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Unique Ultrastructural Alterations in the Placenta
Associated With Macrosomia Induced by
Gestational Diabetes Mellitus
Junxiang Wei1, Tianyu Dong1, Mingxia Chen2, Xiao Luo3, Yang Mi1,*

Abstract
Objective: To investigate the morphological and ultrastructural alterations in placentas from pregnancies with gestational diabetes
mellitus (GDM)–induced macrosomia, term nondiabetic macrosomia, and normal pregnancies.

Methods:Sixty full-termplacentaswere collected, and clinical data alongwith informed consentwere obtained frompregnantwomenwho
underwent regular visit checks and delivered their newborns in Northwest Women’s and Children’s Hospital between May and December
2022. Placentas were divided into three equal groups: normal pregnancy (control group), nondiabetic macrosomia group, and macrosomia
complicated with GDM (diabetic macrosomia) group. Gross morphological data of placentas were recorded, and placental samples were
processed for examination of ultrastructural and stereological changes using transmission electron microscopy. Analysis of variance and
chi-squared test were used to examine the differences among the three groups for continuous and categorical variables, respectively.

Results: The baseline characteristics of mothers and neonates did not differ across the three groups, except for a significantly higher birth
weight in the diabetic macrosomia group (4172.00 ± 151.20 g vs. 3192.00 ± 328.70 g, P < 0.001) and nondiabetic macrosomia group
(4138.00 ± 115.20 g vs. 3192.00 ± 328.70 g,P<0.001) comparedwith control group. Examination of the placentas revealed that placental
weight was also highest in the diabeticmacrosomia group comparedwith control group (810.00 ±15.81 g vs. 490.00 ±51.48 g,P<0.001)
and nondiabetic macrosomia group (810.00 ± 15.81 g vs. 684.00 ± 62.69 g, P < 0.001), but the ratio of neonatal birth weight to placental
weight (BW/PW) was significantly lower in the diabetic macrosomia group compared with that in the control group (5.15 ± 0.19 vs.
6.54 ± 0.63, P < 0.001) and nondiabetic macrosomia group (5.15 ± 0.19 vs. 6.09 ± 0.52, P < 0.001) group. In contrast, the BW/PW ratio
in nondiabetic macrosomia did not differ significantly from that in the control group. Distinct ultrastructural changes in terminal villi and ste-
reological alterations in microvilli were observed in the diabetic macrosomia group, including changes in the appearance of cytoplasmic or-
ganelles and the fetal capillary endothelium and thickness of the vasculo-syncytial membrane and basal membrane.

Conclusion: Significant ultrastructural and stereological alterations were discovered in the placentas from pregnant women with
macrosomia induced by GDM. These alterations may be the response of the placenta to the hyperglycemia condition encountered dur-
ing pregnancies complicated with GDM.
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Introduction

Gestational diabetes mellitus (GDM) is a serious pregnancy
complication characterized by abnormal glucose tolerance
that occurs or is first recognized during pregnancy.1 GDM
affects approximately 14.0% of pregnancies globally,2 with
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a prevalence of 14.8% among pregnant women in China.3

These numbers are increasing owing to the rising obesity ep-
idemic. GDMhas a significant effect onmaternal and infant
health. For example, GDM is associated with various
placenta-mediated obstetric complications, particularly fetal
macrosomia, which is a condition where the neonatal birth
weight is larger than 4000 g. Studies have indicated that ap-
proximately 15%–45% of newborns born to diabetic
mothers can have macrosomia, compared with 12% of new-
borns born to nondiabetic mothers.4 The occurrence of
macrosomia at birth elevates the risk of complications such
as shoulder dystocia, clavicle fractures, and brachial plexus in-
jury in infants, as well as cesarean delivery, postpartum hem-
orrhage, and vaginal lacerations in mothers,5 thus posing a
significant threat to the health of mothers and infants.
The placenta acts as a critical interface between the mother

and fetus, performing awide range of endocrine and transport
functions. Connecting the maternal and fetal blood circula-
tions, the placenta facilitates the exchange of nutrients, respira-
tory gases, and waste products between mother and fetus.6

