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AIM: The aim of this study was to compare placental morphological features from women with different types of diabetes
mellitus considering method of DM correction.

MATERIALS AND METHODS: A retrospective, single-center, cohort study was carried out. We analyzed morphological
examination results of 3300 placentas, which made up the following comparison groups: type 1 diabetes mellitus on conti-
nuous subcutaneous insulin infusion (n = 60), type 1 diabetes mellitus on multiple subcutaneous insulin injections (n = 446),
type 2 diabetes mellitus on diet (n = 95), type 2 diabetes mellitus on insulin therapy (n = 134), gestational diabetes mellitus
on diet (n = 1652), gestational diabetes mellitus on insulin therapy (n = 735), preeclampsia (n = 39), and the control group
(n = 139). The examined placentas were weighed, with their sizes (two diameters and thickness), cotyledon structure and
defects assessed. We determined the umbilical cord junction and external characteristics of extraembryonic membranes.
Fragments of the placenta (5 pieces) were fixed in 10% neutral buffered formalin (pH 7.2), processed with the Leica TP1020
tissue processor and embedded in paraffin. Histological sections (3-4 pm thick) were prepared and stained with hematoxylin-
eosin. Statistical analysis was performed using the SPSS 23.0 and GraphPad Prism 8.0 software.

RESULTS: Following characteristics were typical for all types of diabetes mellitus: increased placental mass metrics,
chronic placental insufficiency, dissociated villous maturation disorder with prevalent immaturity, as well as involutive-dys-
trophic and circulatory disorders of varying severity. Placentas from women with type 1 diabetes mellitus had the specific
sings: the predominance of intermediate immature villi and stem villi stromal fibrosis. The frequency of placental infarcts and
fibrinoid content in the intervillous space were comparable to those in placentas from women with type 2 diabetes mellitus.
Inflammatory changes and moderate placental calcification were most consistently associated with type 2 diabetes mellitus,
while gestational diabetes mellitus was characterized by “soft” damages. Placentas with preeclampsia showed higher preva-
lence of premature villous maturation, compensated placental insufficiency, and fibrinoid depositions in the intervillous and
subchorionic spaces.

CONCLUSIONS: Understanding relationships between placental histological features and clinical aspects of diabetes mel-
litus makes it possible not only to clarify the pathophysiological processes occurring in this pathology but also to optimize the
algorithm for the rational management of the neonatal period of children from mothers with diabetes mellitus.
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Llen — cpaBHUTL MopONOrMYecKue 0COBEHHOCTM CTPOEHWA NALEHT OT HEHLLMH C Pa3fM4HBIMU TUMaMK CaxapHoro
[Ouaberta.

Mamepuanel u Memodel. poBefeHO PETPOCMEKTUBHOE OHOLEHTPOBOE KOropTHoe uccnepoBaHue Ha 6ase OIBHY
«HWUW ATvP um [.0. Ota». MpoaHanuaupoBaHbl pe3ynbTathl uccnepoBaHua 3300 nocnenos, KOTopble COCTaBMAM Chepy-
loLLMe rPYNMbl CPaBHEHUA: CaxapHbl AuabeT 1-ro TMNA Ha NOCTOAHHOWM NOAKOMKHON MHGY3MM uHcynuHa (n = 60), caxap-
Hbli AMabeT 1-ro TMNa Ha MHOMECTBEHHbIX MOAKOMKHBIX MHBEKLMAX MHCYNUHA (n = 446), caxapHbIA AuabeT 2-ro TMna Ha
avete (n = 99), caxapHbi auabeT 2-ro TMNa Ha MHCyNMHoTepanuu (n = 134), recTaLMOHHLIA CaxapHbIM OvabeT Ha aueTe
(n = 1652), recTaLMoHHbIN caxapHbl AMabeT Ha MHCynMHoTepanuu (n = 735), npeaknamncua (n = 39) u KOHTPOsbHaA rpyn-
na (n=139). MnaueHTbl B3BELLMBANW, OLEHMBANK UX pa3Mepbl — [Ba OMaMeTpa U TOMLLUMHY, KOTUNELOHHOE CTPOEHME,
Hanmume gedekto. Onpenenany MecTo NPMKPENNEHWA MYNOBMHbI, BHELUIHUE XapaKTEPUCTMKU NNoAoBLIX obonoyek. Opar-
MeHTbI nnaueHTbl (5 Kycoukos) duKcmpoBanu B 10 % HeltpanbHoM 3abygepeHHoM dpopManuHe (pH 7,2), npoBoamnm ructo-
noruyecKylo 06paboTKy ¢ NOMOLLbI0 aBTOMATUYECKOW CTaHLMM NPoBoAKM MaTtepuana Leica TP1020, 3anuBanu B napadmH
W FOTOBWU/N TUCTONOTMYECKUE CPEe3bl TONLWMHOM 3—4 MKM, OKpalUMBanM reMaTOKCUIIMHOM W 303MHOM. CTaTuCTUYeCKuiA
aHanu3 pesynbTaToB BbINOMHANM € UCMONb30BaHWeM niporpaMM SPSS 23.0 u GraphPad Prism 8.0.

