogenic and
antiangiogenic factors in predicting PE in pregnant women
with GDM. Vieira et al. (2018) investigated the PIGF levels in
obese patients at the early trimester Il of pregnancy and their
relationship with the development of PE. It was established
that in pregnant women with GDM, in contrast to women
without any disorder of carbohydrate metabolism, the
PIGF concentration did not change during the development
of PE [26]. The results of Nuzzo et al. (2021) were equally
comparable to ours. In trimester Il of pregnancy in patients
with GDM with the development of PE, the PIGF level was
significantly lower, and the sFlt-1/PIGF ratio was higher than
in women without PE [27].

We revealed that the determination of the sFlt-1/PIGF
ratio is a valid method for predicting PE in patients with
DM in trimesters | and Il of pregnancy. However, a recent
study demonstrated that the level of PIGF is optimal for
predicting PE. Zen et al. (2020) studied the concentration
of biomarkers throughout pregnancy in patients with
pregestational types of DM [28]. In women with the
development of PE from early pregnancy, the PIGF level
was significantly lower than in pregnant women without PE.
The sFlt-1 level increased only in trimester Ill. PIGF was
the only marker that was significantly lower throughout
pregnancy in women with poor perinatal outcomes
associated with placental insufficiency. According to the
authors, the increase in the sFlt-1 level corresponded only
to an increased risk of diseases of the cardiovascular
system [28].
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In our study, threshold values for the sFlt-1/PIGF
ratio were determined at over 32.5 in trimester | and
71.8 in trimester Ill of pregnancy, and were considered
valid predictors of the development of PE in patients
with pregestational types of DM. These results can be
compared with those obtained in a study in which the
sFlt-1/PIGF ratio was determined at 247-36" weeks
of pregnancy with a presumptive diagnosis of PE using
similar testing systems [29]. The authors obtained
the threshold of the sFlt-1/PIGF ratio as 38, and this
enabled the implementation of the clinical management
of pregnant women with suspected PE. At values below
this threshold, the occurrence of PE in the next week
was practically unexpected (NPV 99.3%), and at higher
values, the risk of PE development within the next four
weeks was highly probable (PPV 36.7%) [29]. The value
we obtained in trimester Ill of pregnancy turned out to be
high. This may probably be due to the presence of initial
endothelial dysfunction in patients with DM, which has
a strong effect on placentation processes [13]. Biomarkers
associated with angiogenesis reflect information about the
functioning of the placenta; therefore, any pathological
changes in it can cause an increase in the sFlt-1/PIGF
index, which further contributes to an increase in the
threshold value for predicting the occurrence of PE [30].
Verlohren et al. (2013) determined the threshold values
of the sFlt-1/PIGF ratio for establishing the diagnosis
of PE, depending on the gestational age. At a 20*0-33*
weeks of gestation, sFlt-1/PIGF values higher than 85,
and at 34" weeks and further, its value higher than 110
showed high specificity for effective prediction of PE [31].
When studying the threshold ratio of sFlt-1/PIGF at 85
in patients with GDM before week 34 of gestation, its
diagnostic significance was established only for patients
with severe PE [32].
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