Furthermore, the placenta is influenced bymaternal and/or fe-
tal metabolic changes, making it a target organ for such alter-
ations.7 The placenta adapts to the varying maternal-fetal en-
vironment during different stages of pregnancy and in the
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presence of certain pathologies, ensuring optimal fetal growth
and development.8 However, excessive deviations, such as
exposure to a complicated pregnancy involving GDM or
an overnutritional environment, can affect the development
and function of the placenta. Such deviations can cause ultra-
structure alterations and abnormalities in the placental ex-
change barrier, particularly in the vasculo-syncytialmembrane
(VSM). The VSM is crucial for maintaining the exchange sur-
face area between the maternal and fetal surfaces. Therefore,
any alteration or dysfunction of this placental barrier reduces
the area available for exchange, resulting in disrupted fetal
growth and function. For example, human and experimental
models showed that mice fed on a diet containing high levels
of sugar and/or fat had increased barrier thickness in associa-
tion with reduced fetal birth weight.9–11 Another study re-
vealed that hyperglycemia and hypoxia exposure in preg-
nancy caused placental malformation and decreased pla-
cental efficiency, which contribute to suboptimal fetal
outcomes in offspring.12 Therefore, abundant evidence in-
dicates that alterations in placental structures affect placen-
tal function and fetal development.
Hyperglycemia induces oxidative stress in the GDM-

complicated placenta, which can adversely affect the struc-
ture and function of the placenta during critical periods of
placental development. In this study, we aimed to investigate
the relationship between placental functions and fetal origin
diseases by examining the morphology and ultrastructure al-
terations in human placentas of GDM-induced macrosomia
and non-GDM–induced macrosomia using transmission
electron microscopy.
Materials and methods

Study participants and design

All pregnant women who underwent regular visit checks
and delivered their newborns at the Department of Obstet-
rics and Gynecology in NorthwestWomen’s and Children’s
Hospital between May and December 2022 were invited to
participate in the study. The inclusion criteria were as fol-
lows: pregnant women who reached full term defined as
completing 37 weeks of gestation, with singleton pregnancies,
and delivered via cesarean section. Exclusion criteria included
the following: pregnant women with other pregnancy compli-
cations and medical disorders other than GDM; women with
a history of pregestational diabetes; use of any antidiabetic
drugs during pregnancy; and those with a nonsingleton preg-
nancy. Clinical information of eligible women, including ma-
ternal age, gestational weeks at delivery, pregestational weight
and height, gestational weight gain, neonate birth weight, and
sex, was collected and recorded. Sixty placentaswere collected
from eligible subjects and divided into three groups. Group I
(control group) included 20 placentas from normal preg-
nancies, group II included 20 placentas from nondiabetic
macrosomia cases, and group III contained 20 placentas
from GDM type A2–induced macrosomia cases.

Measurements and assessment

A 75-g oral glucose tolerance test was conducted onwomen
at 24–28 weeks of gestation who were not previously diag-
nosed with overt diabetes. Plasma glucose levels were mea-
sured while fasting and at 1 and 2 h after the glucose intake.
The diagnosis of GDMwas established if any of the following
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criteria, based on the American Diabetes Association (2011)
guidelines,13 were met: fasting glucose ≥5.1 mmol/L
(92 mg/dL), 1 h ≥ 10.0 mmol/L (180 mg/dL), 2 h ≥ 8.5 mmol/L
(153 mg/dL). Macrosomia was defined as a birth weight
>4000 g. The grossmorphology of the placentaswas assessed,
and the following parameters were examined and recorded:
placental weight, placental volume, placental thickness, and
neonatal birth weight. Placental weight was measured using
a digital scale of 0.01 g precision. Placental thicknesswasmea-
sured using a digital caliper with 0.01-mm precision in three
points and taking the mean for estimation of the total placen-
tal volume. The placental surface area was determined by the
formula of A = ∑P� A(p), where ∑P is the sum of the number
of points landing on the surface of the placenta, andA(p) is the
area associated with each point in the stereological grid. The
total volume of each placenta was then estimated using the
formula V =A� t, where V is placental volume, A is placental
surface area, and t is the mean thickness of the placenta.14 Ter-
minal villi were evaluated to assess aspects of the placental
bloodbarrier, including the thickness of the syncytiotrophoblast
basement membrane (BM) and fetal capillary BM.