Pe3ynomameol. [1nA nnaueHT npu BCex TMNax caxapHoro Avabeta XapaKTepHO YBEIMYEHME MacCOMETPUYECKUX MOKa-
3aTefel, XpOHUYECKan NiaLeHTapHaA HeJOCTAaTOYHOCTb, MATONIOrMYecKan He3penocTb BOPCUH C NPEUMYLLIECTBEHHO AUCCO-
LMMPOBAHHLIM TUMOM MX CO3PEBaHUA, UHBOMIOTUBHO-ANCTPOdMYECKME U LIMPKYNATOPHbIE HApPYLIEHWA Pa3AWYHON CTeNeHN
BbIPAKEHHOCTM MO CPABHEHMIO C NALEHTAMM OT MeHLUMH 6e3 HapyLieHu yrneBogHoro obmeHa. B nnaveHTax oT eHLWmH
C caxapHbiM auabetoM 1-ro TMna npeobnafaloT NPOMEYTOUHBIE He3perble BOPCUHBI, (p1OP0O3 CTPOMBI CTBOJIOBLIX BOp-
cuH. YacToTa nceBnovHMapKTOB B NnaleHTe U copepaHne GubpuHoMIa B MEKBOPCMHYATOM MPOCTPaHCTBe Gbinn cono-
CTaBMMbI C TaKOBbIMM MpW caxapHoM auabete 2-ro Tuna. Mpu caxapHoM auabete 2-ro TMna HauMbonee YacTo BbIABAANM
BOCMaNuUTe/bHbIE U3MEHEHWA U YMEPEHHYIO CTEMEeHb KanbLMHO3a NNaLEHTLI, B TO BPEMA KaK NpU recTaluMoHHOM CaxapHoM
pnabete — 6Gonee «MArkMe» U3MeHeHWA. [INA NNaLeHT Npu NpeakNamncum XapakTepHo MperaeBpeMeHHOe Co3peBaHue
BOPCUH C GOPMMPOBAHNEM KOMMEHCMPOBAHHOM MaLeHTapHOM HeJoCTaTOMHOCTY U OT/IoMeHUeM drMbprHoMaa B MeXBOp-
CMHYaTOM U cybXxopranbHOM MPOCTPaHCTBaX.

3aknoyeHue. [ToHUMaHWe CBA3W MEXY 0CODEHHOCTAMM MUCTONOrMYECKOM CTPYKTYPbI NNALEHTHI U KNMHUYECKUM Teye-
HWMEM caxapHoro anabeTa Bo BpeMsa 6epeMeHHOCTM NO3BOJIAET HE TOMIbKO YTOUHMTL NATOPU3MONOrMUECKME NPOLLECCHI, NPO-
UCXodALLMe NpU SaHHOW NaToNorum, HO M ONTUMM3UPOBATbL alrOPUTM PaLMOHabHOr0 BeAEHWUs HeOHaTaNbHOro nNepuoaa
[EeTen 0T MaTepeil C HapyLUEHWAMM YrNeBogHOT0 06MeHa.