Placental sample collection

Immediately after labor, placental tissue samples were col-
lected from the central part of the placenta. First, 2–3 blocks
of specimens, each measuring 0.5 cm3 were collected and
placed in ice-cold phosphate-buffered saline. The samples
were then cleaned of blood and promptly cut into fragments
of 1 mm3. These fragments were fixed with 2.5% glutaral-
dehyde at 4 °C before further processing for transmission
electron microscopy (TEM) examination. To minimize the
variations among villous structures, tissue blocks were col-
lected from four different sites of the placenta, and two
blocks from each placenta were randomly selected for
examination.

TEM processing and examination

Placental samples for the three groups were prepared and
subjected to TEM examination at the TEM laboratory of
Xi’an Jiaotong University Health Science Centre, with the
aim of observing ultrastructural changes in the placentas.
The placental samples were initially fixed in a solution

containing 2.5% glutaraldehyde and osmium tetroxide.
Subsequently, they were dehydrated using alcohol and em-
bedded in an epoxy resin. The sections were prepared using
an ultramicrotome of approximately 1–2 μm in thickness,
and these sections were stained with Meilan and examined
using an Olympus light microscope. Ultrathin sections, ap-
proximately 0.05 μm thick, were then prepared and stained
with uranyl acetate and lead citrate. These sections were
systematically examined using a transmission electron mi-
croscope (Hitachi HT-7650, Japan) at various magnifica-
tions. For each tissue section, five randomly selected fields
of vision were examined at magnifications of �4000,
�10,000, �30,000, and �50,000. The fields of vision for
each tissue block were nonoverlapping and different. Ste-
reological analysis was performed using images captured
at different magnifications and transferred to a computer
using a digital photomicroscope. The stereological grid con-
taining organized points was superimposed on the tissue im-
ages, and the stereological parameters including volume,
surface density, and shape and distribution of placenta
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microvilli and intervillous space were estimated using a com-
puterized stereology program (Image Pro). Volume density
for placenta microvilli and intervillous space was estimated
as part of the analysis of 3D spatial arrangements using the
point counting principle, and surface density was determined
by intersection counting. The thickness of VSMwasmeasured
from intervillous space to the fetal vessels; the fetal capillary
BM was measured between the syncytiotrophoblast and fetal
endothelium BM under �50,000 magnification using the
TEM Image Platform. To eliminate bias, two operators in-
dependently performed the microscopic examinations and
were unaware of the placental groups being examined.

Statistical analysis

The data were presented as the mean and standard deviation
or median (interquartile range) for quantitative data and as
the number and percentage (%) for qualitative data. Statisti-
cal differences among more than two groups were assessed
using a one-way analysis of variances test for normal distrib-
uted continuous variables, whereas the nonparametric test of
Kruskal-Wallis test was used for nonnormal distributed con-
tinuous variables; the least significant difference was used for
pairwise comparison between groups. The chi-squared test
was used for the differences test for categorical variables.
All statistical analyses were performed using SPSS software
(version 22.0 for Windows). A two-sided P value <0.05 was
considered statistically significant when interpreting all results.

Ethical approval

All participants were informed about the study details, and
written informed consent for research use of placental samples
was obtained prior to labor. This study was approved by
the institutional ethical committee at Northwest Women’s
and Children’s Hospital (no. 2-23-059).

Results

Clinical characteristics of study participants

The clinical data on mothers and neonates are summarized
in Table 1. There were no significant differences inmaternal
Table 1

Clinical characteristics of mothers and neonates in the three g

Characteristic
Control group

(n = 20)
Nondiabetic ma

group (n =

Maternal age (years) 31.00 ± 2.24 29.80 ± 1
Gestational age at delivery (weeks) 39.28 ± 0.20 39.71 ± 0
Gravidity 2.0 (1.0–2.0) 1.0 (1.0–2
Pregestational BMI (kg/m2) 22.19 ± 4.74 22.88 ± 4
Gain weight (kg) 16.60 ± 2.97 14.90 ± 3
Neonatal birth weight (g) 3192.00 ± 328.70 4138.00 ± 1
Infant sex
Male 10 (50) 12 (60)
Female 10 (50) 8 (40)

Data are presented as mean ± standard deviation, median (interquartile range), or n (%).