KnioueBble cnoBa: nnaLeHTa; caxapHbli AuabeT; reCTaumMoHHbIN caxapHblii AnabeT; npeaknamncus; natoMopponorus.
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BACKGROUND

Diabetes mellitus (DM) is one of the most detrimental
diseases affecting the course and outcome of pregnancy [1].
Pregnant women with various types of DM are at a high risk
of obstetric and perinatal complications, the most common of
which are fetal growth retardation syndrome, macrosomia,
fetal shoulder dystocia, and preeclampsia (PE) [2]. The prev-
alence of PE in pregnant women with DM ranges from 8% to
20%, depending on the type of carbohydrate metabolism dis-
orders (type 1 DM, type 2 DM, and gestational DM (GDM))
and other significant factors (diabetic nephropathy, obesity,
and chronic arterial hypertension) [3]. Both DM itself and
the associated PE have damaging effects on the placenta,
inducing various morphofunctional disorders.

The human placenta is an important organ responsible
for the metabolism of nutrients, elimination of metabolic
products, gas exchange between mother and fetus, and
synthesis of hormones and other biologically active
substances [4]. The vascular network of the placenta consists
of maternal and fetal parts, and syncytiotrophoblast is the
border between that determines the exchange of gases and
nutrients.

Pre-gestational types of DM are associated with
impaired remodeling of spiral uterine arteries, which is an
important factor in the development of PE [5]. On the one
hand, such development is associated with the presence of
pre-gestational vasculopathy and with the state of chronic
hypoxia caused by prolonged ischemia of the placenta on the
other [5]. Hypoxia further aggravates oxidative stress, which
leads to damage to proteins, lipids, and ultrastructures of
the placental complex [6].

The prolonged course of hyperglycemia stimulates the
formation of adaptive structural and functional mechanisms
in the placenta. The placentas of pregnant women with pre-
gestational types of DM are exposed to the hyperglycemic
environment already at the early stages of formation and
in the first wave of trophoblast invasion, which result in
its structural changes. On the contrary, in GDM, functional
disorders are registered often when hyperglycemia develops
in the second half of pregnancy [7].

Excessive transplacental glucose transfer is a key
factor in fetal developmental disorders during pregnancy
in the presence of hyperglycemia in DM [8]. The type
1 transporter protein (GLUT1) plays a main role in this
process by transferring glucose from the mother to the
fetus due to a decrease in the concentration gradient [9]. In
type 1 DM, the GLUT1 content on the basement membrane
increases compared with the surface of syncytiotrophoblast
microvilli [10]. In GDM, the content of glucose transporters
differs depending on the degree of compensation for
carbohydrate metabolism; in female patients receiving diet
therapy, the level of transporters in the placenta shows no
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change but increases with insulin therapy [11]. The difference
in the duration of exposure to hyperglycemia, the presence
of pregravid preparation, and the type of insulin therapy can
influence the degree of changes in the placental vasculature.
In general, structural changes occur in the villi of the
placenta. This phenomenon is manifested by thickening of
the basement membrane of their vessels, a decrease in the
number of syncytiotrophoblast microvilli, impaired activity of
various carrier proteins, and as a consequence, changes in
the cascade of all metabolic reactions [12].

The main problem for a pathologist when examining pla-
centas from DM mothers is the difficulty of differentiating
the changes typical for hyperglycemic conditions. Such dif-
ficulty is due to the frequent presence of other complications
associated with DM during pregnancy, namely, gestational
arterial hypertension, PE, and chronic placental insufficiency.
The degree of pathomorphological changes in the placenta
depends not only on the type of DM but also on the severity
of carbohydrate disorders during pregnancy. Therefore, the
structure of the placenta in “mild” types of hyperglycemia
(for example, in GDM) may not be different from the norm.

In a recent systematic review, Huynh et al. [13] revealed
that the most frequent abnormalities in the placenta in
pre-gestational types of DM and GDM are the pathological
immaturity of the villi and increased angiogenesis indices,
namely, an increase in the total surface area of capillaries
in the terminal villi. The above changes are associated
independently with adverse pregnancy outcomes, such
as macrosomia, fetal growth retardation syndrome, and
stillbirth [13].

The placenta reflects the metabolic environment of both
the mother and the fetus, serving as a valuable indicator of
metabolic disorders. Understanding the relationship between
the structural and functional characteristics of the placenta
and the clinical course of DM during pregnancy will clarify
the algorithm for rational management of the neonatal
period in this group of patients [14].

Given the inconsistency and scarcity of literature
data, our study aimed to compare the morphological and
functional characteristics of placentas in pregnant women
with different types of DM, with consideration for the method
of its treatment.

MATERIALS AND METHODS

A retrospective single-center cohort study was performed
in the D.0. Ott Research Institute of Obstetrics, Gynecology,
and Reproduction. The results of the morphological study of
3,300 placentas were analyzed. The comparison subgroups
were formed based on the type of DM, the method of its
correction, and in consideration of insulin therapy regimens,
namely, the method of continuous insulin injection (CII),
multiple insulin injections (MIl), and diet therapy.

D0I: https://doi.org/10.17816/JOWD57149
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Type 1 DM:
» Group 1 included women who received ClI (n = 60);
» Group 2 included women who received Ml (n = 446).
Type 2 DM:
+ Group 3 included patients who received diet therapy
(n = 95);
+ Group 4 included patients who received insulin (n = 134).
GDM:
+ Group 5 included patients who received diet therapy
(n=1652);
+ Group 6 included patients who received insulin (n = 735);
Group 7 included patients with PE (n = 39).
Group 8 served as the control group (n = 139).
Morphological studies were conducted at the morphology
laboratory of the D.0. Ott Research Institute of Obstetrics,
Gynecology, and Reproduction. The placentas were weighed,
their sizes were assessed (two diameters and thickness),
and the cotyledon structure and presence of defects were
observed. The place of umbilical cord attachment and
external characteristics of the fetal membranes were
determined. Fragments of the placenta (5 items) were
fixed in 10% neutral buffered formalin (pH 7.2), histological
processing was performed using an automatic processing
station Leica TP1020, the material was embedded in paraffin,
and histological sections of 3—4 ym thickness were prepared
and stained with hematoxylin and eosin.

RESULTS

Table 1 presents the characteristics of the groups under
study. The average age of the patients varied. Women
with type 2 DM were older compared with the patients in
other groups. The highest age (34.0 years; 95% confidence
interval (Cl): 33.1-36.9) was registered in pregnant women
with type 2 DM on insulin therapy, and the youngest was
recorded in pregnant women with PE and type 1 DM and
who received MII. When assessing the body mass index, the
highest values were noted among women with type 2 DM,
namely, 33.8 kg/m? in patients on a diet (95% Cl: 32.4-35.2)
and 33.8 kg/m? in patients on insulin therapy (95% Cl:
32.7-34.8), whereas the lowest values (24.0 kg/m?) were
registered in the control group subjects (95% Cl: 22.1-27.1)
(p < 0.0001). This indicator was also significantly higher in
pregnant women with GDM compared with the control group
(p < 0.05).

Comorbidities were distributed non-uniformly. Varicose
veins, chronic arterial hypertension, and obesity were most
common in the groups of type 2 DM and GDM. In the analysis
of obstetric and perinatal complications, preterm labor was
more common in the groups of type 1 DM (20%-24%),
type 2 DM on insulin therapy (19.4%), and the PE group
(13%), showing significant difference from the indicators
in the control group (0.7%) (p <0.0001). Hypertensive
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complications were more common in pregnant women
with DM. Gestational arterial hypertension accompanied 13%
of pregnancies in women with type 2 DM and 6.7% in the
GDM groups, which differed significantly from the control
group (0.7%). PE developed in 23.7% of pregnant women with
type 1 DM, 14.5% of those with GDM, and every third woman
with type 2 DM (35.4%). In the comparison group, 61.5% of
PE cases were assessed as severe. In addition, severe forms
of PE developed often in women with pronounced metabolic
disorders, for which insulin therapy was prescribed (Table 1).
Every seventh woman with type 2 DM had children that were
small by gestational age (13.9%). In addition to pregnancies
with DM, this complication was noted in newborns from PE
mothers (7.7%). Fetal growth retardation was registered in
3% of diabetic pregnancies; it was diagnosed more often in
female patients with PE (5%).