*t values.
†Z value.
‡Chi-squared value.
§Neonatal birth weight (g) significantly differed between the control group and both the nondiabetic and diabe

BMI: Body mass index.
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age, gravidity, gestational weeks at delivery, preconception
body mass index (BMI), and gestational weight gain among
mothers with macrosomia, macrosomia induced by GDM,
and normal pregnancy. However, the neonatal birth weight
was significantly higher in theGDMwithmacrosomia group
compared with the control group (P < 0.001).

Gross morphological assessment of the placenta

Table 2 presents the mean placental weight, placental volume,
and the ratio of neonatal birth weight to placental weight
(BW/PW) for normal pregnancy, macrosomia, and GDM
with macrosomia. Significant differences were observed in
these gross placental morphological parameters such as pla-
cental weight and BW/PW ratio among the three groups. Spe-
cifically, placentas fromGDMwithmacrosomia exhibited the
highest placental weight and neonatal birth weight compared
with those of the other two groups, but the BW/PW was the
lowest in the diabetic macrosomia group (P = 0.002).

Ultrastructural changes in terminal villi from TEM

The control group exhibited normal morphology and thick-
ness of the VSM, which consisted of a monolayer of syncy-
tiotrophoblasts with multiple nuclei and abundant apical
microvilli facing the intervillous space (Fig. 1A). The syncy-
tiotrophoblasts formed a continuous syncytial layer, whereas
the cytotrophoblasts were scattered beneath the syncytium
(Fig. 1B). In the group with macrosomia placentas, the VSM
thickness was nearly normal and comprised a single layer
of sycytiotrophoblastic cells (Fig. 1C). Themicrovilli appeared
normal in this group in terms of orientation, number, and size,
but some abnormalities were observed, such as shortened,
blunt microvilli with reduced numbers per micron (Fig. 1D).
In group III (macrosomia with maternal GDM), the VSM
was abnormally thick and uneven (Fig. 1E). In addition, the
microvilli of the syncytiotrophoblasts in this group were sig-
nificantly reduced in number and appeared shorter, scanty,
and distorted (Fig. 1F).
In the control group, cytoplasmic organelles such asmito-

chondria, endoplasmic reticulum (ER), free ribosomes, and
Golgi apparatus (GA) were clearly visible (Fig. 2A). The
roups.

crosomia
20)

Diabetic macrosomia
group (n = 20) Statistical values P

.30 30.40 ± 4.83 0.180* 0.837

.23 39.68 ± 0.57 2.086* 0.160
.0) 1.0 (1.0–1.5) 2.971† 0.108
.47 23.64 ± 3.89 0.118* 0.386
.05 14.50 ± 3.61 0.600* 0.565
15.20 4172.00 ± 151.20 32.195* <0.001§

<0.001‡ >0.999
11 (55)
9 (45)

tic macrosomia groups.



Table 2

Gross morphological characteristics of placenta in the three groups.

Characteristic
Control group

(n = 20)
Nondiabetic macrosomia

group (n = 20)
Diabetic macrosomia

group (n = 20) Statistical values P

Placental weight (g) 490.00 ± 51.48 684.00 ± 62.69 810.00 ± 15.81 32.632* <0.001‡

Placental volume (mL) 19.20 (19.19–19.72) 21.21 (18.19–21.23) 20.20 (19.23–23.25) 1.102† 0.260
Placental thickness (mm) 31.31 ± 2.78 33.12 ± 3.15 34.83 ± 4.39 2.195* 0.110
BW/PW 6.54 ± 0.63 6.09 ± 0.52 5.15 ± 0.19 10.720* 0.002§

Data are presented as mean ± standard deviation or median (interquartile range).

*t values.
†Z value.
‡The three groups all showed significant differences from each other in the placental weight (g).
§BW/PW significantly differed between the diabetic macrosomia group and both the control and nondiabetic groups.

BW/PW: Birthweight to placental weight ratio.
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mitochondria were typically round or oval with well-
developed cristae, and free ribosomes were dispersed
throughout the cytoplasm. The rough ER was distributed
around the mitochondria (Fig. 2B). In group II (nondiabetic
macrosomia), reductions in mitochondrial numbers and
rough ER were observed (Fig. 2C), and the mitochondria
appeared slightly swollen (Fig. 2D). Group III (macrosomia
with maternal GDM) contained a significant presence of swol-
len or even destroyedmitochondria, characterized by loss of cis-
ternae, and abundant dilated rough ER (Fig. 2E&F).
In the control group, the nuclear chromatin exhibited a fine