Delivery by cesarean section was performed in the
majority of patients with type 1 DM, namely, in 63.3% of
patients receiving Cll, 42.4% of patients receiving MIl, and
56.4% of PE patients. These values exceeded the frequency
of abdominal delivery among women in the control group
significantly (13.7%). Among patients with type 2 DM,
cesarean section was performed in 46.3% of cases, and
in women on a diet, pregnancy ended more often with
vaginal delivery. In the case of GDM, cesarean section was
performed less frequently (27.8%) compared with women
with other types of DM and the control group. More than
half of all cases of cesarean section in women with DM
were performed in an urgent order. The largest number of
cases of perinatal mortality was registered in women with
type 1 DM who received MIl therapy. Antenatal fetal death
was the main component of this indicator in all types of DM
(Table 1).

Macroscopic assessment of the placentas in the study
groups revealed that the weight of placentas in all DM
groups exceeded that in the control group. The maximum
weight was 665.5 g (95% Cl: 626.8-704.2), and the sizes
were registered in patients with type 1 DM on CII. The sizes
of placentas (large and small diameters and thickness)
from women with carbohydrate metabolism disorders were
also consistently larger compared with the indicators of the
control group (Table 2). The smallest weight and size of
placentas were registered in the group of pregnant women
with PE (p < 0.05).

Chronic placental insufficiency was typical for all groups
of DM and PE, in contrast to the control group (p < 0.0001).
Placental insufficiency was registered in 39.6% of cases
in Group 4 (type 2 DM on a diet), 37.2% in the type 1 DM
group with MIl, whereas pathological immaturity of villi
was noted more often in the same groups (14.2% and
19.5%, respectively). In general, pathological immaturity
of villi was typical for all groups of DM (9.5%-19.5%,
p < 0.0001). The predominance of intermediate immature
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Fig. 1. Chronic placental insufficiency with a predominance of in-
termediate immature chorionic villi with hypervascularization and
congestive plethora in type 1 DM. Staining with hematoxylin and
eosin, x100

Fig. 2. Dissociated chronic placental insufficiency in type 2 DM.
Staining with hematoxylin and eosin, x100

Fig. 3. Fibrinoid villous alteration in type 1 DM on multiple insulin
injections. Staining with hematoxylin and eosin, x100

villi was a characteristic of type 1 DM with MII (13.3%,
p = 0.036) (Fig. 1). The dissociated form of chronic placental
insufficiency was most often detected in DM (16.3%-26.1%)
(Fig. 2). The prevalence of sclerosed villi (0.4%-3.3%) and
premature maturation of villi (0.4%-5.0%) were revealed
less frequently. In the PE group, the premature maturation of
villi was noted often (7.7%, p < 0.0001). In the control group,
93% of placentas corresponded to gestational age (Table 2).

Involutive-dystrophic changes in the placenta of varying
severities were present in the cases of pre-gestational types
of DM and in GDM. A low degree of involutive-dystrophic
changes was more common in Group 4 (type 2 DM on insulin
therapy, 61.2%), a moderate degree was more common in
Group 1 (type 1 DM on MIl, 65%) and the PE group (46, 2%),
whereas a high degree was registered more often in
Groups 2 and 3 (8.3% and 8.4%, respectively).

Fibrosis of the stroma of the stem villi was most typical
for the groups of type 1 DM and PE. A significantly more
pronounced fibrosis of the stroma of the stem villi was
registered in the PE group (5.1%, p = 0.001), and a moderate
degree was noted in the groups of type 1 DM on ClI (48.3%)
and PE (35.9%) (p < 0.0001).

Calcification of the placenta was recorded more often
in the groups of type 2 DM and GDM. A low degree of
calcification of the placenta was detected in all studied
groups of DM and PE, most often in the GDM group on
a diet (13.7%, p = 0.003), and a moderate degree was noted
in 22.1% of cases in Group 3 (type 2 DM on a diet). No
differences were observed in the incidence of a high degree
of calcification in the study groups compared with the control
(p=10.51).

Circulatory disorders in the placenta were characterized
by spasm and obliteration of the stem arteries, combined
with hypervascularization of the terminal villi capillaries,
which was detected more often in DM female patients and
was more pronounced in GDM (77%). Circulatory disorders
of low and moderate severity were more common in the
case of pre-gestational types of DM, namely, low degree
in Groups 2 (39.5%) and 4 (43.3%), a moderate degree in
Group 1 (51.7%), and a high degree was noted significantly
more often in the PE group (17.9%, p = 0.003). In Groups 2
and 3, a high frequency of pseudo-infarctions was observed
in the placentas (8.1% and 7.4%, respectively), but the
differences were not statistically significant (p = 0.059).

In Groups 2 (type 1 DM on Mll) and 3 (type 2 DM on a diet),
a high degree of fibrinoid deposition in the intervillous space
was revealed significantly more often than in other groups
(16.6% and 18.9% of cases, respectively). Meanwhile, the
deposition of fibrinoid in the subchorial space was more typ-
ical for Groups 3 (type 2 DM on a diet) and 5 (GDM on a diet),
namely, in 38.9% and 40.4% of cases, respectively (Fig. 3).

Compensatory-adaptive reactions in the placenta in
DM were characterized by an increase in syncytial knots,
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proliferation of syncytiotrophoblast, narrowing of the
intervillous space, and hyperplasia and a plethora of terminal
villi. In addition, the highest degree of compensatory-
adaptive reactions was typical for type 1 DM with MIl (13.7%),
a moderate degree was more common for type 1 DM with ClI
(70%), and a low degree was revealed in 58.2% of cases in
Group 4 (type 2 DM receiving insulin therapy) (Figs. 4 and 5).

A histological assessment of inflammatory processes in
the placenta established that inflammatory changes were
characteristic of all types of DM (18.3%-36.7%) compared
with the control (p < 0.0001), but they most often occurred
in groups of DM 2 type on insulin (33.7%) and GDM on insulin
(36.8%) (p < 0.0001).

When assessing placental insufficiency, acute circulatory
disorders were detected more often in patients from the
GDM group on a diet (Group 5), that is, in 11.6% of cases.
In addition, compensated (23.1%) and subcompensated
(17.9%) placental insufficiencies were most typical for PE
(p < 0.0001) (Fig. 6). Decompensated placental insufficiency
was registered in two cases in Group 5, and the differences
did not achieve statistical significance (p = 0.96).

DISCUSSION

For the first time in Russian practice, a detailed
analysis of the morphological structure of a large sample
of placentas from women with various types of DM and PE
(3300) was performed. This study has demonstrated that
the mass metric parameters of placentas and children born
to mothers with different types of DM exceed those in the
control group significantly, consistent with the data of other
works [15].

Chronic placental insufficiency, hypervascularization
(chorioangiosis), and pathological immaturity of villi by the
type of dissociated maturation are pathognomonic changes in
the structural characteristics of placentas in all types of DM
[13, 16]. Hypervascularization of villi occurs in response to
chronic hypoxemia in the presence of hyperglycemia [17].
Other structural aspects of the placenta in DM consist
of the development of varying degrees of severity of
compensatory-adaptive reactions, namely, an increased
surface of syncytiotrophoblast, excessive formation of
syncytial knots, and an increase in the diameter of vessels,
which cause a general increase in the placental endothelial
surface [18]. In addition, metabolic disorders of DM affect
the placental development, as evidenced by the pathological
immaturity of the villi detected in pre-gestational types of DM
[16, 191 and in GDM [20, 21]. In this case, the pathological
immaturity of the placenta is 14% with normoglycemia,
and pre-GDM almost doubles the risk of its maturation
delay [22]. Pathological immaturity of the villous tree may
be a link between maternal DM and an increased risk of
intrauterine fetal death [23].
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Fig. 4. Increased number of syncytial knots in type 1 DM. Staining
with hematoxylin and eosin, x200