dispersed pattern with abundant euchromatin (Fig. 3A). The
BM of the fetal endothelium appeared continuous, uniform,
and had a thin basal lamina that was similar to the BM of
syncytiotrophoblasts. The luminal surface of the fetal capil-
lary had a smooth appearance (Fig. 3B). In the nondiabetic
macrosomia group, condensed hyperchromatic nuclei with
a normal, intact, single-layered nuclear membrane were ob-
served (Fig. 3C). The BM thickness was regular, and the lu-
minal surface of the vascular endothelium was relatively
smooth (Fig. 3D). In group III (macrosomia with maternal
GDM), the nuclei displayed folded, double-layered, edema-
tous nuclear membranes, and the chromatin appeared as
dense peripheral clumps (Fig. 3E). In addition, the villous ves-
sels in this group exhibited abnormalities such as endothelial
cell folding, resulting in the luminal surfaces protruding into
the vascular lumen and causing a narrower caliber (Fig. 3F).

Stereological change in the apical microvilli from TEM
of the placenta

The volume density, surface density, and shape of apical mi-
crovilli were significantly reduced in diabetic macrosomia
compared to the control group and nondiabeticmacrosomia,
while the distribution of microvilli was significantly higher
than that in the control and nondiabetic macrosomia groups.
In addition, the BMsof syncytiotrophoblasts and the fetal cap-
illary were significantly thicker in the diabetic macrosomia
group compared to the control group and nondiabetic
macrosomia (P < 0.001) (Table 3).

Discussion

The placenta, a complex organ consisting of various cell types
with different origins, responds to maternal environmental
changes or stress in an attempt to maintain fetal viability. In
this study, we observed significant morphological and ultra-
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structural changes in the placenta of diabetic macrosomia
cases. These changes included a decreased BW/PW ratio and
a decreased density of syncytiotrophoblast apical microvilli.
These alterations likely contribute to the inhibition of transpla-
cental transport and exchange.
Placentas frompregnancieswithGDMhave been reported to

be heavier and larger than those from normal pregnancies.15,16

Previous studies have also indicated a linear correlation among
placental weight, placental volume, and birth weight.17,18

In our study, we observed that placentas from diabetic
macrosomia cases were significantly heavier comparedwith
those from nondiabetic macrosomia and normal pregnan-
cies. Furthermore, placentas from nondiabetic macrosomia
cases were also heavier than those from normal pregnan-
cies. Besides heavier placentas, various changes including
inflammation, DNA methylation, and altered expression
of genes regulating metabolism and angiogenesis occur in
the placenta under a diabetic environment.19 The structural
and functional alterations induced by hyperglycemia expo-
sure in pregnancy have been reported to insignificantly in-
crease the risk of adverse offspring pregnancy outcomes.20

In addition, our findings showed that the birth weight of in-
fants from diabetic macrosomia cases was significantly higher
compared with that of nondiabetic and normal pregnancies.
The BW/PW ratio is commonly used as an indicator of placen-
tal efficiency and is defined as the grams of fetus produced per
gram of placenta.21 Our results indicated a significantly lower
BW/PW ratio in pregnancies with diabetic macrosomia com-
pared to normal pregnancies. However, there was no signif-
icant difference in the BW/PW ratio between nondiabetic
macrosomia and normal pregnancies. This finding implied
that the placenta frompregnancies with diabeticmacrosomia
failed to adapt their capacity for nutrient transfer, whereas,
in isolated or nondiabetic macrosomia, the placenta main-
tains its efficiency in response to increased maternal nutri-
tional supplies for the growing fetus.
The placental syncytioplasm and the fetal capillarieswithin