Fig. 5. Congestion of the vascular bed of intermediate and termi-
nal chorionic villi in the placenta in GDM. Staining with hematoxylin
and eosin, x200
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Fig. 6. Hypoplastic form of chronic placental insufficiency. Staining
with hematoxylin and eosin, x100
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Despite the noted structural similarities between placen-
tas in type 1 DM, type 2 DM, and GDM, the different patho-
physiologies of these diabetic conditions may affect the pla-
cental function in different ways. The course of pregnancy
in type 1 DM is characterized by its own aspects, that is,
along with the growth of the feto-placental complex, and
the level of glycemia decreases to episodes of hypoglyce-
mia [17]. Microscopic examination of the placenta revealed
the predominance of immature villi with preservation of
the central vessels and poor differentiation of the syncytial
layer; meanwhile, the number of terminal villi decreased,
and the number of intermediate villi increased relative to
the present gestational period [20]. In the stem villi and in-
termediate-type villi, the number of mesenchymal stromal
cells and edema of the stroma with foci of fibrinoid deposi-
tion increased, and a large number of syncytial knots were
detected. The prevalence of moderate and high degree of
fibrosis of the stem villi were distinctive. In the thickened
basal lamina, large-focal fibrinoid accumulations and mono-
nuclear infiltration were found [17].

Circulatory disorders of varying degrees are also
characteristic of type 1 DM; growing vessels are inadequate,
as manifested by endothelial and vascular dysfunction, with
endothelial proliferation occurring in the arterial bed of stem
and anchor villi with partial or complete obliteration of the
lumen and the formation of vascular anastomoses [24].
Angiogenesis, defined as the formation of new blood vessels
from existing ones, is necessary for normal fetal growth and
placental development under hypoxic conditions. As a rule,
angiogenesis occurs in two phases, namely, branching
angiogenesis with the formation of loop capillaries and
unbranched angiogenesis with the formation of elongated
capillaries [25]. Mayhew et al. [26] reported an increase in
unbranched angiogenesis without changing the diameter or
shape of the capillaries in the cross-section among placentas
with type 1 DM despite the adequate levels of glycated
hemoglobin during pregnancy. Jirkovska et al. [27] revealed
increased angiogenesis and surface area of capillaries in the
placental terminal villi affected by maternal type 1 DM, along
with the good glycemic control.

A special aspect of type 2 DM is its combination
with concomitant disorders of lipid metabolism, arterial
hypertension, and chronic indolent inflammation, which
is manifested by the predominance of inflammatory and
circulatory changes in the placenta [28]. The placenta in
type 2 DM is characterized by a low degree of compensatory-
adaptive reactions combined with inflammatory changes.
The histological structure of the placenta is characterized
by the pathological immaturity of villi and their dissociated
maturation. According to our data, in type 2 DM, a premature
maturation of placental villi was registered, and fibrosis of
the connective tissue stroma and the chorionic epithelium
were largely unilamellar and represented mainly by

Tom 70, N2 2, 2021
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syncytiotrophoblast [17]. The vascular bed of the villi was
also characterized by hypervascularization, edema of the
vascular intima, and thickening of the basement membrane.
Beauharnais et al. [29] revealed a significant increase
in placental infarctions in placentas of pregnant women
with type 2 DM compared with those of pregnant women
with type 1 DM. Moreover, this difference decreased after
hypertension control [29]. Huynh et al. [19] revealed in
women with type 2 DM or GDM common morphological
abnormalities of the placenta, associated with uteroplacental
malperfusion, the signs of which include placental infarction,
accelerated maturation of villi, and increased vascular
changes such as decidual vasculopathy.

The duration of hyperglycemia can also affect the
severity of morphological and functional disorders of the
placenta. Metabolic disorders in GDM can be detected only
in late pregnancy, which is associated with less severe
lesions of the placenta [18]. Rudge et al. [30] revealed more
histopathological lesions in women with pre-GDM than in
women with GDM and reported that most of them existed
already before the 37th week of gestation. Morphological
changes in the placenta in GDM are characterized by immaturity
of the villous tree, with unevenly expressed edema of the
villous stroma and persistence of intermediate immature villi
[17, 18, 20]. In the villi, significant hyperplasia, degenerative
changes in cytotrophoblast, and hypervascularization of
villi at all levels have been noted [17]. Other researchers
reported an increase in the content of fibrinoid in the
subchorial space and thickening of the basement membrane
of syncytiotrophoblast in women with GDM compared with
those with pre-GDM [31, 32]. GDM is also characterized by
remodeling of the predominantly microvasculature of villi
with excessive branching of microvessels and proliferation
of endothelial cells [17]. Inflammatory changes and the
severity of placenta calcification in GDM in our study were
comparable to those in type 2 DM.

Insufficient glycemic control before conception and in the
trimester | of pregnancy is associated with a number of ad-
verse maternal outcomes (gestational arterial hypertension,
PE, cesarean section, and hypoglycemia) and numerous ad-
verse fetal outcomes, including stillbirth, fetal growth retar-
dation, macrosomia, and respiratory distress syndrome [33].
The correction of hyperglycemia cannot always prevent the
development of placental abnormalities because its his-
topathological changes also persist in pregnancies with
well-controlled DM [13]. According to Calderon et al. [34],
with mild degrees of carbohydrate metabolism disorders,
no significant differences were observed in the size and
number of terminal villi of the placenta in relation to these
parameters in the control group. However, the degree of
villous vascularization is positively correlated with glycemic
parameters [34]. In the case of insufficient control of GDM, in
the placenta, edema of the villous stroma, massive fibrinoid
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deposits in the syncytiotrophoblast, and cytotrophoblast hy-
perplasia were determined [31]. According to our other study,
in placentas from GDM mothers who were prescribed with
diet therapy, the maturation of the villous tree with a pre-
dominance of dissociated villi was impaired, and hyperpla-
sia of intermediate mature villi with an increase in syncytial
knots, proliferation of syncytiotrophoblast, and a plethora of
blood vessels and capillaries [35] were noted. With GDM on
insulin therapy, a discrepancy was detected in the structure
of placentas with a predominance of the intermediate-type
of villi, sclerosis, and fibrosis of the stroma of the stem villi,
spasm, and obliteration of the stem arteries, narrowing and
massive deposition of fibrinoid in the intervillous space,
and frequent signs of subcompensated placental insuffi-
ciency [35]. These changes depend on the degree of com-
pensation for carbohydrate metabolism during pregnancy.

In PE, histological changes in the placental parenchyma
formed as a result of ischemia caused by insufficient
perfusion of maternal vessels (for example, decidual
arteriopathy, detachment, and infarction) [3]. Placental
infarctions result from the occlusion of spiral arteries,
entrapment of placental villi due to the increased perivillous
or intervillous fibrin deposition, and fetal vasculopathy [36].
Vinnars et al. [37] reported that infarctions affecting more
than 5% of the placentas may occur in 39% of patients
with severe PE. In our study, a macroscopic morphometric
examination of the placenta with PE revealed lower mean
values of weight and surface area of the placenta than
those in patients with DM and in the control group. For PE,
premature maturation of the villi, in which numerous
arteriosclerotic blood vessels with endothelial degeneration
are located, was the most typically observed, as manifested
by progressive stromal fibrosis, perivasculitis of the stem
villi, and subsequent obliteration of their lumen [38, 39].
The deposition of fibrinoid in the intervillous and subchorial
spaces was also detected in the placenta with PE. Placenta
with PE is characterized by chronic placental insufficiency
of varying severities. A decrease occurs in the diameter of
villi arteries and their partial occlusion; therefore, the villi
themselves have a small area and diameter, which indicates
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