the terminal villi function as a unit,22 collectively referred to
as the VSM. The VSM is a physical barrier betweenmaternal
and fetal blood.23 A key function of the VSM is to maintain
the exchange area and regulate the diffusion distance of
fetomaternal surfaces.24 In our study, we observed an in-
creased thickness in the VSM and syncytial BM in placentas
from pregnancies with diabetic macrosomia. This finding is
consistent with previous studies that have reported thickened
VSM and BM in placentas affected by GDM.25,26 This
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Figure 1. Ultrastructure of ultrathin section of human placenta from control group (A, B), macrosomia (C, D), and macrosomia with maternal gestational
diabetes mellitus (E, F) observed by TEM. TEM images at �4000 (A, C, E) and �10,000 (B, D, F). A VSM with syncytiotrophoblasts and microvilli facing the
intervillous space; maternal red blood cells visible. B Cytotrophoblastic cell with a large nucleus with fine disperse chromatin and few mitochondria covered
by syncytium. C Nearly normal vasculo-syncytial membrane with microvilli and cytotrophoblasts separating syncytiotrophoblasts from fetal capillary. D Thick
cytotrophoblast basement membrane with fiber bundles and few short-blunted microvilli. E Thick vasculo-syncytial membrane with detached microvilli. F
Thick irregular vasculo-syncytial membrane with diminished distorted microvilli and vacuoles. bm: Basement membrane; cy: Cytotrophoblasts; fc: Fetal
capillary; ivs: Intervillous space; m: Mitochondria; mv: Microvilli; n: Nucleus; RBC: Red blood cells; sy: Syncytiotrophoblasts; ec: Epithelial cell; TEM:
Transmission electron microscopy; VSM: Vasculo-syncytial membrane.
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increased thickness of the VSM in GDMpregnancies may be
attributed to the accumulation of fibronectin, collagen, and
polysaccharides resulting from impaired villous trophoblas-
tic activities.27 The syncytiotrophoblast is the key structure
in the placenta responsible for nutrient sensing and allows
the fetus to regulate its own growth by extracting nutrients
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from the maternal blood.28 Alteration of the thickness of this
layer could cause disorders in nutrient-sensing pathways and
may lead to fetal growth disorders such as macrosomia. For
example, when the placenta is exposed to an excess of nutri-
ents in gestational diabetes, an acceleration in fetal growth
may be expected to occur via the activation of the



Figure 2. Ultrastructure of cytoplasmic organelles from control group (A, B), macrosomia (C, D), and macrosomia with maternal gestational diabetesmellitus
(E, F) observed by TEM. TEM images are at different magnifications, including�30,000 (A, C, E) and�50,000 (B, D, F). A Cytotrophoblastic cell with granular
cytoplasm, abundant mitochondria, and free ribosomes. B Round or oval mitochondria with clear cristae, rough ER, andGolgi apparatus in the control group.
C Few mitochondria and rough ER in cytotrophoblastic cells. D Slightly swollen mitochondria with less clear cristae. E Cytotrophoblast with few distorted,
swollen mitochondria. F Mitochondria with lost cristae and dilated ER. bm: Basement membrane; ER: Endoplasmic reticulum; GA: Golgi apparatus; m:
Mitochondria; r: Ribosomes; TEM: Transmission electron microscopy.
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mechanistic target of rapamycin (mTOR) signaling path-
ways.29 Emerging evidence suggests that mTOR signaling
has a role in regulating fetal growth; however, more studies
should be performed following a vigorous and unanimous
method for assessment to determine placental mTOR activ-
ity.30 Thickening of the microvilli can potentially alter the
transport capacity and efficiency of placental vasculature,
leading to the reduced transport of nutrients and oxygen.
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Such changes may contribute to fetal hypoxia and pose a
significant risk to the fetus.
Using stereological comparison, we observed a significant

decrease in the volume and surface density of microvilli in
the placenta of diabetic macrosomia cases. The density of
microvilli is associatedwith the degree of trophoblasticmat-
uration.31 Distorted microvilli or loss of microvilli has been
reported in the terminal villi of placentas from women with

http://www.maternal-fetalmedicine.org


Figure 3. Ultrastructure of nucleus and fetal capillary from control group (A, B), macrosomia (C, D), and macrosomia with maternal gestational diabetes
mellitus (E, F) observed by TEM. TEM images are at different magnifications, including �10,000 (A, C, E) and �4000 (B, D, F). A Large nucleus with fine
dispersed chromatin. B Thin syncytial basement membrane in direct contact with endothelial cells of the fetal capillary, lined with simple squamous
endothelial cells with flat nuclei. C Nearly normal condensed heterochromatic syncytial nuclei and regular nuclear membrane. D Fetal blood capillary with a
smooth endothelial surface and red blood cells in its lumen. E Folded, edematous nuclear membrane with chromatin in dense peripheral clumps. F
Irregular, split basement membrane with an irregular endothelial surface and narrow lumen. bm: Basement membrane; cy: Cytotrophoblasts; ec:
Endothelial cells; fc: Fetal capillary; ivs: Intervillous space; mv: Microvilli; n: Nucleus; RBC: Red blood cells; sy: Syncytiotrophoblasts; TEM: Transmission
electron microscopy; VSM: Vasculo-syncytial membrane.
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eclampsia,32 and a considerable reduction in apical microvilli
density has been observed in small-for-gestational-age fe-
tuses.33 A decreased density of microvilli suggests a com-
promised exchange of nutrients, gases, and waste between
the maternal and fetal circulatory systems. A significant
170
decrease in apical microvillus density has also been doc-
umented in placentas of individuals with uncontrolled
DM.25 A possible explanation for this change is that expo-
sure to hypoxia in a diabetic environment contributes to de-
creased density of microvilli.34 Such alteration would impact



Table 3

Comparison of stereological parameters of microvilli under TEM examination in the three groups.

Parameter
Control group

(n = 20)
Nondiabetic macrosomia

group (n = 20)
Diabetic macrosomia

group (n = 20) t P

Volume density (mm0) 0.461 ± 0.082 0.368 ± 0.074 0.324 ± 0.058 8.586 <0.001*
Surface density (mm−1) 0.047 ± 0.031 0.041 ± 0.018 0.030 ± 0.006 3.463 0.044†

Shape 0.534 ± 0.076 0.469 ± 0.058 0.411 ± 0.042 13.664 <0.001‡

Distribution 0.524 ± 0.039 0.618 ± 0.044 0.667 ± 0.056 17.095 <0.001§

Average thickness of syncytiotrophoblast BM (nm � 10−3) 0.106 ± 0.015 0.163 ± 0.025 0.214 ± 0.031 36.309 <0.001§

Average thickness of fetal capillary BM (nm � 10−3) 0.103 ± 0.026 0.172 ± 0.037 0.228 ± 0.057 15.824 <0.001§

Data are presented as mean ± standard deviation.

*Volume density significantly differed between the control group and both the nondiabetic and diabetic macrosomia groups.
†Surface density significantly differed between the diabetic macrosomia group and both the control and nondiabetic groups.
‡Shape significantly differed between the control and diabetic macrosomia group.
§The three groups all showed significant differences from each other in the parameters of distribute, average thickness of syncytiotrophoblast BM, and average thickness of fetal capillary BM.

BM: Basement membrane; TEM: Transmission electron microscopy.
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transplacental transfer, metabolism, and oxygen diffusion
within the placenta.
TEM examination revealed swollen and distorted mito-

chondria and a dilated rough ER in the placenta of diabetic
macrosomia,which alignswith findings fromprevious studies.
Hyperglycemia and hypoxia associated with diabetes would
cause profound syncytial damage, with mitochondria and
the ER being particularly vulnerable to the effects of hyper-
glycemia.35 The abnormal ultrastructure of mitochondria
and the rough ER could impact the metabolic functions of
the trophoblast. We also observed abnormalities in the vas-
cular endothelium of the placenta from cases of diabetic
macrosomia, including endothelial cell enlargement, thicken-
ing, and protrusion into the vascular lumen. The fetal capil-
lary BM also exhibited abnormalities, such as increased
thickness and splitting. These changes may be a response
to oxidative stress induced by hyperglycemia. Furthermore,
the above changes in placental mitochondria and vascular
endotheliummay cause endothelial dysfunction, which could
induce preeclampsia. The common antidiabetic drug metfor-
min is a prevention and treatment agent for hyperglycemia in
pregnancy and preeclampsia, as it reduces the production of
antiangiogenic factors, such as soluble vascular endothelial
growth factor receptor-a and soluble endoglin, and improves
endothelial dysfunction through targeting mitochondria.28

In summary, our study revealed significant alterations in
the morphology and ultrastructure of terminal villi and api-
cal microvilli in the human placenta complicated by GDM
and macrosomia. However, the limited sample size of this
study means further investigations and molecular experi-
ments are needed to elucidate the underlying mechanisms
of the observed changes. Exploring the pathways through
which these ultrastructural alterations regulate the develop-
ment and function of the placenta and the processes of trans-
port, metabolism, and endocrine function is essential since this
is a crucial step in developing new therapies for preventing
and treating GDM-induced macrosomia.
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